










W . F. Meggers prepares to measure one of the spectrograms

on which these tables of spectral-line intensities are based.
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Tables of Spectral-Line Intensities

William F. Meggers, Charles H. Corliss, and Bourdon F. Scribner

The relative intensities, or radiant powers, of 39,000 spectral lines with wavelengths be-

tween 2000 and 9000 Angstroms have been determined on a uniform energy scale for seventy

chemical elements. This was done by mixing 0.1 atomic percent of each element in powdered

copper, pressing the powder-mixture to form solid electrodes which were burned in a 10 ampere,

220 volt direct-current arc, and photographing the spectra with a stigmatic concave grating

while a step sector was rotating in front of the slit. The sectored spectrograms facilitated the

estimation of intensities of all element lines relative to copper lines which were then calibrated

on an energy scale provided by standardized lamps, and all estimated line intensities were
finally adjusted to fit this calibration. Comparisons with other intensity measurements in indi-

vidual spectra indicate that the National Bureau of Standards spectral-line intensities may
have average errors of 20 percent, but first of all they provide uniform quantitative values

for the seventy chemical elements commonly determined by spectrochemists. These data are

presented by element in part I, and all 39,000 observed lines are given in order of wavelength

in part II.

1. Introduction

Spectrochemistry was born a century ago when
KirchhofF and Bunsen [1] ^ definitely demonstrated
that chemical elements were uniquely identified by
spectral radiations, or lines as seen in a spectroscope

provided with a slit. This led immediately to the iden-

tification of many chemical elements in the sun and
to the discovery of several new elements, but no quan-
titative chemical analyses were made until much later.

In 1874, Lockyer [2] stated that "while the qualita-

tive spectrum analysis depends upon the positions of

the lines, the quantitative analysis depends not upon
their position but upon their length, brightness, thick-

ness, and number as compared with the number visible

in the spectrum of a pure vapor". Thus, position (or

wavelength) and brightness (or intensity) are recog-

nized as being the two most important properties of

spectral lines
; wavelengths identify chemical elements

and intensities indicate the concentrations of identified

elements in mixtures or chemical compounds.
During the past century there has been spectacular

improvement in the accuracy of spectral wavelength
determinations; the early ones were limited to 3 or 4

figures, the later use of diffraction gratings and wave-
length standards permitted the specification of 5 or 6

figures. Since 1900 the application of interferometers

and better gratings has refined many wavelengths to 7

figures, and recently some 8-figure values of wavelength
standards have been provided. Unfortunately during
this past century very little progress has been made in

assigning uniform quantitative intensity values to

spectral radiations. The great bulk of spectral observa-
tions have been made photographically because photo-
graphic emulsions provide detailed, permanent records

1 Figures in brackets indicate the literature references on page xil.

of spectra not only in the visible but also in the in-

visible ultraviolet and infrared regions. But even if

the light source is reproducible and standardized it is

not easy to evaluate the spectral eflficiencies of spectro-

graphs and photographic emulsions so the usual pro-

cedure has been to make subjective visual estimates of

relative intensities of spectral lines on an arbitrary

scale based on the relative blackness and/or width of

spectral-line images appearing on a developed photo-

graphic plate. Consequently, in thousands of individual

papers and in numerous comprehensive compilations of

spectral data we find only qualitative data on inten-

sities which may have some meaning for adjacent lines

in a given spectrum but none at all when comparing
widely spaced lines, or lines of different spectra of the

same element or of different chemical elements.

In the beginning, most intensity data were reported

on an arbitrary scale of 10 steps, weak lines being

assigned an intensity of 1, and the strongest line in-

tensity 10. Even as late as 1945 extensive new spectral

tables prepared by Gatterer and Junkes [3] displayed

estimated intensities on this limited 1 to 10 scale. Since

1910 some spectroscopists have arbitrarily expanded
this arbitrarily compressed scale. For example, in the

very extensive spectral tables published by Exner and
Haschek [4] the estimated intensities range from 1

to 1000. In wavelength tables compiled by Twyman
and Smith [5] the maximum intensity is 20, in the

compilation of Kayser and Ritschl [6] estimated inten-

sities rise to 4000, and in the well-known M.I.T. Wave-
length Tables [7] they soar to 9000. The most recent

compilation of Tables of Spectrum Lines by Zaidel,

Prokof'ev, and Raiskii [8] quotes data from the M.I.T.

Tables and more modern sources but adds nothing

new on spectral line intensities.
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In or about the year 1925, microdensitometers were
developed for the purpose of quantitative measurement
of relative intensities among related lines in multiplets

to test the sum rules derived from the quantum theory

of spectral structure, but no general applications were
made. Since then thousands of spectrochemists have
applied microdensitometers to quantitative chemical

analyses by calibrating intensity ratios of analysis- and
internal-standard lines, but such measurements have
contributed nothing to the basic data on spectral line

intensities. Likewise, with few exceptions, the mod-
ern substitution of electronic photodetectors for photo-

graphic emulsions has added nothing to our knowledge
of true line intensities over long ranges of different

spectra of many chemical elements.

How may one hope to obtain, with a reasonable

amount of labor, quantitative intensity data on the

same scale for thousands of spectral lines representing

practically all of the metallic elements? A hint was
given in 1874 by Lockyer [2] who observed that "the

lines of any constituent of a mechanical mixture dis-

appeared from the spectrum as its percentage was
reduced." Acting on this suggestion. Hartley [9], in

1884, began to study the spark spectra of metals in

solutions with concentrations of 1 percent, 0.1 percent,

0.01 percent, and 0.001 percent, and proposed a method
of quantitative spectrochemical analysis based on the

lines that could be detected at each dilution. Similar

studies were later made by Pollok and Leonard [10],

by de Gramont [11], and by Lowe [12], all showing
that with progressive dilution of an element its spec-

tral lines weakened and vanished until only the most
sensitive line remained to reveal its presence. In all

these works the principle of quantitative spectrochem-

istry appeared to rest on the number of lines detectable

rather than on their individual intensities. Casual ob-

servation must have shown lines of equal strength in

spectra of solutions differing 1000 fold in concentration

but no one mentioned it. It is difficult to understand

why these earlj'^ studies of residual spectra in quan-

titatively prepared mixtures or solutions did not sug-

gest a method for obtaining physical intensities, but

it is a fact that before our work had begun no one had
attempted to express spectral line intensities as directly

proportional to the number of radiating atoms or con-

centration of the element. The present monograph
reports such an attempt [13].

Our method of deriving line intensities from arc

spectra of elements diluted in copper was recently

adopted by Allen [14, 15] to obtain oscillator strengths

of some radiations from 3200 to 5400 A representing

nine elements.

At various times since 1932 we have photographed

the arc spectra of 70 chemical elements diluted in

silver or in copper, and determined the line intensities

of the diluted elements relative to selected lines of the

matrix. An energy calibration of the latter finally led

to physical intensities of 39,000 spectral lines repre-

senting 70 elements, all on the same energy scale.

These experiments and results are based on the follow-

ing propositions, regarded as fundamental for the

quantitative description of residual spectra of diluted

elements excited in ordinary d-c arcs.

1. The limiting detectability of any line is defined

as the atomic concentration that ensures positive de-

tection of the line. This limit is determined mainly by
unavoidable background on a fully exposed spectro-

gram. The spectrum of an arc burning in air consists

of discrete lines due to atoms, and of more or less

extensive band systems from transient compounds
(usually monoxides), all superposed on a continuous

background arising from thermal radiation of incan-

descent oxides, from transitions in the continuum, and
possibly from scattered light. This background sets a

limit to the exposure for faint lines that may be given

by any actual spectrograph. If this were not true, the

exposure could be increased indefinitely to compensate

for unlimited reduction in concentration, and detect-

ability would always be infinite. Faint lines are not

recorded by underexposure, and they cannot be recog-

nized on a very dense background produced by over-

exposure. In order to guarantee positive recognition

and unambiguous chemical identification a spectral

line should be sufficiently well defined to permit ac-

curate wavelength measurement. Experience shows

that the minimum photographic density that meets

this requirement is of the order of 0.05 above that of

the background.

2. The limiting detectability of any element in an

arc depends on the matrix in which the element finds

itself. There is no doubt that in the conventional arc

relative volatilities of the chemical elements as well as

relative ionization potentials affect the relative

strengths of their mixed spectra. In general, the ele-

ments with high-vapor pressure and/or low-ionization

potential will be favored in spectral excitation, but

elements with either high or low volatility may be un-

derestimated if not uniformly present during the ex-

posure, and easily ionized elements may appear less

sensitive because of more complete ionization. In this

connection it must be noted that large differences in

apparent detectability are possible if concentrations

are expressed in relative weights instead of numbers

of atoms. Thus, 0.01 atomic percent of boron in

uranium is equal to < 0.0005 weight percent since

the uranium atom is 22 times heavier than the boron

atom.

3. The primary substance (matrix) has no impor-

tant effect on the relative intensities of lines due to a

secondary substance. It is conceded that the relative

intensities of analogous spectra of different elements,

and of successive spectra of the same element, may
vary with the composition of the samples and/or with

the type, or portion, of light source from which radia-
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tion is taken, but there is no evidence that the relative

intensities of lines in any particular spectrum of a

given element are thereby greatly changed. It may
be expected, therefore, that the relative intensities of

lines observed in one metal arc w^ill remain valid in

any other metal arc, provided the arcs are at approxi-

mately the same temperature. The absolute intensities

and the relative strengths of successive spectra may
be altered by excitation conditions. For example, sili-

con may be more sensitive in carbon than in calcium,

and it is w^ell known that when easily ionized alkalies

are present in sufficient quantity to influence discharge

conditions they reduce the intensity of other spectra,

especially those characteristic of ionized atoms.

4. The order of lines arranged according to de-

creasing detectability in progressive dilution is the

same as the order of decreasing intensity in the spec-

trum of the pure element. In other words, emission

line intensities in residual arc spectra (barring self-

absorption) are proportional to the number of radiat-

ing atoms; and relative intensities may therefore be

derived from concentrations at which difi'erent lines

show the same intensity or limiting detectability.

Arc spectra usually exhibit a variety of lines, sharp

or narrow ones, diffuse or wide ones (including band

heads), strong ones accompanied by photographic

spreading of developed images, others wide on account

of hyperfine structure, and some partially reversed.

All of these types, except the last, appear in residual

arc spectra at low concentrations, and it may be ques-

tioned if it is possible to place them on a uniform in-

tensity scale. It may be assumed that if total blacken-

ing integrated over the width of the line when recorded

at a moderate level of density be considered in esti-

mating relative intensities these will be on a uniform

scale within the limits of precision in making such

estimates on lines of different types.

5. The order of spectral lines arranged according

to decreasing intensity is the same when the intensities

are decreased by rotating stepped sectors as when the

intensity reduction is produced by successive dilution

of the element in a matrix. This was recognized by

Lowe [12] who published an atlas of spark spectra of

44 elements diluted from 1 percent to 0.001 percent and

later obtained practically the same results by observing

spectra with stepped exposure times [16]. In our

experiments the labor of preparing samples of 70 ele-

ments in four or more dilutions was greatly reduced

by adopting only one dilution (0.1 atomic percent) and

then producing further reductions of spectral-line in-

tensities by means of rotating step sectors.

6. Limiting detectability (as defined in 1.) may be

adopted as a physical scale of intensities. Such inten-

sities may be fixed as follows : In a fully exposed spec-

trogram of copper containing 0.1 atomic percent of

another element any faint but unmistakable line at a

given wavelength is assigned unit intensity. Any simi-

lar line appearing with unit intensity in a spectrogram

when the energy, or concentration, is reduced to Vs is

said to be 5 times as strong. Thus, all lines can be

assigned relative intensities proportional to their

limiting detectabilities by determining either the

energy reduction or the concentration reduction at

which the stronger lines finally show unit intensity.

The atomic percent concentration at which any line

will show unit intensity then results from dividing 0.1

by its required energy or concentration reduction. For

example, a line of intensity 10 should show plainly at

0.01 atomic percent, while one of intensity 1000 should

be easily seen at 0.0001 atomic percent (one in a

million). Assuming the ratio concentration/intensity

to be constant, the maximum intensity at 100 percent

is easily obtained. Thus, a line of intensity 1000 at

0.1 atomic percent will have an intensity value of 1000

X 100/0.1 = 1,000,000 at 100 percent. This indicates

a much larger range of spectral intensities than men-

tioned heretofore, but it is not unrealistic.

2. Experiments

Whereas all earlier experiments on residual spectra

of diluted elements involved spark excitation of solu-

tions or fused salts, we decided to employ d-c arc

excitation for the following reasons. It has been shown
[17] that the first ionization potentials of some seventy

metallic elements range from 4 to 11 v and the strong-

est spectral lines of most of these elements have wave-
lengths between 2000 and 9000 A, which is the spectral

region covered by the present investigations. Further-

more, it is known [18] that the second ionization po-

tential of these elements ranges from 10 to 75 v and
that the strongest lines of singly ionized atoms gen-

erally have shorter wavelengths than those of neutral

atoms, nearly half of them being shorter than 2000 A
so that they can be detected only in vacuum spectro-

graphs. Because low-voltage arcs have less ionizing

action than high-voltage sparks more atoms will re-

main in the neutral state and, in general, therefore, arc

spectra will exhibit stronger lines and higher sensi-

tivity than spark spectra.

The use of arc spectra in these experiments threat-

ened to introduce errors on account of self-absorption

of radiated energy in the arc aura or envelope which
consists largely of unexcited neutral vapor atoms. In

all spectra of arcs between metal electrodes this is the

cause of conspicuous self-reversal of all lines involving

the atom's ground state. However, this is a function

of vapor density surrounding the arc and if this is

reduced to 0.001, self-reversal is usually negligible (see

fig. 2). This is our reason for making these experi-

ments with individual elements diluted in copper in

the ratio 1 to 1000. When ground-state lines of extra-
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ordinary intensity were suspected of some self-absorp-

tion, intensity ratios were checked or corrected by

examining our earlier spectrograms made with this

element diluted to 0.0002 atomic percent in silver.

2.1. Dilution in Silver

Our preliminary experiments, begun in 1932, can

be described briefly as follows: solutions of known
strength of the elements under investigation were

prepared and proper amounts added to pure silver

oxide, which was then reduced to metal by heating to

make samples containing 8 definite atomic ratios ex-

tending from 0.05 to 0.0002 atomic percent of the ele-

ment added to silver, with a factor of about 2 between

7 successive dilutions. In order to save time and labor,

each series of silver samples incorporated 3 to 6 chemi-

cal elements, in addition to zinc which supplied internal

standards. These samples were burned on pure copper

electrodes of a 220 volt d-c arc with 10 amperes. An
image of the arc was projected onto the slit of a stig-

matic concave grating spectrograph by means of a

fused-quartz lens. Each series of excited samples was
exposed on successive segments of the slit, and was
photographed in four spectral regions ranging from

2000 to 9000 A (see fig. 1). A comparator was em-

ployed to measure wavelengths (relative to silver and

copper lines) for the identification of the added ele-

ments, and relative intensities of all lines belonging to

residual spectra of diluted substances were estimated

and related to concentration. These results were not

satisfactory for the following reasons : The use of

silver as a matrix and of copper for arc electrodes

precluded the possibility of getting any data for these

two elements or for any lines masked by silver and

copper lines. Also the inclusion of 3 or more elements

in each series of samples resulted in the blending of

many lines, especially in complex spectra, so that it

was not possible to assign proper intensities in these

cases. Furthermore, the method of sample prepara-

tion and observing appeared to be unsuited to very

volatile elements, or compounds, because no residual

spectra could be recorded for them even at concentra-

tions of 0.1 atomic percent.

2.2. Dilution in Copper

In 1941 these preliminary experiments were aban-

doned in favor of a modified procedure which led to

satisfactory results. The chief changes in procedure

came with the availability and use of pure metal

powders, and a hydraulic press to form solid electrodes

of mixed powders. Instead of reducing spectral line

intensities to the limit of detectability by successive

dilutions of the element in different samples only one
dilution (0.1 atomic percent) was prepared and line

intensities were reduced by observing through rotating

step sectors. The successful procedure may be out-

lined as follows: An element under investigation was
mixed with pure copper powder in the atomic ratio

of 1 to 1000. These mixtures were pressed into solid

electrodes, and burned in a 220-volt, 10-ampere d-c

arc which was imaged entirely on the collimator of a

stigmatic grating spectrograph by a lens at the slit.

A rotating step sector in front of the slit reduced the

spectral intensities to one-fifth in each of four steps

(see fig. 2). Spectral intensities of the element added

to copper were estimated relative to those of selected

copper lines, and this was done separately for each of

70 elements throughout the range of spectrum from
2000 to 9000 A. The true intensities of the selected

copper lines above 3300 A that served as internal

standards were then measured, by photographic pho-

tometry, relative to the known energy distribution in

the spectrum of an incandescent tungsten-strip fila-

ment at a certain temperature (see fig. 3). Between
2000 and 3300 A a calibrated hydrogen lamp was used

to determine the relative intensities of copper lines.

Finally the apparent intensities of 39,000 spectral lines

of 70 elements, relative to copper, were adjusted to fit

the copper calibrations. These experiments thus pro-

vide empirically determined lists of the principal lines

of all elements actually detectable under average con-

ditions in arc spectra when their concentrations are 0.1

atomic percent, and the individual lines bear intensity

numbers approximately proportional to their detect-

ability or their relative energy. That these intensity

numbers really represent physical intensities was
proved by comparing them with earlier, accurately

measured relative intensities of lines in multiplets and

with published relative /-values or oscillator strengths

of- lines in different multiplets extending over a wide

range of spectrum.

In order to provide intensity data for spectral lines

that are partially or wholly obscured by copper lines a

sectored spectrogram of the pure element excited with

self-electrodes, or of a metallic compound or salt ex-

FiGURE 1. Arc spectra of elements (V, Nb, Ta) diluted progressively in silver, and burned on copper electrodes.

Spectral range 3880 to 4320 A.
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Figure 2. Arc spectra of pure manganese (center), and of copper containing 0.1 percent Mn, (above and below), all through

rotating step sector. Spectral range 3960 to 4105 A.

Figure 3. Energy calibration of copper lines. Above, arc spectrum of copper through rotating step sector. Spectral range 3400 to 3850 A.

Below, standard-lamp spectrum at 50 A intervals through same step sector.
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cited in a carbon arc, was photographed on every plate

so that any lines blended with copper could be inter-

polated with proper estimates of their relative inten-

sities. Comparison of relative intensities in copper
and in carbon matrices also supplied new information
on successive spectra, I and II, especially of rare-earth

spectra. Similar data for copper itself were obtained

by using pressed electrodes of pure silver powder to

which 0.1 atomic percent of copper was added, plus

the same quantities of gold and zinc to serve as internal

standards.

Furth,er details of experimental materials, apparatus,
and procedure are given in the following paragraphs.

2.3. Arc Electrodes

For this investigation materials of high purity were
acquired, preferably in the form of metal powders,
although some elements, not available in pure pow-
dered metal form, were obtained as oxides. In every
case the proper amount was added to powdered copper
to produce a mixture in which there was one atom of

the added element to each 1000 atoms of copper. These
mixtures were homogenized by mechanical shaking and
then compressed into solid cylindrical pellets in an
hydraulic press at 5000 psi. The pellets were i/i in. in

diameter, l^ in. in length, and weighed about 1.5 gram.
Two of a kind were mounted in massive water-cooled

clamps in an arc stand and a direct current of 10

amperes passed between them from a 220 v line with
ballast resistance. A 3-mm gap was maintained be-

tween the electrodes during the exposures which varied
in duration from 1 sec to 5 min depending on spectro-

graphic efficiency and sensitivity of photographic plates

in different spectral regions.

The arc was imaged on the collimator of a concave-
grating spectrograph by means of a quartz lens im-
mediately in front of the slit to obtain uniform illumi-

nation along its length and collect light from all parts
of the arc. Rotating step sectors were operated im-
mediately in front of the collecting lens, one with 5 to

1 ratio was used for all line-intensity spectrograms,
but a 2 to 1 step was used for the energy calibration of
copper lines.

2.4. Spectrograph

The dispersing apparatus was a 6-in. grating with
15,000 lines per inch, and 22 ft radius of curvature
in a Wadsworth-type mounting to give stigmatic
images on photographic plates. All observations were
made in the first-order spectrum in which the recipro-

cal dispersion was 5A/mm, and the practical resolving
power about 50,000 with a slit width of 30 /x.

2.5. Photographic Plates

In order to determine, relative to copper, the inten-
sities of all lines of 70 chemical elements diluted 1000
fold it was necessary to make many hundreds of spec-

trograms, and to employ 4 varieties of photographic

plates to cover the wavelength range 2000 to 9000 A.

The spectral range 2000 to 3000 A was recorded on
Eastman 103-0 Ultraviolet Sensitive plates, 2600 to

4900 A on Eastman 33 plates, 4600 to 6900 A on East-

man II-F plates, and 6600 to 9000 A on Eastman I-N
plates. Each plate was developed for 4 min in a rocking

tray containing D-19 developer at 70 °F.

The exposure times in each spectral range were
chosen by trial to obtain a suitable continuous back-

ground in the first step of the rotating step sector.

Because of variations in spectral sensitivity of photo-

graphic materials and in spectrographic efficiency two
exposures of the contaminated-copper arcs were usually

made on each plate, with exposure durations in the

ratio 2 to 1, and the sectored comparison spectrum of

the contaminant was placed between them. Measure-

ments were usually confined to the exposures which

showed the optimum background in the first step of

the rotating sector.

2.6. Energy Calibration of Copper Lines

In order to determine the factors necessary to con-

vert the estimates of apparent intensities of the lines of

70 elements relative to copper into true relative inten-

sities, it was necessary to determine the true relative

intensities of selected reference lines in the spectrum
of copper. The energy calibration of copper lines was
performed as follows:

A G.E. tungsten ribbon filament lamp (type F339-
85, 30 amp, 6v) equipped with a fused quartz window
served as the reference standard of spectral energy

distribution in the wavelength range 3300 to 9000 A.

The brightness temperature of the filament at 6500 A
was measured at two values of filament current by
Henry Shenker in the National Bureau of Standards

Pyrometry Laboratory. The true temperature T of the

filament was determined from the brightness tem-

perature by means of the following equation obtained

from Wien's law

where Cj, = 1.438 cm-deg and A is the product of the

emissivity of tungsten (0.427) and the transmittance

of the quartz window (0.916) at 6500 A.

Table 1. Temperature of tungsten lamp

Brightness True
Current temperature temperature

amp °K °K
38.00 2492 2787

40.00 2567 2881

The energy distribution from blackbodies operated

at these temperatures was taken from tables prepared

by Stair and Smith [19] in the 2300 to 3500 A range,

by Skogland [20] in the 3200 to 7600 A range and by
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Lowan and Blanch [21] in the 7200 to 10000 A range.

The data from these tables were adjusted to a common
basis and multiplied by the emissivity of tungsten and

the transmittance of fused quartz at intervals in-

creasing from 50 A in the ultraviolet to 200 A in the

infrared. The emissivity of tungsten was taken from

a weighted mean curve of published values to which

reference is made by Stair and Smith [19]. The trans-

mittance of fused quartz was calculated from data on

its index of refraction published by Sosman [22] . The

final product, representing the relative energy distri-

bution of the radiation emerging from the quartz win-

dow of the lamp, was plotted on a convenient scale to

permit interpolation to any wavelength in the range

2300 to 10000 A.

Spectrograms of the pure copper arc and of the

tungsten lamp were made under conditions identical

with those described above except that for these a 2

to 1 step sector with 8 steps was used for closer cali-

bration (fig. 3). Microphotometer measurements of

transmittance were made in each step of the standard-

lamp spectrum at intervals of 50 A and a family of

calibration curves of transmittance versus log exposure

(hereafter referred to as log J) was drawn up for each

plate. The exposure of the standard-lamp /, was read

from the calibration curve for each wavelength at a

transmittance of 40 percent (where the curve is linear)

and then divided by the calculated intensity Is at that

wavelength. is the calculated intensity emitted by

the standard-lamp. A standardization curve of log Js/h
versus A was plotted for each plate. Calibration curves

of transmittance versus log J were then drawn from
measurements on each of the selected copper lines and

the log exposure (log /, „) of each copper line at a trans-

mittance of 40 percent was read from each curve. Log

Js/h was then subtracted from the average of numerous
values of log /,.„ to give log Z,.,, which is the log of the

true relative intensity of the copper line. The values of

log /c„ from plates in adjacent wavelength regions were

adjusted to a common basis by means of lines common
to both plates. The plot of log Js/h versus A is the

relative response function of the plate-spectrograph

combination and as such was itself useful in the in-

frared where the copper spectrum lacks lines suitable

for use as an intensity reference.

From 2 to 24 determinations were made on each of

202 lines of Cu I between 2800 and 8100 A with an

average of about 9 determinations per line. The values

of /(.„ obtained by this procedure below 3300 A were

systematically low because of the rapid decline in in-

tensity from the standard lamp in the direction of

short wavelengths. The intensity from the lamp at

5500 A is about 40 times the intensity at 3300 A and

about 300 times the intensity at 2800 A. This fact in-

troduces possible errors from scattered light of the

intense visible radiation which tends to raise and

consequently depress Ic»-

The spectrum of copper is composed of sharp lines

and diffuse lines. Since the microphotometer measure-

ments were made at the peaks of the lines rather than

integrated over their widths, the measured intensities

of the two groups of lines are on different relative

scales, the scale of the diffuse lines being smaller than

that of the sharp lines. The reference lines selected for

calibration of the estimates of apparent intensity are

all sharp lines.

The random error of the photometric procedure, in-

cluding microphotometer error and irregularities of

response of the "N" plates was determined from 92

measurements of apparent relative intensities in spec-

tra of the standard lamp on two plates. The standard

deviation of individual measurements from the mean
was found to be about 1.5 percent. It is probable, there-

fore, that the uncertainties in these intensity measure-

ments of the copper lines lie entirely in the systematic

errors discussed above and in the random fluctuations

of the arc under study.

Since the ribbon filament lamp was too faint in the

region from 2000 to 3300 A to serve as a standard,

recourse was taken to a Hanovia hydrogen arc lamp.

Output from this lamp was compared by R. Stair in

the Radiometry Section of the Bureau with a standard

tungsten-in-quartz lamp and a standard mercury arc

in the region from 2500 to 3800 A; this provided an

independent overlapping calibration which carried us

down to 2500 A.

The intensity numbers below 2500 A become less

accurate as the short wavelength limit is approached.

Lacking any reliable energy calibration for shorter

waves, the intensity estimates from 2500 to 2000 A
were necessarily adjusted by judicious extrapolation,

guided by the declining densities of background in the

spectrograms, caused by the increasing absorption in

the apparatus and in the air at shorter wavelengths.

3. Results

Because these relative intensities of 39,000 lines of

70 elements are based on empirical detectability they
will be generally applicable to spectrochemical analysis

provided that proper corrections are made on account
of different excitation in different matrices. Chemical
elements differ in volatility, electron emission, spectral

excitation, and spectral background, and consequently

their spectral detectability in different mixtures or mat-
rices depends on certain controlling factors. One of the

important factors is the atomic ionization potential

which ranges from 3.9 v for Cs to 11.3 v for C, and for

the investigated 70 elements has an average value of 7.3
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V. By mixing these 70 elements with copper, which has

an ionization potential of 7.7 v, we obtained excitation

conditions very near the average for all. To convert

our intensity numbers from copper to any other matrix

would require the empirical determination of the

proper conversion factor for each element.

It should be pointed out that sensitivity of detection

in spectrochemical analysis is commonly given in per-

cent by weight. In order to find the weight percent
from the atomic percent given in the tables the follow-

ing simple relation applies,

r A
r-i

where Cu, is the concentration in percent by weight, Ca
is the atomic percent (0.1 in this case), Ac, is the atomic
weight of copper, and Aj, is the atomic weight of the
element X.

Although our original intention was to determine

the relative strengths of many spectral lines from
different chemical elements for purposes of quantita-

tive spectrochemical analysis we believe that the re-

sults may also interest theoretical spectroscopists and

astrophysicists. For instance, if our intensity numbers,

based on concentration detectability and relative en-

ergy calibration, actually express relative energies

then all may be converted to oscillator strengths, or to

relative gf/'Values, or even to absolute /-values, if the

proper conversion factors can be found.

Because of the low concentration -of each element in

the copper arc from which the spectra were observed,

the lines were extraordinarily free from self absorp-

tion. This fact suggests that these emission intensities

could be converted into relative s^/-values, provided

that a valid excitation temperature can be assigned to

the copper arc.

The temperature of the copper arc can be determined

by comparing the observed relative intensities of the

lines of an element with the relative gf-YaXxxes, of those

lines [23] ,
provided that the arc can be shown to be in

local thermodynamic equilibrium for the energy states

under consideration. A preliminary investigation of

this sort has been carried out by using relative gf-

values determined by R. B. King and his coworkers for

Til [24], Tin [25], Vl [26], Cr I [27], Fe I [28],

[29] and Ni I [30] in the region above 3000 A. Figure

4 is a typical example of the correlation of intensities

and s^Z-values indicating the temperature of the copper

arc. The comparison shows that our copper arc is suf-

ficiently in equilibrium to yield a temperature which
may be useful in calculating approximate gf/-values of

some utility from our intensity numbers. A prelimi-

nary value of 5000 °K ±300 °K has been obtained

as the average temperature of the 10 amp, 220 v, copper
arc.

Because our intensity data represent single (some-
times two) personal subjective estimates of photo-

graphic densities in sectored spectrograms there is

no possibility of deriving statistically any probable

errors or standard deviations for individual values.

However, an estimate of the accuracy or reliability of

our data may be obtained by comparing them with

quantitative results published by other investigators.

For example, figure 4 shows the ratios of our intensities

to the relative /-values (or intensities) reported by

King and King [24] who measured the total absorp-

tions of Ti I lines in furnace absorption spectra; they

stated [28] that "The average deviations of the in-

dividual intensity measures from the mean values vary

from 4 to 15 percent for different lines" measured be-

tween 4 and 16 times on different plates. Each little

circle plotted in figure 4 represents a Ti I multiplet of

1 to 12 lines. The average of 59 deviations from the

mean of all is 25 percent.

A second indication of the reliability of our inten-

sities is obtained by comparing our values with the

relative intensities of lines in multiplets of five ele-

ments (Cr, Fe, Mn, Ti, V) measured with photographic

densitometry by Frerichs [31] to test the sum rules.

Such a comparison in 21 different multiplets indicates

deviations ranging from 5 to 22 percent, with an

overall average of 14 percent.

A third estimate of the errors in our data results

from their comparison with photoelectric intensity

measurements in the iron arc by Crosswhite [32] , who

claims an accuracy of the order of 1 percent. The

average difference between intensities of 330 iron lines

(3175 to 5658 A) common to these two sets of ob-

servations is ±27 percent, but some of this difference

may be du€ to temperature if this is not the same in

both arcs.

Other comparisons could be made but the above three

are different and typical ;
they suggest that the average

8.5 I I 1 1 1 1

2.0 2.5 3.0 3.5 4.0 4.5 5.0

UPPER EXCITATION POTENTIAL ,
v

Figure 4. Plot of log intensity X* over gf versus upper excitation

potential of Ti I lines. The temperature of the arc is derived from the

slope of the line which best fits the points.
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error of our spectral-line intensities within a spec-

trum of each element is probably between 15 and 25

percent. The uniformity of the intensity scale be-

tween the spectra of the various elements is more diffi-

cult to assess. Considerable care was taken to obtain

spectrograms under comparable conditions for all of

the elements ; however, differences in volatilities of the

elements or their oxides, and differences in ease of

excitation may possibly result in shifts of intensity

scales between elements. An inspection of the intensi-

ties of the strongest lines of the elements indicates

that the values are generally in the same order as

sensitivity of detection of the elements where these

are known. Although no high precision was expected

in our mass-production of intensities it is emphasized

that reasonably uniform, quantitative values are now
available for 39,000 lines emitted by 70 chemical

elements.

The tables of spectral-line intensities resulting from

this investigation are presented in two parts. In part I

the data are arranged by element in alphabetical order

of chemical name. The heading of each table by ele-

ment states the atomic symbol, atomic number, atomic

weight, ratio of atomic weight to that of copper, the

electron configuration and term symbol of the normal

state of each spectrum and the corresponding ioniza-

tion potential expressed in kaysers (cm^). Following

the heading is a selected list of references. Under
Wavelengths are listed all of the sources from which the

wavelengths used in the table were compiled. Under
Classification or Spectrum Assignments are listed the

sources from which the assignment of spectrum and
energy levels were obtained. A few spectra showed
bands of metallic oxides. References to data about

these bands are given under Molecular Spectra. In ad-

dition a few selected references to published experi-

mental intensity measurements are given under
Intensities.

Following the references there is abstracted from
the main table a list of the strong lines arranged in

order of decreasing intensity and giving, in addition

to the data found in the main table, the electron con-

figurations and spectral term designations of the energy
levels that produce each line. These lists of the strong

lines generally contain 2 percent or more of the lines

in the main table.

Electron configurations and spectral term designa-

tions of quantum numbers are of unusual interest in

the production of the strongest spectral lines, or raies

ultimes. According to well-known rules governing the

relative intensities of lines in multiplets, the strongest

line arises from transitions between levels having the

largest / and L values when a/=aL = 1. A rule

relating to raies ultimes was expressed [33] a quarter
of a century ago as follows : "A raie ultime in any spec-

trum originates with a simple interchange of a single

electron between s and p states, usually preferring con-

figurations in which only one electron occurs in such

states". The above simple rules for the strongest lines

appear to be valid for all spectra.

Then comes the main table, listing in order of wave-

length, for every line of an element which appears on

our plates, the intensity, character, wavelength, spec-

trum, and energy levels. The calibrated intensity num-

bers in the first column represent the relative radiant

power emitted by our arc at each wavelength. Lines

which differ in profile from a normal sharp symmetri-

cal shape are described in the second column, with the

notation suggested in the Transactions of the Joint

Commission for Spectroscopy [34] as follows:

b — band head,

c — complex,

d — unresolved double line,

h — hazy,

I — shaded longward,

s — shaded shortward,

w — wide.

The wavelengths in column 3 are taken from the places

noted in the list of references and are given to the

nearest 0.01 A. They are all normal air wavelengths,

even those below 2000 A. Column 4 gives the spectrum,

I, II, or III (respectively from neutral, singly ionized

and doubly ionized atoms) in which the line occurs or the

molecule from which a band head originates and column

5 the numerical values, rounded off to the nearest wave-

number, of the levels between which the transition occurs.

These data are taken from the Classification reference.

The wavelength of a doubly classified line appears

before the first pair of energy levels and the second

pair follows immediately. In these tables all energy

levels are given in vacuum wavenumber units, cm~\ for

which the name kayser (K) has been proposed [35].

For all spectral lines explained as transitions between

energy levels this serves as a mutual check since the

wavelengths in normal air, when converted to vacuum
wavenumbers by a conversion table [36], will coincide

within one unit with the difference between the two

energy levels. Furthermore these numbers serve as

an index to the term designation in "Atomic Energy

Levels" [37] where electron configurations, quantum

numbers, and magnetic splitting factors are given.

A comparison of the excitation energies of any two

classified lines may be made by directly comparing

their larger energy levels in kaysers, and adding the

ionization potentials in the case of lines from II or III

spectra. This direct and simple procedure avoids the

labor of converting all energy levels from kaysers to

electron volts by means of the relation one ev = 8066 K.

In part II the intensity data are arranged in two

tables in order of increasing wavelengths. In table 1

the strong lines of each element which were ab-

stracted from the main tables in part I are here ar-
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ranged in order of wavelength. Following this is table

2 in which the individual main tables of part I have
been consolidated into a single table arranged by wave-
length. This table contains about 39,000 lines of 70
elements. The intensities in the table are on a scale of

relative radiant power and the scale is the same from
element to element. Following the intensity numbers
are given the wavelength, the element symbol, and
the spectrum. The intensity of a double line appears
before the first wavelength and the second wavelength
follows immediately.

This 'investigation has extended over a period of 28
years, and represents a very considerable amount of

intermittent labor contributed mainly by a relatively

small number of individuals. The program was
initiated by Meggers and Scribner, the latter prepared

diluted-element mixtures, electrodes and spectrograms,

while the former identified wavelengths, supplied many
line classifications, and estimated relative intensities

of some fifty thousand lines. In the production of the

mixtures and the copper electrodes and spectrograms

valuable assistance was given by Harriet E. Brown.

Corliss contributed the copper calibration, the conver-

sion of apparent intensities to relative radiant powers,

and prepared the final tables. Mrs. Ruth Peterson care-

fully prepared and checked all the data on IBM cards

so that it could be printed automatically. Valuable

advice and assistance on the IBM machine operations

was given by William Bozman. To all our able and

reliable assistants the authors extend their sincere ap-

preciation and thanks for cheerful and conscientious

cooperation.
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Tables of Spectral-Line Intensities

Arranged by Elements





ALUMINUM

Al, Z=13, ^=26.98, Ratio ^^=0.425

All Normal state of valence electrons Ss^Sp^ 2PoH=0. I.P.= 48279 K
Al II Normal state of valence electrons Ss^ ^Sq =0. I.P.= 151860 K

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification:

All, F. Paschen, Ann. Physik 13, 516 (1932).

Intensities:

Y. I. Ostrovsky, Optika i Spektroskopiya 3, 673 (1957).

Relative intensity of aluminum lines observed in an arc of copper containing 0.1 atomic
percent of aluminum

Strong lines of aluminum

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

900

650

3961. 53

/ 3092. 71

1 3092. 84

I

I

I

112-25348
112-32437
112-32435

3s23pi sPfH—3s24si 2SoH
3s23pi 2?;^—3s23d' 2D2^
3s23)Bi 2P!h—3s23d' ^Dj^

Aluminum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 d 2269. 09 112-44169 4 2575. 41 112-38929
2269. 21 112-44166 15 2652. 49 0-37689

18 2367. 06 0-42234 20 2660. 39 112-37689
36 2373. 13 112-42238 320 3082. 16 0-32435
7 2373. 36 112-42234 650 d 3092. 71 112-32437

3092. 84 112-32435
1.8 2378. 41 112-42144

24 2567. 99 0-38929 450 3944. 03 0-25348
48 2575. 10 112-38934 900 3961. 53 112-25348
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ANTIMONY

Sb, Z=51, M=121. 76, Ratio ^=1.916

Sb I Normal state of valence electrons Ss^Sp^ *S;^= 0. I.P.= 69700 K
Sb II Normal state of valence electrons Ss^Sp^ ^Pq =0. I.P.= 133328 K

References
Wavelengths and classification:

Sb I, W. F. Meggers and C. J. Humphreys, J. Research NBS 38, 463 (1942).

Relative intensity of antimony lines observed in an arc of copper containing 0.1 atomic
percent of antimony

Strong lines of antimony

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

600

320
140

/ 2598. 05
1 2598. 09

2528. 52
2877. 92

I

I

I

I

8512-46991
9854-48332
9854-49391
8512-43249

5s25p3 2D;^5—5s25p26s' ^Poh
5s25p3 2D|j^—5s25p26s' <P2H
5s25p3 2D5^—5s25p26s» 2P,H
5s25p3 2D;i^—5s25p26si *Foy,

Antimony — All Observed Lines

Intensity
and

Character

w ave-
length
m A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

2.5 2029. 49 I 16396-65653 1.8 2474. 57 I 18464-58863
5 2039. 77 9854-58863 18 2478. 32 16396-56733

14 2049. 57 \ 8512-57287 3.5 2480. 44 { 16396-56699
C-C n AQ 110 J. U OCT n cA OCT O A QI-JO

10 2098. 41 8512-56152 320 2528. 52 9854-49391

2.5 2118. 48 18464-65653 1.2 2554. 64 18464-57597
5 2127. 39 0-46991 8 2574. 06 16396-55233

10 2139. 69 8512-55233 600 2598. 05 8512-46991
5 2141. 83 2598. 09 9854-48332

10 2144. 86 8512-55121 34 2612.31 18464-56733

38 2175. 81 0-45945 32 2652. 60 18464-56152
7 2179. 19 9854-55728 38 2670. 64 8512-45945
2.5 2201. 32 16396-61809 14 2682. 76 18464-55728
7 2208. 45 9854-55121 5 2692. 25 16396-53528
5 2220. 73 8512-53528 17 2718. 90 18464-55233

2.5 2224. 93 8512-53443 5 2727. 23 18464-55121
7 2262. 51 16396-60581 90 2769. 95 9854-45945
2. 0 2288. 98 9854-53528 7 2851. 11 18464-53528
7 2293. 44 9854-53443 140 2877. 92 8512-43249
4 2306. 46 16396-59738 50 3029. 83 16396-49391

45 2311. 47 0-43249 100 3232. 52 18464-49391
2.0 2360. 50 16396-58747 85 3267. 51 16396-46991
4 2373. 67 18464-60581 10 3383. 15 16396-45945
4 2383. 64 18464-60404 10 3637. 83 18464-45945
4 2422. 13 18464-59738 5 3722. 79 16396-43249

6 2426. 35 16396-57597 4 4033. 55 I 18464-43249
18 2445. 51 8512-49391
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ARSENIC

As
As, Z=:33, M= 74.92, Ratio 7^^= 1.179

(Ju

As I Normal state of valence electrons 4sMp^ ^S°4= 0. I.P.= 79165 K
As II Normal state of valence electrons 4s^4^>^ ^Pq =0. I. P.= 163000 K

References
Wavelengths and Classification:

As I, W. F. Meggers, A. G. Shenstone, and C. E. Moore, J. Research NBS 45, 346 (1950),

Relative intensity of arsenic lines observed in an arc of copper containing 0.1 atomic
percent of arsenic

Strong lines of arsenic

Intensity Wavelength Spectrum Energy levels Term combination
A K

140 2780. 22 I 18648-54605 4s24p3 2po^_4s24p25sI 2p

90 2860. 44 I 18186-53136 4s24p3 2pgj^_4s24p25sl 2p „^

Arsenic — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

17 1936. 96 0-51610 16 2370. 77 18648-60815
28 1971.97 0-50694 18 2381. 18 10915-52898
20 1989. 70 10592-60835 9 2437. 23 10592-51610
6 1990. 48 10592-60815 36 2456. 53 10915-51610
3.0 1994. 78 18186-68301 44 2492. 91 10592-50694

28 2003. 34 10915-60815 44 2745. 00 18186-54605
4 2009. 19 18648-68403 140 2780. 22 18648-54605
3. 0 2013. 32 18648-68301 90 2860. 44 18186-53136
2. 0 2165. 52 18648-64812 20 2898. 71 18648-53136

44 2288. 12 10915-54605 3.0 2990. 99 18186-51610

5 2344. 03 18186-60835 8 3032. 85 18648-51610
85 2349. 84 10592-53136 4 3119. 60 18648-50694
.0 2369. 67 18648-60835

609065 O - 62 -2



BARIUM

Ba, Z=56, M= 137.36, Ratio ^=2.162

Ba I Normal state of valence electrons 5p^ ds^ 'So =0. I.P.= 42032 K
Ba II Normal state of valence electrons 5p^ 6s' %h=0. I.P.= 80687 K

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

F. Sullivan and K. Burns, Sci. Studies St. Bonaventure Coll. 9, 7 (1941).
H. N. Russell and C. E. Moore, J. Research, NBS 55, 299 (1955).

Classification:

Ba I, H. N. Russell and C. E. Moore, J. Research NBS 55, 299 (1955).
Ba II, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Intensities:

L. S. Ornstein, M. Coelingh, and J. G. Eymers, Z. Physik 44, 653 (1927).
A. M. Kruithof, Physica 10, 493 (1943).

H. Kopfermann and G. Wessel, Z. Physik 130, 100 (1951).

Relative intensity of barium lines observed in an arc of copper containing 0.1 atomic
percent of barium

Strong lines of barium

Intensity Wavelength
A

Spectrum Energy levels
K

Term combination

6500
2000
2000
1200
650

4554. 03
4934. 09
6141. 72
6496. 90
5535. 48

II

II

II

II

I

0-21952
0-20262

5675-21952
4874-20262

0-18060

6s' 2SoH—6p> 'PfH
6s' 2SoH—6pi 'P5h
5d> 6p' 'PfH
5d' 2r),^_6pi 2P5^
6s2 'So —6s' 6p' 'P!

6



Barium — All Observed Lines

Intensity
and

Character

Wave-
1 ^^^^ t^^r\

in A.

Spec-
trum

Energy
J_jcVCiS
in js.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

28 2304. 24 II 4874-48259 650 5535. 48 T 0-18060
55 2335. 27 II 5675-48484 2. 0 5680. 18 I 9216-26816
6 2347. 58 II 5675-48259 50 hi 5777. 62 13515-30818
6 2528. 51 II 20262-59799 9 1 5800. 23 13515-30751

10 2634. 78 II 21952-59895 -7

7 5805. 68 J 9597-26816

3. 0 2702. 63 J 0-36990 30 5826. 28 T 11395-28554
1.8 2771. 36 II 21952-58025 280 5853. 68 II 4874-21952

18 3071. 58
\

0-32547 5 5907. 64 9034-25957
50 3501. 11 0-28554 50 5971. 70 9216-25957
7 3889. 33 T 0-25704 50 5997. 09 T 9034-25704

140 1 3891. 78 II 20262-45949 50 6019. 47 J 9034-25642
3. 0 3892. 66 11395-37077 110 6063. 12 I 9216-25704

10 3909. 91 9034-34603 170 6110. 78 9597-25957
14 3935. 72 9216-34617 2000 6141. 72 II 5675-21952
3. 5 3937. 87 J 9216-34603 50 6341. 68 9216-24980

18 3993. 40 J 9597-34631 36 6450. 85 J 9034-24532
3. 0 3995. 66 I 9597-34617 60 6482. 91 I 11395-26816

150 h 4130. 66 II 21952-46155 1200 6496. 90 II 4874-20262
6 4132. 43 0-24192 160 6498. 76 9597-24980

20 4166. 00 II 21952-45949 70 6527. 31 T
f ^ \mJ 1 _y

20 4283. 10 T 11395-34736 65 6595. 32 T 9034-24192
7 h 4350. 33 I 12637-35617 32 6675.27 I 9216-24192

10 4402. 54 12637-35344 32 6693. 84 9597-24532
15 4431. 89 12266-34823 1.6 h 6771. 85 23074-37837
3. 0 4488. 97 T 13515-35785 6 6865 69 T 11395-25957

3. 5 h 4493. 64 J 13515-35762 1. 2 h 6867 85 T 22947-37504
13 4505. 92 I 12637-34823 140 7059.94 I 9597-23757
5 h 4523. 24 13515-35617 19 7120. 33

\

9034-23074
13 4524. 93 II 20262-42355 0.6 7153. 58 23757-37732

6500 4554. 03 II 0-21952 6 7195. 24 J 12266-26160

8 4573. 85 T 12637-34494 2.0 7228. 84 J 22065-35894
14 4579. 64 I 13515-35344 95 7280. 30 I 9216-22947
4 4599. 75 12637-34371 11 7392. 41 12637-26160
2.0 4619. 98 12266-33905 2.0 7417. 53 9597-23074
3. 0 4673. 62 T 9597-30987 3. 0 hi 7459. 78 J 22947-36349

13 4691. 62 J 13515-34823 17 7488. 089 I ^y \J % w ^y J 95^1 -229 0,-]

3. 0 4700!43 I 12637-33905 2. 0 7610. 48 I 23062-36200
8 4726. 45 11395-32547 1.0 hi 7636. 90 23074-36165

40 4899. 97 II 21952-42355 4 hi 7642. 91 23757-36837
1. 8 4902! 90 13515-33905 50 7672. 09 J 9034-22065

2000 4934. 09 II 0-20262 30 7780. 48 T 9216-22065X JL. ^y *W ^y vX

3.0 4947! 33 18060-38267 0. 8 h 7839. 57 I 24980-37732
2.0 5054. 98 18060-37837 17 7905. 75 13515-26160
6 h 5159. 92 18060-37435 8 7911. 34 0-12637
2.0 h 5267! 03 T 18060-37041 6 h 8210. 24 J 18060-30237W Vw** \y .-X W A— f

22 hi 5424. 55 12266-30696 40 h 8559. 95 11395-23074
1.4 h 5473.69

\

3.0 8860. 98 12637-23919
32 hi 5519. 05 12637-30751 3.5 8914. 99 12266-23480

7



BERYLLIUM

Be, Z=4, M=9.013, Ratio ^=0.1418

Be I Normal state of valence electrons 2s^^So =0. I.P.= 75192 K
Be 11 Normal state of valence electrons 2s^^Soy,=0. I.P.= 146882 K

' References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification:

Be I and Ben, F. Paschen and P. G. Kruger, Ann. Physik 8, 1005 (1931).

Molecular Spectra:

BeO, A. Lagerqvist and R. Westoo, Arkiv Mat. Astron. Fysik 32A, No. 10 (1945).

Intensities

:

W. R. Bozman, C. H. Corliss, and W. F. Meggers, J. Research NBS 50, 131 (1953).

Relative intensity of beryllium lines observed in an arc of copper containing 0.1 atomic
percent of beryllium

Strong lines of beryllium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

480
320
300

3130. 42
3131. 07
2348. 61

II

II

I

0-31935
0-3W29
0-42565

2s'%K—2p' 'Pm
2si2SoH—2p' 2P5^

2s2 'So—2si2pi 'Pf

Beryllium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5.0 h 2174.94 21980-67944 480 3130. 42 II 0-31935
2175. 07 21982-67944 320 3131. 07 II 0-31929

300 2348. 61 0-42565 60 3321. 01 I 21979-52082
70 2494. 56 21979-62055 3321.09 I 21980-52082

2494. 58 21980-62055 100 3321.34 I 21982-52082

100 2494. 73 21982-62055 12 4572. 67 I 42565-64428
140 c 2650. 47 21980-59698 7 bl 4708. 60 BeO

2650. 55 21979-59696 4 h 8254.10 I 42565-54677
2650. 62 21980-59696
2650. 64 21982-59698
2650. 70 21980-59695
2650. 78 21982-59696

8



BISMUTH

p
j

Bi, Z=83, A/=208.99, Ratio ^^=3.289
Cu

Bii Normal state of valence electrons 6s^6p^ '^Sly,=0. I.P.= 58790 K
Bin Normal state of valence electrons Qs^6p^^Po =0. I. P.= 134600 K

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939), above 2000 A.

G. R. Toshniwal, Phil. Mag. 4, 774 (1927), below 2000 A.

Classification:

Bii, S. Mrozowski, Phys. Rev. 63, 526 (1942).

Intensities:

N. N. Sobolev, J. Exptl. Theoret. Phys. (U.S.S.R.) 13, 130 (1943).

Relative intensity of bismuth lines observed in an arc of copper containing 0.1 atomic
percent of bismuth

Strong lines of bismuth

Intensity Wavelength Spectrum Energy levels Term combination
A K

3600 3067. 72 I 0-32588 6s26p3 4Sf^—6s26p27s' 'FoH
400 2897. 98 I 11418-45915

Bismuth — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Ene rgy
Levels
in K

17 1953. 89 0-51158 400 2897. 98 11418-45915
3.5 1959.48 0-51019 320 2938. 30 15437-49461
8 2021. 21 0-49461 280 2989. 03 11418-44865

55 2061. 70 0-48489 70 2993. 34 11418-44817
10 2110.26 0-47371 240 3024. 64 15437-48489

7 2133. 63 11418-58272 6 3034. 87

3.0 2228. 25 0-44865 3600 c 3067. 72 0-32588
14 2230. 61 0-44817 14 3076. 66 11418-43912
5 2276. 58 0-43912 55 c 3397. 21 15437-44865

11 2400.88 15437-57075 50 c 3510. 85 15437-43912

2.5 2515. 69 11418-51158 38 c 3596. 11 21660-49461
7 2524. 49 11418-51019 14 4121. 53 21660-45915

70 2627. 91 11418-49461 14 4121. 86

28 c 2696. 76 11418-48489 60 c 4722. 19 I 11418-32588
14 d 2730. 50 21660-58272 4722. 55

4722. 83

36 2780. 52 11418-47371
14 c 2809. 62 15437-51019 1.0 c 5552. 35 I

9



BORON

B, Z=b, M= 10.82, Ratio ^=0.1703

Bi Normal state of valence electrons 2^2p' ^pg^^^Q. I.P.= 66930 K
B II Normal state of valence electrons 'Sn =0. I.P.= 202895 K

References
Wavelengths:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

B I, H. E. Clearman, J. Opt. Soc. Am. 43, 373 (1952).

Relative intensity of boron lines observed in an arc of copper containing 0.1 atomic
percent of boron

Strong line of boron

Intensity Wavelength Spectrum Energy levels Term combination
A K

480 2497. 73 I 16-40040 2s22p» 2pj^_2s23si ^Soa

Boron — All Observed Lines

Intensity Wave- Energy
and length

pec- Levels
.

° trum ^j.Character m A m K

Intensity Wave- Energy
and length " Levels

/"I- J. A trum TV-Character m A m K

7 2088.93 I 0-47857
11 2089. 59 I 16-47857

240 2496. 78 I 0-40040
480 2497. 73 I 16-40040

10



CADMIUM

Cd, Z=48, M=112.41, Ratio ^=1.769

Cd I Normal state of valence electrons M'^'ds^ ^So =0. I.P.= 72539 K
Cd 11 Normal state of valence electrons 4d^°5s^ %^^=0. I.P.= 136375 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology, Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Cd I, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Cd II, A. G. Shenstone and J. T. Pittenger, J. Opt. Soc. Am. 39, 219 (1949).

Intensities

:

W. Kuhn, Naturwiss. 14, 48 (1926).

A. Filippov, Phys. Z. Sowjetunion 1, 289 (1932).

L. S. Ornstein, J. P. A. van Hengstum, and H. Brinkman, Physica 5, 145 (1938).

R. B. King and D. C. Stockbarger, Astrophys. J. 91, 488 (1940).

C. G. Matland, Phys. Rev. 91, 436 (1953).

J. P. A. van Hengstum and J. A. Smit, Physica 33, 86 (1956).

Relative intensity of cadmium lines observed in an arc of copper containing 0.1 atomic
percent cadmium

Strong Iines of cadmium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1500
360

2288. 02
3610. 51

I

I

0-43692
31827-59516

4d'05s2 'So—4df5si5pi iP|

4(ii»5si5p' SP^—4d">5s'5di

Cadmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

60 2144. 38 II 0-46619 5 3133. 17 30656-62563
110 2265. 02 II 0-44136 32 3261. 06 0-30656

2. 0 2267. 47 30656-74745 80 3403. 65 30114-59486
1500 2288. 02 0-43692 250 3466. 20 30656-59498

8 2306. 61 30656-73996 80 3467. 66 30656-59486

4 2312. 84 II 46619-89844 360 3610. 51 31827-59516
8 h 2329. 28 31827-74745 70 3612. 88 31827-59498
5 2572. 93 II 44136-82991 7 3614. 45 31827-59486
5 h 2836. 91 30114-65354 80 4678. 16 30114-51484
8 h 2880. 77 30656-65359 140 4799. 92 30656-51484

2.0 2881. 23 30656-65354 280 5085. 82 31827-51484
16 h 2980. 63 31827-65367 26 h 6438. 47 43692-59220

11



CALCIUM

Ca, Z=20, M=40.08, Ratio ^=0.6308
Cu

Ca I Normal state of valence electrons 4s^ ^So =0. I.P.—49305 K
Ca II Normal state of valence electrons 4si %j^=0. I.P.= 95748 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology, Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Ca I and Ca ii

C. E. Moore. Atomic Energy Levels, NBS Circ. 467, Vol. 1 (1949).

C. E. Moore, A Multiplet Table of Astrophysical Interest, 1945 Ed., NBS Technical Note
36 (1959).

C. E. Moore, An Ultraviolet Multiplet Table, NBS Circ. 488, Sec. 1 (1950).

Intensities

:

J. W. Schuttevaer, M. J. deBont, and T. H. van den Broek, Physica 10, 544 (1943).

K. H. Olsen, P. M. Routly, and R. B. King, Astrophys. J. 130, 688 (1959).

Relative intensity of calcium lines observed in an arc of copper containing 0.1 atomic
percent calcium

Strong lines of calcium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

4200 3933. 67 II 0-25414 3p84s» 2So>^—3pfl4p> 2pjj^

2200 3968. 47 II 0-25192
1100 4226. 73 I 0-23652 3pHs' iSo —3p64s'4pi iPf

12



Calcium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
truin

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

4 2398. 56 J 0-41679 10 h 5188. 85 J 23652-42919
3.0 2721. 64 I 0-36732 11 5261. 70 I 20335-39335
3. 5 2994. 96 15158-48538 13 5262. 25 20335-39333
2. 0 2997. 31 } 15210-48564 11 5264. 24 20349-39340
2. 0 2999. 64 J 15210-48538 O Q

C.O 5265. 56 I 20349-39335

2. 0 3000. 86 J 15210-48524 48 5270. 28 I 20371-39340
7 3006. 86 I 15316-48564 16 5349. 47 I 21850-40538
3. 0 3009. 20 15316-48538 2. 5 h 5512. 96 23652-41786

20 3158. 87 II 25192-56839 12 5581. 97 I 20349-38259
5U 3179. 33 II 25414-56859 5588. 75 I 20371-38259

9 3181. 28 II 25414-56839 10 5590. 11 I 20335-38219
5 3624. 11 15158-42743 36 5594. 45 I 20349-38219

10 3630. 75 15210-42745 24 5598. 47 20335-38192
10 3644. 41 \ 15316-42747 12 5601. 26 J 20371-38219
12 3706. 03 II 25192-52167 5602. 84 J 20349-38192

15 3736. 90 II 25414-52167 22 5857. 46 J 23652-40720
4200 3933. 67 II 0-25414 34 6102. 72 I 15158-31540

1.2 3948. 90 15158-40474 95 6122. 22 15210-31540
3. 5 3957. 05 \ 15210-40474 3.0 6161. 29 { 20349-36575

3968. 47 II 0-25192 I'+U 6162. 17 J 15316-31540

14 3973. 71 J 15316-40474 3. 0 h 6163. 76 I 20335-36555
1100 4226. 73 I 0-23652 6 h 6166. 44 I 20335-36548

24 4283. 01 15210-38552 7 6169. 05 20349-36555
22 4289. 36 \ 15158-38465 14 h 6169. 56 { 20371-36575

4298. 99 J 15210-38465 / U 6439. 07 J 20371-35897

110 4302. 53 J 15316-38552 18 6449. 81 J 20335-35835
26 4307. 74 I 15210-38418 3. 5 6455. 60 I 20349-35835
40 4318. 65 15316-38465 70 6462. 57

}

20349-35819
30 4425. 44 \ 15158-37748 8 6471.66 20371-35819
DD 4434. 96 J 15210-37752 6493. 78 J 20335-35730

18 4435. 69 J 15210-37748 8 6499. 65 J 20349-35730
140 4454. 78 I 15316-37757 2.0 6572. 78 I 0-15210
18 4455. 89 15316-37752 4 h 6717. 68

{

21850-36732
1. 0 4456. 62 \ 15316-37748 19 7148. 15 21850-35835
1.6 h 4526. 94 J 21850-43933 9 7202. 19 J 21850-35730

2.5 4578. 56 J 20335-42170 6 h 7326. 15 J 23652-37298
5 4581. 40 20349-42171 12 8498. 02 II 13650-25414
8 4585. 87 20371-42171 100 8542. 09 II 13711-25414
5 h 4878. 13 21850-42344 55 8662. 14 II 13650-25192
6 h 5041. 62 21850-41679

13



CARBON

n
C, Z=6, M= 12.011, Ratio ;^=0.1890

Cu

C I Normal state of valence electrons 2s^2'p'^ ^Pq =0. I.P.= 90878 K
C II Normal state of valence electrons 2s^2p^ ^PoK2=0. I.P.=: 196659 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

C I, A. Fowler and E. H. Selwyn, Proc. Roy. Soc. (London) [A] 118, 34 (1928).

Intensities

:

H. Maecker, Z. Physik 135, 13 (1953).

J. Richter, Z. Physik 151, 114 (1958).

Relative intensity of carbon line observed in an arc of copper containing 0.1 atomic
percent of carbon

Intensity Wavelength Spectrum Energy levels Term combination

A K

10 2478. 57 I 21648-61982 2s22p2 'So—2s22pi3s» >P!

CERIUM

Ce, Z=58, 140.13, Ratio ^=2.205

Ce I Normal state of valence electrons 4/^ 6s^ =0.. I.P.«45000 K
Ce II Normal state of valence electrons 4.J^bd}%s^ *H|j^=0.

References
Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945),

below 7000 A.
C. C. Kiess, Sci. Papers BS 17, 317 (1921), above 7000 A.
The references given above were supplemented as follows

:

W. E. Albertson, unpublished wavelengths, 2500 to 7400 A.
C. H. Corliss, unpublished wavelengths, 6700 to 9000 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York, 1939).

About 40 wavelengths in the region 4900 to 5500 A were measured on the plates of this

investigation.

Classification

:

Ce I (normal state) I. J. Spalding, unpublished material (May 1960).

Ce I (spectrum assignment only)

A. S. King, Astrophys. J. 68, 194 (1928).

F. W. Paul, Phys. Rev. 49, 156 (1936).

Ce II, G. R. Harrison, W. E. Albertson, and N. F. Hosford, J. Opt. Soc. Am. 31, 439 (1941)

and unpublished material.

G. Racah, BuU. Research Council Israel 5A, No. 1 (1955).

Molecular Spectra

:

CeO, W. W. Watson, Phys. Rev. 53, 639 (1938).
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Relative intensity of cerium lines observed in an arc of copper containing 0.1 atomic
percent of cerium

Strong lines of cerium

Intensity Wavelength
A

Spectrum Energy levels

K

250

220

200
200

4186. 60

3952. 54

3801. 53
3QQQ 24

6968-30847
/ 2642-27935
1 6638-31931

7234-33531
9^89_97^«0

190
190
190
170
1 fiOX \J\J

3942. 75
4012. 39
4133. 80
4460. 21

6913-32269
4523-29439
6968-31152
3854-26268
9'ifi^-9QQ0Q

150
150
140
140
1 4.0

4040. 76
4562. 36
3942. 15
4137. 65
4.980 04.

3594-28335
3854-25766

0-25360
4166-28327
9fi49_9<;Q4t;

140
130
120
120

4296. 67
4073. 48
3882. 45
4391. 66
4fi98 Ifi

ij

4166-27433
3854-28396
2596-28345
2596-25360
41 fifi-9'i7fifi

110
110
110
no
1 1 0

3560. 80
3716. 37
4075. 71
4075. 85
4999 fiO

jj

5969-34044
0-26900

5651-30180
4911-29439

100
100
100
100
Q5

3854. 19
3854. 32
4151. 97
4471. 24

SI

1874-27812
1874-27811
5514-29592
5617-27976

90
90
90
90
QO

3201. 71
3272. 25
3838. 54
3878. 37
4lfi'i fii

6913-38138
5651-36202
2642-28686
1410-27187
7<^41_'i1 Q4n

85
85
85
85
ou

3709. 29
3709. 93
3808. 12
3889. 99
^991 17

4204-31156
988-27935
2382-28634
5456-31156

80d
80
80

80

3623. 84
3660. 64
3667. 98

f 4198. 67
1 41 Q8 79

1

6390-33977
988-28298
2880-30135
7341-31152
41 fifi-97Q7fi

76
75
75
70
70

4071. 81
4248. 68
4572. 28
3539. 09

2635-27187
5514-29044
5514r-27379
2581-30829
1 41 0-9781

9

70
70
70
70
70

3848. 60
3853. 16
3956. 28
4123. 87
4127. 37

4204-30180
0-25945

4911-30180
6913-31156
5514-29735

70
70
70
70

4149. 94
4239. 91
4337. 78
4418. 78

5819-29909
3854-27433
2635-25682
6968-29592

Term combination

4/26s a * Hen—4/26p z

4/26s a ^HsH-
4/26s a

lliji—
463h— 159
'Gw— 179

— q

-4/26p
-4/26j0

z'Gi^

153j^— 1174K
4/26s o *H3H—4/26p z qi^

4/26s a 4/26p z *B.ly^

lllH— 1043>^

4/26s a *B.i^—4p6p z «H|j^

4/26s a ^H3H;-4/26p z ^G^^
^^IVi— 119oH

4/26s a H4H—4/26p z

^HSh—

18741^

*G5M

^Hlj^—- 1122}^

4/26s a *H5H—4/26p 2 ^Hg^
4/26s a 2H4H—4/26J0 « ^H|h

113^

4/26s o 2H5>i—4/26p

^Hgj^

—

*H3h—

'I'm—

2325j^

2134H
I2I2H

1073H

^H4K
I2O5H

^Gs)^

433h— I863H
^Hs^— *G3)^

4/26s a 2H5K—4/26p 2 'GS>^

4/26s a *H4^4/26p 2 2H3h

107;3KIO2H
4/26s a ^Hsj^—4/26p 2

4/26s a ^HsH—4/26p 2

2G3h- 1453>^

qiH— ^H3H

^HSk—
^Haj^

—

1043H
^HSh—

^H3>^4/26p 2^G|h

384)^

—

^H4H
<H3H—4/26p 2 ^H3h
lOlH— 103,H
<H6H—4/26p 2*H§H
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trunn.

Energy-
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 2461. 48 6 2745. 72
9 2462. 97 8 2750. 89 II 5651-41992
4 2464. 36 3. 0 2756. 80
3.0 2473. 39 12 2761. 42 II 0-36202
3. 0 2486. 37 7 2762. 22 II 8403-44595

4 2498. 98 3. 0 2762. 90 II
6 2513. 30 3. 0 2767. 01
8 2518. 51 4 2780. 01 II 2581-38542
3.0 2519. 02 II 988-40674 3. 0 2781. 89 II 988-36924
6 2543. 09 3. 0 2781. 99 II 6638-42573

14 d 2548. 68 10 2784. 27
2. 0 2551. 77 8 2785. 35
2.5 2562. 42 8 2790. 53
4 2569. 17 11 2791. 42
2. 5 2569. 88 3. 5 2803. 04

5 2573. 14 3. 0 2810. 18 J J 2563-38138
2. 0 2592. 34 II 2635-41198 2.5 2811. 87 II 2581-38134
5 2609. 50 7 2814. 81 6518-42034
2.0 2609. 90 5 2814. 96 7059-42573
5 2613. 90 5 2817. 50 J J 5716-41198

6 2635. 15 22 2830. 90 J J 7259-42573
2. 5 2647. 11 8 2833. 31

2.0 2648. 30 3. 5 2835. 60 5943-41198
2.5 2649. 33 2. 5 d 2837. 89 6521-41748

24 2651. 01 2837. 99 J J 0-35226

2. 5 2656. 84 3. 0 2839. 36 J J 2596-37804
6 2666. 50 II 3594-41085 1.8 2841. 72 II 8281-43461
4 2673. 07 II 1410-38810 2. 5 2842. 52 2635-37804
5 2682. 73 II 3594-40858 1. 8 2842. 83

2. 5 2687. 99 3. 0 2845. 45

2. 5 2691. 69 3. 5 2849. 03 J J 3363-38453
15 d 2695. 96 II 4911-41992 7 2854. 67 II 1874-36894

2696. 07 II 1874-38954 7 2854. 88 2635-37652
10 2706. 88 II 4266-41198 3. 5 2855. 32

3. 0 2708. 13 II 5119-42034 3. 5 2855. 45 J J 2642-37652

3. 0 2709. 41 II 5676-42573 3. 5 2855. 72 J J 2581-37588
9 2715. 17 II 2581-39400 6 2858. 01

2715. 24 3. 0 2859. 52 9634-44595
3.0 2717. 28 1. 8 2861. 35 {J 988-35926
3. 0 2719. 98 II 5819-42573 3. 5 2861. 62 J J 2596-37531

10 2723. 38 4 2862. 79 J J 0-34921
3. 0 2724. 95 II 2635-39322 3.0 2866. 81 II 4523-39395
2.5 2729. 16 II 5943-42573 3. 5 2871. 08 988-35808
2.0 d 2730. 70 2. 0 2871. 63 0-34813

2730 80 II 5965-42573 20 2874. 14

2.5 2732. 04 II 4266-40858 6 2880. 64 J J 5969-40674
4 2732.17 3.0 2881. 13 7294-41992
5 288? 61 6518-41198
3.0 2736.33 4 2885. 29
9 2741. 96 3.5 2888. 70
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

n QQn 1 "7 lU jUUj, bb T T
11 OA/10 1 CQO AcoHc — joyco

1.4 2892. 03 II 4266-38833 7 3008.13 II 6638-39872
1.4 2892. 15 II 6518-41085 32 3008. 79 II 2581-35808
A T T

I I 4^bb — ^ooiU /I4 ^Ull. 00 T T
1 1

/I /I An '27 ACO44bU — J 1 ODc
0 ^oV4. T T

I 1 cioc — ^b7^4 3U 1m 7 on^Ul /. ZU T T
1 1

C A7 A '2 0 01 nbb / b — 3oolU

-T
1

T T
1 1 CJOd

—

zb jKjcU, 00 T T
1 1

c;7i A iQQi nb / 1 b — ^ooi U

9 2908. 42 II 4460-38833 4 3021. 04 II 5437-38529
2.5 2912. 91 II 10275-44595 2.5 3022. 79
2. b ^Vib. bb T T11 ^^bJ — ^ / bb<i b moi /II T T

1 1
/ICOI •27CQQ4bA^ — ^ /boo

3. b Zl7ib. DO T T
1 1 Hcob — ^OD^^ inoi /iQ T T

1 1 QQO D /1 1 QQO07A0 — 4i77A

QO
T T
I 1 co'\d — ^0074 "ino/l t;7

2.0 2918. 78 II 4202-38453 3.0 3026. 62 II 4202-37232
3.0 2922. 37 2.0 3027. 63 II 4323-37342
2. U cncc, bo T T

1 1 b inOQ QAJVJCO, 7b T T
1 1 b^7U — jyjvD

o
T T
1 1 ^OOU — ^ / UDD 14 JVjVt Jl.

T T
1 1

C;£!1 Q "iQQI nDoi7 — ^ OOiU

2. D T T
1 1 t^z: J — jo'^Oj J. u T T

1 1 CJOC —JOJHO
2.0 2934. 35 II 4460-38529 6 3033. 12 II 4845-37804
3.0 2939. 54 17 3037. 73 II 4323-37232
3. b n z:74U. /7 T T

1 1 jb74 — J /boo j» b jU^7. Di T T
1 1 bbbl — ^ob4A

b OQ/l /I "it: P. b ^n/1/1 /I njVjhh, Hi)
T T
1 1 cnil "270/10bUil — J /o47

/I b sn/lA 71^U4b. /i
T T
1 1 C71 A '2DC;OQb /lb — jojcy

3.5 2955. 60 II 7259-41083 3.0 3050. 59
10 2955. 94 II 2382-36202 16 3051. 98 II

2. b OQCZ. "71 T T11 n 0U — ^^oiii ^0 nt;t: 0/1^Ubb. z:4
T T
1 1 /I c;i 1 "270104bll — J 1 cjc

4 driov, 11 ^b inn;A 7D^U3b. /o T T
1 1 OA/10 "2C;'X/IA

n
7 C70^, OU T T

1 1 bb / b — ^7^7b J. b JUbo. bb T T
1 1

C11Q "27Qn/lbll 7 — ^ / oU4
7 2965. 27 II 5119-38833 2.0 3059. 74 II 4523-37196
3.5 2970. 32 II 3996-37652 55 3063. 01 II 7234-39872
QO ^17 bo T T

1 1 47II — ^ob4z: b inAQ AQ^Ubo. bo T T
1 1 /lOAA "lAQ/l/14Abb —^bo44

4
OQ-7/1 /I Q/:7 / 4. 4o 7

/
"inAQ A/1^Ub7, bf T T

1 1 /it;i 1 77n7Q— J 1 v ly

4 ^17 / 4. bl T T11 A on c 10/1 ci4o4b — 3o4b^ 0 "^071 1 1JV / X, 11 T T1 1 1 Q7/1 "X /I /I 0 Aio / 4 — ^44Ab
32 2976. 91 II 4266-37849 7 3071. 62 II 2382-34929
12 2977.46 II 5819-39395 4 3072. 39 II 2382-34921
lU 0 Q Q n /ITiC7oU. 41 Q0 JV 1 c, 07 T T

1 1 Clio '27At;0bll7 — ^ / bbA
-7

/
OQQi on^70l, 7I T T11 43<ip — J / o47 J. b

•2 07 A 0J\J 1 0, CD T T
1 1

AQAC, "i7"i/104o4b — J 1 jHc

/I

4 O Q Q /I dC/i7o4. bb T T
1 1

0^/10 "J AT "iQ b JKJ 1 I.JJ T T
1 1

c; ACI IQl 1Qbbbl — ^ol^o
8 2985. 82 II 4323-37804 4 30n. 64

2985. 91 II 3363-36844 8 3079. 64 II 5676-38138
2. U ^:7ob. b /

T T
1 1 1 07 /I C'Z/l Alo /4 — ^3^4b 7

1
'?n7Q Q1JU / 7. 71 T T

1 1 1 B7 A "2/1 "2 "2 "2io /H — ^4^^^
OQQn Q7cyyyj. 0

/

T T11 cpoc

—

^DoUo b "inon A/i^UoU. b4

3. U Q0 moo "inJVOC, JU T T
1 1 "I7n/1 "J Alio^ /U4 — ^bl^o

2.0 2991. 90 26 3083. 67 II 6390-38810
9 2994. 42 II 4266-37652 20 3084.44 II 5437-37849

CO ^77b, b4 T T
1 1 b4^ / — ^ooiu lb man 77^U7U. J 1

T T
1 1

7C:0"? 1QQ70
/ DC J — jyo 1

c

4 OQQO 77 T T
11 /I CI 1 17Q/1Q4bll — ^ /o47 Ab -inon i^o^U7U. oc T T

1 1 OCD1 "i/lQOQAboi — jHycy

3, b OQQQ /I ^z:777. 4^ T T11 ^D7't — J07CH cD ^noi OQ^U7±. C7 T T
1 1 OCQI "i/IQOIcDOi. — jHycl

2999. 48 II 4323-37652 3.5 3095. 59 II 5675-37971
O ^UUU. U /

T T
1 1 Z.O0U — ^D^Uil IH "^noA i;n^U70. DU T T1 1 AQI 1 _ "^ 71 Q A4711 — J 1 1 7D

13 3002. 14 II 3594-36894 5 3096. 88 II 1874-34155
15 3002. 75 II 4511-37804 3.0 3097. 08
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
len fytH

in A
Spec-
trum

Energy
T ,P^\Tf>\ Q

in K"

^. -5 J± Uil, DO 1 R •zi qq 90jx 77. Co T T1

1

Do / D — ^Dv^'f

30 3103.38 II 3594-35808 4 d 3200. 52 II 4323-35559
7 3104. 01 II 3996-36202 90 3201. 71 II 6913-38138

1 4XD ^1 n7 Z17 AA'^ R — RRl n q ^90^ QA T TX X 7m 9 _1R1 qi;
/ UX^ — J0X7D

OO ^ J. UO, 70 QQ9Q _ /ll nQ"?o 7/i o — Hi UO^ q7 •191 n qc,Jax U. 73 T T
X X At;i Q _i7Ac;9ODX 0 — D 1 ODc

1QQA _ 1 AT 1H^770 — JDJ.^O 1 R 191 R Ifljaxo. jo T T
X X 11A1 "Xli^KOUDDOD — DHHCO

24 3111.17 II 2635-34768 65 3218. 94 II 6913-37971
3.5 3114. 05 II 1874-33977 9 3220. 87
J, ->

1.1 o-i c;7jlcj, D

1

/mi 1 _ lACLl 7 Rnou "^991 1 7 T T
X X HDCD — DDDD7

1 Q JLC 1 , Dj J?J7H — DDDD/ At ^999 41JCCC, tx TT
X X AOr\0 _1c;99AHCVC — DDCCO

/19 AA _ 1A9n9HCOO — JOC\jC /I ^99"^ "^7J CCD, D

1

TTX X 7R1 R _1RR11/ OX 0 DOOD D

22 3130. 87 II 0-31931 30 3225. 67 II 8403-39395
13 3132. 59 II 2382-34295 65 3227. 11 II 2596-33574
1 c13 c;Q/11 — '^7RZIQD^Hj — ^ / OH-v q •i99q 1 9DCCy, i.C

T T
X X AOf^f^ — •^c;99 AHCOO — DDCCO

99cc '^99Q "^ADCCy, JO T T
X X CDvO — DDDDD

Q7 n "^7 An 11 A"^ _1c;99Aj^Oj — jDCcO A •i9in noDCD\), UO T T
X X QRR _ •^l q'^R700 — DLvDO

4 3138.30 11 3704-35559 44 3231.24 II 3996-34934
9 3142.31 II 988-32802 13 3233. 44 II 2635-33553

9Am — 1A/19 ACODD — j'^'^CO At;OD '^9'^Zl 1 AJcJH. XO T TX X COHC — DDDDD
CO n Ai; 9Q 9 AA9 — 1/1/19 ACO^C — ^HH^lO •I9*i/i Qq T TX X lO'KH — "^Rl "^R/ CDH — J70XJ0

nH •il /lA oijLho, cj /It jCjD, UX

26 3146. 41 II 2382-34155 7 3235. 67 II 4911-35808
9 3148. 46 II 3594-35346 36 3236. 74 II 4460-35346
/,D n /ID At; 7nc;Q _ 1RR1 n

1 UD7 — POoiU JO ^94"^ "^7 T TX X HDCD DDDHO
n AQ /II II /i/i An _ iA9n9 q7 ^9/1^ 1 7DCHD, X /

TTX X HHOU DDCOO

-7

1 jLdI.. Lj t^l 1 Q _ 1AR/1A 1 RX o ^9AA A7DCHO, 0 t
T TX X DDOD DHX D

D

12 3154. 51 II 2642-34333 9 3249. 19 II 2642-33410
30 d 3155. 69 II 4523-36202 4 3249. 43 II 4460-35226

HDD, /v II 1 fl7A iic;t^l 1X _P
"^9^9 4RDCDC, HO T TX X 7914 _l7q7l

/ CDH D 1 / 1 X

CO •11 /L/l 1 C II 91D9 _ 11Q77CjOC

—

^^7 /

/

1X J JtJT-. UX T tX X D 1 U*t DHHCO

13 n AA 9 /I 9c;Q1 1/n c;c: q7 '^9RR R7JCDO, 0 /
T TX X 79Q4 — "^TQ?!1 C/H D 1 / 1 X

9 3166. 61 II 2596-34166 18 3260. 98 II 8176-38833
4 3167.23 II 9634-41198 13 3263. 45 II 8176-38810

n A7 19 1QQA ICCCIQ^77b — jDDD^ 1 Rxo '^9A'^ RRDCOJ, 00 T TX X •1704 _'Z4ii'iD

1

Ut DHD D D

CO n AQ 1 Q II c;ac;i _ 171 QADbDl — ^ / 1 70 At TTX X
7c;9i —381 3R

11 71 Al3i / i. bi 9A1t; 1A1 q7 ^971 1/ X. X D TTX X

4 3172.30 II 9 3271. 55 II 6638-37196
12 3176.80 II 8403-39872 4 3271. 96

4 n 77 1 n31 / /. I't II /l/IAn 1c;Q9A ^979 nADC 1 C, UO TTX X ?c;qa_ ^•ii 4qCDVO DDXH

/

/I4 11 7 Q 7 C31 /o, / D II 11A1 1/lHl 1 Qn ^979DC 1 C, CD TTX X

4 11 o n 0931oU, o^ 91D9 11S1 9cioc — ^^ol^ j\} %71A RAD C 1 *T. 00 TTX X
t;A7A_^lA9n9

44 3183. 52 II 4523-35926 13 3276. 25 II 2635-33149
7 3184.21 II 2581-33977 13 3279. 01 II 5437-35926

22 n o ^ 1131o6. 13 II COI Q 171 QAr)ol7 — J / 1 7b 1 RX o '^97Q R4DC 1 /, OH T TX X 9'lQ9_19RA1CDOC J£-\J\JJ

16 n oo TO31oo, /7 II 1QQA 1C;1/1AP77b — jD^'f b 7 ^9Rn 4QJAOU. 47 TTX X 4460 — 34934

9 1 1 O O A /I31oV. b^ O/LIC 11Q77 t ^9Ri 1 nJ^OX. X u

18 3190.34 II 2642-33977 9 3283. 35 II 7523-37971
/I n Qi 11 Au 3283 68 II 2635-33080

65 3194. 83 4911-36202 4 3284. 22 II 5119-35559

4 3195. 94 2596-33876 30 3285. 22 II 3996-34426
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

9 3286 03 II 4511-34934 22 3366 55 IIX X 4460 — 34155
9 3290. 34 II 3594-33977 5 3368. 69 II 2642-32318
4 3290. 58 II 4845-35226 4 3368. 79
4 3293. 59 II 4460-34813 18 3371 17 II 4511-34166

22 3295 29 II 3996-34333 18 3373 46 IIX X 2563 — 32198

13 3296. 19 II 7259-37588 18 3373 73 II 4523 — 34155
18 3296. 88 II 6521-36844 7 3375. 78 II 8928-38542
9 3299. 99 44 3377.13 II 4911-34514

20 3300. 15 II 5819-36112 13 3379. 17 II 4460-34044
22 3304 84 II 5676-35926 9 3381 49 II 6638-36202

13 3306. 63 II 5969-36202 18 3383. 69 II 4266-33811
13 3307. 23 II 2635-32863 7 3387.78 II 5716-35226
22 3308. 02 II 2581-32802 9 3390. 52 II 3594-33080

3308 09 II 988-31208 9 3393 92 II 4204-33660
9 3309. 27 II 5716-35926 6 3394 14 II \ ~y ^ ^ /II

13 3311. 50 II 3363-33553 3 5 3396. 72 II 3746-33177
18 3312. 22 II 8897-39079 4 3400. 25 II 7523-36924
6 3313. 30 II 5965-36138 7 3403. 60 II 4202-33574
9 3314. 04 II 0-30166 3- 5 3404. 13

22 3314 72 II 3g96_341 55 18 3404. 91 II 1874-31235

18 3317. 80 II 5676-35808 22 3405. 98 II 4460-33812
12 3318. 96 II 5437-35559 4 3407. 24 II 11743-41083
4 3320. 42 II 3704-33812 8 3416. 56 II 5965-35226
4 3325. 06 13 3416 86 II 988-30246

16 3325! 33 II 8131-38195 26 3417. 45 II 5676-34929

4 3327. 66 II 2596-32638 7 3417. 90 II 8403-37652
6 3327.90 II 5676-35716 9 3418. 93

13 3329. 00 II 4737-34768 13 3420. 18 II 4323-33553
7 3330. 48 7 3422. 51 II 8928-38138
4 3331. 22 II 4323-34333 55 3422. 71 II 3594-32802

9 3333. 04 II 0-29994 10 3423. 85 II 9634-38833
9 3333! 66 II 5819-35808 7 3425. 34 II 2382-31568

18 3334.46 II 10058-40040 6 3425. 94 II 7713-36894
9 3339. 51 II 2382-32318 36 3426. 21 II 988-30166
7 h 3340. 89 II 5011-34934 7 3426. 58 II 2563-31738

22 3341 87 II 4511-34426 12 3430 32 II 7059-36202
30 3343. 86 II 5819-35716 6 3431. 50 II 4911-34044
40 3344.76 II 4266-34155 16 3433. 09 II 10275-39395
9 3346 52 II 4460-34333 7 3435. 20 I

13 3349 97 II 5716-35559 3435. 21 II 5819-34921

9 3352 28 II 4511-34333 7 3437. 81 I, II
16 3352. 94 II 3594-33410 13 3439. 83 II 4511-33574

3352. 99 II 2382-32198 26 3441. 21 II 2880-31931
7 3353 33 II 6390-36202 13 3442. 38 II 4511-33553

18 3355 02 IIX X 1410-31208 6 3442. 96 II 5119-34155

16 3356 41 IIX X 3363-33149 8 3446. 72 II 2563-31568
22 3357. 22 II 4266-34044 7 3451. 56 II 5965-34929
18 3360. 54 II 11310-41059 4 3454. 81 I

16 3361. 76 II 3794-33531 4 3456. 67 II 988-29909
9 3364. 35 II 988-30703 9 3456. 77 II 6638-35559
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trnin

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 3459. 83 J J 9634-38529 6 3528 05 11 581 9 — -^41 55
4 3460. 16 II 2140-31033 4 3528. 64
9 3461.34 4266-33149 4 3529. 04 II 5716-34044
4 3461. 79 7259-36138 15 3530 02 ITX X

9 3463. 22 J J 7059-35926 8 3530. 95 11X X 4737 — '^3050

9 3463. 76 JT 5651-34514 8 3531 59 11X X 4737 — '?'^045

16 3464. 21 TT 5119-33977 8 3532 61 TTX X

4 3467. 78 J J 1874-30703 8 3532 88 11X X

9 3468. 11 J J 4323-33149 55 3534. 05 II 4204 — 32492
7 d 3468. 89 JT 988-29807 14 3534 44 IIX X 7523 — 35808

3469. 00 JT 9634-38453
8 3535 57 IIX X 2880 — 31 1 56

4 3470. 41 II 988-29794 10 3536. 70 II 10275-38542
7 3474. 22 3363-32139 6 3537. 13
9 3475. 68 1874-30637 10 3537 44 IIX X 5716 — 33977

44 3476. 84 J J 10642-39395 6 3538. 79 II 6518-34768

7 3477. 45 J J 7059-35808 70 3539. 09 II 2581-30829
9 3479. 61 II 0-28731 4 3541. 66 II 3704-31931

13 d 3480. 27 0-28725 8 3543.28 II 9634-37849
3480. 38 3594-32318 4 3543 52 II 5943 — 34155

7 3480 98 J J 12366-41085 19 3545. 60 II 2880 — 31076

7 3481. 16 J J 5437-34155 15 3545. 78 II 2382-30577
13 3482.14 II 3704-32413 26 3546.19 II 1874-30065
22 3482. 35 4845-33553 14 3547. 00 II 4323-32508
12 3484. 74 2880-31568 6 3548. 84 IIX X 9634-37804
65 3485. 05 J J 0-28686 8 3551. 43

16 3488. 55 J J 7059-35716 11 3551. 66 II 3704-31851
13 3490. 13 II 5651-34295 3551.78 II 4266-32413
8 3493. 11 4460-33080 5 3552. 07 II 3594-31738
9 3493 72 3704-32318 22 3552 73 II 2563-30703
7 3495. 01 J J 3594-32198 10 3554. 63

9 3495 94 J J 4266-32863 38 3554. 99 II 2581-30703
7 3496.33 II 2642-31235 6 3556. 89
5 3500. 68 3.5 3558. 71 II 5716-33808

15 3501. 45 1874-30425 110 3560 80 II 5969-34044
4 3506] 25 J J 2563-31076 4 3561, 54 II 4166-32235

19 3507. 95 J J 1410-29909 8 3562. 09 II 4204-32269
8 3508! 47 J J 2581 -31076 10 3563. 82 II 4266-32318
6 3508! 71

T
J 12366-40858 11 3568. 13 II 9634-37652

5 3510* 69 J J 5819-34295 8 3569. 32 II 5651 -33660
11 'h^Yh 79 J J 988-29439 4 3570. 98 II 2581-30577

3513 86
11 3572. 43

55 3517.38 II 7294-35716 8 3573. 70 II 3594-31568
5 3518.37 10115-38529 4 3575.29 II 8176-36138

14J. 1 3519 08 {J 2635-31043I— \J^ -J _X _L. \J ~^ 19 3576. 23 II 1410-29365
19 3520 52 J J 1410-29807 95 3577. 46 II 3794-31738

4 3520 98 J J 5651-34044 8 3580. 56 II 1874-29794
30 3521. 88 n 4911-33297 8 3583. 66 II 9634-37531
oo 1 n 3584 34 TTX X 4911-32802

19 3526. 68 8 3586.75 II

11 3527. 85 II 0-28338 4 3587. 22 II 5943-33812
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Cerium — All Observed Lines

Intensity
cLnd

Wave-
length

-i Am A
Spec-
trum

Energy
ijCVeis
in Wm r\.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum.

Energy
Levels
m is.

18 3587. 64 5943-33808 38 3653.11 II 2880-30246
oo JDOO, XJ AnDU jojj, d /

T T
1 1 J 1 74 — 1 Do

19 3588. 43 II 5437-33297 28 3654.97 II 2642-29994
30 3590. 60 II 5969-33812 160 3655. 85 II 2563-29909
6 3594. 61 II 0-27812 4 3658.26 II 2581-29909

10 3596. 12 8403-36202 40 3659. 23 II 1410-28731
t J? 3 y D, / J J c "^Ac^Q Q7J?D3 y, y /

T T1 X XHX U — CO 1 C.D

14 3598. 20 II 2382-30166 16 3660.16 II 10275-37588
8 3599. 97 II 4737-32508 80 3660. 64 II 988-28298

15 3600. 54 II 6390-34155 12 3661. 73 II 4266-31568

6 3603. 36 5119-32863 9 3662. 99 II 4266-31559
J. t ^ Out-. ^

U

yoo iLO 1 ft •^AA"^ 70 T TX X AQ^ 1 _ '2,01 QRH/XX Pc.±vO

36 3607. 63 II 5437-33149 5 3664. 73 II 5437-32717
50 3609. 69 II 7234-34929 7 3665. 05 II 3854-31131
11 3610.91 II 7341-35027 8 3666. 02 I

11 3611.34
JJ

2563-30246 8 3667.28 II 5819-33080
^ ox J.

.

1 o 1 \J y^ ^ ^ / 80o u 3AA7 98^ oo / . y

o

TTX X oftftf) — "^m

8 3612.32 II 4523-32198 14 3668. 72 II 0-27250
38 3613.70 II 4266-31931 8 3670.49
5 3615. 63 II 5924-33574 12 3671.94 II 2581-29807

11 3616.20 5651-33297 20 3672.17 * >
II

"^Al ft Rft -I'll 1 —"^71 ^9H3XX J?L.±JV 7A7? 79 TTX X / t. y*t ^H-/X^

6 3619. 92 II 2563-30180 16 3673. 64 II 2581-29794
4 3621. 15 II 5437-33045 8 d 3674. 05 II 9634-36844

40 3622.15 II 6913-34513 3674.15

6 3622. 44 3363-30962 8 3676.16 II 2596-29790
ou u A'^Qn — '^'^Q77OJ vU — JJ/I 1

Qo A79 1 AJ\j 1 y . X O TTX X

12 3624. 18 II 2581-30166 20 3679. 42 II 8176-35346
8 3628.25 II 2581-30135 16 3680. 08 II 2642-29807
4 3628. 62 I 4 3680. 85 II 2635-29794

5 3630. 42 II 10115-37652 16 3681. 38 II 8403-35559
xo 1 A ^Aft? OR T TX X

14 3632.11 II 2642-30166 4 3686. 04
4 3633. 40 II 0-27515 16 3687. 80 II 3594-30703
8 3637. 75 II 3594-31076 6 3688. 66 II 5943-33045

12 3638. 28
JJ

5819-33297 4 3689.16 II 4460-31559
t ^AZin AQP D'tU. O y Am ft — ^'^077 ft "^693 4? T TX J. 1 n?75 — 3734?

5 3642. 83 4 3693. 71 II 8281-35346
4 3644.29 II 5716-33149 24 3694. 91 II 2382-29439

12 3645. 23 II 5437-32863 6 3695. 96

12 3645.45 II 2642-30065 5 3696.12 II 3996-31043
1 A "XUAk AR 1 nJ. \J ^697 AA T T

J. J.

32 3646. 97 II 2382-29794 5 3698.13 II 4202-31235
24 3647. 75 II 7523-34929 9 3698. 36 II 6521-33553
24 3647.95 II 8403-35808 11 3698. 66 II 2880-29909

4 3649. 73 4460-31851 12 3699. 92 II 4911-31931
8 3650. 12 }{ 2596-29984 10 3702. 79 II 3704-30703

16 3650. 88 18 3704. 98 II 5819-32802
12 3652. 11 9 3706. 94 II 4202-31171
6 3652. 26 II 11949-39322 7 3707. 39 II 4166-31131
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Cerium — All Observed Lines

Intensity
and

Character

Wave-

1X1 I\

Spec-
trum

Energy
T A Y rA 1 cXjCVc J-b

in

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

85 3709.29 II 4204-31156 14 3755. 72 II 5617-32235
85 3709 93 TT

JL X 988 — 27935 13 3757 ?? TT
J. X. 7R1 R — 34d7A

4 3713. 99 II 988-27905 13 3757.86 II 2563-29167
9 3714.77 4 3760. 40 II 2581-29167
3.0 3715.14 6 3760. 69 II 4460-31043

10 3715. 47 II 6390-33297 24 3762. 98 II 7341-33908
110 3716 37 IT 0-26900 7 3763 61 ITX X

9 3716. 93 II 7259-34155 55 3764.12 II 2880-29439
6 3717.48 16 3765. 04 II 4523-31076

34 3718.19 II 1410-28298 7 3765. 89 II 5651-32198

34 3718.38 II 4204-31090 13 3766. 51 II 3704-30246
17 3719 80 TTX X 2563 — 29439 4 3768 on IIX X 4151 1—31 043
5 3722.10 II 5514-32373 24 3768. 76 II 8403-34929

12 3722.29 II 2581-29439 8 3769. 04 II 1410-27935
9 3122,1b II 2596-29450 13 3769. 94 II 8403-34921

3.5 3723. 66 II 4323-31171 17 3770. 77
12 3724 64 TTX X 5011-31851^\JX.X ^X.\J.JJL 24 3771 61 IIX X 4323 — 308P9
34 3725. 68 II 5969-32802 5 3772. 65 II 5819-32318
14 3726.96 II 988-27812 7 3773. 21 II 1410-27905
40 3728. 02 II 5676-32492 6 3773. 44 II 5437-31931

9 3728.18 II 2635-29450 6 3776.15
65 3728 42 TT 5456 — 32269 20 3776 61 IIX X 3594-30065
4 3729. 00 II 4266-31076 11 3777. 67 II 1874-28338
6 3729. 92 II 3363-30166 3.5 3779. 61 II 4511-30962

11 3730. 33 II 11742-38542 2. 0 3781.10 II 5119-31559

3.0 d 3731.17 I 50 3781. 62 II 4266-30703
3731.26 I 36 3782. 53 II 3996-30425

9 3731. 88 II 8928-35716 8 3783. 04 II 7234-33660
8 3732.46 II 2382-29167 16 3783. 58 II 5716-32139
5 d 3732. 56 I 70 3786. 63 II 1410-27812

3732.58 II 2581-29365
3. 0 3787.46 II 11742-38138

12 3733 5? TTX X Tt-t^U ^X\J^J 8 3787 57 II 2635-29029
9 3131. 52 II 4460-31208 10 3787. 91 II 988-27380

13 3737. 74 II 6913-33660 3. 5 3788. 21 II 4845-31235
6 3740. 13 II 10115-36844 42 3788. 75 II 3794-30180

6 3741. 01 II 2642-29365 2. 0 3790.34 II 5943-32318
6 3741 73 TT

J. X 6 d 3790 81

3.0 h 3742. 22 I 3790. 88 II 7202-33574
8 d 3744. 00 I 7 3791. 69 II 7294-33660

3744. 05 II 5437-32139 24 3792.33 II 3704-30065

5 3746. 37 II 4523-31208 8 d 3793. 52 II 5965-32318
14 3746 40 TX 3. 5 3793 86 II 7059-33410
26 3748. 06 II 5819-32492 8 3794. 68 II 6518-32863
14 3750. 08 II 6638-33297 14 3795. 26 II 3794-30135
12 3751. 00 II 3594-30246 4 3796. 67 II 7713-34044

20 3751. 45 II 10275-36924 8
' h 3799. 04 II 3594-29909

3.0 3751.76 II 2635-29281 3799.10 II 4323-30637
11 3752. 34 II 5676-32318 200 3801. 53 II 7234-33531
6 3753. 77 II 12763-39395 65 3803.10 II 2880-29167

16 3755. 43 II 3363-29984 4 3803. 84 II 12260-38542
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

4 3804.16 II 5651-31931 100 3854. 32 II 1874-27811
iu bU T T 4^U4 — 3013b
85 3808.12 II 2382-28634 32 3857. 02 II 5819-31738
40 3809.22 II 4911-31156 14 3857. 24 II 3363-29281
6 3809. 50 II 4460-30703 30 3857. 64 II 2382-28298

3.0 3810.10 II 3746-29984 6 3857. 82 II 4511-30425
oo 1 Qi n on D70D —3^170 4 10C~I QA3ob /. 94

T T
11 10QL ooQno3796 — 29909

5 3811. 62 \\ 11743-37971 16 3862.47 II 5676-31559
20 3812.21 II 4737-30962 7 3865.39
3.0 3814. 93 II 3704-29909 13 3866. 82 II 988-26841

7 3815. 01 II 2140-28345 16 3868.14 II 3594-29439
40 3olD. o3

\\
bblo — i>c 11

1

13 n 3o6o. bU
T T
II 5716 — 31557

4 3816.31 5943-32139 5 3869. 57 II 9723-35559
38 3817.46 II 4845-31033 13 3870. 87 II 5514-31340
8 3818.69 II 4523-30703 3.0 3871. 81 II 7259-33079

24 3819. 02 II 4460-30637 5 3873. 03
14 1 DOT 0"73oZi. <1 / CDOi — CO 1 CO c

b
•2 07*2 O Ciol i, CO T T

11 lUilb — 3b9^6
15 3821.70 n 4266-30425 22 3874. 68 II 8176-33977
12 3823. 70 II 8281-34426 22 3875. 04 II 3996-29794
38 3823.90 II 2581-28725 14 3876.14 II 4911-30703

8 3827.21 II 5437-31559 50 3876. 97 II 4460-30246
ID ^ DO"? 1 Q3o^: /. 3o on7U JO/O, J 1

T T11 1 /IT n O 71 Q

7

13 3829. 69 II 1410-27515 10 3879. 07 II

14 3830. 03 II 6390-32492 5 3879.31 II 5437-31208
38 3830.56 II 7713-33812 5 3879. 61 II 12366-38134

40 3831. 08 5 3880.41 II 14276-40040
Q7 3o3/I. 1 A14 OQQ1 Q~7 T T11 CDOL — COJJD
8 3832. 75 II 2642-28725 120 3882.45 II 2596-28345

40 3834.56 II 2563-28634 11 3883. 57 II 2596-28338
7 3834. 78 II 3996-30065 8 3884.20 II 12457-38195

4 3835. 75 II 7234-33297 8 3886. 50 II 4523-30246
4 3o35. 9U 1 Qlo •2 Q Q Q OQ3ooo. ^7 T T

11 Clio "in oo QbllV — 3Uc5^7

22 3836.11 II 1874-27935 10 3889. 00 II 4460-30166
9 3837.21 II 2581-28634 6 3889.30 II 3746-29450

90 3838.54 II 2642-28686 6 3889. 48 II 2635-28338

10 3839.50 II 7259-33297 85 3889. 99 II 5456-31156
10 3841. 72 T TII lOllD — 36i3o 1 / 3oVU. /o

T T
11 Ol A n 070^ ccLHyj — c /o3b

4 3842. 05 II 7059-33080 17 3890. 99 II 2642-28335
16 3843. 77 II 8804-34813 4 3891.77 II 4737-30425
5 3845.28 II 3996-29894 14 3893.23 II 5283-30962

8 3845. 48 II 10115-36112 6 3893.87 II 7878-33553
18 3846. 52 T TII 8176 — 34166 o 3o74. 32

T T
11 4323 — 29994

20 3848.11 II 4266-30246 50 3895.12 II 3363-29029
70 3848. 60 II 4204-30180 48 3896. 80 II 4511-30166
8 3849. 49 4 3897. 43 II 10275-35926

5 3849.57 II 1410-27380 40 3898.27 II 3794-29439
10 3850. 12 II 5965-31931 22 3898. 94 II 1874-27515
8 3852.11 II 2382-28335 4 3899.39 II 5514-31152

70 3853.16 II 0-25945 6 3900. 20 II 8176-33808
100 3854.19 II 1874-27812 10 3901.30 II 5943-31568
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Cerium — All Observed Lines

Intensity

(~* ri^l f 7^ ^ f

Wave-

111 xi.

Spec-
trum

Energy
V C X O

111 xv

Intensity
cLUU.

1^ "3 "t* ' 4-
v-zXlcLrclCtt: r

Wave-
lengin
in A

Spec-
trum

Energy
Levels
m K

5 3901. 68
Yi

9723-35346
•

40 3938. 09 4523-29909
16 3903. 34 4523-30135 4 3939. 52 8532-33908
7 3903. 93 II 12366-37974 4 3939. 66 II 1874-27250

20 3904. 34 II 4460-30065 55 3940. 34 II 2563-27935
4 3904. 58 II 7259-32863 7 3940. 64 II 3996-29365

14 3906. 92
{J

12260-37849 22 3940. 97 3363-28731
55 3907. 29 8928-34514 140 3942. 15 Jj 0-25360
11 3907. 45 II 4166-29750 190 3942. 75 II 6913-32269
7 3908. 09 II 4845-30425 11 3943. 14 II 2581-27935

40 3908. 41 II 6913-32492 4 3943. 50 II 8804-34155

28 3908. 54 3704-29281 55 3943. 89
8 3908. 77 5 3944. 84 JJ 10115-35457
2.5 3909. 05 II 8403-33977 6 3944. 92 II 2563-27905

19 3909. 31 II 3594-29167 8
« J^ A ^ f f\

3946. 68 II 7818-33149
9 3909. 75 II 4166-29736 22 3947. 97 II 3363-28686

9 3909. 93 7234-32802 13 3949. 39 1874-27187
10 3910. 70 jj 9634-35198 7 3949. 82 'J
10 3911. 30 II 6638-32198 13 3950. 42 II 5119-30425
16 3912. 19 II 4511-30065 5 3950. 80
7 3912. 44 II 2382-27935 8 3951. 62

8 3913. 99 4523-30065 7 3952. 11 4511-29807
7 3914. 95 Yi 3746-29281 220 3952. 54 {J 2642-27935

28 3915.52 II 5676-31208 II 6638-31931
28 3916, 14 II 4266-29794 24 3953, 66 II 3996-29281
10 3916. 90 II 2382-27905 11 3953. 95 II 4523-29807

5 3917. 25 II 3508-29029 22 3955. 36
16 3917. 64 II 5119-30637 11 3955. 92 II 4523-29794
55 3918. 28 II 5617-31131 16 3956. 06 II 5819-31090
34 3919. 81 II 5651-31156 70 3956. 28 II 4911-30180
42 3921. 73 II 5716-31208 13 d 3956. 77 I

3956. 90 II 5437-30703
40 3923. 11 4511-29994
32 3924. 64 \\ 4511-29984 5 3957. 15 jj 2642-27905
5 3924. 80 II 4323-29794 3957. 21 I

2.5 3927. 00 II 7259-32717 11 3957. 97 II
^ O Jl ^ ^ Ji ^7234-32492

8 3927. 39 II 2880-28335 16 3958. 27 II 5819-31076

5 3927. 57 11742-37196 16 3958. 87
11 3928. 32 jj 4460-29909 13 3959. 62 jj 4202-29450
5 3929. 96 II 5651-31090 11 3959. 80 II 4737-29984
8 3930. 81 II 7059-32492 7 3960. 38 II 5965-31208

55 3931. 09 II 1410-26841 55 3960. 91 II 2596-27835

22 3931.37 2382-27812 11 3962. 09
J{

—¥ j~t^n oirt^rt7818-33050
16 3931. 83 7 3963.37 4911-30135
11 3932.15 II 5651-31076 11 3964.18
22 3933. 73 II 5676-31090 28 3964. 50 II 2596-27812
5 3934. 08 I 55 3967. 05 II 2635-27835

2.5 3934. 75 5617-31024 11 3967. 18

3.5 3935. 93 \\ 5676-31076 8 3967. 53 n 9723-34921
4 3937. 15 12260-37652 11 3970. 04 11742-36924
3.5 3937. 63 5819-31208 4 3970. 42 9634-34813
3.5 3937. 81 12 3970. 64 2635-27812
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Cerium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trunn

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

32 Jy 1 L, Do T T
X X 7qqA — 9Q1 A7.377D — c.y X\j 1

n 4nnQ nA'tUU7. UD T T
X X 7909 — "^91 "^Q

8 3971.88 II 2642-27812 10 4010. 14 II 6638-31568
19 3972. 07 II 6390-31559 7 4011. 56 II 5716-30637
5 1 90X 7 U 4m 9 39HUX^. .^7 T TX X 4'^9'^ — 9Q4'^Q

6 ^ 7 / t. U U AllD3 4m 4 QnHUX H. 7U T TX X 49AA — 9Q1 A7

5 T TX X 1 — "^m AAD\jX X J?UXDD 1 RX O 4m RRHUiU. oo T TX X 840"^ — '^'^9Q7Otu JP — J jc.y 1

19 3975. 07 II 7713-32863 10 4017. 60 II 5819-30703
5 3976.78 II 7059-32198 14 4019. 04 II 8176-33050
2.5 jy 1 1 » JJ TT

J. 1 8774 — 33908O / / *T JJ 7UO X u 4m 9 9ntux 7. 7 U T TX X 81 7A — 3304^;ox / 0 J?J UtD
11 11Jv 1 1 1 II T T1

1

X /
4099 97 T TX X Q0'=;4 — ^^Q087UJH jJy\JO

55 397fi A^i TTX X 4093 37

40 3980. 88 II 5716-30829 10 4024. 35 II 4523-29365
3 0 3981. 90 II 5969-31076 60 4024.49 II 3794-28634
8 J/OCm X. 1 1 7X / 409^ 1 ^X\J TTX X ^cjOR — 9R'^4'=i

40 T TX X AA38 — 31 738 4097 0^1 T TX X A91 3 — "^1 7'^RU7X^ X 1 JO

22 39fi3 ?9 TTX X 41 AA — ?9?A3 X Cm 4097 A9

55 3984. 68 II 7713-32802 60 4028. 41 II 2563-27380
4 3986. 40 II 5965-31043 4 4030.16 II 10115-34921

26 J vO y, tt TTX X 7PR9 — 3P31

8

1 8X o 4030 34 T TX X 9-^89 — 971 87CJOc. L. 1 XO 1

2. 5 39RQ 7A AOou 4031 34 TTX X
9t;81 —97380

13 jyyyj, J. JL
T TX X 9880 — 7793^1^OOU c. 1 y J\J 4 4037 39 TTX X 8774 — ^'^'=; A

5 3990. 69 II 5651-30703 24 4037. 67 II 5943-30703
5 d 3991.22 12 4038. 25 II 10870-35626

T TX X c;i 1 q _ -^ni AA AD 4039 89^\JJ 7. 07 T TX X 0f07 JJ JJO
5 jyyCm Xj TTX X XJ\J 4040 7A T TX X '?S94 — 9833R

50 %QQ') -iq 1 TX X jjy'^ COOJD Ro 4041 97 TTX X qqA^ — 3070"^jyOj j\i 1 \Jj

26 3992. 91 II 5924-30962 4 4042.14 II 8928-33660
65 3993. 82 II 7341-32373 65 4042. 58 II 3996-28725
8 jyvH, D 1

T T
X X t;A7A — "^070'^DO / D — J\J 1 \Jj C.C. U 404^; 91tU'TJ. C.X

T T
X X A'^91 —"^1 O'K^OjCX — J XC.JJ

2.5 "^QQ^ AOjyyD^ H-t.
T T
X X J 1 \jH — L.O 1 CD 404R %") T TX X 1 0*^1 4 — ^'=1097

5 d .3 7 7 0. jO 44 404A T TX X 44A0 — 9Q1 A7f+OU — CyXO

1

3996.49 II 4266-29281 9 4647. 28 II 5283-29984
3 5 3997. 48 8 4049. 03 II 3996-28686

10 J 77 / . / ^ T T
X X RRn4 — '^^Rl 7OOUH J7^0X^ Ao 40^0 81tUDU. ox T TX X 7nRQ — "^1 7*^8

/ U_?7 j/X 1 JO
200 aqqq o/i T T

X X CPOl. — C 1 jO\J X J 40R1 T TX X m 1 q_9q7q4JXX7 Cy 1 vH

1 2 Afinn ARHUUU. DO 1 5X ^ 40^11 99TU.JX. 7 7 T TX X c;qAc; _ '^0A37J/OJ J\jOJ 1

1 2 4000.80 II 5437-30425 50 4053. 51 II 0-24663
8 4001. 06 II 5716-30703 32 4054. 99 II 2596-27250

16 /inm tiAHUUX. DD T TX X qfll 1 — P9Q94Zj\JXX Cyyy^ Ao 405^1 1 A T TX X Ac^l 8 — "^l 1 71U^XO J X X 1

X

10 4nm 7"^ T TX X ^704 — 9RARA 8o 40RR 84"tU»7^. 0*t

13 zinn9 Ri T TX X 79q4_'709A9 A 40RA 90tUw/O. 7U T TX X 8403 — 3304^1

8 4002. 97 II 3363-28338 6 4058. 24 II 3704-28338
8 4003.17 II 5011-29984 3.5 4058. 78 II 3704-28335

65 tUUJ. 1 1
T TX X 1^0% — 3?49?

/ JC.J JC^VC 8o 40A0 47

4 3 40A0 79

7 nnnn cr T T
X X 1 C.J^ JCX70 9 n 40A1 81HUOX. OX

26 4005. 64 II 988-25945 20 4062. 22 II 11016-35626
5 TT

X X _>X i 7 J U UOJ 1 AX u 40A9 94 T TX X
9c;81 —971 87CjOx £.1x01

15 4007. 59 II 4845-29790 8 4063. 92 II 3746-28345
3 4008. 66 II 7259-32198 6 4064. 91 II 3704-28298
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 4065.16 II 7259-31851 9 4106. 85
6 4066. 50 II 12260-36844 4106. 92 II 3996-28338
4 4066. 91 36 4107. 42 II 3996-28335

20 4067. 28 II 8532-33111 3. 5 4107. 80 II 8774-33111
6 4068. 44 1. 8 4108. 26 II 7234-31568

^ 30 4068. 84 II 5676-30246 3. 0 4109. 56 II 3508-27835
4 4070. 09 II 14 4110. 38 II 8789-33111
5 4070. 84 II 12366-36924 5 4110. 84 II 2581-26900
6 4071. 08 II 5437-29994 18 4111. 39 II 5819-30135

75 4071. 81 II 2635-27187 2. 5 4111. 93 II 6390-30703

19 4072. 92 II 2642-27187 7 4113. 73 II 3996-28298
130 4073.48 II 3854-28396 3.5 4114.15 II 7259-31559
15 4073. 74 II 8449-32989 30 4115. 37 II 7455-31747
2. 0 4074. 65 II 1410-25945 18 4117. 01 II 10870-35152

110 4075. 71 II 5651-30180 14 4117. 29 II 5965-30246

110 4075. 85 II 4911-29439 14 4117. 59 II 10642-34921
15 4076. 24 II 6518-31043 55 4118.14 II 5617-29893
30 4077. 47 II 2382-26900 18 4119. 02 II 4460-28731
38 4078.32 II 7722-32235 22 4119. 79 II 8774-33040
19 4078. 52 II 7555-31967 22 4119. 88 II 2635-26900

6 4079. 02 II 7059-31568 32 4120. 83 II 2581-26841
10 4079. 67 II 7234-31738 36 4123.24 II 5819-30065
19 4080. 44 II 2880-27380 36 4123. 49 II 7722-31967
48 4081. 22 II 3854-28350 70 4123. 87 II 6913-31156
65 4083. 23 II 5651-30135 36 4124. 79 II 5514-29751

8 4083. 48 II 9054-33536 3. 5 4125. 78 II 3704-27935
8 4083. 64 4 4126. 66 II 4460-28686

32 4085. 23 II 5437-29909 70 4127. 37 II 5514-29735
6 4086. 42 II 4266-28731 18 4127. 74 II 4511-28731

18 4087.36 II 4266-28725 14 4128. 07 II 3594-27812

5 4087. 57 II 8532-32989 13 4128.36 II 7523-31738
3.0 4088.58 II 6638-31090 6 4129.18 II 5969-30180

16 4088. 85 II 5716-30166 38 4130. 71 II 4523-28725
5 4089. 74 II 7294-31738 34 4131. 10 II 2642-26841
5 4089. 86 II 6518-30962 2. 0 4131. 86

9 4090. 47 II 6521-30962 7 4132.31 II 5716-29909
9 4090. 95 II 6638-31076 4 4132. 64 II 6638-30829
3.5 4092. 09 II 4204-28634 190 4133. 80 II 6968-31152
7 4092. 72 II 5819-30246 19 4135. 44 II 4511-28686
3. 5 4093. 29 4 4135. 89 II 10642-34813

11 4093. 96 II 4266-28686 4 4136. 77 II 5283-29450
2.5 4098.15 6 4136.90 II 5969-30135
6 4098. 98 II 5676-30065 19 4137. 47 II 5119-29281
3 4099. 75 II 8695-33080 140 4137. 65 II 4166-28327

32 4101. 77 II 6968-31340 19 4138.10

5 4102. 36 II 8928-33297 15 4138.35 II 10870-35027
3.5 4104.43 II 5437-29794 4 4139. 43 II 3363-27515

1 R 4105 no TTX X 8532 — 32885 4 4140. 75 II 4202-28345
5 4106.13 II 5819-30166 55 4142.40 II 5617-29751

11 4142. 83 II 12763-36894
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
t ruiin

Energy
Levels
in K

28 4144. 49 II 3854-27976 20 4198. 00 II 4911-28725
48 4145. 00 II 5617-29735 13 4198. 43 II 4523-28335
34 4146.23 II 4523-28634 80 4198. 67 II 7341-31152
6 4148. 16 II 5965-30065 4198. 72 II 4166-27976

20 4148. 90 II 8789-32885 24 4201. 24 II 7294-31090
4201.32 II 8403-32198

30 4149. 79 II 5716-29807
70 4149. 94 II 5819-29909 65 4202. 94 II 3594-27380
30 41b0, 91 A4 4^U3. bl

100 4151. 97 II 5514-29592 5 4204.74 II 6390-30166
4 4152. 93 4 4205.16

16 4153.13 II 1874-25945 2.5 4205. 79 II 7059-30829
3.5 4153. 93 II 3746-27812 2.5 4205. 89 II 10275-34044
6 41bb. CO 1 Qi 7 /Imo Ai4<:U9. 41

T T
II bbl4 — 29263

13 4155.53 II 9054-33111 5 4210. 00 II 5283-29029
32 4159.03 II 8281-32318 7 4213. 04 II 5437-29167

10 4160.11 II 4266-28296 26 4214. 04 II 4911-28634
4160.18 II 7059-31090 22 4217. 59 II 8532-32235

oo 4161. lis
T T
11 "/"TOO "21 "7/1 7 /I /I OOl 1 "7

4^/dl. 1 /

11 4162. 63 II 110 4222. 60 II 988-24663
22 4163. 52 II 11016-35027 8 4223. 88 II 4266-27935

90 4165. 61 II 7341-31340 3.0 4224. 55
4 4166.20 7 4227. 41 II 5716-29365

11 /IT ^ ^ Ld4166. 6b
T T
11 'Mil —co/il bb HCC /. /b

T T
II c ^1 -7 000 A 0boLi —Z7db3

44 4166. 88 6 4228.30 II 7059-30703
18 4167. 80 II 9054-33040 6 h 4230.12 II 4202-27835

46 4169. 77 II 5819-29795 28 4231. 75 II
4169. 88 II 4323-28298 7 4232. 05

4 /IT "71 1Q4171, 39 T T
II CQA1 OQQAQby43 — cy7\}7 yi 00 0 c"7 T TII coin onAiabol9 — 29439

8 4172.16 II 2880-26841 6 4233. 20
8 4174. 48 II 4737-28686 17 4234. 21 II 4202-27812

5 4175.24 II 5965-29909 6 4234. 73 II 6638-30246
9 4176. 08 II 3996-27935 14 4236. 02 II 4737-28338

24 41 / 6. 7U II VUb4 — ic707 D 4^:36. 36 T T
II 0 1 /4 — 3^3/3

5 4179. 29 II 3594-27515 70 4239. 91 II 3854-27433
24 4181. 08 II 5119-29029 6 4242. 01 II 7523-31090

24 4185.33 II 3363-27250 28 4242. 72 II 2382-25945
250 4186. 60 II 6968-30847 6 4243. 79 I

38 /IT 0"7 1*^41o7. 5d.
T T
11 A A £^C\ O Olid dc AO AC. 004<:4b. 00 T T

11 C Q1 Q ^CD0L7 — cyjOD
3.5 4189.18 II 5943-29807 22 4245. 98 II 4266-27812
4 4189. 64 II 7294-31156 6 4246. 40

12 4190. 63 II 7234-31090 28 4246. 71 II 2141-25682
4 4191. 03 5 4247. 45 II 3363-26900

40 4193. 09
T T
II /<i34 — 31U /b b AO A 0 AO T T

II LU/L /b — 33oUo
26 4193.28 II 8532-32373 75 4248. 68 II 5514-29044
26 4193. 87 II 4460-28298 2.5 4250. 66 II 3996-27515

13 4194. 91 II 9054-32885 4 4251. 60 II 8804-32318
5 4195. 82 II 4511-28338 4 4251.86 II 4323-27835

45 4196.34 II 3363-27187 28 4253. 36 II 3746-27250
10 4197. 51 II 3996-27812 5 4254. 70 II 6638-30135
13 4197. 67 II 3996-27811 44 4255. 78 II 5676-29167
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte:

Wave-
length
in A

Spec
trum

Energy
Levels
m K

12 4256. 16 II 4323-27812 5 4326. 83 II 5924-29029
8 4257. 12 II 3704-27187 22 4330. 45 II 2596-25682
Q7 J.1 hjjL, io T T

1 1 7 / LJ — jdOUC
8 4261. 16 II 8774-32235 22 4332. 71 II 5651-28725

14 4263. 43 II 8403-31851 5 4334. 87 II 8278-31340

5 4263. 95 II 8789-32235 4 4335.49 II 8176-31235
"^12 4264. 37 II 7259-30703 28 4336. 26 II 5676-28731

1 HCO /. / u A'i'i'J 7QHjj 1 , IO T T
1 1

4 4268. 30 II 5943-29365 24 4339. 32 II 10870-33908
10 4269. 25 II 7818-31235 5 4340. 56 II 8176-31208

44 4270. 19 II 4523-27935 4 4342.14 II 4911-27935
28 4270. 72 II 7722-31131 5 4342. 49 II 10275-33297
Q7 RQn/l 'XO'\ QQ A Hjhj, do

15 4275. 56 II 4523-27905 16 d 4345. 83 II 9634-32638
3.0 4278. 25 II 10799-34166 4345. 96 II 4511-27515

14 4278. 87 II 2581-25945 5 4346. 43
10 4280. 14 II 5924-29281 4 h 4347. 60 II 8176-31171
QO HLOL, UU HHOU — CI OXC A'l&'J 71 T T

1 I /I Q1 1 "5701^1;^7ii — d. lyyjo

6 4281.16 II 4460-27811 ^50 4349. 79 II 4266-27250
20 4285. 37 II 7341-30670 40 4352. 71 II 4845-27812

14 4288. 67 II 2635-25945 12 4353. 37 II

14 4289.45 II 3594-26900 2.5 4356. 75 II 7234-30180
/1 1 on Q /I A HjD /. 7i

8 4292. 58 II 6518-29807 7 4359. 07
8 4292. 77 II 4523-27812 7 4360.18 II 6521-29450

5 4294. 76 II 10275-33553 5 4360. 44 II 4323-27250
14 4296. 07 II 8928-32198 2.5 4361.35
3. U Hcyo. i 1

Q HjOX, OD

140 4296. 67 \\ 4166-27433 4 d 4363. 39 II 5819-28731
5 4299. 09 II 3996-27250 4363. 49 II 10642-33553

42 4299. 36 II 1410-24663 65 4364. 66 II 3996-26900
55 4300. 33 II 3594-26841 7 4367. 00 II 11016-33908
3. U 4iUU. ob cD / . DO OC.OL — J±X / X

6 4302. 65 II 10642-33876 6 4368. 23 II 7294-30180
8 4304. 28 5 4369. 24

11 4304.72 II 5943-29167 7 4372. 40 II 4323-27187
30 4305. 14 II 6913-30135 3.5 4373. 22 II 5437-28298
55 4^06, IL ^ioD — ^ lily C, D /1'17'J QO

"ti 1 J, OC HD^^ — C 1 POM
8 4309. 58 \\ 5969-29167 3.5 4375. 17 11 7059-29909

28 4309. 74 II 3704-26900 38 4375. 92 II 3996-26841

11 4310. 70 II 3996-27187 8 4380. 06 II 5011-27835
8 4311. 59 II 7059-30246 8 4381.78 II 5819-28634
2. 5 oxVi — Locyo A'KaO 1 7 c;ri /I — 9R'^97DDXt — COjc.1

4 4314. 93 II 6638-29807 5 4386. 35 II 7202-29994
7 4315. 41 II 7259-30425 12 4386. 70 II 4460-27250

10 4317.33 II 8403-31559 50 4386.84 II 1874-24663
4 4317. 99 22 4388. 01

\\
6968-29751

40 4320. 72 3704-26841 12 4390. 28 11742-34514
5 4324. 60 120 4391. 66 2596-25360

11 4324. 79 7713-30829 11 4393.19 5969-28725
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Cerium — All Observed Lines

Intensity
3.nci

Wave-
xcng Lxi

Spec-
trum

Energy
T ^inrfil C
X-i\^ V X O

in K111 XV

Intensity
CLllU

\_>ilCLX Ct.V„ Lt. 1

Wave-
1 (O r-\ rr ViIC^ 11^ til

in A111 XI.

Spec-
trum

Energy
T tro 1 eVd 0

in \C111 £\.

6 4394. 78 II 7059-29807 20 4467. 54 II 4523-26900
5 4396 58 11 7012-29751 100 4471. 24 IIX X 5617-27976

14 4398. 79 II 4460-27187 32 4472! 72 II 3594-25945
36 4399. 20 II 2635-25360 3. 0 4474. 69 II 8789-31131
5 4400. 54 II 2642-25360 50 4479.36 II 4523-26841

5 4400. 87 II 5119-27835 50 4483. 90 II 6968-29263
4 4403 30 11 11341-34044 12 4484. 82
5 4405. 47 II 5119-27812 6 4485! 52 II 7878-30166

12 4407. 28 II 5651-28335 60 4486. 91 II 2382-24663
7 d 4408. 87 II 7234-29909 3.0 4488. 81 II 8804-31076

25 4410. 64 II 10870-33536 3.0 4492. 95 II 7341-29592
25 4410 76 IT 7455-30120 10 4494. 22 II 6390-28634
9 4412. 02 II 5676-28335 9 4495.* 39 II 5011-27250
8 4413.19 10 4496. 23 II 8403-30637
5 4413. 80 II 7259-29909 18 4497. 85 II 7722-29949

22 4416. 90 II 4266-26900 6 4500. 34 II 9723-31938
70 4418. 78 II 6968-29592 1.8 4501. 10 I

5 4419.30 II 5676-28298 7 4506. 42 I

3.5 4423. 44 I 5 4508. 08 II 5011-27187
14 4423. 68 II 8532-31131 6 d 4509. 14 II 7092-29263

4509. 26 II 7722-29892
22 4427. 07 II 3363-25945
34 4427. 92 II 4323-26900 4 4510. 17 II 7818-29984
22 4428.* 44 II 4266-26841 3.5 4510. 92 II 8928-31090
46 4429. 27 II 8774-31345 6 4511. 64 II
5 4430. 00 8 4515. 86 II 8532-30670

4 4432. 72 II 11742-34295 2.5 4518. 02 I

5 4432 92 II 5283-27835 7 4519. 59 II 10870-32989
3.5 4433. 73 II 8281-30829 3 4521. 96 I

8 4437. 61 II 6638-29167 1.6 4522. 08 II 7059-29167
6 4439. 24 II 11016-33536 55 4523. 08 II 4166-26268

9 4440. 88 II 6518-29029 60 4527. 35 II 2581-24663
11 4443 75 II 5437-27935 60 4528. 47 II 6968-29044
34 4444. 39 II 7455-29949 6 4531.31 I

32 4444. 70 II 8532-31024 3. 0 4532. 01 I

4 4446. 15 8 4532. 49

2.0 4447. 69 I 2.0 4534. 22
55 4449 34III / • 1 II 4911-27380 6 4536. 89 II 12260-34295
7 4449. 64 5 4537. 88 II 7878-29909

44 4450.73 II 5514-27976 8 4539. 07 II 11016-33040
4 4452. 55 60 4539. 75 II 2642-24663

4 4453. 16 II 4737-27187 15 4544. 96 II 3363-25360
A 4454 99 ITX X 4460-26900 2 5 4545. 87 II 5943-27935
6 4455. 66 3.0 4546! 06 I

3.0 4457.78 II 8403-30829 4 4548. 88 I

170 4460.21 II 3854-26268 5 4549. 64 II 11016-32989

32 4461.14 II 7341-29751 5 4550. 30 II 9054-31024
30 4463. 41 II 7722-30120 18 4551. 30 II 5969-27935
4 4464.17 II 7341-29735 1.6 4552. 07 I

10 4464. 69 II 8278-30670 1.6 4553. 06 I

3.0 4465.44 2. 0 4554. 56 II 3996-25945
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

C^har artp t

Wave-
X XX bXi.

in A.

Spec-
trum

Energy
T ^ 1 G

1X1 x\.

5 4555. 43 A r"

2. 5 4666. 71 II 4523-25945
1.8 4556.22 8 4669. 50 II
5 4558. 60 II 4911-26841 6 4670. 74 II 5437-26841

46 4560. 2o T TII
-TO/IT AAA/.O7341 —29263 5

A / ~TA AT4670. 91 I

22 456U. 76 T T
II 5514 — 2 /4^3 o A / ~t A /in4674. 49 I

Ten 4562. 36 T TII 10CA OC"7^^3854 — 25766 13 A / Of\ TO4680. 13
T T
II

Aroi ^Ar*A*>8532 — 29893
2.0 4563. 38 II 6390-28298 2.5 4680. 99 II 11016-32373
4 4565. 24 I 24 4684. 61 II 7294-28634

30 A C C OA4565. 84 II 8774 — 30670 5
A / nc AO
4685. 23 T TII

TATA AOOr"rt7012 — 28350
3 4569. 66 o

A / O / AT4686. 81

"7 n75 4572. 2a
T TII 5514 — 27379 —J7 yi / o o on4688, 89 I

6 4572.79 II 11949-33812 1.6 4689.50 II 8928-30246
4 4576.48 II 9723-31568 2.0 4690, 17 II 7012-28327
5 /I C "7 O TO A C /I / n A C A4690. 50 T TII OATO AncnA8278 — 29592
6 4579. 28

A
4 A / nA TT4690, 71 I

2. 5 4581. 09 I 4 /I AA A /4692, 06 T TII
r"A^O A"7Ar"A5943 — 27250

30 4582. 50 II 5617-27433 6 4694, 88 II 6518-27812
1.6 4583.10 I 6 4696,52 I

9 4591. 12 T TII OAAO OATA'a8928 — 30703 6
/I "7 AT /I C4701, 45

60 ^ r* A O AO4593. 93 II 5617 — 27379 6
yi T AA AT4702, 01

4 yi C AT T T4597. 17
A
4 ^ "7 A "7 AT4707, 01 I

1.6 4599. 02 5 4707, 28 I

2.5 4601.37 II 10646-32373 4 4707, 94 II 7092-28327
1. 6 4604. 21 T T

II 8281 —29994 A A
2. 0

A "7T A A A4710, 00
2. 5 4605. 48 T T

II 9317—31024 18 >1 "71 /I A A4714, 00 T TII OAAO OAT OC8928 — 30135

30 A i- r\ f A {\4606. 40 T TII 11 A'i ^QC\ A A7341 — 29U44 Q7 A 71 A OT4714, 81
T T
II 8532 — 29/35

5 4608. 49 I 8 4717, 88 II 5651-26841
4 4610. 47 I 3.0 4722, 30 II 4511-25682
6 4611, 56 T T

II 12366 — 34044 O A
3. 0 A TAO ^ T4723, 31

T T
II 5676 — 26841

p-

5
/I / T AO4613. 02 T TII 7059 — 28731 1 A

1. 4 >i "7A /i OA4724, 32
T
I

5
/I / T r" A A4615. 20 T

I 3. 5 4724, 85 I

30 4624. 90 II 9054-30670 10 4725. 09 II 4202-25360
120 4628.16 II 4166-25766 1.4 4727. 59 I

3
/I / O A AA4630. 82 7 4730, \i

T T
II /2U2 — 28^^8

12 4632. 32 T
I

A
9 A Tift C A4733. 52

T T
II 1U115 — 31235

2. 5
yi / o o /A
4633. 60 T T

II
"TATA AO/oyi7059 — 28634 O A

3. 0
A TO o n c4733. 95

T
I

3 h 4636. 74 II 5819-27380 3.5 4734. 70 I

5 4640. 88 I 2.0 4735. 35 II 7523-28634
5 4641. 06 I

A O28 yi TO T AO4737. 28 T T
II 070Q OQOQ18/89 — 27893

6 4643. 17 T
I 3. 5

A 71 O TO4739. 12
T T
II /2U2 — 2o270

5
A f A A A A
4644. 20 II

AA AT AAAAT8281 —29807 9 yi T o n c24739. 53 T TII 1U(J58 — 31152
3 4647.28 4 4741. 64 II 8281-29365
3 4647. 38 II 5676-27187 8 4744. 82

5
A / A r\ A A
4649. 89 I

n /I14 /I T yi T T /I474 /. 14 T TII 1 T 7/1 n Dno11 /43 — 32oU2
8 4650. 52

T
I 1. 4 A~7 A a C A4749. 50 T TII 107^0 nolo12 / 63 —33812

9
A f r A ^ r\
4654. 29 II

yiAAA AP/AA4202 — 25682 A A
2. 0

/1 7 c n o /I4750. 84
T
I

4 4659. 40 2.0 4751.53
2. 5 4659. 94 II 7713-29167 2. 5

yi "T p A A yi

4752. 24 T T
II 12260 — 33297

3.0 4663. 24 2.0 4752.58 I

2.5 4665. 28 5 4755. 54 II 5819-26841
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Cerium — All Observed Lines

Intensity
3.n(l

Character

Wave-
lengxn.

in A
Spec-
trum

Energy

in r\.

Intensity
and

Character

Wave-
iengin
in A.

Spec-
trum

Energy
IjCveis

ITS \fC

10 4757. 84 II 7713-28725 3. 0 4897. 08
\1 4 4759 92 IT 8804-29807 3. 0 4898. 21

6 4763. 90 II 8278-29263 7 4899. 90 I

2.0 4764. 72 I 2. 5 4901. 68 I

9 4768. 77 II 7012-27976 2.5 d 4904. 88 I

20 4773. 94 II 7455-28396 1. 8 4908. 12
"? 0 4775 08 T

A. 4 4914. 94 II 7092-27433
2.5 4780. 23 II 11949-32863 5 4915. 32

3.5 4783. 94 4 4915. 67 I

2.5 4784. 78 I 2.5 4919. 89 I

3.0 4786. 54 I 4 4920. 78
\At 4787 14 2. 0 4921. 92

5 4788. 43 I 4 4924. 26 I

3.0 4789. 69 II 5969-26841 2. 0 4924. 89

4 4793.16 2.0 4928. 09 II 7092-27379

6 4800.90 2. 5 d 4930. 54

4 4805 93 4930. 72

2.5 4807. 68 I 6 4939.13 I

3.0 4808. 50 I 3.0 4939. 60

4.0 4820. 03 I 2.0 4940. 34

2.5 4820. 61 12 4943. 45 II 9726-29949
10 4822 54 J 3. 0 4943. 84 II 7713-27935
3.5 4834. 04 I 10 4944. 62 II 8131-28350
4 4835. 63 II 7722-28396 3.0 4948. 67 I

6 4836. 67 I 4 4949. 55

2.5 4837. 49 2. 0 4951. 92

4 4843 03 J 2. 0 4954. 04

2.5 4844. 29 2. 0 4955. 97 I

8 4845. 52 I 3.0 4960. 90

5 4846. 57 II 7722-28350 2.0 4961. 49 II 5617-25766

12 4847. 75 2. 0 4965. 18
{5 4849. 91 \ 3. 0 4966. 39

1.8 4850!l9 3. 0 4968. 40

4 4852. 62 I 3. 0 4970. 67 I

3.5 4853. 61 I 14 4971. 48 II

3.5 4858. 72 II 9317-29893 3. 0 4971. 94
\o 4fi'i9 48 5 4972. 24

2.5 4861. 73 I 3. 0 4974. 10 I

8 d 4863. 20 CeO 5 4977. 23 II 7294-27380
4863. 26 I 6 d 4984. 51

3.0 4868. 64 10 4986. 42 II 8278-28327
Au 4874 01 IT 8928-29439 7 4987. 54

3.0 4874. 35 4 4988. 69 I

2.5 4881. 54 I 6 4991. 02 II 11310-31340
16 4882. 46 II 5 4992. 40

1.8 4886.13 14 4994. 61
{4 4889. 59 I 5 4998.13

2.5 4891.90 II 10799-31235 5 5002. 80

2.0 4892. 86 2.5 5004. 78

8 4893. 97 II 10704-31131 2.5 5006. 43
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
J. \^ J. J. tL J.

1 -n A111

Spec-
trum

Energy
T iPvf^l ^^ V o

in K111 x\.

Intensity
a n r1CLIiU

Wave-
±Cng Lll

in A
Spec-
trunn

Energy
Levels
m K.

22 5009. 09 14 5112. 69
11 5011. 77 II 8449-28396 10 5115. 22
4 5012. 51 7 5115. 63 I

6 5013. 76 I 17 5117. 18 II 11310-30847
2.0 5014. 28 2. 0 5117. 95 II 10058-29592

4 5016. 51
\

5 5118. 87
7 5021. 44 5 h 5119. 49

13 5022. 87 II 8424-28327 7 5120. 77 I

2. 5 h 5025. 13 5 5121. 35
2 5027. 29 II 11455-31340 7 5122. 39 I

7 5028. 30 3. 0 5122. 67
2. 5 h 5030. 64 7 5125. 01 \

4 5031. 74 I 2.5 h 5128. 01

4 5031. 97 II 11341-31208 18 5129. 58 I

5 5033. 81 I 6 5134. 47 I

5 h 5036. 62 4 d 5135. 32
13 5037. 77 II 8131-27976 5 5137. 12
7 d 5039. 75 2.5 5137. 76

5039. 93 2. 5 5138. 02 I

13 5040. 86 I 2. 0 5139. 76 I

5 d 5042. 09 5 5140. 50
2. 5 5043. 21 12 5147. 55 II 10314-29735

19 5044. 01 II 9772-29592 7 5149. 65

7 5048. 82 I 11 5149. 99 I

3.5 5050. 99 I 7 5150. 41 I

2. 5 5053. 27 7 5153. 95

3. 5 5053. 53 J 2. 0 5154. 39
6 5054. 17 I 30 5159. 69 I

4 5055. 78 I 30 5161. 48 I

5 5063. 92 I 6 5163. 27 II 11341-30703

10 5065. 88 ^ 8 5164. 39

4 5067. 15 2. 0 5169. 25

4 5071. 49 I 3.5 5169.72 I

13 5071. 77 I 20 5174. 54 I

8 5074. 71 I 2. 0 5177. 73 I

26 5075. 30 II 7202-26900 3. 0 5178. 69
J7 5076. 47 II 11458-31152 8 5180. 89

8 5077. 82 2.5 5181. 75 I

50 5079. 68 II 11166-30847 5 5181. 94 I

7 5080. 48 I 4 5183. 20 I

2. 5 5083. 54 40 5187. 45 II 9772-29044
2. 5 5084. 17 J 2. 0 5188. 53

2. 0 5084. 45 8 5188. 65 I

4 5089. 61 4 5189. 25

4 5090. 86 30 5191. 68 II 7012-26268

5 5091. 75 I 2. 0 5194. 75
{3.5 5093. 38 4 5200. 12

2.5 h 5097. 24 I 6 5200. 42

2.5 5099. 40 I 6 5201. 39

5 5111. 60 I
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

10 d 5202. 46 I 3.5 5275. 78 II 10314-29263
5202. 59 I 3.0 5276. 26

6 5^:03. do X, o T
J.

6 5204. 27 } 1.6 5278. 43

4 5204. 73 I 1.8 5281. 38 I

3.5 5205. 14 I 3.5 5286. 84 I

4 5205. 52 II 10058-29263 5 5290. 94 I

3. 5
c o n o "7/15^Uo. /4 1. o

3.0 5208. 90 I 1.8 5292. 40

3.0 5210.34 II 7713-26900 7 5294. 07 I

3.5 5211. 04 I 1.8 5294. 87

20 5211. 92 I 14 5296. 60 I

4 >. -J
COQO OQ T

5 5221. 92 I 1.8 5299. 10

5 5222. 95 I 1.6 5302. 19

28 5223. 49 I . 1.6 5303. 15

4 5226. 36 II 7713-26841 3.5 5303. 35 I

IV DddV, ID -J J o. ^ ^ T
J.

5 5230. 14 I 1 5308. 55 I

6 5230. 84 I 1.4 5309. 93

15 5232. 91 II 10646-29751 3.5 5313. 93 I

2.0 5233.79 3.5 5314.40 I

6
T T
1 I oc 1 O — c. 1 J 1 y R"^! IX 90D J i. H. 7 U T

J.

2.5 5235. 77 II 11949-31043 2.5 5314. 99 I

5 5237. 05 II 10646-29735 2.0 5317.58 I

6 5238. 49 I 4 5323. 32

2.0 5238. 91 14 5328. 05 I

T O
1. 8

T T
I I 7 Jl. 1 — <10^70 H D JC7 1 J ^ T

J.

2.0 5240. 09 20 5330. 58 II 7012-25766
7 5243. 08 I 3.0 5332. 24

10 5244. 51 I 1.8 5333. 83

2.0 5245. 28 1.8 5334. 67

2o CO /I c en QO C-ZTC, 7-1 TX

2.0 5249. 18 } 7 5336. 18 I

3.5 5249. 62 I 1.8 5337. 70

4 5251. 03 2. 5 d 5340. 70

8 5251. 98 1.8 5345.10
oO

r- o ro /• nDCDC, be T T1

1

7jL 1 — dojOU
2.0 5253. 40 3.5 5347. 81 I

6 5254. 84 I 1.6 5349. 20

3.0 5255. 95 4 5350. 60

3.0 5258. 40 II 5651-24663 2.0 5351. 30

3. U
T
1 4 R'?52 70

9 5261. 71 I 48 5353. 53 II 7092-25766
9 5264. 21 I 6 5355. 18 I

14 5265. 71 II 10058-29044 2.5 5355. 62 I

5 5269. 52 I 1.6 5355. 96

3.5 5271. 06 I 5 5357. 20 I

13 5271. 88 I 2.0 5359. 30 I

36 5274. 24 II 8424-27379 2.5 5359. 48 II 11341-29994
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Cerium — All Observed Lines

1
Intensity

and length
Spec-
trunn

Energy
Levels

TT-l \im

Intens ity

and
Character

TIT" « ^Wave-
length
in A

Spec-
trunn

Energy
Levels
m K

3. 0 5359. 95 I 1. 6 5436. 09
1.6 5362. 68 3. 0 5437. 90
8 5363. 33 I 2. 0 5438. 43
1.6 d 5366. 90 2. 5 5445.43 I

2.5 5367. 56 2.5 5446. 20 I

1.6 5368. 08 3. 0 5446. 45
4 5369. 12 I 15 5449. 22
2 5 5370. 32 2. 5 5450. 04 \

2.0 5371. 60 I 3. 5 5451. 72 I

2.5 5378. 32 4 5453. 95 I

3. 0 5379. 89 I 5 5456. 41 I

1.2 5380. 11 4 5457. 21

4 5382. 61 I 1. 6 5457. 89

1.6 5384. 08 3. 0 5458. 81 I

8 5386.35 I 6 5459. 21 II 13028-31340

6 5386. 76 6 5460. 09 I

5 5391. 88 I o 5464. 20 II 11455-29751
32 5393. 39 II 8897-27433 5465. 34
6 5394. 84 15 5468. 37 I

4 5395. 24 I 15 5472. 30 II 10058-28327

3. 0 5395. 70 I 3. 0 5472. 83

16 5397. 64 I 6 d 5473. 53

1 6 5397. 96 1. 6 5477. 43

2.5 5399. 04 I 3. 0 5478. 60 I

4 5399. 57 I 2.0 5481. 18

3. 0 5401. 21 I 6 5482. 00 I

1. 6 5402. 54 3. 0 h 5483. 38
4 5404. 23 3. 0 5491. 15

1.6 5406. 61 5 5498. 19 I

2.0 5407. 66 1. 0 5506. 09

1.6 5408. 36 1. 4 5506. 45 I

30 d 5409. 22 II 8897-27379 3. 0 5510. 68
1 6 5411 56 28 5512. 09 II 8131-26268
2.0 5411. 75 I 1. 4 h 5513.11 II 11458-29592
3.0 5414. 09 I 2.0 5514. 23

1.6 5417. 84 II 8928-27380 3. 0 5516. 08 II 13028-31152
3.5 5418. 70 I 2. 0 5517. 40

12 5420 38 I 1. 0 5517. 86

2.0 5421. 33 6 5518. 49 II 9317-27433
2.5 5422.20 4 5522. 46 I

2.5 5423. 42 I 1. 4 5526. 09

1.6 5426. 37 I 3. 5 5526. 85

1 6 5426. 61 2. 5 5527. 18

2.5 5427! 25 I 10 5535. 24 I

1.4 5428. 28 4 5537. 54 I

2.0 5429. 50 3. 0 5540. 58

4 5430. 24 I 3.0 d 5542. 71

2.0 5430. 54 2.0 5544. 65 I

3.0 5431.33 2.0 5546. 52

2.5 5433.34 I 1.4 h 5547. 48
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 5548. 82 I 1.2 5623. 75 I

3.5 5550. 04 II 10314- 28327 1. 2 5625. 23

2. 0 1. 2 5628. 21

1.4 5551. 41 I 3.0 5632. 48

1 0 5552. 30 I 5 5633. 09 I

12 5556. 25 I 2. 0 5634. 49 I

6 5556. 95 5 5637. 39 II 11310-29044

1.4 ^ ^ -/ \Jm \J\J 3. 5 5638. 19

6 5559. 22 I 1.2 5638. 41

1 4-«- • ' h 5560. 06 1.2 5638. 63 I

1.6 h 5561. 46 II 11760 - 29735 2. 0 5640. 11

1.4 h 5562. 21 I 1. 2 5640. 79

5 3. 5 5646. 58

4 5564. 24 I 5 5650. 60 I

18 5564. 96 I 1. 2 5652. 96

3. 0 5565. 28 20 5655. 13 I

14 5565. 97 I 1.2 5656. 21

2.0 55ftft 5n 1. 2 5659. 78

5 5567. 81 I 1.2 5663.18
1 4 h 5569. 29 1. 4 5663. 48 I

• 2.0 5572. 19 I 6 5663. 99 I

1.4 h 5575. 08 2. 0 5664. 68

2. 0 1. 0 5665. 38

3.5 5578. 27 10 5668. 94 II 8131-25766
3 0 5578. 89 I 26 5669. 97 I

8 5582. 74 I 1.2 5671. 41

3.5 5584.72 I 3.5 5671. 87
\2. 0 h ^5Rft 7? 2. 5 5675. 10

1.4 5588. 12 6 5676. 88

3 0 5588.33 I 1.2 5677. 25

1. 0 5589. 25 13 5677. 76 I

1. 0 5590.13 1.2 5678. 98

1.4 TX 1. 8 5680. 27

3.0 5593. 72 I 1.2 5682. 78 I

7 5594. 94 I 1.4 5683. 14

11 5595. 87 I 3. 0 5683. 77 II 11455-29044

3.5 5597. 95 I 5 5685. 86

2.5 /O. yO T
Ji 1 2 5687. 82

26 5601. 30 I 2.5 5688. 49 I

4 5606. 46 I 1.2 5691. 47

1.2 5609. 45 I 2.5 5692. 13 I

8 5610.26 II 8449- 26268 13 5692. 94

5 TX 2. 5 5695. 74

3.5 5613.70 II 11455- 29263 8 5695. 84 I

8 5614.72 I 32 5697. 00 I

1.8 5615. 98 I 40 5699. 23 I

1.0 5616. 53 6 5702. 39

1.8 5620. 39 I 4 5703.23

1.0 5622. 67 1. 8 5709. 06 I

1.4 5623. 00 1.0 5710. 07
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Cerium — All Observed Lines

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

T ^ "J.Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 5711. 45 II 11760-29263 6 5810. 72 I

1.8 5712.29 I 1. 2 5811. 83
a. h T TX L 1 2457 — 29949 13 5812. 93 I

4 5716. 50 1.2 5815. 47

1.2 5718. 36 I 3 5817. 78 II 8176-25360

1.2 5718. 59 5 5820. 40 I

'26 5719. 04 I 6 5822. 99 I

1 n1. u T
X. 1. 2 5823. 46

3.5 5721. 96 I 1. 4 5830. 03 I

1.0 5725. 85 I 2. 0 5830.13

1.8 5726. 14 2. 0 5831. 39

2.0 5727. 25 10 5831. 93 I

1. o 2. 0 5834. 24 I

1.8 5733. 94 I 10 5835. 84 I

2.0 5735. 69 I 8 5838. 16 I

10 5743. 53 I 3. 5 5839. 38 I

2.0 5744. 69 1. 2 5843. 11 I

-L. ^ t;74A 49 T
J. 4 5843. 75 I

1.0 5748. 29 2. 0 h 5845. 98

1.8 5748. 95 I 3. 5 5848. 34

1.2 5752. 52 1. 2 5848. 86

4 5758. 24 I 6 5851. 06 I

A 3. 5 5853. 07

1.0 5760. 58 2. 5 5853. 36 I

1.2 5763. 00 3.5 5853. 67 I

2.5 5764. 77 5 5857. 13 I

2.5 5765. 34 I 2. 5 5858. 15 I

QO ^76R 90 T T
1. J. 10646-27976 2. 0 h 5858. 56 II 10314-27379

2.5 5769. 95 I 5 5859. 39 I

3.5 5770. 44 I 10 5862. 51 I

1.4 5771. 98 II 10058-27379 1. 2 5870. 85

3.5 5772. 22 I 8 5871. 61 I

c
_) D 1 t Urn OO TX 1. 4 5873. 88 I

15 5773. 12 I 2. 5 d 5878. 08

2.5 5113,59 I 4 d 5878. 90 I

2.0 5775. 00 I 2. 0 5888. 50

1.4 5775. 80 1. 4 5892. 48 I

AH 4 5893. 19 I

1.4 5782. 81 I 1. 2 5897. 72

1.4 5783. 99 II 11760-29044 1. 4 5898. 10

5 5784. 85 I 1. 2 5899. 70

1.2 5786. 86 1. 2 5900. 67 I

R7R7 77 4 5901. 32 I

13 5788.13 I 2. 5 5906. 01 I

1.2 5791.32 1.2 5907. 49

1.8 5791. 68 6 5909. 86 I

1.0 5794. 78 I 6 5910. 13 I

4 5796. 06 5 5912. 91 I

2.0 5799. 80 1.2 5914. 84 I

10 5804. 42 I 5 5920. 44 I
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

2. 5 5924. 05 I 2. 5 6034. 59

2. 0 5924! 87 3.5 6035. 49 II 13028-29592
6 5926. 30 12 6043. 39 II 9726-26268
9 5928 34 J 3. 0 6045. 43

2. 0 5929. 50 6 6047.39 I

3. 0 5929. 84 T
2. 0 6051. 80 II

2.5 5932! 16 I 2.5 6057. 49

1. 8 5933. 58 3. 5 6057. 99
\10 d 5934. 44 2. 5 6066. 71

10 5937. 72 J 1. 0 6068. 63

2. 0 5938. 44 T 6 6069. 47 I

25 5940. 85 I 4 6072. 00 I

30 5941. 54 3. 5 6076. 60

3.0 5942. 66 J 1. 8 6077. 14 J

3. 0 5944. 88 J 1. 8 6080. 37

2. 5 5947. 64 T 1. 8 6081. 28 J

2. 5 5950.* 61 I 4 6088. 92

1. 2 5951. 21 3. 5 6093. 20

2.5 d 5956 84 5 6098. 34 II 14276-30670

3. 5 5959. 70 1. 2 6099. 79

2. 5 d 5960 81 3. 0 6108. 74 II 13527-29893

1. 2 5963. 36 I 1.8 h 6111. 95

1. 8 5964. 64 1. 6 6118. 55

8 5966 26 I 1. 8 6118. 89 J

3. 0 5972 10 1. 0 6119. 74 I

1. 2 5972. 80 I 5 6123. 67 I

8 5975. 87 II 10704-27433 1.0 6124. 31 I

4 5975. 98 I 1. 0 6130. 13

2.0 5979. 40 I 4 d 6132. 00

1. 2 598l! 20 2. 0 6135. 52

5 5989. 38 I 1. 0 6137.23

5 5992. 66 I 2.5 6139. 03 I

8 d 5995. 35 II 10704-27379 1. 6 6142. 91 I

2.0 5997. 05 II 4 6143.36 II

1. 2 6000 18 I 2. 5 6146.42 I

6 6001 89 2. 0 6147.85 I

1. 2 6003. 66 1.0 6149. 58

6 6005. 86 I 2. 5 6151. 73 I

1.6 6006 21 I 2. 0 6159. 82

6 6006 81 I 2. 0 6162. 17 I

2. 0 6007 36 2. 0 6165. 47

8 6013. 42 I 1.6 6172. 87

2. 5 6016. 57 I 2. 0 6175. 29

1.0 6018 79 I 4 6186.16 I

1. 0 6020 60 I 1. 0 6186. 92

12 6024. 19 I 1. 6 6187. 91 I

1.6 6027. 16 I 1.6 6195. 25 I

1.2 6031 25 I 2. 0 6195. 55 I

2.5 6033. 58 II 2.0 6198. 05

3.5 6034. 20 II 11760-28327 4 6208. 99
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Cerium — All Observed Lines

Intensity
and

Character

"Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

„ Energy
Spec- T 1Levelstrum

in K

1. 0 6209. 56 I 0.9 6461. 89 I

1.0 6211.06 I 2.0 6466. 90 II 14276-29735
1. 0 h 6212. 50 3.0 6467. 42 T

I

1.2 6216. 84 0.6 6468. 97 II
1. 0 6223. 25 I 4 6473. 71

1. 0 6228. 23 I 1.8 6490. 99 I

5 6229. 00 I 0.6 6494. 93
2.5 6232. 45 T T

II 9726 — 25766 1.2 6503. 27 T T
II

3.0 6237. 46 I 0.8 h 6504. 06 I

1. 4 6238.70 I 1. 2 6507. 16

1. 4 d 6241. 91 I 0. 8 6509. 01 I

1. 4 6242. 91 2. 5 6513. 60 II
1. 6 6253. 62 I 2. 0 6517. 30 I

1.0 6256. 35 0. 6 6519.12
1. 4 6257. 99 0. 6 6530. 68 I

1.6 6264. 26 0. 6 6534. 50

1. 0 6270. 29 0. 8 6537. 48 II

5 6272. 05
T T
II 12457 — 28396 2.0 /cm6551. 72 I

1.6 6276. 46 5 6555. 67

1. 6 h 6286. 40 0. 6 6560. 75

3. 5 6295. 57 I 0.8 6563. 47
3. 0 6299. 51 II 15282-31152 0. 8 6565. 71

2.5 6300. 21 1.0 6573. 65
{1.4 6306. 63 \ 0.5 6577. 47

3. 5 6310. 02 J 2. 5 6579.11

0.9 h 6318. 00 0.7 6599. 61 I

0. 9 6331. 98 I 0.7 6605. 39 I

2.5 6335. 37 1.6 DoUo. 33

1.2 6337. 21 \ 1.6 6606. 86 II

1. 4 6340. 69 J 3. 0 6612. 06

3. 5 6343. 96 II 1.4 6623. 00 I

0. 6 6353. 52 4.0 6628. 88 I

0. 6 6360. 22 1.8 6650. o9

3.5 6371. 11 II 12705-28396 0. 8 h 6651. 42 I

0. 6 6372. 99 3. 0 6652. 77 II

0. 9 h 6386. 16 I 1.4 6661. 41 I

3. 0 6386. 86 I 1.8 6665. 65

0. 8 6390. 32 1.4 / / "7 C C /I6675. 54 11 1c'\d1 — c 1 'Mi

2.5 6393. 02 II 1.8 6679. 81

1. 2 6395. 12 2. 0 6686. 59

1. 2 6396.26 J 3.5 6700. 70 I

0. 9 h 6399. 91 I 7 d 6704. 38 I

1.2 6425. 30 II 1.4 67U6. 03
{3.5 6430. 07 0.4 6710.16

2 0 6434. 40 J 1. 0 6713. 48 I

2.5 6436. 41 J 1.2 6720. 32 II

0.9 6439.97 0.4 6726. 52

2.0 6446. 15 2.0 6728. 71

0. 6 6451*. 98 2.0 6729. 54

3.5 6458. 05 I 0. 6 6733.21 II
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 6744. 70 II 13527-28350 1. 2 7018. 75 I

1. 4 6746. 89 2. 0 7031. 04 I

1. 4 6749. 44 I 1.8 h 7049. 73 I

0. 6 6755. 08 II 13527-28327 2. 0 7054. 50
0. 8 6764. 65 I 1. 8 7058. 68

0. 8 6767. 65 I 1. 8 7060. 01

0.5 6770.15 6 7061. 75
4 6774. 29 II 1.8 7064. 50
5 6775. 59 I 6 7086. 36
1. 4 6778. 28 I 1. 8 7105. 04

1.2 6780. 21 1.2 7113.15
1.2 6780. 74 I 1.8 7115. 08 II 14276-28327
0. 8 6793. 81 1.2 7120. 84
0.7 6801. 75 1.0 7123. 46
0. 7 6803. 29 I 1. 6 7124. 73

2.4 6807. 83 I 1.2 7132. 06
1.4 6808. 89 I 1.2 7136. 08
0. 8 h 6811. 66 2.5 7141. 42
1.2 6815. 29 1.2 7141. 68

, 2.

0

6818. 25 I 3. 0 7150. 23 II 15282-29263

1. 0 6826. 43 I 1. 6 7151. 67
1. 0 6829. 37 2.5 7155.24
1.4 6829. 75 2.5 7156. 99
0. 8 h 6834. 21 1.2 7174. 98
0. 7 6839. 94 1. 2 7177. 43

1. 2 d 6844. 26 1. 2 7182.29
6844. 49 1. 0 7186. 21

1. 0 6846. 78 II 2.5 7189. 40 II 13527-27433
1.8 6847. 25 I 1.6 7191. 72 I

1. 2 6853. 60 1. 8 7201. 54

1. 6 6856. 55 2. 5 7201. 87
0.7 d 6885. 51 1. 6 7203. 52

6885. 72 2. 0 7210. 66

1.4 6893. 69 0.9 7213. 90

1. 0 6894. 57 I 3. 0 7217. 34

1. 4 6898. 48 2.5 7235. 69 CeO
1.2 6899. 10 3.5 7238.36 II 12457-26268
0.8 6904. 58 2.0 7241. 66 CeO
0.5 6909. 31 4 7252. 72 I

1. 2 6919. 27 II 13527-27976 2. 0 7262. 64

4 6924. 83 I 1.8 h 7277. 91 I

1.4 6939. 44 I 1.0 7279. 94

0. 6 h 6970. 40 1. 8 7296. 16
2.5 6973. 50 II 3.0 7301. 43

1 4 6983. 83 3. 0 7313. 45

4 6986. 04 4 7329. 92

2.5 6999. 92 I 2.5 7330. 67

1.0 7013 36 2.0 7343. 45
1.0 7014. 80 1.0 7345. 63

1.2 7017.24 I 1.0 h 7361. 89 II 12366-25945
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Cerium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
tru.m

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 0 7362. 42 0. 7 7752. 85

1 0 7363.12 0. 8 7762. 95
1 0 7372. 53 0. 9 7769. 74
1.0 7383 72 0. 8 7785. 04
1.4 7390. 45 II 0-13527 1. 6 7797. 70 I

--10 7393. 40 0. 6 7806. 79

4 7397. 76 I 1. 2 7812. 69

1. 8 7401. 26 1. 4 7835. 88
2.0 7417. 94 0. 6 7838. 40

1. 0 7421. 00 2. 0 7842. 60 I

1. 8 7424. 70 CeO 3. 5 7844. 94
2. 0 7433. 08 2. 5 7850. 02

1 8 7438. 58 2. 5 7851. 20

1.0 7440. 49 3.5 7857. 54

2. 0 7444. 44 2. 0 7864. 51

1. 0 h 7458. 40 1. 6 7866. 04

1. 4 7462! 31 0. 8 d 7874.16
1 6 7472. 41 2. 5 7898. 96 I

1. 0 7478. 69 1.8 7913. 52

2. 5 7486! 55 1. 6 7927. 30 CeO

1. 4 7500 68 1. 6 7927. 71 I

1 0 7508. 16 I 1. 6 7934. 48
1 4 h 7509. 43 I 0. 8 7953. 57

1.8 7527. 44 1.4 7972. 11

1.8 7527* 68 1. 2 7972. 34 II 988-13527

1 6 7533 70 3. 0 d 8002. 56

1 4 7539. 53 8002. 69

1 6 7551. 24 5 8025. 56 II 0-12457
2. 0 7562. 44 I 0.8 8030. 69

1. 6 7562* 86 0. 8 8031. 43

1 6 h 7563 52 I 1. 0 8040. 01

1 4 7586. 01 0. 8 h 8066. 90

1 6 7603. 10 2. 5 8070. 70

4 7616 10/ W X W 9 XV/ 0. 8 8079. 36

1.2 7632 56 1. 0 8090. 66

2 0 ihdh 09 1. 6 8094. 43

1 6 7647. 91 2. 5 8120. 38 I

1 2 h 7663. 38 1. 0 8171. 41 I

1.2 7670 76 I 0. 8 8175. 59

1.2 7678 12 0. 8 8199. 20

2 0 7682 48 1. 4 8220. 71 I

4 7689. 17 1. 2 8223. 62 I

1. 4 7702. 84 1.2 8224. 28

0.9 7717 68 1.0 8239. 48

0. 9 h llOA AO 1.6 8241. 54

1.6 7732. 34 I 1.2 8245. 20 I

0. 8 7741.44 0. 8 8246. 82

0.7 7743. 78 1.0 8250. 64 II 1410-13527

0. 6 7746. 66 2.0 8261. 09 I

2.5 7748. 34 I
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Cerium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
m K

0. 8 a 8300. 58 2. 0 8539. 08 T T
II

8300. 72 1.4 h 8564. 58 I

1. 4 8310.24 I 1.2 h 8567. 48 I

1.2 8312. 37 1. 6 8612. 65
T
I

0.8 h 8327. 65 1. 6 h 8647. 66
T
I

0. 9 h 8355. 16 1.8 h 8702. 38 T T
II 3794 — 15282

1.4 8396. 40 1.2 8716. 66 II 988-12457
0.9 d 8405. 24 II 2382-14276 4 8772. 14 II 2880-14276
2.5 8418. 24 T /I

1. 4

1.8 8495 R? IT 2 0 8810 86 I

0.9 h 8511.34 II 5 8891. 20 I

1.4 h 8523.34 I
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CESIUM

Cs, Z=55, M= 132.91, Ratio ^=2.092

Cs I Normal state of valence electrons bp^ Gs^ ^'&Qy=Q. I.P.= 31407 K
Cs II Normal state of valence electrons 5p® % =0. I.P.= 202263 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Cs I, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Intensities

:

A. Filippov, Z. Physik 43, 495 (1927).

H. J. Hubner, Ann. Physik H, 781 (1933).

L. S. Ornstein and J. Key, Physica 1, 945 (1934).

M. Beutell, Ann. Physik 36, 533 (1939).

Relative intensity of cesium lines observed in an arc of copper containing 0.1 atomic
percent of cesium

Strong lines of cesium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1500
800

8521. 10
8943. 50

I

I

0-11732
0-11178

Spies' 2SoH—5p66pi ^PiH
5p86si 2SoH—Sp^Bpi ^PoM

Cesium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

40 4555. 36 0-21947 20 hs 6723. 28 11178-26048
20 4593. 18 0-21766 20 hs -6973. 29 11732-26069
3.0 hs 5663. 8 11178-28829 3.5 6983. 49 11732-26048
2.5 hs 5844. 7 11732-28836 4 7609. 01 11178-24317
8 hs 6010.33 11178-27811 6 hi 8015. 71 14500-26971

1.4 h 6034. 09 11732-28300 8 hi 8079. 02 14597-26971
12 hs 6212. 87 11732-27823 1500 8521. 10 0-11732
0.8 6217. 27 11732-27811 55 8761.38 11178-22589
2.5 h 6354. 98 11178-26911 800 8943. 50 0-11178
3.0 h 6586. 51 11732-26911
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CHROMIUM
Cr

Cr, Z=24, M=52.01, Ratio ^=0.819
Cu

Cr I Normal state of valence electrons Sc^Ms^ ^83 =0. I.P.= 54570 K
Cr II Normal state of valence electrons 3c?^ ''82^=0. I.P.= 133060 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented by lines from Kiess (below).
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Relative intensity of chromium lines observed in an arc of copper containing 0.1 atomic
percent of chromium

Strong lines of chromium

Intensity

2400
2100
1700
1600
1300

900
850
700
440
360

360
280
240

200

190
190
180
170
160

160
160

Wavelength
A

3578. 69
3593. 49
4254. 35
3605. 33
4274. 80

5208. 44
4289. 72
5206. 04
5204. 52
3017. 57

3021. 56
2835. 63
2986. 47

2677. 16

2843. 25
4351. 77
3014. 76
2986. 00
3919. 16

3963. 69
4344. 51

Spectrum

II

II

II

Energy levels

K

0-27935
0-27820
0-23499
0-27729
0-23386

7593-26788
0-23305

7593-26796
7593-26802
8095-41225

8308-41393
12497-47752
8308-41782
12304-49646
12497-49838

12304-47465
8308-31280
7811-40971
8095-41575
8308-33816

20520-45741
8095-31106

Term combination

4sia'<S3 —4p
4sia'S3 —4p
4s' a 7 S3 —4p
46i a ' S3 —4p
4si a 7 S3 —4p

4s' a * S2 —4p
4s' a ' S3 —4p
4s' a ' S2 —4p
4s' a * S2 —4p
4s2 a *D3 —4p

4s2 a 'D4 —4p
4s' a 'D4)^

—

4s2 a —4p
4s' a *D3^—4p
4s' a ^Dty^—4p

4s' a ^Ds^j—4p
4s2 a 6D4 —4p
4s^ a 'Di —4p
4s2 a 'D3 —4p
4s2 a 'D4 —Ap

4s' a 'Ge —4p
4s2 a 6D3 —4p

y 'Pi

V 'Pi
z 'PI

y 'P2
Z 'P3

z «P5
z 'P!
z 6P2
2 'Pi

y *F|

y ^Fi

z 6F|

y 'F5

z 'Fi
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Chromium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and
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in A
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Energy
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in K

cc TTX JL 0 — 48639 3 0 9A90 9A TX a09R _4';9Cic;OU73 ^DCDD
18 2061. 49 II 0-48491 32 2691. 04 II 12497-49646
12 2065. 42 II 0-48399 4 2693. 52 II 30219-67334

n hJm U 11 9'^A4 71 0 — d997R 4 9A97 91L.07 1 . 7X T T1 JL ^U^.77 — D/JDH
D T T

X X ^989^ _7AR79jyOCD — /DO/7

g 240ft 69 0308 — 4981 9 20 9A9R 41 TTX X 1 9'?04 — 49"^ R9

17 2496. 31 I 1921-^1915 20 2698. 69 II 11962-49006
11 2502. 53 8095-48043 2 0 2700. 60 I 8095-45113
1 9 9504 31 8095 — 4R01 4 13 9701 99^ / U X . 7 7 TX O^UO HDJyJO
q 9S08 11L- O. X X 7997 — 47786 2. 0 9709 ^'^ TX 94900 _ A1 1 91^.H^UU DXX7X

u 9508 98 1921 — 47779 8 9703 48 TX R-^DR _4(;9RA

4 2513. 62 I 8095-47866 2703. 55 II 30392-67369
11 2516. 92 8095-47814 4 2703. 86 II 12033-49006
Qo 9518 71C -) 1. O. / X J 8095 — 47786 2.0 9705 4^C 1 U_J. '-rJ TX 940RA — A1 OORCHyJZJO DXUUO

9519 59 y oono _47QQ/ 7 9708 79 TTX X
^-^^cio-i —70497J J -i C X 1 U*Tt. /

9597 1

9

J 4 9709 TTX X ^^41 R — 70'?1 7

4 2530. 45 I 8308-47814 16 2712. 31 II 12148-49006
7 2534. 34 II 12497-51943 5 2716. 18 I 8308-45113
t;

c. -J T -J. 7751 —47099 6 971 7 51 T TX X -^1 riR'^ — A7R71^XUO^ D/OfX
t. _^ t / , _jt J 781 1 —47099 5 971 R A-i TTX X •^il t^'KO _ AR'^OA

-J u u J 781 1 — 469A8 19 9799 7S T TX X 1 _4R7c;nX(L\J^^ HO/JU
8 2557. 15 I 7927-47022 2 0 2724. 04 II 31169-67868

13 2560. 69
{

7927-46968 48 h 2726. 51 I 7593-44259
9^71 74^ ^ / X. / *T

Qnqi; _4A9A8 5 9797 9A T TX X JXCXv D/O/D
CD 1 / • DZ? ftflQ^ — 4 AS78 32 h 97'^1 91^ / Jx, /X TX 7^9^^ — 441 R7

5 9^88 90 y 8095 — 46790 19 h 97'^A 47 TX 759"^ — 441 96

38 2591. 85 I 8308-46878 8 2739. 38 I 23934-60428
4 2603. 57 8308-46705 8 2740. 10 II 12148-48632
H 9A99 RA Q3nQ_4A499 11 9741 07C 1 HX. u

/

TX 940RA — A0'i98

-3 9A9R "^9 anqc. _ aai 74OU vD HO± 1

H

11 9749 0^ T TX X 1 90"^'^ — 4R491X^U^^ HOH7X

9A9A AO R^nft — 4A'^A8 9749 1

7

TX 94900 — A0AR7^*TC.UU DUO-'/

2. 0 2629. 82 I 8095-46109 28 2743. 64 II 11962-48399
4 2642. 12 24200-62037 4 2746. 21 II 29952-66355

^0_J^. -J / 1 9(1'^ — 4Q70A TTX X '>,p,'^^ — 7471 R-/0-^X_J /*T/XO

^ OIJ O. IJ 7 y y 1 1 q^o — 4QR AR 12 h 9748 99 TX 77i:;i —441 9A

QO 9AA1 7"^ y y 1 91 48 — 4970A 38 9748 98 T TX X 1 9033 — 4R399
36 2663. 42 11 12304-49838 44 2750. 73 II 12148-48491
8 2663. 68 11962-49493 5 2751. 60 I 7927-44259

tin 9AAA 09 1 91 48 — 49A4A 32 9751 87 TTX X 1 9304 — 4R639
jC 9AA8 71 yy 12 h TX 781 1 —441 96/OXX 'T'TXt.U

t u 9A71 81L.O 1 X. ox y y ^ ?^ 4ft — 4QRA^ 4 TTX X 71 nRA — A73R0

32 2672. 83 II 12304-49706 2 5 2754. 90 I 24834-61123
200 2677. 16 12304-49646 2 5 2755. 27 I

1 9497 — 498'^8±c^y 1 n/O^o 2. 5 9756 75 TX 94897 — 61 1 61

H 9A78 1 A y 7997 — 4t^9RR 1 7X / 9757 1

0

TX
7Q97_44i R7

CO I O. / 7 y y 1 9(1*^ — 49'^R9 40 ?7R7 7? TTX X 1 91 4R — 4R399
2.0 2680. 34 n 40415-77714 7 2758. 98 II 38270-74505

9A 9Aa7 no 191 4R — 49'^c;9 9 '?7c;q -2Q
11 / 37. ^7 TT

X X
-11 91 q _ A7449

7 2688. 04 8095-45286 5 2759. 73 II 31169-67394
6 2688. 29 II 30157-67344 10 h 2761. 76 I 7927-44126
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Chromium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

85 2762. 59 II 12304-48491 55 2867 65 ITX X ll QA2— 4AR?4XX /\Jl- T LJ t.
"

2. 5 2763! 06 27817-63998 24 2870. 44 II 19798-54626
9 h 2764. 35 8095-44259 12 2871. 63 I 8095-42908

85 2766. 54 II 12497-48632 18 2873. 48 ITX X 12033 — 46824
2 5 2767. 54 25038-61161^ \J ^ \J wXXWX 10 2873 82 IIX X 19631-54418

28 h 2769. 92
T 8095 — 44187 36 2875. 99 IIX X 20024 — 54785

2 0 277l! 45 J 23934-60005 26 2876! 24 IIX X 12148-46906
5 2778* 06 II 39825-75810 20 2877! 98 IIX X 12304-47041
2 5 2779. 14 25106-61078 8 2878! 45 IIX X 12497-47228
9 2780 30 JT 33521-69478 14 2879 27 JX 7927-42648

J J 38363-74319
11 2880 87 IIX X 19798 — 54500

70 2780. 70 I 8308-44259 3.5 2881. 14 I 24056-58754
8 2785. 70 33619-69506 19 2887, 00 I 7811-42439
4 2787 63 30865-66727 6 2888 74 11X X 36273 — 70880
4 2787. 84

T 80 2889. 29 IX

10 2792 16 II 33694-69498 6 2889 82 IIX X 32854-67449
2798. 67 TT

6 2891. 42 I 24200-58775
8 2800* 77 TT 33694-69388 42 2893. 25 I 8095-42648
/ 2812 01£_<»'X^a WX JT 33619-69171 22 2894! 17 I 7751-42293

TT 38563-74114^ \J -J \J^ /~xx~ 2896 46 IIX X 32854 — 67369
TTX X 40228 — 74743

7 2818 36 J J 33521 - 68993
5 2822. 01 II 33418-68844 24 2896. 75 I 7927-42439

20 2822. 37 30392-65813 6 d 2897. 67 II 35608-70108
2 5 2826 75

^\ 27817-63183 2897. 73 IIX X 32845 — 67344
20 2830. 47 TT 30299-65618 10 2898! 54 II 31219-65710

8 2834 26 TT 34631-69903 9 2899. 21 I 7811-42293fUXX 1 t— I— / ^

280 2835. 63 II 12^91-^1152 6 2899! 48 II l>2'&bb-bll'bi\

5 2836. 48 35608-70852 3. 0 2903. 97 II 31118-65543
2838. 79 38270-73486 6 2904 68 I 24940-59358

13 2840* 02 TT 30219-65420 20 2905. 49 I 7811-42218fwXX 1 t_ t_ X \J

190 2843 25 TT 12304-47465 30 2909. 05 I 7927-42293
2.5 2846. 02 I 27704-62830 30 2910. 90 I 8095-42439
5 2849. 29 27817-62903 28 2911.14 I 8308-42648

30299-65384 5 2911. 68 II 35569-69903
140 2849 84 TT 12148-47228 7 2913* 73 I 25177-59488

14 2851 36 TT 30157-65218 2 5 2915 23 II 35611-69903
6 2853. 22 II 30219-65257 2.5 2915. 46 II 39825-74114

42898-77935 10 2921. 24 II 40202-74424
2855 07 32855-67871 7 2921. 82 II 31169-65384

TT 35569 — 70585 7 2927* 08 IIX X 38563-72717

100 2855 68 J J 12033-47041 9 2928. 15 IIX X 30308 — 64449
10 2856. 77 II 19631-54626 11 2928! 30 II 31219-65257
8 2857. 40 19798-54785 II 38509-72649

70 2858 91 jj 1 2497 — 47465 3 0 2929 44 IIX X 36273-70399
50 2860 93 TT

1 1962 -46906 4 2930 85 IIX X 29952 - 64063

90 2862 57 J J 1 2304 — 47228 3 0 2932 70 IIX X 31169-65257
85 2865. 11 n 12148-47041 6 2933. 97 II 31083-65157
6 2865. 33 19528-54418 10 2935. 14 II 30865-64924

70 2866. 74 12033-46906 5 2940. 22 II 42987-76988
10 2867. 10 19631-54500 7 2946. 84 II 34813-68738
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6 2953. 36 II 29952-63802 11 3065. 07 I 24940-57557
5 2953. 71 II 34631-68477 3.5 3067. 16 II 21824-54418
L.D T T

1

1

jU 1 J, bo T
1 Ot;i 77 c;77no

II 33694-67449 7 3077. 83 I 25106-57587
5 2966. 05 II 31219-64924 3.5 3095. 86 I 21841-54133

55 2967. 64 I 8095-41782 3.5 3109.34 I 24834-56986
'55 2971. 11 7927-41575 3.5 3110. 86 I 24897-57033
0/1 T T

I I jUj7d — O^UjX T T
1 I 1 Qt;o Q c Q/i

55 2975. 48 7811-41409 6 3119.25 I 25038-57088
3.5 2976. 72 II 30865-64449 5 3119. 71 I 24940-56986

22 2979. 74 II 30299-63849 55 3120.37 II 19631-51670
40 2980. 79 7751-41289 3.5 3122. 60 II 33694-65710

T T
1 1 moi Q c^'Kmn ^1 OA QAjXdH, 7H T T

1 I 1 Q7QC5 CI 7QQiv I70 — 31 / 07
55 2985. 85 7927-41409 3125.02 II 34659-66650

170 2986. 00 I 8095-41575 15 3128. 70 II 19631-51584

240 2986. 47 I 8308-41782 75 3132. 06 II 20024-51943
75 2988. 65 7593-41043 18 3136. 68 II 19798-51670
1 Qio T T

1 1 JVID 1 — O^&Ui 1 nlo ^1 Al 0"^ T T
I I OnnOA 7QQ

55 2991. 89 7811-41225 II 33619-65384
26 2994. 07 I 7593-40983 11 3148. 44 I 23934-55686

34 2995. 10 I 7593-40971 13 3155.15 I 24056-55741
80 2996. 58 I 7927-41289 13 3163. 76 I 24200-55799

OQQQ -TQ 7CQ-1 /inQ'inlD7S) —'\\}7D\} 'X'\ on 7n T T
I 1

120 3000. 89 I 8095-41409 4 3181.43 II 20520-51943
85 3005. 06 I 8308-41575 8 h 3188. 01 I 24092-55451

18 3013. 03 I 7751-40930 28 3197. 08 II 20520-51789
90 3013.71 7811-40983 3.0 3198.11 I 24092-55353

^Ui4. lb / Oil — H\J7 1 1
AH JCMO, D7 T T

1 1 onm _ c,i A7n

180 3014. 92 7927-41083 22 3209. 18 II 20518-51670
90 3015.19 I 7751-40906 18 3217. 40 II 20513-51584

360 3017.57 I 8095-41225 4 3229. 20 I 27817-58775
55 3018. 50 I 7811-40930 3.5 3234. 06 II 34631-65543

im Q DO 17 C. 1 —m^JHj QO jCj I , 1 J T
X C.J7JH DHOX±

55 3020. 67 \ 7811-40906 15 3245. 54 I 23934-54736
360 3021. 56 I 8308-41393 16 3251. 84 I 24056-54799

140 3024. 35 I 7927-40983 16 3257. 82 I 24200-54887
11 3026. 65 II 35708-68738 12 3259. 98 I 24200-54866
22 3029. 16 I 7927-40930 4 3295. 43 II 33694-64031
90 3030. 24 I 8095-41086 3. 0 3307. 02 II 33619-63849
18 3031. 35 I 7927-40906 7 3324. 06 II 19631-49706

II 38509-68583
3.5 3032. 93 II 21823-54785

50 3034. 19 I 8095-41043 3.5 3326. 59 I 24940-54993
70 3037. 04 I 8308-41225 4 3328. 35 II 19528-49565
10 3039. 78 I 24200-57088 4 3329. 05 I 25177-55207
70 3040. 85 I 8095-40971 12 3336. 33 II 19528-49493

3040. 91 II 34631-67506
16 3339. 80 II 19631-49565

7 3041.74 II 35611-68477 14 3342. 59 II 19798-49706
14 3050. 14 II 34813-67589 4 3343. 34 I 24897-54799
90 3053. 88 8308-41043 12 3346. 02 I 24200-54078

3.0 3059. 52 II 21825-54500 12 3346. 74 I 24056-53927
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J. c 3-^47 R4 TT
JL X 1 9A31 —49493 9 3481 30 91 841 — 50557

8 3349. 07 I 24282-54133 7 3481. 54 I 24200-52915
7 3349.32 I 25038-54887 7 3494. 97 24056-52660
*t ^ -/ -J X . uu TX 95038 — 54866 5 3495 38 TTX X 1 9798 — 4R399
7 3351 97 TX 0 _99Q9i; 10X \J 351 0 54 94900 — 59678

7 h TX 31 ni;!:; — ^0871 5 3511 84X X • O" T TX X 90094 — 48491l.\j\Jl-^ *TO*Tyx

3353. 13 II 20024-49838 15 3550. 64 25771-53927
22 3358. 50 II 19798-49565 10 3558. 52

J

25206-53299
3360 30J y \JyJm ^ TTX X 25034 — 54785 16X \J 3566 16 953A0 — 53394

Qo TTX X 95047 — 54785 16X \J 3573 64 91 848 — 49893

7 336? 21 TX
9ni;i 9 _ c;n953 10X \J 3574 04 y 91 840 — 4981 9

55 3368. 05 II 20024-49706 42 h 3574. 80 I 21857-49823
4 3376. 40 I 31048-60657 3574. 94

J

21848-49812
7# 3378 34 TTX X 95034 — 54626 2400 3578 69 0 — 97935
4 3379 1

7

TX 90517-5010? 20 h 3584 33 J 25771 — 53663

4 3379 37 TTX X 25043 — 54626 16X \J 3585 30 ITX X 91893 — 49706
3379 83 TTX X 25047 — 54626 2100L— X \J \J 3593 49 0 — 97890
3382 68 T TX X 19798 — 49359 44 3601 67 21841-49598
3391 43 ITX X 19528-49006 5 3602 57 T 21848-49598

7 33QO QQ TTX X 9503^ — c;4t;nr) 11J- X 3603 74 J 21848 — 49589
3603 78 IIX X 21 824 — 49565

Q TTX X 95043 — 54500
7 3394. 30 II 25047-54500 1600 3605. 33 I 0-27729
4 3402. 40 II 25036-54418 5 3608. 40 31049-58754

3403 32 TTX X 19631-49006 5 3609 48 \ 20521—48218
TTX X 95043 — 5441 8 5 3610 05 y 90517 — 48210

4^ 3408 76 TTX X 90094 — 49359 9 3612 61^ WX « \^X J 31 055 — 58728
26 3421.21 II 19528-48750 11 3615. 64 I 0-27650
34 3422. 74 II 19798-49006 17 3632. 84 20524-48043
1 RX o 3433 31 TT

jL ± 1 9^31 —48750 44 3636 59 20524 — 48014
3433 ^.n TX pn51 9 — 49635 80 3639 80 J 9051 9 — 47986L-\J^X. / ~/ /\J\J

7 3434 1

1

TX 90594 — 49635 11X X 3640 39 J 20523-47986
20 3436.19 I 20524-49618 9 3641. 47 I 20521-47975
9 3441. 12 I 20521-49573 28 3641. 83 20524-47975

1 RJ. o 3441 44 T 90594 — 49573 A 3646 16 J

^

20524-47942
4 3443 7Q TX 93934 — 599A3 11X X 3648 53 J 20517-47918L-\J ^ X 1 ~ 1 / XkJ

344R AO TX 90594 — 49538 28 3649 00 J 20521 — 47918
4 3447. 02 I 20517-49520 22 3653. 91 I 20517-47877

22 3447.43 I 20521-49520 28 3656. 26
J

20524-47866
Q7 3447 7A TX 90594 — 49590 A 3669 84 20521—47814

341^3 33 TX pn5i 7 — 494A7 1 6X \J 3663 21J \J\JJ m £-X y 90524-47814

5 34R3 74 TX 90591 —494^7 A 3665 98^ \J\J^ % / \J J 20524-47794
16 3455. 60 I 20524-49454 10 3666. 64 I 20521-47786
13 3460. 43 I 24282-53172 6 3668. 03

J

20517-47772
QO TX 90591 —49371 7 3676 32 24092-51287
C 34A7 09 TX 94989 — 531 1 7 4 "ibll 68 IIX X 21823-49006

g 34A7 79 TX 94056 — 59RR5 A "ibll 89 IIX X 21824-49006t- X ^ I 1 / VJ 1^

6 3469. 59 I 24304-53117 4 3679. 82 20521-47689
2 3472. 76 I 21841-50628 2. 0 3681. 69 24092-51247
3 3472. 91 I 23934-52720 13 3685. 55 20519-47645
5 3473. 61 I 21848-50628 14 3686. 80 20524-47640
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14 3687. 25 J 20517-47629 4 3883. 66 24277-50019
8 3687. 54 I 20521-47631 I 31355-57097
2. 0 3688. 46 20517-47621 48 3885. 22 7811-33542
8 3712. 95 II 21824-48750 32 3886. 79 \ 8095-33816
4 3716. 53 31393-58292 5 3891. 93 23934-49621

-,14 3730. 81 J 0-26796 22 3894. 04 7751-33424
16 3732. 03 I 0-26787 3.5 3897. 65 I

10 3742. 97 20519-47229 3. 0 3902. 11
50 3743. 58 \ 20524-47229 30 3902. 92 \ 7927-33542
60 3743. 88 J 20519-47222 5 3903. 16 7811-33425

9 3744. 49 J 20524-47222 80 3908. 76 8095-33672
6 3748. 61 I 20521-47190 10 hd 3911. 82 I 27729-53284

36 3749. 00 20524-47190 3912. 00 27820-53375
5 3757. 17 { 20517-47126 10 3915. 84 \ 24282-49812

24 3757. 66 J 20521-47126 16 3916. 24 7811-33338

5 3758. 04 J 20524-47126 3. 0 3917. 60 23163-48682
2.0 3767. 43 I 20519-47055 160 3919. 16 I 8308-33816

22 3768. 24 20517-47047 50 3921. 02 7927-33424
8 3768. 73 \ 20521-47047 2. 5 3926. 65 \ 36578-62038
8 3788. 86 J 24277-50663 50 3928. 64 8095-33542

8 3790. 45 J 24286-50661 34 3941. 49 8308-33672
11 3791. 38 I 24286-50655 2.5 3951. 10 I 24286-49589
11 3792. 14 24300-50663 3. 5 3952. 40

\

24304-49598
10 3793. 29 \ 24300-50655 3. 0 3953. 16 24300-49589
11 3793. 88 J 24304-50655 160 3963. 69 20520-45741

7 3794. 61 J 24282-50628 10 3969. 06 20519-45707
12 3797. 13 I 24300-50628 130 3969. 75 I 20524-45707
17 3797. 72 24304-50628 7 3971. 26

\

21848-47022
44 3804. 80 \ 24282-50558 130 3976. 66 20524-45663
9 3806. 83 J 27817-54078 7 3978. 68 21841-46968

9 3807. 93 J 24304-50557 3. 5 3979. 80 21848-46968
15 3815. 43 I 21841-48042 7 3981. 23 I 21857-46968
6 3818. 48 20524-46705 80 3983. 91

\

20521-45615
15 3819. 56 \ 21841-48014 16 3984. 34 20524-45615
6 3823. 52 J 7751-33897 13 3989. 99 31393-56449

11 3826. 42 J 21848-47975 80 3991. 12 20517-45566
11 3830. 03 I 27825-53927 13 3991. 67 I 20521-45566
32 3841. 28 21841-47866 16 3992. 84

\

21841-46878
16 3848 98 \ 21841-47814 3. 5 3993. 97 21848-46878
12 3849. 36 J 24282-50253 13 4001. 44 31378-56362

24 3850. 04 J 21848-47814 10 4012. 47 II 45670-70585
12 3852. 22 I 7811-33762 2.5 4014. 67 31378-56280
16 3854. 22 21848-47786 7 4022. 26 31355-56210
9 3855. 29 J 21857-47788 6 4025. 01 20521-45359

12 3855. 57 J 24282-50211 10 4026. 17 20524-45354

22 3857. 63 J 21857-47772 7 4027. 10 20524-45349
6 3874. 53 I 24300-50102 7 4030. 68 31352-56155

L. 1 \J C ^ ^^\JL.\J 16 4039. 10 31048-55799
55 3883. 29 31352-57097 13 4048! 78 31049-55741

10 4058. 77 31055-55686
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Chromium — All Observed Lines

Intensity
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Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

H\JOD. Id. ^Ub<i4 — 4bll.? 2 c; /I 9 "2 D OAHdjO, 7b 9A909 A~1QUUCHtLod. — 4 /obb
I 33113-57702 5 4240. 70 I 24056-47630

7 4066. 94 21841-46422 I 24940-48515
O t/TiQ /I Q AO!/lbU.P7 — 47b/ll 1 7nn1 / UU AOC.A '2 C4z:b4. ^b n 9 "2 /I QQU — /:i477

1 n ob .3b7^4 — bU4b<3 b /i9c;c: cn4/lbb. bU 9A9nn A7AQ'2i:4z:UU — 4 / b73

J. ri 'tU /D. Ut3 7'^nAn t;7c;Q7 b /19A1 '2c;4iibl. jD 9'2AQQ AAQCQ^1^477 — 4b7b7
3. 5 4077. 09 J 21848-46368 9 4263. 14 I 31048-54498
3.5 4077. 68 I 33040-57557 2. 5 4271. 06 I 25038-48445
3. D /ii n/i Q741 U't. o /

9 nc;'5 1 /I /I £37 c;^UD/il — 44o to
2 Ci
J. b /1979 Ql4^ / C. 7i 9'2'2QA AA7D'2dpioo — 4b / 0:)

^J7^4 — 40/100 1 2nn1jUU AO~!A on4z: / 4. OU n 9 "2 "2 Q AU — z:.5.5ob

J cJ. 1) 'tiU7. bo ^1040 4bl /

4

J i'i9Qn /in4z:0U, 4U unAQ c;AAnc;.51U47 — b44Ub
3.5 4120. 61 I 21848-46109 850 4289. 72 I 0-23305
3. 5 4121. 82 24056-48310 3. 5 4291. 96 I 27597-50890

4i/i/i. it) 91 Qc;7 AAl nQziloD / — 4blU7 7 /19QC; 7A4/i7_). /b 9155A1 At;il'2/11041 —4311^
J. -5 /l4^UU — 4044b 0 A9Q7 1AHc.7 1 , / 4 21 n c;t; c a "21 7

CVDi.7 — 44/4b "2 nJ. u A'xr\r\ n;i4.5UU. Dl oiir\A i;nQc;nA / / U4 — DU7DU
.3.0 4127. 30 I 33113-57335 4 4301. 18 I 27817-51060
3.5 4127. 64 I 21857-46077 2.5 4305. 45 23305-46525
3. D ^iUU7 DOCU

1

"2 n /1'21 Q A/14^17. b4 9'2'2nc; AAAAQA.5.?Ub — 4b447
^. b /lie:'? 7Q ^1 n9C CLCi r\9 cD

/I TO c n

Q

9'2Q'2A A7nA QA.57^4 — 4 / U40

iU ^ U5<l4 — 44D71 bD A'2'27 c:7 7H1 1 2nQt;Q
/ 01 1 — ^UOl37

7 4161. 42 I 35934-59957 95 4339. 45 I 7927-30965
12 4163. 62 20524-44534 32 4339. 72 7751-30787
o 4ibb. b/i JDOOH

—

J7 0o4 cD /1'2/in 1 "24^4U. 1^ 91 QAl AAQ7C;Al041 —440 / 0
/1 1 AO Q/l ^^11.5 — 01 uoo 1 Anibu /i'2/i/i c;i4^44. Dl

:: onoc; 71 1 nAOU7D — ^1 lUb

/1 1 7r> on'ti / U. du b 4^4b. 0^ 9Ani;A A7ni;c;

3. 5 4172. 77 I 37234-61192 32 4351. 05 I 7811-30787
14 4174. 80 190 4351. 77 I 8308-31280

/n 7c; Q/i41 / b. 74 9/I9QA /I Q99 A
/l 4/1 Ob — 40/C/:b 4o A'2C:Q A'24.5b7. b^ 7Q97 2nQC;Q/7A / — .5UOD7

1 /I /1 1 7Q 0 A 9t;inA ziQn9Q^DlUb — 47U^o O A'2A'2 1 "2 9'2Q'2A AAPA7A.57J4 — 4b04 /

3. U AT OA on4io4. 7U 9/IQQ7 /IQ7QAd.H07 1 — 4o / ob AA44 /1'271 9Q4.5 1 L. CO onoc; '2nQAc;bU73 — .5U7bD

2.5 4186. 36 I 31049-54929 I 35884-58755
3.0 4190. 13 I 23163-47022 6 I!^1>1^. 25 I 7927-30787
-7

1
/in Qi 074l7l, ^ /

9nc;9i A&'xi'i. Q7 /I "27/1 1 A4.5 /4.1b 9A9nn A7nt;c;a4a UU — 4 / u 9

J

3. U /n no in417/1. iU 29007 t; t;Q/l c; Z,b /I 27c; '2*2
4.5 / b. a •'^

9Anc;A AAQnc;A4U!5b — 4b7U3

-7

1
AT Ql UU4l7^. bb •21 n/lQ QQ7^1U40 — _540o /

A4 ^"201 1 14.501. 11 91 CAB AAAA7A 1040 44bb

/

6 4194. 95 J 31055-54887 44 4384. 98 I 8308-31106
3.5 4197. 23 I 31048-54866 5 4387. 50 I 24092-46878
-7

1
A 1 QQ CO4l7o. b/i

"21 nc;c; c;aqaa.JIUDD - D4obb 9A9nn AAQQAa4cUU — 4b70b
r
D 4/:U^. b7 9 nc;i 7 /I /I "2(10 b A'2Q1 71;4j7l. ID DnQt; 2nQc;QOU 7 3 — ^ UO_)7

3. D /I o n/1 /1

7

4/iU4. 4

/

J<CU7 / — DDO / 0 c AAn'2 t;n44U.5. DU 29nQ7 t;Af!nnjc.\J7 1 — D4oUU
3. 0 4208. 36 I 31055-54811 2. 0 4410. 30 I 24300-46968
9 4209. 37 I 31049-54799 5 4411. 09 24304-46968
3. b A 0 r\Q 1 u4^U7. /

b

doujo — 4o / Ob "2 n
.5. U AAl 9 9C;441^1. C.D ^2nQ '2nQAc;0.5U0 — .5U 7bD

3. 0 4^11. ^b ^4^U4 — 4oU4J A4 AAl '2 Q7441 .5. 0 /
9 BA "27 c;i 9 07A Ob.5 / — DIaO /

3. b /IOTA "2A4^ib. jb 9/1 "2 n/1 /I on 1 /I^4.5U4 — 4oU14 cD /I A 9 A 9 Q44^:4. C.O 9 A9Q9 A AD7Qz:4aoa — 4bo 10

7 4217. 63 I 24282-47986 2. 0 4428. 50 I 24304-46878
^. b ZIOOI c;7 C.HOJH — HoDLD A /l/l-2n AQ 0 A79.0 — A(^fXAl

31055-54737 28682-51247
3.5 4222. 73 24300-47975 4 4432. 18 23163-45719
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Chromium — All Observed Lines
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and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Q
/ 44^R c;4 ?4?R? — 4A70^ 4 4A01 07 y 70Ci74 — 477^7

70 4A1 "^7HDX J?. ^ / y —79471
1 1 DL — ^ yH^X

7 ^ 44';q 74 SO 4A1 A 1 4*tD X 0. X ^ y 7977 — 79qRc^

^» -> ?4'^nO — 4AARR A 4^1 q ccHDX y. y 74097 — 4c;7'^Zl^HUy^ — HD 1 JH
y 7 4A71 9A Z 70=174 — 471 ^A

y "^1 04R — ^7 A7R^XUHO — DCO 1 0
44RR J

4 4489. 47 I 28682-50950 6 4622. 49 I 28637-50264
5 4492. 31 27223-49477 2. 0 4622. 76 24092-45719

44QA RA 4A 4A7A 1

9

HOC D. X y 7R1 1 — 99401
/ OXX — ^yHt.X

4 449R 7"^ y o-^c;! ? _457'^4 7 0 4A'?7 1 R y 78AR7 — 1;07 A4

4500 "^0 J 74R34 — 47n4R J. -J 4A^7 1 RT U J* / . X 0 y 90'=.71 — 470R0c.\JDc.± H^UoU
4 4501. 11 I 23512-45722 4 4637. 77 I 20524-42080

28679-50890 4 d 4639. 52 25089-46637
X, o 4Rni 7Q O-? 51 9 _ 4571 Q 4A'^9 70 7RA'^7 — ^01 RilCOOj 1 — DUXoH
9 n 4c;n(^ RR y •^-^ 7^*^ — ^"^94^J^ 1 \jj ^ -J / ^ -J 1 "^n 4A4A 1

7

*tD*tD. X / y R-^nR — 99R9C;0_?Uo — c.yOc.D

Qo 4R11 90^ ^ X X . / u J ?4aQ7_47nc;c; 7 n 4A4A R1nD*TD. OX y 9c;01 1 — 4Aq7ti^3uXX HODCD
1 n 4t;i 4 -^7 y 7 n 4A4R 1 90R1 7 — 4707AC.\JDX 1 HCKjCO

T _^ X T^. _^ ^ y 7 n 4A4R R7HOHO. 0 / y 90^71 — 4707A
4'=i91 14t-J^X. XH y y 7RA79 — 1;01 R4
4s?ft n^ ^ C \J% X X y ?4RQ7_4AQRA 0 4A49 4AHUH y. HD y 70R74 — 4707A

y 9RAR7 — c;01 R4^ODO^ _JUXOH
y onRl Q — ZLPAOAt.u_JXy *T^uUD

6 d 4527. 34 I 20524-42606 48 4651. 28 I 7927-29421
4527. 47

{

24092-46174 70 4652. 16 8095-29585
H^OQ RS 0 4AtS4 74HD_JH. / H 74971 — 4A449C.H/ 1 X HOHHv
4R'^n 74 y 1 AX, D 4A'SA 1 9HD_JO. X y y 74R97 — flA'^AR

4 4c:-2c: -1 c; y ^. -> HDD-?. y ?c;ni 1 — 4A449CD\J±1. HOHHv
20 4535. 72 I 20524-42565 6 4663. 83 I 25089-46525
3.5 4539. 79

J

20517-42539 8 4664. 80 25206-46637
4R40 ^0 pn^71 — 47^'?9 0 4AA^ 90HOD-?, y u 9QA79 — R01 0^
4^40 7? y 1 RX. 0 4AAA 77 y 7'^9'^4 — 4q'^RR

n T X « U / y A tuou* -^X y ?c;'^AO — 4A7R'?

1.6 4541. 51 I 24834-46847 4 4669. 34 I 25549-46959
2.0 4542. 62 24897-46905 3.5 4680. 54 25089-46449

1 9 4R44 1 AX. 0 4AflO R7HDOu. 0 / 74940 — 4A79Rc-H /HU HDt.yO
y 74'^On — 4A79R A 4AR9 %1HDO y . J 1 y 9c;?nA — 4AR7R

4R4^ %li y ?nS71 — 47R1 H D / y -J y 740=iA — 4q'?'^4
t. H U _? D H^J-^H

-J u y 9 0 4A9S 1

q

HD y X _J y 740'iA — 4=i^49t.HUJD H-?-?Hy

4 4"^^^ 1 7T-J _^0. X / y 951 DA — 47n4R y ^^ROR — =171 01

-L. O T TX X '^7RR4 — q47Rq 4A97 OAHD y / . U D y 71 R41 — 4'?1 7'iCXOHX HJ±C^
±, D 4^A4 1 7 7n H 4A9R 4AHO/O. HD y 9c;':iA0 — 4AA'^7C.DJOU HDD-?/

4A9R A7 y 71 R48 — 4*^1 9<^^XOHO H^Xt.-?

1 nX U HZjDD. dx y 7Q77 — 7qR7c;

8 4569. 64 I 25177-47055 3.0 4700. 61 I 21857-43125
10 4571. 68 20519-42387 16 4708. 04 25549-46783
1. 0 4R7^ 1 7

i
971 7A — 49077 471 R 4"^H / X 0. H J 95779 _4A9R9CD 1 1 C HO/Dv

nJ u 7^9"^ — 79471 4 A19% 1

0

H / X U
z 74R'^4 — 4A000^HOJ?H HDUUU

c, u 4^RA 1

4

OD. X H y oqi DA — 4A9n'=; 4 4774 47H # t.H. H^ y 94QQ7 — 4A0=iR

30 4591. 39 7811-29585 4 4727. 15 24200-45349
33763-55517 2 0 4729. 72

4 4600. 10 20519-42252 10 4730! 71 24834-45966
40 4600. 75 8095-29825 12 4737. 35 24897-46000
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X. o zi7zm "^1 91 R41 — A9QnRilXOHX — H^7UO 9AtH ^9A7 RADtH /. 30 77i;i 9Afin9
/ / 3X — DoUii

6 4752. 08 I 33763-54800 5 5254. 92 I 27500-46525
28 4756.11

J

25038-46058 5 5255. 13 I 27935-46959
nH dl(^A 9QH / OH. C 7 9RA'^7 — ZIQA91^OO^ / — HvDtX 1 AX, O c;9Ai 7c;3^DX. /3 CVOCD — HOo^H
1, O d7AA A"^ 9RA7Q — ilQA'^'^ AAHH R9AA 1

R

3C.OH, X3 7R1 1—9 Afln9/uXX — COOVC

^. -3 Alkl RA - 9RAR9 — ZlQARfl^ODO^ H/DDU 9 R9AR 1 A-)^03. X O
_ 97ARn — Af^f^'^yC 1 ODV — HOOJ

1

X o Z17RQ "^9
*T 1 O 7. tU3X7 HXJ?7^ 1X ZJ R9AR 79 7R1 1 _9A7QA

/ oXX — Co lyo
oo t / 7^, UX

d
9t;i HA — ZmQAA^IJXUD — Hj/DD c;979 ni 97Q9n _ AA7H'^C / OcV — Ho 1 OJ

J. u dRm 9c;i 77 —dAnnn 9 ti DC I J, HH 97fl9c; AA7Q7C 1 OCD — HD

/

Oj
q dR9Q "^RHOl. 7. J?

O

9rm94 — 41 99^; Ro h R97t; 1 7 9-2 -inc; _ A99RA
9799^^ — AA1 7AC 1 CCj — HDX/H

L. ^ dR'^A RA ^_JUJ?0 HU / U /

1.4 4861. 20 I 20521-41086 3.0 h 5275. 69 I 23305-42255
6 4861. 84 20524-41086 6 h 5276. 03 23305-42253

ZlR7n RDHO 1 U. O

U

^HOj?H H-3-/-JO 1 AX, o ti9Rn 9Q3<1 OU. <C 7 971 7 A — AA1 noC 1 i. 1 O — HDXU7
% nV. u /IRRc; 7RHOOD. / O

- 9nc;91 —AnQR'^^UI;cX HU70JJ n Ru. o ci9R7 1 Q\jCO 1 , X 7 9779Q — AAA'^ 7CI 1 C7 — HDDj)/

1. D HOO_5. 70 94RQ7 — ^m'^^RtHO / / — HU^DO 9Rc. O '^9QA AQI3t70, 07 7Q97 — 9 ARn9

11 4887. 01 I 24897-45354 6 h 5297. 36 I 23386-42258
1.6 4888. 53 20521-40971 55 5298. 27

J

7927-26796
-5. u 9nc;i 7 — zinQfiA 7 7Q97 — 9 A7RR

/ y c 1 — CO 1 oo
AQOO 97 9t;n'^R — A'^'^AQ£.D\JjO — HD^Hy 1 A c-ifiA 91 C 1 y JD — HO 1 OJ

g /tq-i^ "2-2 9c;i OA — A'^'^^R^DXUD — HO J JO 9 n ci'^l 9 RR3J5X^. OO
_ 97R9n —Akt^'KlC 1 OCU — HOO^ /

6 4942. 50 I 7593-27820 2.0 5318. 78 I 27729-46525
9 4954. 81

J

25177-45354 28 h 5328. 34 23499-42261
% n ZlQAZl Q*^H7DH, yj 7^Q'^ — 9779Q D h11 R'^9Q 1 7DjCym X /

9'^AQQ — A99RRCjHvv — HCCDO
c c;m "^9 91 RZn — A^ 7R9^XOHX — HX / oc. 1 AX. H 11

c.'ZOQ 79DjCy, 1

C

9'^AQQ — A99'^A

11. DUDX. 7U
_

1 Dy J — L. 1 JOC 1 9X. C.
Ei'^An AAJ^HU, HH 97790 _ AAAAQC 1 1 C7 H DHH 7

1.4 5065. 91 I 21841-41575 0. 8 5344. 76 I 27820-46525
3.5 5067. 71

J

21848-41575 65 5345. 81 8095-26796
^. J cn79 QODv 1 L., n c.

7^Q'^ — 97*^(10
/ 37 J — c. 1 JU\J ^9 t^'^AR ^^93JHO. JC RnQc; _ 9 A7R7OU7D — CO 1 0 1

9 c; c;i 1 n 7c; 91 RdR — Zll AClQ^XOHO — HXHU7 9 t^'^RA QRIJJOD, 70 971 lf^ — A^l'\AC 1 i. 1 0 — HD 1 JH

J., -5XXJ. x^ 91 R'^7 — 41 Ar\QC.1.0D 1 — HXHU7 1 RX. o R'^R7 R73PO 1 , D

1

971 A"^ — A'i71 QC 1 LOJ — Hj/X/
1.4 5123.46 I 8308-27820 0.8 5390. 39 I 27176-45722
4 5139. 65 I 27597-47048 3.5 5400. 61 27223-45734
1 9 m ZlZl A7DX HH. 0 /

91 Rc;7 — A^ 9RQc.i.oD 1 — HX^07 1 RX. o c^AfTi nnDH\jD, uu 9799'^ — A'^71 QC 1 CCj HD / X 7

O c;i AA 97jX DO. 977nzi — zi7rmR
L. 1 / UH — H / yjDD 1 9n fiADQ 7Q3HU 7. / 7 R'inR_9A7R7O^UO CO 1 0 1

J. u n;i 77 A"?DX / /, HD 97At;n — ziaqc;q
c. 1 oD\) — HD7J7 1 nX. U RAA9 AljHH^, HX 97RQ7 — ARQAAC 1 Dv 1 HD7DD

6 5184. 59 I 27500-46783 1.6 5463. 97 I 27704-46000
6 5192. 00 I 27382-46637 1.6 5480. 50

{

27817-46058
i. u 3X7^, H7

:|

97t;Q7 — Afyf^Al 9 n i^A9R AAIvO^O, DH 97^07 _ AR'^RRC / Dv / HDJDO
7 DX7D. HH 91 RAR — A^ riRA^XoHO — HXUOD n AU. D ciAA9 "^A 1 (lA — 4RR9A^XXUD HOOcH

D^UU, l7 97'^nn — ziAt;9i;d 1 JVU — HDj^IJ 1 nX. u h11 RAAQ "^1D DH y, J 1
^nOAR — ARAA1J?U7D_^ HOODX

440 5204. 52 I 7593-26802 2. 0 5664. 04 I 27704-45354
700 5206. 04 I 7593-26796 0. 6 h 5681. 20

D^Uo. HH
d;

7^0"^ — 9A7RR
1 Dv J — cD/OO n AU. D 11 RAR9 ARl^DO^. HO JV/OD HOJDv

1. o D^XH. XJ 971 7A — A^'^AQ
c. / X / D — HDJH7 9 n RAQA 7*^DO /H. / J -^1 1 HA — ARAAlJ7XXUO HODDX

9799'^_AA'^AR RAQR "^"^
I3D70,

-
•^l 9Rn _ ARR9A^XtOU — HOO^H

7 5224. 94 I 27825-46959 2.0 5702. 31 I 27817-45349
1. u COO^ QQ 01 Dc;7 /I nQQ"?^lo3 / — HU70^ 1 nX. u c;71 9 AAD 1 i-C, DH ^D3/0 — 3HU/0
1.6 5238. 97 21848-40930 2.0 5712. 78 24282-41782
2.5 5243. 40 27382-46449 0. 6 5719. 82 24304-41782
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Chromium — All Observed Lines

Intensity Wave- Energy Intensity Wave- Energy
and length ^ " Levels and length

pec-
Levels

Character in A in K Character in A ^^^^
in K

0. 6 5746. 43 ][ 28679 -46077 0. 9 h 6882. 38 ][ 27729 -42255
31048 -48445 2. 0 h 6883. 03 ] 27729 -42253

0. 6 5753. 69 [ 36552 -53927 2.5 h 6924. 13 ][ 27820 -42258
1. 0 h 5781. 20 [ 24282 -41575 1. 6 h 6925. 20 ][ 27820 -42256

[ 26796 -44089 3. 0 h 6978. 48 ][ 27935 -42261

0. 5 h 5781. 81 ][ 23934 -41225 1. 2 h 6979. 82 ][ 27935 -42258
[ 26802 -44093 0. 7 7185. 52 31393 -45306

2. 0 h 5783. 11 [ 28679 -45966 0. 6 h 7236. 20 ][ 41393 -55209
[ 26802 -44089 9 7355. 90 ][ 23305 -36896

2. 5 h 5783. 93 [ 26796 -44081 14 7400. 21 ][ 23386 -36896

2 0 h 5785. 00 ][ 26787 -44069 16 7462. 31 ][ 23499 -36896
1. 6 h 5785. 82 ][ 26802 -44081 1. 2 h 7942. 04 ][ 35398 -47986
5 h 5787.99 ][ 26796 -44069 0.5 h 8163.18 ][ 35398 -47645

15 h 5791. 00 ][ 26787 -44051 0.9 8348. 28 ][ 21841 -33816
3.0 6330. 10 ][ 7593 -23386 0. 6 8450. 26 ][ 21841 -33672

1.8 6362. 87 ][ 7593 -23305 0. 3 8455. 24 ][ 21848 -33672
1.8 6661. 08 ]t 33816 -48824 0. 6 8548. 86 ][ 21848 -33542
1.0 6669. 26 ][ 33672 -48661 4 8947. 15 ][ 25039 -36212
0.5 h 6881. 62 ][ 27729 -42256 2.0 8976. 83 ][ 24898 -36034
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COBALT

Co, Z=27, M=58.94, Ratio ^^=0.928
Cu

Co I Normal state of valence electrons 2><P As^ *F4^=0. I.P.= 63438 K
Co II Normal state of valence electrons 3c?* =0. I.P.= 137572 K

References
Wavelengths

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented by references for Co i and Co ii (below).

Classification

:

Co I, H. N. Russell, R. B. King, and C. E. Moore, Phys. Rev. 58, 407 (1940).
Co II, J. H. Findlay, Phys. Rev. 36, 5 (1930); N. E. Hager Jr., unpublished material (1951).

Intensities

:

L. S. Ornstein and T. Bouma, Phys. Rev. 36, 679 (1930).

R. B. King, B. R. Parnes, M. H. Davis, and K. H. Olsen, J. Opt. Soc. Am. 45, 350 (1955).
Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroskopiya 5, 345 (1958).

Relative intensity of cobalt lines observed in an arc of copper containing 0.1 atomic
percent of cobalt

Strong lines of cobalt

Intensity

1300
700
600
550
550

500

460
440
420

420
400
340
320
320

300
300
300
300
280
280

Wavelength
A

3453. 50
3405. 12
3502. 28
3443. 64
3569. 38

3474. 02

3529. 81
3506. 32
3412. 34

3587. 19
3526. 85
3894. 08
3462. 80
3465. 80

3489. 40
3512. 64
3518. 35
3845. 47
3409. 18
3433. 04

Spectrum Energy levels

K

3483-32431
3483-32842
3483-32028
4143-33173
7442-35451

0-28777
4690-33467
4143-32465
4143-32654
4143-33440

8461-36330
0-28346

8461-34134
5076-33946

0-28845

7442-36092
4690-33151
8461-36875
7442-33440
4143-33467
5076-34196

Term combination

4si b <F4H-
4si b <F4H-
4si b ^Fty,-
4si b
4si a 2F3M-

4s2 a 4F4H-
4s' b ^F2H-
4si b *F3H-
4si b *F3H-
4si b ^F3H-

4s' a 2F2H-
4s2 a ^F4H-
4s' a 2F2H-
4s' b 'Fiy,-

4s2 a 4F4H-

4si o 2F3H-
4s' b ^F2H-
4s' a 2F2K.-

4s' a ^F^y,-

4s' b *Fiy,-

4s' b *Fiyi-

-4p' y *GlH
-4p' y *Fly,

-4p' y <Di^
-4p' y *G5h
-4pi

y 2F|h

-4p' z *F'3H
-4p' y «F§^
-4p' y ^GSh
-4p' y *Dl^
-4p' y 2G3h

-4p' y 2F§H
-4p' Z *Fly^

-4p' y 2G|h
-4p' y 'Fly,
-4p' z *Gly,

-4p' y 2DiH
-4p'2/<D!h
-4p' y 2DfH
-4p' y ^GlH
-4pi

y «F§H
-4p' y *Fly,
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Cobalt — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

? nc, u 2174 ftfl T Q —45971 4 237(1 TX 81 ft — dOQRRolo — H^. 700
3. 0 2245. 13 II 4029-48556 3 0 h 2371. 44 I 17234-59389
1.6 2268. 17 I 4143-48217 ft 2371. 86 I 1407-43555

2274 49 TX n —43952 1. 6 2372 R3 T
X 1 AIM — A'^Ci'io

227ft 53 TX 2.5 cj 1 J, JO TX

2283 52 TTX X 4029 — 47807 3 0 237R 18CJ 1 D, XO TTX X AQcin — AVO'^QHvDyJ — t/UPV
1.6 2284. 85 I 816-44568 4 2377. 22 I 5076-47129

26 2286. 16 II 3350-47078 38 2378. 62 II 3350-45379
2287 81 TX 41 43 — 47fl39 28 23R(1 4R TX 81 ft — 4281 1

2291 4ft TX 4ft90 — 4831

7

3. 0 2381 7'i T TX X

2 0 2292 00 TTX X 17772 — ftl 388XI 1 It- \J X ^ \J\J 36 23R3 4ftCJOJ^ *tO TTX X

2. 0 2293. 39 II 4561-48151 28 2384. 86 I 0-41918
2. 0 2295. 23 I 0-43555 20 2386. 36 II 4561-46453
1 ft 2296 05 TX 507ft — 48ftl ft 3.0 23R7 4ft TX AAQO — 4ftRft3

229ft 71 1X 4690 — 4821 7 70 238R 92 TTX X "^-^cin — Ac;i 08

1 ft ?303 97 TX 3483 — 4ftR73 14 2389 R4 TTX X iiQKn — AA7aft

2.5 2304. 18 I 816-44202 3 5 2391. 37 I

3.0 2305. 18 I 816-44183 5 2392. 60 II
2307 8ft TTX X 4029 — 4734ft 5 o-ig^ on TTX X 4^ftl — 4ft321

2309 02 TX 3. 0 h 2397 (13 TX

1 ft X X* yj u TTX X 45ftl —47807 14X~ 2397 39 T T
X X 981 —m m 970X^ — DLDxC

16 2314. 05 II 4950-48151 1 4 2400. 84 I 4690-46330
13 2314. 98 II 5204-48388 28 2402. 06 I 816-42434
A 231ft 1ft TX 1 407 — 44'ift8 2402 1

7

TX 1 809 —4342ftXOUy H^H^O
231ft 8ft TX 1 4(17 — 44'i'ift 10 2404 17 T TX X ^204 — 4ft78ft

2323 14 TX 81 ft — 43R4ROXU 'T^OtO 3 0 240ft 27 TX 41 43 — 4^ft88HXH^ HZ3DOO
8 2324. 32 II 4029-47039 140X~ w 2407. 25 I 0-41529
6 2325. 55 I 1407-44394 7f 2407. 67 II 10708-52230
Qo 232ft 14 TTX X 4'iftl — 47^137 8 2408 7R T TX X HyjU HOHjP
QO 232ft 4R TTX X 6 241 0 Rl^tXU. 3X TX 1 403ft — ciciciOQXHU^O _?»3_3U7

1 ft 2329 10 TTX X 1 R338 — ftl 2ft0 140 241 1 ft2^HX X. \JC TX 81 ft — 422ft9

6 2330. 35 II 4950-47848 42 2412. 76 I 1809-43243
16 2335. 99 I 1407-44202 3 0 2413.19 I 5076-46502
Qu 2337 94 TTX X 3.0 241 3 fi8fc.HX J?. _^o TX XH^yy ZJ^OX/

^ u 2338 ft7 TX 1 809 — 445i;ft 14 2414 Oft TTX X 4'iftl — 4R972

u 2339 05 TX 81 ft — 43555 140 241 4 4ft TX 1 407 — 4281

1

8 2344. 26 II 5204-47848 140X T W 2415. 30 I 1809-43200
8 2346. 16 I 816-43426 4 2416.90 II 11322-52684

2347 39 TTX X 4950 — 47537 4 241 7 05 TX

2350 28 TX 4ft90 — 47225 28 ITX X 40?Q_45'^79

TX 1 4(17 — 43922 20 ^ "TX / » X t-
TX

22 2352. 85 I 3483-45971 3 5 2420. 73 II
30 2353. 42 I 816-43295 ft 2422. 56 I 13796-55061

TTX X 45ftl —47039 3.5 2423 ft2 TIX X 5204 — 4ft453

g 23R'i 48 TX 1 407 — 43848 1 30 2424 93 TX \j *tX&.^0

QO 23^S 1

R

Cj^Om X O TX 1 8(19—442(12XOU / HH^U^ 2.0 OAOC. CO
^H^Z?. 7 TX *tD/U •tJ /UJ

1.6 2361. 53 II 5204-47537 5 2427. 00 I
^nj\) 23ft3 7Q T T

1 X 3.5 2428 29^*Tt.O. t7 T TX X HUty *T-JX /O

15 2365. 07 I 0-42269 13 2428. 60 I

6 2369. 68 I 4143-46330 3. 5 2429. 23 I 816-41969
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Oib — 4i7io 1 niU OCA A Q

A

^d44. ob A'X Al AtAOL.4145 — 454Ab
26 2435. 09 I 1.2 2546. 74 II 24412-63665
25 2435. 83 0-41041 18 2548. 34 I 7442-46672

iUU c.H^O, DO •\ A^~l A") A'XAi4U / — 4^:4^4 1

0

OCAQ ir\ 1/107 A n AOOi4U / — 4ubAA
T T
1 1 /IQcn /1CQ70473U — 437

/

L 1 0 0 c ci nn /lAOn /IIQ/IQ4byU — 45o4c>

on T OnQ /I 07Q7I0U7 — 441 /7 /
1 Alb 0 CCJ 17 A'X A1 /IIOQC4145 — 45a7D

20 2441. 05 I 17234-58187 16 2555. 07 I 5076-44202
2.5 2449. 16 II 4561-45379 10 2556. 76 4143-43243

^HDU. uu T T 1 n 7n B CI CI 0 1 01/1 OCCQ /1

1

dDDy, 41 T T11 1 1 100 cniBO115aa — dU5oa
i u JHOJ — 4410^ cn OCAO 1

C

1 Qno /I nflonI0U7 — 4UoAO

1. /I
1 CI RA CCQ1 QiD104 — DO 01

7

1 Alb OC.i^A n/i^3b4. U4 T T
1 1 1 n7n B A Q AQBlU / Uo — 47b70

20 2460. 81 I 1809-42434 60 2567. 35 1407-40346
2.5 2462. 12 13796-54399 5 2572. 24 4690-43555

4l40^. Io 1 AOl — AT QB"?i4U / — 4170^ cp. 3 0C71 AnCD 1 J, 4U A AQn A ICIB4b7U — 45350
4:'tt)4.

T T
I I QQl "1 cn'lQOyol J DU^OC A n4. U 0C7'2 C/lCD 1 J, DH AT A1 /lOQBB4lH 5 — 4a700

o nCm U CHOH, OC 1 yi 07 Al QAQitU / —myoy cn OCIA 1CA3 / 4. ^0 B1 A 1QAAQolb — 57b47
12 2467. 69 I 1407-41918 1.8 2574. 86 II 13405-52230
20 2470. 28 3483-43952 1.8 2575. 73 1809-40622

Ol A Ai OOA An4U ocBn 11 T T
1 1 Qflll /IQCCA7ol5 4o33b

U OAIU UA "iAQI A1DAQJHOJ — 4^C34d 0 OCBn BAaDOU. o4 /I AQn /1 1/1 OA4b7U — 454Ab

io Al A% — AA'^QA414^ — 44^74 1 Alb OCflO OAADOA. a4 T T
1 1 1 1 100 cnn "J A115AA — 3UU5b

1.2 2485. 36 II 9813-50036 6 2585. 34 8461-47129
4 2486. 44 II 10708-50914 16 2587. 22 II 10708-49348
1 n^. u d.'\yj, yj QAA1 —ABCAAo4bl — 40D4b Q0 ocon cQA37U. Dy 7AA0 AAmO

/ 44a — 4bU5A
cD "iAQA TX ^/l Q-j /I -a CCC D OCQl AQa371. b7 AAOn A10AA4b7U — 45Ab4

ib 4l47D. DO A'\ A'X AAOCiO414J — 44^:11^
A4 OCQ/1 1 AAD74. lb 1 BnQ /I n "j/i AI0U7 — 4U54b

16 2496. 71 J 4143-44183 3.0 2600. 98 J 3483-41918
1.2 h 2500. 50 5 2606. 12 5076-43436
1 o1. ^ iidU<i. 4:0 lAAO — AI'XQA

/ 44^ — 4 1 jyH 0 n OAT n 7AAblU. /b AT A 1 /I 0/1 1A4145 — 4a454
o /I <:3U4. D^:

•i yiQ-j A'llQOjHOj Hjjyy OA! 1 AQAbl^. 47 T T
1

1

OC nA A

u

T T11 QQl % AQAQfi7di^ — 47b7£5 /I4 OAT A 1 -1Abl4. 15 1 A n 7 1Q A/IQi4U / — 57b47
15 2506. 88 4690-44568 8 2614. 36 II 17772-56011
12 2507. 68 I 4690-44556 6 2616.26 I 8461-46672
on OCT 1 nocoil, Uc 4 OAl 7 BAAbl /. ob Cn7A /IIOA/IDU / b — 45Ab4
1. ^1

0 CI 0 /incoLc, 4U T T
1 1 OAn7C A'^BAC c OAOO nAAbAA. Ub A 1 A 1 /1 00 AQ4145 4a Ab7

OCT 0 on 7/1/10 A700C
/ 44^ — 4 / c.£.D c OAOO A'XAbAA. 4J AAOn AOfll 14b7U — 4a011

5 2513. 12 4143-43922 14 2627. 64 I 3483-41529
36 2517. 87 4690-44394 7 2632. 24 II 18032-56011
Id OCT Q QO T T11 1 n7nB cn'iflolU /Uo — DVjOC n Ot^AA 7BAb44. 10 BAAl AAOAno4bl — 4bAbU

loU 0 C 0 T 1L.colL, 3b n "ZQAAQU — ^ 7b47 1 Alb OAAA AOAb4b. 4a AT A1 AT Ql B4145 4I7IO

^t)<:4. 7b T T11 ^ 1 100 cnQi

A

An4U OAAB AA^b4o. b4 •j/l O"! /n OOA5405 4iAAb
48 2528. 62 II 9813-49348 4 2649. 94 I 8461-46186

120 2528. 97 I 816-40346 5 2650. 27 5076-42797
2b30. 13 AAQn AAOnO4b7U — 'fHcvc Q0 OAAI CIAbb^. dj T T11 QB1 1 A71/1 A70l5 — 4 / 54b

36 0 C '2 0 1 Q cn7A AACCADU /b — 44DDb A0 0A7C QflAb / D, 70 Cn7A AOAt.ADU / b — 4a454

2. 5 0 C^ C ^

A

^:b3b. 3b 1AAO AUQ~I%
1 HHd — 4bt3 / ^ A0 0A7Q 7AAb /7. 10 BAAl AC,~I U~Io4bl — 43 / b /

120 2535. 96 I 1407-40828 9 2685. 34 4690-41918
JO A1 A"^ — A*^CCCHXH^ *Tj?:/J-P OAQA AB T T 1 nvnft — A7Rn7
8 2541. 94 II 10708-50036 10 2695. 85 4143-41226

90 2544. 25 1809-41102 3.0 2705. 85 13796-50742
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1 n 9A HL.O u ^1 ci4 AR 1 AA71 — AQ^ AnXOH / X — HoXoU
7 2731. 12 I 16471-53075 3154. 79 I 15184-46873

12 2740. 46
J

7442-43922 22 3158. 78 816-32465
1 n 1 A77R — ^"^l 9A Q0 ^1 77 97J X 1 1 9 c. 1

c;
-J

Q0 "^1 RR "^7JXOO. J 1 1 t;774 — 471 9QXD / /H — H / X^.7

- in y A0 ^^X 7. X D
_

R1 A — "^1 R71OXD — ^Xo IX

7 2766. 22 I 17234-53374 8 3232. 87 I 16471-47394
7 2778. 82 15184-51160 14 3243. 84

J

15184-46003
9 n / /O. c; n7A — dnR9fl 1 AX D ^947 1 RJ 1 , X 0 XUXoH — HD7/X
J, u 9797 OR R4A1 —44909 94 "^9^4 91JC.J'^t L.X 1 t;i fl4 — 4c^9nt^XDXOH — HD 7UD

i;D PRIT^ 77 AAQn — 4n'^4A 1 AX 0 '^9An R9 1 A471 —471 99X DH IX — H/X^7
8 2815.56 I 4143-39649 8 3271. 78 I 15774-46330
1.2 2820. 01 8461-43911 32 3283. 46 16778-47225

98*^7 1 ^L.O J / . JL ±0/ /O -J^UX't '^9R7 1 QJ CO 1 1 X 7 1 ^11A — 4A1 RAXj 1 1 H — HDXoD
n R4A1 Q0 Jjyj 1 1 x-J 1 ti774 — 4Ann'^Xjl IH HDUUJ

AH 9fiA9 AT 1 407 — A'^i'^n 1 9X ^ 4 nR-JVXH. UO 1 40"^ A — 449n9XHUJO — HHtU^
1.4 2872. 50 I 8461-43264 15 3319. 48 I 23612-53728

10 2886. 44 816-35451 15 3322. 20
J

16471-46563
1 A471 — RnQ4R 1 9X L.

"^"^9^ 94 1 Al 9A — 4A9An
9Qn"^ 9n 1 A4AR — ^nQO"^ 99 JJC.O% 77 9'iAI 9 — c;*^ AAn

5 9Q97 A7 1 A77R — 'in99t^XQ/ /O JU7£-J 44 JJJ^» XH y •^AB7 — '^'^Z1A7

1.6 2928. 81 I 0-34134 12 3339. 78 I 23856-53789
5 2929. 51 16468-50593 10 3342. 73 16778-46685

9QR7 AS XO 110 D\J^ 1 7 1 9X c ^'?4A 94J7^HO« 7H L.JOJO J J 1 CD
JO 9qR7 1 A^ 70 / . J.

0

n — '^^4A7 7 PJJHO. XX y 1 A471 — 4A'^'^nXDH / X HDP^U

J? O 9Q0Q cq^ /O /. 37 n — '^'^44n JO -?-?-JH. ^0 y 41 4"^ — '?'^94AHXH^ JJvHO
1.6 2995.15 I 17234-50611 7 3361. 56 I 24628-54367
6 3000. 55 816-34134 7 3362. 80 24628-54356

'^m'^ An U J J X 1 J ^ 0 J JO 1 m XX JH\JJ J J X 1 J

J U J. 1 % DD Q1 A — '^'?94Aox 0 J J 7tO 7 J'-/ / yJm JJ y HU7U JHJJC

AD ^n9A %i 1 ^1 R4 — 4R91 7 7 ?'?7^ 9"?JJ 1 J% c-J y 1 R'?9n — 4Rn9A
3.0 3034.43 I 1407-34352 60 3385. 22 I 4143-33674

11 3042. 48 816-33674 70 3388.17 4690-34196
1 AnJ.OU n — '^9R49 1 4nX *T U

•a-iQC -20JJyJt JO 4A9n — "^41 "^4t(J7U JHXJH
1 4n7 — "^41 QA 7nn/ u u J7HU-^. X^ y '^4R'^

— '^9fi49-/HO^ ^^0*T£i

LD •inAn n^ -
1 =;774 — 4R444 9Rn^ 0 u ^409 1 RJ'tU 7. X 0 y 41 4"^ — ^^4A7

90 3061. 82 I 816-33467 420 3412.34 I 4143-33440
2.5 3062. 20 816-33463 140 3412. 63 0-29295

•3inA/i "^7 Q1 A — '^'^44nOxD — J JHH\J "^9JC ^41 4 74^HXH. / H c;n7A — '^4'^R9J\J 1 0 J"tJJC

'+C5
1 4n7 — ^^Q4A 1 7nX / u "^41 7 1 AJ?HX / • X 0 y 4.A9n — '^'^94A

^009 A9 1 4XH ^494 ^^JHCHm JX y 1 A77R — 4'S971

42 3086. 78 1809-34196 5 3428. 23 I 24628-53789
17 3089. 60 816-33173 160 3431.58 816-29949
1 A ^nQR 9n 1 4n7 — '^'^A74XHU / — JJO 1 9Rn JHJJt UH 507A — 3419^1

i /
•311 91 AO n — "^9098 JHJ/O, yX y 9A45fl — ^15591t.OH-^U JJJCX

D 91 1^7 R1 A — '^9R49ox D — JCOHl. 1 nnX u u ^449 Q-x^HHt. 7^ y 1 407 — "^0444

22 3137.33 I 1809-33674 550 3443. 64 I 4143-33173
1 /

*11 "JQ QA R1 A — '^9Afi40X0 — JCODH 7 '?44A 09

26 3147. 06 1407-33173 260 3449.17 4690-33674
6 3152.71 16196-47905 130 3449. 44 3483-32465
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1300 3453. 50 I 3483-32431 11 3611. 70 T 18775-46455
65 3455. 23 I 1809-30743 4 3615.39 I 15774-43426
7 3456. 93 I 816-29735 2. 5 3620. 43 18390-46003

19 3461. 18 I 25569-54452 2. 0 3624. 33 \ 14399-41983
320 3462. 80 I 5076-33946 4 3624. 96 T 5076-32654

320 3465. 80 I 0-28845 55 3627. 81 J 4143-31700
6 3471. 38 I 25569-54367 8 3631. 39 I 816-28346

500 3474. 02 I 0-28777 7 3632, 84 23184-50703
4690-33467 8 3634. 71 \ 23208-50712

4 3478. 56 I 18390-47129 4 3636. 72 J 15774-43264

6 3483. 41 I ^YiVh-'bl^M 11 3639. 44 T 15774-43243^ wit 1 Urn * ^

24 3485. 37 I 25139-53822 7 3641. 79 I 16471-43922
300 3489. 40 I 7442-36092 8 3643. 18

J

16471-43911
6 3490. 74 6 3647. 66 1809-29216

30 3491. 32 I 1809-30444 10 3649. 35 J 23184-50579

150 3495. 69 I 5076-33674 8 3652. 54 T 1407-28777
30. 3496. 68 I 4143-32733 3.5 3654. 45 I 15774-43130

600 3502. 28 I 3483-32028 3. 0 3656. 97
\

4690-32028
36 3502. 62 I 1407-29949 15 3662. 16 18390-45688

440 3506. 32 I 4143-32654 14 3676. 55 T 23184-50376

180 3509. 84 I I'^b^^-'h'bYl'h 20 3683. 05 J 16778-43922
90 3510. 43 I 816-29295 4 3684. 48 I 16778-43911

300 3512. 64 I 4690-33151 3. 5 3690. 72 16468-43555
240 3513. 48 I 816-29270 12 3693. 11 \ 16778-43848
300 3518. 35 I 8461-36875 12 3693. 48 J 16471-43538

20 3520. 08 I 816-29216 15 3702. 24 J 23208-50211
170 3521. 57 I 3483-31871 36 3704. 06 I 8461-35451
240 3523. 43 I 5076-33449 3. 0 3707. 47 16471-43436
400 3526. 85 I 0-28346 12 3708. 82 \ 16471-43426
170 3529. 03 I 1407-29735 2. 5 3712. 18 J 16468-43399

460 3529. 81 I 4143-32465 1. 2 3726. 66 T 13796-40622
120 3533. 36 I 1809-30103 15 3730. 48 I 15184-41983
17 3543. 26 I 15184-43399 20 3732. 40

\

15184-41969
6 3548. 44 I 13796-41969 10 3733. 49 16778-43555

34 3550. 60 I 1407-29563 5 3734. 14 J 16471-43243

6 3552. 99 I 15774-43911 8 3735. 93 J 16778-43538
6 3558. 78 I 4690-32782 12 3745. 50 I 7442-34134

70 3560. 89 I 5076-33151 6 3749. 94
J

16471-43130
55 3564. 95 I 4690-32733 2. 5 3751. 63 16778-43426

550 3569. 38 I 7442-35451 2. 0 3754. 35 T 20501-47129

100 3574. 96 I 4690-32654 6 3755. 45 T 16778-43399
160 3575. 36 I 816-28777 1.4 3760. 39 I 14036-40622

3 3578. 08 I 18390-46330 3.0 3774. 60
\

16778-43264
3 d 3578. 90 I 14036-41970 1. 6 3777. 54 16778-43243

3579. 03 I 14036-41969 3. 0 3808. 11 J 3483-29735

65 3585. 16 I 4143-32028 3. 0 3814. 46 J 15774-41983
420 3587. 19 I 8461-36330 6 3816.33

\

15774-41970
120 3594. 87 I 1407-29216 5 3816. 47 15774-41969
100 3602. 08 I 1809-29563 2.5 3841. 46 7442-33467
50 3605. 36 I 4143-31871 60 3842. 05 7442-33463
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300 3845. 47 J 7442-33440 2. 5 4052. 92 J 28845-53512
28 3861. 16 I 8461-34352 1.2 4057. 20 I 1809-26450

240 3873. 12 3483-29295 3. 5 4058. 19 4143-28777
120 3873. 96 \ 4143-29949 3. 5 4058. 60 \ 16196-40828
12 3876. 84 J 3483-29270 15 4066. 37 J 7442-32028

* 34 3881. 87 J 4690-30444 6 4068. 54 J 15774-40346
5 3884. 62 I 8461-34196 12 4086. 31 I 15184-39649
2. 5 3885. 29

{

7442-33173 36 4092. 39 7442-31871
1.2 3892. 12 20501-46186 1.4 4104. 75 \ 18775-43130
1. 2 h 3893. 07 J 18775-44455 24 4110. 54 J 8461-32782

340 3894. 08 J 8461-34134 120 4118. 77 J 8461-32733
24 3894. 98 I 5076-30743 190 4121. 32 I 7442-31700
1. 2 3898. 49 15184-40828 1.2 4158. 42 23184-47225
1.2 h 3904. 05 { 28845-54452 2.0 h 4162. 17 \ 28845-52864
6 3906. 29 J 4143-29735 1. 2 4187. 25 J 16471-40346

7 3909. 93 J 0-25569 4 4190. 71 T 0-23856
6 3917. 11 I 18390-43911 1. 0 4234. 00 I 0-23612
3. 5 3922. 75 8461-33946 2. 5 4252. 31

\

816-24326
1.4 3925. 16 \ 21216-46685 1.0 4285. 79 1407-24733
1. 2 h 3929. 25 T 28346-53789 1. 0 4331. 24 J 27497-50579

1. 4 3933. 91 T 4690-30103 2. 0 4339. 62 J 20501-43538
65 3935. 97 I 7442-32842 1. 0 4371. 13 I 16778-39649
7 3940. 89 5076-30444 1. 0 h 4373. 63

\

28346-51204
11 3941. 73 \ 3483-28845 0. 8 4391. 57 24326-47091
9 3945. 33 T 7442-32782 1. 0 4417. 40 J 24733-47365

2. 0 3952. 33 J 3483-28777 0.8 4421. 34 J 23612-46223
16 3952. 92 I 7442-32733 0.7 4431. 62 I 23208-45767
9 3957. 94 4690-29949 0. 8 4445. 72 25041-47528
2. 0 3961 00 \ 21216-46455 2.5 4466. 89 \ 24326-46707
4. 5 3969. 12 T 20501-45688 4 4469. 56 J 23856-46223

3. 5 3972. 53 T 28346-53512 1.6 4471. 55 J 24733-47091
4 3973. 15 I 15184-40346 0. 9 4478. 32 I 25041-47365
4 3974. 73 4143-29295 0. 8 4483. 93

\

25233-47528
1.2 3977. 18 \ 18775-43911 0.7 4494. 76 28471-50712
6 3978. 66 T 4143-29270 1. 6 4517. 11 J 25233-47365

5 3979. 52 T 816-25938 10 4530. 96 J 23612-45676
2. 0 3987. 12 I 4143-29216 3. 0 4533. 99 I 25041-47091
3. 0 3990. 30 15774-40828 2. 5 4543. 81

\

21920-43922
3. 0 3991 54 29270-54316 4 4549. 66 24733-46707
3. 0 3991 69 T 4690-29735 6 4565. 59 J 24326-46223

2. 0 3994 54 T 5076-30103 0. 7 h 4570. 02 J 29295-51170
260 3995. 31 I 7442-32465 0. 7 4580.14 I 7442-29270
42 3997. 91 8461-33467 8 4581. 60

\

23856-45676
3.0 4013 94 16196-41102 1.6 h 4594. 63 29295-51053
1. 0 4019 30 J 4690-29563 1.6 h 4596. 90 J 29295-51042

15 4020 90 J 3483-28346 0.6 4623. 04 J 25740-47365
1.0 4023. 40 15774-40622 0. 8 h 4625. 78

\

29949-51561
3.0 4027. 04 \ 1407-26232 5 4629. 38 24628-46223
4 h 4035. 55 28845-53618 7 4663. 41 25269-46707

16 4045. 39 8461-33173 4 4682. 38 25740-47091
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Cobalt — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3.5 4693. 21 I 26063-47365 0.9 5332. 67 I 28777-47524
0.9 4698. 38 I 26250-47528 0.9 5333. 65 I 32431-51174
0.7 'Mel, 94 3483 —24628 0.9 C^l A OA5334. 84 32431—51170
0.6 4734. 83 \ 26250-47365 1.4 h 5341. 33 \ 33440-52156
4 4749. 68 I 24628-45676 o 5342. 71 I 32431-51143

0.7 4754. 36 I 26063-47091 3.0 5343. 39 I 32465-51174
0.9 4768. 08 I 25740-46707 0.8 5347. 49 I 33467-52162
3.0 4771. 11 25269—46223 0. 8 5349. 09 33467 — 52156
3.0 4776.32 \ 26598-47528 6 5352. 05 \ 28845-47524
4 4780. 01 I 26450-47365 3. U 5353. 48 I 33440-52114

9 4792. 86 I 26232-47091 1.6 5359. 18 I 33467-52121
6 4813. 48 I 25938-46707 2.5 h 5362. 77 I 34134-52775
8 484U. 27 25569 — 46223 4 536?. 5o 14036 — 32654
0.9 4843.46 { 26450-47091 0.7 5381. 10 \ 15774-34352

1 "7
1 / 4867. 88 I 25139-45676 i. u n 5381. 75 I 34196-52772

1..6 4882. 72 I 26232-46707 1.6 h 5407. 51 I 33674-52162
1.2 4899. 52 I 16471-36875 0. 8 h 5436. 99 I 33173-51561
1.2 5108, o9 31700 — 5126o 2.5 h C A A A C *7

5444. 5

/

32o42 — 512U4
2.0 5122. 77 \ 29563-49078 0.8 5452.30 \ 30743-49078
1. o 5125. 69 I 31700-51204 2. U n 5454. 56 I 32842-51170

2.0 5126. 20 I 29216-48719 0.8 5469. 30 I 15184-33463
2.0 5133.45 I 31700-51174 1.0 5470. 46 I 30444-48719
4 5146. 74 28777 — 4o202 1.0 c yi "7 "7 no 2V747 — 4o2U2
2.0 5154. 05 \ 31871-51268 5 5483. 34 \ 13796-32028
i. u 5156. 34 I 32733-52121 1. u 5483. 96 I 29295-47524

2.5 5176. 08 I 16778-36092 0.9 h 5489. 65 I 32842-51053
6 5212.71 I 28346-47524 0.5 5495. 67 I 27497-45688
6 5230. 22

\

14036 — 33151 1.4 5523. 29
\

18775 — 36875
5 5235. 21 17234-36330 0. 8 h 5524. 98 33173-51268
o 5247. 93 J 14399-33449 2. U 5530. 77 I 13796-31871

1.2 5250.00 J 33674-52717 0.4 5558. 82 I 28471-46455
1.0 5254. 65 I 32028-51053 1.8 5590. 73 I 16471-34352
2.0 5257. 62 32028 — 51042 0.7 h C / O / TO5636. 12 33463 — 51201
1.0 5265. 82 \ 29216-48202 2.0 5647. 22 \ 18390-36092
3. 0 5266. 30 I 29735-48719 n /IU. 4 5659. 11 I 16468-34134

5 5266.49 I 16468-35451 0.5 5830. 08 I 28777-45925
3.0 5268.52 I 30103-49078 1.4 5890. 48 I 16468-33440
2.0 h 5276. 19 33173 — 52121 1.4 5915. 54 17234 — 34134
5 h 5280. 65 \ 29270-48202 0.7 5935. 39 } 15184-32028
1. 0 5283. 49 I 33173-52095 U. b 5946. 49 I 29563-46375

0.8 5287. 57 J 29295-48202 0.8 h 5984. 08 J 14036-30743
0.9 5287. 81 I 32654-51561 2.0 5991. 88 I 16778-33463
3.0 com n /5301. 06 13796 — 32654 1.0 / n n A z. "7

6000. 67 27216 — 45o/ /

0.5 5310.20 { 33946-52772 0.7 h 6006. 36 \ 35451-52095
2. 0 h 5312.66 J 33946-52764 0. 7 h 6007. 67 I 36330-52971

1.2 5316.78 J 32465-51268 0.7 h 6049. 10 I 36330-52857
0.4 5321. 72 33674-52460 2.0 6082. 44

\

28346-44782
1.8 h 5325. 28 \ 32431-51202 0. 8 6086. 65 27497-43922
0.6 5325. 95 33946-52717 1.4 6093.13 14036-30444
2.5 5331. 47 14399-33151 1. 0 6116.98 14399-30743
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Cobalt — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Charactei

Wave-
length
in A

Spec-
trum.

Energy
Levels
in K

1. 0 6122. 65 J 28777-45106 1. 2 7457. 36 J 31700-45106
1.4 6189. 00 I 13796-29949 0.4 7533. 48 I 32654-45925
0. 8 6230. 97

\

14399-30444 1. 0 7553. 99 31871-45106
1. 0 6249.51 16468-32465 0. 3 7564. 96 \ 39649-52864
0. 7 n 6257. 58 I 29949-45925 0. 5 7586. 72 J 23153-36330

0.6 6273. 03 J 32782-48719 0.4 h 7590. 57 J 16778-29949
2. 0 6282. 63 I 14036-29949 0.8 h 7606. 30 I 32782-45925
0. 7 6320. 41

}

35451-51268 0. 8 h 7610. 24 21216-34352
0.7 h 6347. 83 35451-51200 1. 8 7712. 68 \ 20501-33463
0. 6 6395. 20 J 30743-46375 0.5 7734. 23 J 33449-46375

1. 0 6417. 82 J 18775-34352 0.4 7743. 27 J 31871-44782
0.6 6429. 91 I 17234-32782 1.2 7838. 17 I 32028-44782
5 6450. 24

J

13796-29295 0. 5 7840. 05 33173-45925
2.5 6455. 00 29295-44782 0. 4 7855. 85 \ 33151-45877
0. 9 h 6477. 88 J 30444-45877 0. 3 7869. 90 J 33173-45877

0.7 h 6490. 34 J 16468-31871 0. 3 7871. 39 J 33674-46375
0. 4 6551. 44 I 15184-30444 1.6 7908. 71 I 32465-45106
1. 8 6563. 42 16468-31700 0. 6 7926. 55 34134-46746
0. 8 6595. 90 } 29949-45106 2. 0 7987. 38 J 16778-29295
1. 8 6632. 44 J 18390-33463 3. 0 8007. 27 J 33440-45925

0. 6 6678. 81 J 15774-30743 0. 6 8022. 13 J 33463-45925
2. 0 6771. 06 I 15184-29949 0.8 8029. 26 I 32654-45106
2. 5 6814. 94

J

15774-30444 1. 2 8043. 33
\

33946-46375
2.5 6872. 40 16196-30743 1.4 8056. 06 33467-45877
0. 5 6937. 81 J 21920-36330 0. 3 8066. 49 J 34352-46746

2. 0 7016. 61 J 16196-30444 2. 0 8093. 96 J 32431-44782
0. 9 7027. 81 I 31700-45925 0.4 8116. 41 I 32465-44782
5 7052. 89 15774-29949 0. 3 8152. 11

\

32842-45106
1. 2 7054. 04 21920-36092 1. 0 8193. 03 33674-45877

11 7084. 99 J 15184-29295 0. 8 8208. 66 J 34196-46375

0. 9 7113. 56 J 31871-45925 2. 0 8372. 84 J 32842-44782
0. 8 7134. 32 I 32733-46746 0.7 8378. 39 I 33173-45106
1. 0 7154. 71 16471-30444 0. 4 h 8574. 57

{

21780-33440
1. 0 7159. 18 \ 32782-46746 1. 0 8575. 35 22475-34134
0.5 7193. 60 J 32028-45925 0. 3 8586. 74 J 33463-45106

0. 7 7285. 28 23153-36875 0. 8 8589. 73 33467-45106
0. 8 7354. 59 15184-28777 0.4 8661. 09 21920-33463
1. 2 7388. 70 21920-35451 0.7 8819. 15 41529-52864
1.8 7417. 38 16471-29949
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COPPER
Cu, Z=29, M=63.54, Ratio ^^=1.000

Cu
Cu I Normal state of valence electrons 3c?i°4si 2So^=0. I.P.= 62317 K
Cu II Normal state of valence electrons 3c?i° ^So =0. I.P.= 163666 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York, 1939).

Classification

:

Cu I, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A] 341, 297 (1948).

Cu II, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A] 335, 195 (1936).

Intensities

:

R. B. King and D. C. Stockbarger, Astrophys. J. 91, 488 (1940).

G. D. Bell, M. H. Davis, R. B. King, and P. M. Routly, Astrophys. J. 137, 775 (1958).

Relative intensity of copper lines observed in an arc of silver containing 0.1 atomic
percent of copper

Strong lines of copper

Intensity Wavelength Spectrum Energy levels Term combination
A k

5000 3247. 54 I 0-30784 3di»4si 2SoH—3di<'4pi ^PiH
2500 3273. 96 I 0-30535 3dMs' 2SoH—3rf'»4p> ^PoH

Copper — All Observed Lines

Intensity
and

Character

wave-
length
m A

Spec-
Energy
Levelstrum m K

Intens ity

and
Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

3.5 1999. 69 IT 21929-71920 24 2961. 16 I 11203-44963
2.0 2024. 34 0-49383 4 2997. 36 I 13245-46598
1.5 2035. 84 II 23998-73102 7 3010. 84

{

11203-44406
2.0 2037. 12 II 22847-71920 6 3036. 10 13245-46173
AH II 21929-70842 n

*t

1.5 2112. 09 II 26265-73596 2. 5 3093. 99 11203-43514
6 2135. 98 II 21929-68731 8 3194. 10 13245-44544
2.0 2138. 53 11203-57949 2.5 3208. 23 13245-44406
6 2165. 09 0-46173 5000 3247. 54 0-30784
8 2178. 94 0-45879 2500 3273. 96 0-30535

6 2181. 72 0-45821 4 3279. 82 13245-43726
2.0 2192. 26 II 22847-68448 8 3307. 95 40909-71131

10 d 2199. 58 11203-56651 7 3337. 84 11203-41153
2199. 75 13245-58691 3.5 3599. 13 43514-71291

4 2214. 58 11203-56344 3.5 3602. 03 43514-71268

3. 5 2225. 70 0-44916 2. 0 h 4022. 63 30535-55388
8 2227. 78 13245-58119 4 4275. 11 39019-62403

10 2230. 08 11203-56030 2.0 4530. 78 30784-52849
4 2247. 00 II 21929-66419 8 4651. 12 40909-62403
5 2293. 84 11203-54784 40 5105. 54 11203-30784

2.0 2369. 89 II 26265-68448 20 5153. 24 30535-49935
6 2441. 64 0-40944 100 5218. 20 30784-49942

36 2492. 15 0-40114 16 5220. 07 30784-49935
40 2618. 37 11203-49383 4 h 5292. 52 43514-62403
5 2700. 96 II 73353-110366 10 5700. 24 13245-30784

8 2766. 37 13245-49383 40 5782. 13 13245-30535
50 2824. 37 11203-46598 20 7933. 13 30535-43137
5 2882. 93 11203-45879 40 ,8092. 63 30784-43137
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DYSPROSIUM
Dy, Z=66, M= 162.51, Ratio ^=2.558

Dy I Normal state of valence electrons 4/° Qa^ ^Ig =0. I. P. 50000 K
Dy II Normal state of valence electrons 4/^° Qs^ ^Is^^O.
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:

Below 5500 A:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).
Supplemented by:
G. Eberhard, Publ. Astrophys. Observatory Potsdam 20, Teil 3, 1 (1909).
J. M. Eder, Wien Ber. 137, Ila, 1099 (1918).
A. S. King, Astrophys. J. 12, 221 (1930).
A. S. King and C. E. Moore, Astrophys. J. 98, 33 (1943).
G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &

Sons, New York, 1939).
Above 5500 A:

C. C. Kiess, Sci. Papers BS 18, 695 (1923).
Spectrum Assignments:

A. S. King, Astrophys. J. 73, 221 (1930).

A. S. King and C. E. Moore, Astrophys. J. 98, 33 (1943).

A. S. King, unpublished material.

Supplemented by assignments from our plates.

Classification

:

Dyii, C. H. Corliss and E. L. R. Corliss, unpublished material cited by W. F. Meggers, J.

Opt. Soc. Am. 36, 431 (1946).

Molecular Spectra

:

DyO, G. Piccardi, Spectrochim. Acta 1, 532 (1941).

Relative intensity of dysprosium lines observed in an arc of copper containing 0.1

atomic percent of dysprosium
Strong lines of dysprosium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

2000
1300
1100
1000
1000

950
850
650
600
600

550
500
500
480
480

460
400
400
400
400

400
400
400
400
400

360
360
360
340
340

320
300
300
280

3531. 70
4211. 72
3968. 42
3645. 41
4045. 99

4186. 78
3944. 70
4000. 48
3872. 13
4077. 98

4194. 85
3536. 03
3898. 54
3385. 03
3407. 79

4167. 99
3460. 97
3494. 49
3523. 98
3534. 96

3538. 50
3550. 22
3576. 25
3694. 81
3757. 37

3630. 25
4218. 09
4221. 10
3393. 59
3445. 58

4103. 34
3585. 08
4215. 15
3786. 21

II

II

II

II
II

II

II

II
II

II

II

II
II

II

II

II

II
II

II

II

II

II

II

11

II

II

0-28307

0-25192
828-28252

0-25343
828-25818

0-25818
828-25343

4756-30399

0-29336

0-28885
828-29437
4341-32710
828-29109

0-28252

4756-32710
828-27886
828-27435

828-30287
0-29014

828-25192
0-27886

4/i«6si eisH—4/"'6pi ^'^m

4/"'6si eisH—
4/"6si 'hn—

4/io6si *h^—
4/i»6si 618H—
4/1068' ^TH—

4/i«6s» 61

4/10681 61

4/io6si ^Ith—
4/i«6si oi;,^—
4/io6si *h^—

4/io6si oig;H

—

4/io6si *I6H—
4/io6si *hy,—
4/>o6si *I7M—

4/io6si 4l7H—
4/io6si ^IsH-—

4/io6si ^l7H—
4/io6si 018H—

25192?H
282528j^

25343§H
258181)^

258188H
25343§H

30399?H

29336iH

28885 5h

29437?H
32710?)^

291095H

28252|j^

327105H
27886?H
27435 5h

302871k
290141s

25192?H
27886?M
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Dysprosium — All Observed Lines

Intensity Wave-
1 f^n ctVi

in A
Spec-

Energy
Levels

^''''"^
in K

Intensity
and

Characte r

Wave-
let! c^th

in A
Spec-

Energy

trum „
in K

5 .
2356. 91 II 9 2800. 34

1 6 2381. 95 8 2800. 54
3.5 2387136 II 8 2801. 40 II

4 2392. 15 6 2810. 85 II
6 2402. 29 II 3. 5 2811. 10 II

8 2410. 01 II 6 2811. 43
\\2422. 75 II 4 2815. 24

13 2439. 82 II 22 2816. 39 II

5 2455. 16 II 10 2825. 44 II

6 2460. 00 II 4 2828. 37 II

5 2471. 41 II 3. 5 d 2835. 15
2480. 92 II 2835. 33 II

9 2490. 62 II 4 2837. 00 II

5 2510. 32 II 4 2837. 61 II

9 2513. 57 II 4 2842. 05 II

9 2517. 60 II 5 2848. 94
7 2543. 83 II 6 2856. 42 jj
5 2545. 13 II 1.2 2857. 00 II

8 2552. 31 II 3. 0 2857. 12 II
10 2557. 94 II 3. 5 2859. 73 II

5 2560. 19 II 4 2860. 17
5 2566. 25 II 5 2860. 65

12 2585. 30 10 2862. 70 I

5 2591. 51 II 6 2866. 28 II

4 2592. 54 II 5 2867. 61 II

7 2600. 18 II 2. 0 2869. 82
\l7 2600 78 II 7 2876. 41

4 2608. 67 II 14 2877. 88 II

20 2623. 70 I 6 2878. 72 II

24 2634. 81 II 6 2881. 08 II

6 2642. 16 8 2884. 29
2645. 32 II 5 2884. 83 n

6 2668. 07 9 2885. 51 II

4 2676. 84 II 5 2890. 46 II

3.5 2677. 32 II 9 2890. 75 II

6 2689. 29 II 5 2891. 03
\\2692. 85 II 9 2900. 83

4 2709. 02 II 8 2904. 69 II

4 2727. 18 II 14 2906. 39 II

6 2729. 51 II 5 2909. 36 II

4 2735. 79 2. 5 2909. 72
\\3 0 2739. 33 II 2. 5 2909. 89

6 2740*. 72 II 2.5 2913. 73 II

16 2755. 75 II 28 2913. 96 II

4 2757. 09 II 5 2918. 65 II

5 2766. 51 II 5 2927. 08
5 2772. 40 II 5 2930. 99 n
8 2772. 60 II 8 2934. 31

3. 0 2779. 57 II 18 2934. 52
4 2791. 44 II 8 2941. 05
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Dysprosium — All Observed Lines

Intensity
a TiH

Wave-

in A111 Xi.

Spec-
Energy

V C X otrum
111 XV

Intensity
cLllU

V^IlcLX^clCtt; T

Wave-
J-Cliy Lll

in ±\

Spec-
trunn

Energy
Levels
m IS.

10 2944. 56 II 1 3056. 97 II
6 2946. 32 II -J 7. to T TX J.

7 2946. 77 II 8 3060. 00 II
11 2947. 06 II 20 3060. 65 II
11 2947. 22 II 9 3061. 37 II

18 2948. 30 II 6 3061. 51 II
12 2950. 32 II 8 3062 19 IT

8 2952. 12 II 28 3062.62 II
4 2953. 03 II 16 3066.99 II

10 2953. 71 II 6 3070. 44 II

6 2957. 75 II 24 3071. 92 II
6 2962. 37 II 20 3073 55 ITX X

16 2964. 63 4 3075. 19 II
4 2964. 73 II 8 3076. 90 II
3. 0 2975. 57 II 10 3078. 36 II

6 2975. 82 II 16 3078. 69 II
8 2977. 42 II 11X X 3079 34 IIX X

3.5 2979. 63 II 7 3080. 92 II
8 2985. 93 II 10 3082. 52 II
2.5 2987. 88 II 6 3084.66 II

3.5 2988. 71 II 9 3093. 10 II
5 2989. 78 II 7 3093 80^ \J / ^ % \J\J IIX X

6 299l! 35 II 9 3095. 73 II
5 2991. 61 II 20 3101.91 II
4 2992. 41 II 16 3103. 24 II

3.5 2995. 44 II 14 3103. 84 II
A 3002 38 II 13X —

'

3104 99 IIX X

8 3003. 76 II 0-33382 30 3109.75 II
4 3008. 83 II 6 3110. 75 II

10 3015. 06 II 3.5 3117. 50 II

16 3015. 69 II 14 3120. 17 II
13 3016 97 IIX X 12X 1— 3126 17^ X ^ W « X f II

12 3025. 61 II 24 3128. 39 II
28 3026. 16 II 60 3135.36 II

6 3027. 57 II 26 3140.63 II

15 3029. 83 II 36 3141. 12 II 0-31826
8 3030 41 II 10X \J 3142 29 II

6 3031. 18 II 7 3143.17 II

7 3033. 18 II 16 3143. 81 II

9 3036. 70 II 10 3145. 21 II

44 3038. 29 II 18 3146. 15 II
3 5 3042 08 II 9 3147, 50 II

20 3043. 15 II 11 3151. 88 II

12 3043. 45 II 9 3152. 20 II

5 3044. 56 II 11 3152. 35 II

4 3046. 38 II 9 3153. 30 II

15 3047. 60 II 110 3156. 51 II

11 3049. 14 II 6 3157. 53 II

13 3051. 46 II 11 3160. 50 II

13 3052. 32 II 10 3161.02 II
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

60 31 62 Rl TTX X 44 3245 16 TTX X

g 3164. 05 II 18 3248.37 II
11 3167.42 II 8 3250. 99 II

7 h 31 67 77 TTX X 110X X \J 3251 2R T TX X

7 31 6R 10 TTX X 15X —

/

3251 90 ITX X

g ^ X (JO* / c y 18X u 3252 20 ITX X

90 3169.97 II 7 3253. 91 II
3170. 73 II 7 3254. 47 II

7 31 70 92 TTX X 26 3256 26 TTX X

6 3171 3R T TX X 7 3257 35 TTX X

12 31 74 fiR TTX X 15X J 3260 01 TTX X

3177. 87 II 13 3260. 70 II
20 3178.35 II 13 3261. 22 II
7 31 Rl 92^ X OX • 7^ TTX X 15X -J 3266 00 TTX X

6 ^ X X /
TTX X 18X \J 3266 21 TTX X

7 J X O'T, X /
TTX X 22 3269 12 TTX X

X o 3184. 77 II 828-32218 7 3272. 08 II
"50 3186.37 II 18 3272. 74 II
22 31 R7 67 TTX X 11X X 3275 R9 T TX X

6 31 RR 66J 1. OO. ou TTX X 9 3279 49^ ^ r 7« *T 7 T TX X

31 92 9R TTX X 14X *T 3279 67 TTX X

30 3193.31 II 0-31307 80 3280. 08 II 828-31307
X ^ 3205.46 II 7 3281. 63 II
22 3206 39 TTX X 44 3282 79 TTX X

7 3206 62 TTX X 9 32R2 R9J Cm \JC% O 7 TTX X

20 3207 1

0

TTX X 7 TTX X

26 3208. 81 II 8 3286. 58 II
12X ^ 3212. 03 II 18 3287. 97 II

7 3212 43 TT
X. X 12X ^ 3288 65 ITX X

7 321 2 67 TT
J. ± 9 3291 12/X • X c ITX X

17X f 3214 63 TTX X 18X \j 3293 83 ITX X

42 3215.19 II 18 3296. 31 II
75 3216. 62 II 12 3297. 62 II
7 3217 36 TTX X 7 3300 90 TIX X

14 3220 45 TTX X 18X \J 3305 40 ITX X

22 3221 50 TTX X 18X w 3305 51 ITX X

15X -J 3221. 62 II 22 3306.19 II
26 3223. 29 II 40 3308.79 II
22 3225 ORJCC ^. LfO TTX X aOB — '^l ROA 100X w U 330R RR I

T

X X

30 3225 9R TTX X 9 331 0 97 ITX X

7 T TX X 46 331 2 72 1

1

X X

1 3X ^ 3226. 38 II 11 3313.30 II
X ^ 3228. 97 II 70 3316.34 II
15 3229 36 TTX X 22 331 7 11J?>X / . XX T TX X

10 3229 95 TTX X 9 331 R 1

5

J y 1. O. X ^ TTX X

13 3232 64JC.JC OH T TX X 90 331 9 RRJJl. /. OO TTX X 0 — 3011 3U J UXX J/

44 3235. 89 II 24 3326.18 II
26 3236 64 TTX X 8 d 3326 43 II
13 3240. 88 II 12 3327. 08 II
9 h 3243. 78 II 7 3327.30 II
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
tru.in

Energy
Levels
in K

8 3328. 79 II 24 3405. 65 II

9 3331. 23 II 10 h 3406. 81 II

12 3334. 14 34 34U /, 16
6 3334. 44 l\ 480 3407. 79 Yi 0-29336

17 3339. 50 IJ 38 3408. 14 II

^ 70 3341. 00 II 9 3409.44 II
12 3341. 42 II 13 3410. 72 II

24 3341. 87 4341 — 34256 lu 1 AT 1 O T3411. 21
18 3347. 81 l\ 10 3411.51
24 3352. 70 II 120 3413. 78 II 828-30113

46 3353. 59 II 48 3414. 83 II 4341-33617
11 3355. 07 II 11 3415. 68 II

17 3356. 22 1 Al 1 T C341 /. lb

12 3358. 26 \\ 24 3418. 13 n
17 3358. 61 II 70 3419. 63 II

22 3359. 48 II 8 3420. 81 II

8 3360. 64 II 14 3421. 32 II

12 3365. 8U 12
46 3368. 10 11 24 3^22. 86 n
14 3370. 86 II 10 3423. 25 II

14 3371. 69 II 8 h 3423. 82 II

14 3371. 81 n 48 3425. 06 II

12 O O "7 1 *7 C3372. 75 QO

8 3374. 28 10 h 3429. 01 II

16 3375. 75 II 38 3429. 45 II

8 3376. 01 II 24 3431. 79 II

16 3376. 36 n 20 3432. 57 II

12 3376. 62 "J /1 1o oz,JHJd, Ob

14 3377.11 11 170 3434. 37 n 0-29109
8 3378. 20 II 8 3435.27 II

16 3378. 42 II 12 3435. 92 II

9 3378. 88 II 12 3436. 07 II

8 3381. 56 oo

9 h 3384. 10 \\ 30 3438. 96 n
480 3385. 03 II 12 3439. 32 II

19 3386. 59 II 8 3440. 45 II

55 3388. 87 II 4756-34256 50 3440. 94 II

9 3389. 44 120 1 A AC3441. 45 0^0 — ^7 / 07

13 d 3391. 14 l\ 10 h 3442. 52 II

19 3391. 98 II 8 3443. 46 II

8 3393. 39 II 12 3444. 26 II

340 3393. 59 II 828-30287 340 3445. 58 II 0-29014
13 3394. 00 lb 1 /I /I -7 nn

PH'i 1 . UU

120 3396. 17 \\ 0-29437 15 3447. 27 n
8 3398. 35 II 15 3447. 78 II

8 3399. 34 II 40 3449. 90 II

10 3402. 00 10 3450. 22
\\13 3403. 27 {{ 240 3454. 35

10 3403. 45 40 3454. 52

19 3404. 98 120 3456. 57
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

10 3458. 99 II 17 3521. 13 II
20 3460. 40 II 8 3522. 28 II
iU J J CO jDCC, 00 T T

I X

400 3460. 97 II 0-28885 400 3523. 98 II 4341-32710
8 3461.29 II 15 3524. 61 II 4341-32705

17 3463.36 II 8 3524.92 II
18 3463. 88 II 4756-33617 24 3525. 75 II
QO JHO /. OD T T

1

1

^^9A ATj\jc.Ot OX T T
X X

65 3468. 44 II 17 3526. 92 II

8 3468. 78 II 5 3528. 93 II

12 3470.18 II 18 3529. 02 II
50 3471.14 II 2000 3531.70 II 0-28307
Du a 2/171 C'JjH 1 X.,

T T
1 X 13 'K^'KH ZlA TTX X

3471. 61 II 400 3534. 96 II 828-29109
34 3473. 70 II 500 3536. 03 II

20 3474.30 II 26 3536. 56 II

120 3477. 06 II 26 3537. 69 II
po jH 1 1 m

T T
X 1 *T U U TTX X n — 9«9t;p

8 3478.47 II 36 3539. 36 II

8 3480. 42 II 10 3539. 62 II

20 3480. 83 II 14 3540. 67 II
10 3482. 09 II 150 3542. 32 II
or\ -inQA U~IjHQH, 0 I

T T
1

1

p0 "K^HO 87jjHc., 0 /
T TX X

17 3485. 90 II 36 3544.23 II
12 3487.21 II 36 3544.36 II

15 3487.59 II 130 3546. 84 II 828-29014
10 3488.97 II 10 3547. 53 II
1 0Lc. ^H7U. 0^ T T

J. I
Q0

20 3494.14 II 30 3548.19 II
400 3494. 49 II 828-29437 13 3548. 72 II

50 3496.33 II 12 3549. 26 II
8 3497.12 II 400 3550. 22 II

T T
1

1

Y~j X C T T
X X

75 3498. 67 II 200 3551. 59 II
20 3498.94 II 8 3553. 19 II

13 d 3499. 82 II 12 3555. 96 II
3499. 92 II 10 3557. 62 II

JO T T
1

1

jDjOt Ci.
T T
X X

20 3501. 86 II 40 3559. 27 II
20 3502. 09 II 26 3560.13 II

24 3503. 18 II 200 3563. 14 II 828-28885
75 3504. 52 II 50 3563.69 II

T T
1 1 5nC.\J

T T
X X

24 3505. 84 II 8 3565.65 II
120 3506. 81 II 828-29336 18 3569. 67 II

26 3511. 69 II 9 3571. 34 I

26 3512.56 II 8 3571. 68 II

26 3512. 70 II 70 3573. 83 II
50 3517. 27 II 130 3574. 18 II
10 3519.76 II 10 3576. 01 II
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ ^ Levels
trum m K

Intensity
and

Character

Wave-
length
in A

Spec-
tru.m

Energy
Levels
in K

400 3576. 25 II 4756-32710 14 3619. 47 II
8 3576. 60 18 3619.96 II

150 3576. 89 II 4756 — 32705 50 3620. 18 II
75 3577, 98 9 3620. 56 II
14 3579. 12 II 42 3624. 25 II

, 8 3579. 42 II 100 3629. 43 II
40 3580. 03 II 360 3630. 25 II
17 3582. 01

\\
20 3630. 47 II

36 3584. 43 10 3630. 64 II
300 3585. 08 II 0-27886 40 3632. 79 II

130 3585. 77 II 20 3633. 03 II
50 3586. 11 II 4341-32218 10 3633. 77 II
32

o r~ A A A P3590. 05
\l

8 3634. 15 II
26 3590. 67 10 3634. 32 II

100 3591. 43 II 36 3635. 26 II

50 3591. 81 II 16 3636. 22 II
50 3592. 12 II 32 3637. 27 II 4341-31826
9 3593. 15 O A20 2>bli^. 86 II

20 3594. 57 100 3640. 24 II 4756-32218
160 3595. 05 II 8 3640. 80 II

14 3595. 30 II 36 3643. 89 II 0-27435
36 3596. 06 II 1000 3645. 41 II 828-28252
9 3596. 49 32 3645. 86 II

20 3597. 29
^\

16 3646. 60 II
10 3597. 95 II 14 3646. 85 I

10 3598. 27 II 16 3648. 40 II
10 3599. 06 II 90 3648. 79 II
9

o r~ A A A r\

3599. 48
\l

10 3654. 17 II
16 3600. 34 12 3654. 87 II
50 3600. 39 II 10 3655. 60 II

32 3602. 82 II 14 3661. 75 II

13 3603. 15 II 60 3664. 61 II
8 3604. 36 16 3665. 20 II

160 3606. 13 \\ 34 3666. 85 I

9 3606. 35 II 13 3668. 90 II

12 3606. 90 II 13 3671. 69 II
10 3609. 25 II 85 3672. 31 II 4756-31979
10 3611. 15

jj
36 3672. 66 II

26 3612. 77 34 3673. 15 II 0-27217
20 3613. 06 II 120 3674. 09 II

26 3614. 08 II 20 3674. 45 II

9 3614. 70 10 3676. 00 II

9 3614. 94 190 3676. 56
T T
II

12 3616. 06 Ij 55 3678. 48 I

10 3616. 35 II 70 3684. 83 I

12 3617. 24 II 4341-31979 110 3685. 81 I

10 3617. 65 10 3688. 36 II

9 3617 74 14 3693. 84 I

26 3618. 08 12 3694! 41 II

40 3618. 45 400 3694. 81 II 828 -27886
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Dysprosium — All Observed Lines

Intensity Wave-

in A

Energy
Spec- T fLevels
trum . yj.

in K,

Intensity
and

Character

Wave-
X ±X JL

in A

Spec-
trum

Energy
Leve 1

s

in K

12 3696. 94
T T
II Ij i I OJ. 7b T

1

32 3697. 31 II 28 3785. 42 II

85 3698. 18 II 280 3786. 21 II

20 3700. 59 II 10 J 1 ob.
T
I

46 3701. 62 II 11
•2-7Q"7 OAi lo 1 . CO T T11

28 3707. 42 II 4341 — 31307 141)
-2-700 /IZ,^ / 00. 4b T T

1 1 QOC 0701 70^0 — C 1 Ci. 1

38 3707. 57 II 60 3791. 86 II

38 3708. 20 II 10 3801. 93 II

10 3708. 36 II ^oU4. 14 T T11

36 3710. 08
T T
II iu oon/l 'J'i^oU4. T T11

10 3710. 73 II bU oQn^. oz,^oUb. CO T T11

28 3711. 65 II 9 3807. 90

14 3713. 84 II 24 3809. 05 II

9 - 3715. 27
T T
II io ^OU7. o4

8 3715. 54 II lb

14 3716. 93 II
A n 1 Qi 0 mJOiC, JV T

1

8 3717. 29 I 14 3813. 13

7 3718.10 II 40 3813.67 II

140 3724. 42 II 4341 — 311o3 1Q1 ^. 01^dlb. /ll

8 3725. 90 T
I

1 on jolb. /

0

T T
1 I

26 3727. 99 T
I ib ^01 /. H7

10 3730. 60 II 10 3818. 74

80 3739. 33 I 10 3819. 44

9 3739. 81 T TII o ^0^:1. 47

100 3747. 82 T TII Q7 -2P01 oc;^dtl. oD

11 3750. 33 II
T T
X X

14 3751. 80 II 8 3824. 00

120 3753. 50 II 0-26634 60 3825. 65 II

120 3753. 76 T TII lb ^QOQ 7c;

8 3754. 77 II
oo ion ni

100 3757. 05 I
1 Qlo po^l, b4 T T1

1

400 3757. 37 II 828-27435 13 3832. 91

8 3758. 97 II 200 3836. 50 II 4341-30399

55 3767. 63 I
1 A14 0 01 Q A7 T T

1

1

28 3771. 08 I id.
1 Q/i n Qi^o4U. 7I T

1

8 3771. 38 I
1 Q/I 1 10io41. jc T T

1 1

14 3772. 65 I 28 3842. 02 I

55 3773. 05 I 28 3844. 30 I

20 3773. 31 II 36 ^o4b. T T11

6 3773. 74 I 36 ^o4b. 77 T
1

32 3774. 75 I
o o 1 Q/l Q IDio47. JO T T

1 1

8 3776. 93 II 100 3853. 03 II 4341-30287

19 3777. 45 I 36 3858.41 I

8 3779. 09 II lo ^obb, 43 T T11

13 3779, 23 II 3^ ^obb. 37 T T1 1

8 3780. 33 I
oo 1 0^.7 Q /Ijob /. o4 T T11

8 3780. 93 I 48 3868. 46 II

36
'3 "7 on AO
3 /oi. 4o T

1
1Q^>0 B1jooo. ox

16 3782. 88 II 26 3869.43 II

13 3783. 59 II 70 3869. 87 II 4341-30175

609065 O - 62 -6 69



Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

18 3871. 64 II 44 3950 40 IIX X

600 3872.* 13 II 0-25818 7 3953. 13 II
100 3874. 00 II 828-26634 34 3954.56 II

7 3875. 15 II 7 3956 24 IX

40 3879! 10 II 4341-30113 65 3957 79 IIX X

3882 00 II 7 3959. 35 II
"

9 3887. 55 I 30 3962. 58 I

16 3888. 45 II 9 3963.16
16 3889 01 II 7 3963 80f \J^ ^ \J\J II
24 3891. 85 II g 39bb. 39 I

24 3892. 87 I 26 3967. 50 I

7 3894! 51 I 1100 3968! 42 II 0-25192
14 3895. 34 II 13 3971. 15 I

500^ \J\J 3898. 54 II 4756-30399 7 3972 39 IX

22 3899! 15 I 13 3973 87 IX

KJ 3901 35 I 220 3978 57 IIX X
7 3903. 30 I 22 3979.47 II 4756-29878

13 3904. 21 II 9 3981. 37 I

g 3905 56 II 110X X u 3981 92 IIX X

g 3905 95 I 130 3983 67 II 4341-29437

10 3912 52 I 65 3984 24 IIX X

7 3912. 86 II 7 3984. 70 II

11 3913. 62 I 7 3987. 04 II

X^ 3913 98 IIX X 10 3988 90 I

44 3914 86 IIX X 4341-29878 6 3990 34 II

44 3915 58 II 4756-30287 44 3991 33 II

44 d 3917. 30 I 14 3993. 60 I

3917. 37 I 7 3994. 53 I

g 3918 53 IIX X 7 3996. 01 I

3919 13 I 130X .X u 3996! 70 II 4756-29769

26 3923 39 II g 3998 08 II
9 3924.46 II 650 4000. 48 II 828-25818

34 3927. 88 I 34 4005. 86 I

3929 32 II 26 4006. 09 I

44 3930 15 I 8 4007. 75 II

X -J 3931 28 IIX X 10 4010 08 II

170 3931. 55 II 4341-29769 44 4011. 32 II

9 3932. 05 II 44 4013. 80 I

26 3932 22 IIX X 44 4014. 72 II
30 3932 97 IIX X 4756-30175 17 4015. 18 II

26 3934 17 IIX X 13 4020 88 II

13 3936. 03 II 30 4023. 70 I

7 3936. 30 II 20 4024. 45 II
34 3936 71 IX 20 4024. 87 I

X X 3937 16 IX 34 4027. 79 II

22 3938 00 TTX X 42 d 4028. 32 II

17 3938. 15 I 4028! 42 I

44 3942. 52 II 4756-30113 7 4031. 08 I

850 3944.70 II 0-25343 42 4032. 44 II

34 3946. 92 II 13 4032. 84 I
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
tru.m

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

34 4033. 67 II 20 4134. 14 J

34 4036. 34 II 4341-29109 8 4134. 73 I

20 4038. 51 II 12 4138. 54
\15 4038- 84 10 4139. 56

26 4041. 98 II 38 4141. 51 II

1000 4045. 99 T 100 4143. 10 II 4756-28885
7 4047. 73 I 80 4146. 07
7 4048.35 II 6 4147. 95

20 4048 90 12 h 4152. 43 II

11 4049. 35 T 8 4153. 11

130 4050. 58 II 4756-29437 6 4154. 23 J

20 4053. 86 10 4159.34 I

42 4055.15 II 6 4160. 24
\10 4057. 40 II 6 4162. 25

7 4060. 58 II 460 4167. 99 J

8 4072. 65 II 6 4169. 24 II
200 4073. 15 II 4341-28885 6 4170. 55

10 4074. 02 II 30 4171. 93 J

600 4077. 98 II 828-25343 4171. 99 J

6 4079. 27 11 d 4176. 64 J

4176. 81 J

7 4083. 10 J

15 4085.14 I 4 4181.25 I

30 4085. 36 20 4183. 61
\15 4087. 22 II 75 4183. 73

7 4087- 38 950 4186. 78 J

7 4089. 49 J 26 4190. 90
15 4091.53 II 180 4191. 60 I

10 4091. 77 II 550 4194. 85
\7 4093 66 26 4195. 22

32 4096. 12 T 65 4198. 02 J

8 4096- 69 T 55 4201. 32 J

8 4099. 87 I 55 4202. 25 I

6 4101. 94 II 19 4205. 03
320 4103. 34 II 828-25192 30 4206. 54 II 0-23766
70 4103 88 11 4207. 68

16 4105. 05 II 4756-29109 36 4211. 23 J

6 4106.38 II 1300 4211. 72 I

120 4111. 34 II 0-24316 150 4213. 18
J10 4113. 05 7 4214. 38

16 4119. 33 II 300 4215. 15 J

40 4124. 65 II 360 4218. 09 J

12 4126.12 360 4221.10 I

32 4128. 29 II 6 4222. 01

28 4129. 13 44 4222. 22
80 4129. 44 II 6 4224. 68 J

28 4130. 42 J 220 4225. 14 J

10 4131. 04 II 55 4232. 03
{6 4132. 85 II 6 4234. 83

14 4133.38 II 55 4239. 85

32 4133. 86 6 4243. 43
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

JO AO &^ 00 _ c A^f^l 07 TX

4247. 36 II 5 4573. 85 II

u 4248. 44 II 34 4577. 80 I

36 AOtiC. I.'ZHC.OO, ^t) T T QOO_OA11 A A
\j TJO / . 7 J/

TTX X

7 1 70X r U 4R89 '?7 TX

o Aoul on _
5 a(;qi 7RtJ 7i. 1 O T TX X

O 4268.29 I 80 4612.28 I

4276.74 I 4 4613. 83 I

7 4^1 17, lb AH AAl A R"^HDX't. OJ7 TX

10 /lOQl Q/1 CJ AAl 7 T TX X

u AOQA QA T T
X Jl XX AAOn D"^40^U. TTX X R0R_00AA7

4295. 04 4 4662. 76 I

o 4298.90 9 4664. 68 II 4341-25773
6 /lino 70 7 TTX X

85 /lino ^.7 ^^ n — O'^on'^ A(^9,o r\o T TX X

c
z>

/In 1 Qn AARQ 77TOO/. / /
T TX X

0 4322. 55 II 10 4698. 71 II

XX 4325.14 9 4721. 23 I

26 /I lO t; QQ 7 A707 1 AH 1 L. 1 m XT TTX X

8 /1 10 A 1

Q

I 1 RX o H 1 P±t O-/ TTX X

1 nX u A'i.OQ Qn ^_ A'^AI — 97d'^R4 jPHX ^ / HJJ 4 4745 79 II

X J/ 4339. 68 II 6 4755. 01 II

5 4346. 33 II 5 4760. 02 II 4341-25343
13 A 4771 94 IJ.

16 /I -J CO 4 AHjDO, HO QOR — 0'^7AA0<CO — ^ J / DO 4774 80 T
X,

c;
_j mOL. J7 X^ XI 4775 80 T

Do 4364.22 II 8 4786. 94 II

X J7 4366. 73 I 10 4791. 30 I

26 /H7Z1 OA 3 0 4800 68 I

26 AllA on4^ / 4. oU 4807 95 IX

X u
A 4810 23 IX

ZJ 4384.30 II 5 4812. 79 I

L,o 4389. 78 I 8 4819. 05 I

11 /I IQ/l QQ4^74. 70 q 48?4 99 IX

44 A A no 1Q44U7. S)0 I
Qo 4828 91 IX

c A AOC Q7 i; 4829 69 IIX X

cJ 4431. 00 II 7 4832. 41 I

4444. 61 I 3.5 4833. 78 II

60 A A AO 714447. /i U — <L^4D /
QO 4841 78

9 4433. D7 II 4856 24 IIX X

on A A LQ 17 QOQ olom AH ARAR 05 TTX X

c 4484. 37 I 4 4875. 92 I

c 4503. 26 II 9 4880. 16 I

5 4516. 74 I t 4R84 53TOOT, ^ TX

4blo. DP II xu 4888 08 IX

8 d ACO~I £.1 A 4889 32 IIX X

4527.76 II 8 4890. 11 II

8 *T T X . / u 5 4893. 69 I

5 4555.24 3.0 4899. 25 I

11 4565. 11 7 4916. 42 I
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Dysprosium — All Observed Lines

Intensity
3.ncl

Wave-
1 PTl 0'1"Vl

in A
Spec-
trum

Energy
T vpl ^

in K

Intensity
and

Character

Wave-

in Ai.11 ./i.

Spec-
trum

Energy
T ^ T rA 1 e

in \Cm x\.

6 4922. 21 II 5
r" ft ft ^ ftft
5297. 83 II

8 4923.15 II 2. 0 5301.59 I

60 4957.36 II 0-20166 5 5309. 02 II
3. 0 4959. 60 I 6

r* ft ft ^ ^ ft

5324. 70 II

3.5 4973. 58 I 3.0 5337. 43 II

5 4985. 53 8
r* ft yi ft ft T
5340, 31 I

6 5003. 86 { 4 5352.13 I

7 5004. 26 II 4 5368,20 II

3. 0 5010. 59 I 2.0
n ft / ft ft /
5369. 26 II

3. 0 5017. 99 II 2.5 5385. 65 II

9 5022, 12 11
r* ft ft ft r- ft

5389, 58 II
4 5023. 99 J 5 5395. 58 I

3.0 5024. 51 I 2. 5 n 5398,26
5 5027. 85 I 3.0

r- o ft ft ft il

5399. 94 II
/Iftill ftftftf^4341-22855

6 5032. 98 I 6
r* ii ft /I "1 /
5404. 16 I

20 5042. 62 10 5419. 13 I

3. 0 5047. 25 \ 2. 0 5420.75 I

6 h 5050. 17 I
ft
9 5423.31 I

2. 0 5053. 22 II 4
H yi ft yi ft >i

5424. 24 I

4 5053. 29 5
r" yi ft / T T
5426. 71 II

3. 0 5055. 42 4 5443. 35 II
12 5070. 65 { 12 5451. 09 I

15 5077. 65 I 4 5455.45 II
10

r ft ft ft ^ ft

5090. 38 II 3 5469. 11 II
10 5110. 31 I 2.0 5471. 90 II

16 h 5120. 01 3. 5 5496. 84 I

4 5135. 01 J 3. 0 5502. 80 I

24 5139. 60 II
ft C
3. 5 5506. 52 I

5 5161. 00 II 3. 0 5515. 40 II
jiftiin ftftji / ^4341-22467

5 5164. 14 II 4
^ I" ft ft ftft
5528. 03 I

6 5165. 37 1. 6 5542. 19 I

14 5169. 67 II 828-20166 oO 5547. 28 I

2.5 5172. 81 II 2. 0 5562.50 I

10 5185. 14 1 5 d
r* / ft ft —7 ^
5600. 71 II

5
r 1 ft ft /I ft

5188. 48 II 3 5605. 64 I

36
^ ^ ftA ftft
5192. 89 II 4 5613. 24 I

12 5197. 66 II 2. 5 5627. 49 I

4 5205. 69 13 5639.53 I

6
r ft yi / ftft
5246. 93 II 2.0 5641. 52 II

2, 0
^ ft jt ft n ft

5248. 12 II 7 h
r / yi / ftft
5646. 02 I

2. 0
r* ft ^ ft o ft

5258. 39 II 10 ^ / n ft ft T
5652. 01 I

9 5259. 91 1. 4 5666. 42 I

16 5260. 57 I
1 ft
1. 8 5671. 25 I

7 bl 5263.

3

DyO
I

1.8
r- / T —T /ft
5677. 69 I

8 5267. 13
T~ / r\ v / ft
5685. 60 I

6 5272. 25 II 3.5 h 5693. 67 II
6 5275.31 II 3.0 h 5694. 10
6 5279. 71 T TII 3.5 cw 5d74. 54 11

7 5282. 07 3.5 5698. 75 II
3.5 5284. 99 II 3.0 5702. 92 I
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Soec-
Energy

^ Levels
trum m K

Intensity
and

Charactei

Wave-
length
in A

Spec-
Energy
Levelstrum „m K.

i. ^ D /UD. 73 T T
1 1 1. 0 £^A oz.b4bU. ob

QV n 5718.48 1.2 6468. 60 II
J, -> ii 5725. 84 II 1.4 6474. 94
7 h C70D LAD 1 do, OH T T

11 C, 3 b4o3. be
T T
11

3.0 h D / j>o, 1

3

T T
11 ^. b LAQC UAb4ob. b4

D tilA n 1 Q 1 n1. U
/ C /I D o obb4o. 2o T T

11
-T
/ 5745. 54 2.5 6558. 02

5750. 50 I 20 6579. 38
3.0 3 / DO, Od. 1. O UCOA 1 Ubb74. lb T T

11
10 h ooid, Ui T T

11 u. o n bbll, lb

1 n T T
11 U. 7 bb37. <cb

r n 5834. 86 2.0 6643.41
3. b n 5844. 41 II 1.0 6654. 27 II
3.0 con c ^.c;OoHO, OD T T

11 3, U uucQ /inbbbo. 4U
5 h r Q/l Q nc T T

11
A bbbl. b7

r OODO, DO T T
1 1 1 nlU uuu~i onbbb /. 7U

/
un 5868.10 II 1.2 6670. 21

c
0 5915.17 II 1.4 6700. 66 II
2.5 CQO/l C/l37^4. D4 T T

11 1. u n b /13. lo
9 CO /I C Ql U. o n bICH, /7

O 1
CQ/L/l cnbVb'l. dU n QU. o n b 1 3b, 1 /

Id 5974. 50 J 0.9 h II

3. U 5984.86 I 4 hlM, 98
1.2 3703. 77 1. u n b / bU. <c7

18 CQDQ CID700. 3 /
U~IC~1 uobio 1 , by

1 Qi. y oUUU. oo b b 1 bb. 7b
i. o 6003. 26 0.8 6787. 43 J

3, U n 6005. 75 II 1.0 6790. 38
3.0 h bUUo. 34 T T

11 1.

1

b / 74,

3.0 h dUUd, 7 / 1.

1

n AQiT^ onbou^. T T
1 1

/I n oUUo. 7^: 1.

1

boU3, 04
o
c> 6010. 80 1.2 6807. 36 II

3. 0 6017.27 I 1.6 6818. 24

3.0 oU^i. UU 1. £ bo^ /, ib

3.0 bl i^r\ AOb\J'M. 49 U. b bo^o, 41 T T11

3. 0 oUbo. io OA /.QIC /l/Ibojb. 44

4 6085. 04 0.5 h 6843.80 J

17 6088. 24 I 1.0 6845. 84

3.0 bx.c /, lb U, 0 n bo3^. i

u

3.0
/TOO /

O

6133. 63 11 bob3. UU

3. 0
/ICO o oolbo. 32 3, U c^Qct. cnbobb. bU

13 6168. 43 0.5 h 6886. 48 II

2. 5 6196. 23 II 3.0 6888. 90

34 U. b CQQA CObo74. bo

4 6260. 3o 1 U. b
Z,QQC CCb07b, bb

1.8 Z. ^ >1 O O /I6343. 34 2. U
Z,QQ7 QQb07 /. 70 T T11

5 6386. 81 9 6899. 34 II

3.0 o3yo, 61 T TII 3. U AOnA C7bvUb. b /
T T
1 1

6 6421.93 1.0 6912. 27 II

1.6 h 6436. 57 II 0.9 h 6925. 48
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels

trum .m K.

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

trum
ITIXJ.1 X.^

2. 0 6929. 54 I 1. 4 7381. 60
1. 0 6932. 62 II 1 A

1. 4 n 7403. 17 \

0. 6 6939. 72 I 0. 4 7403. 99 I

0.8 6942. 17 I 1.6 7407. 62 I

0.6 h 6945. 35 I 3.5 7412. 42 I

4 6950. 29 II 8 7426. 99 II
1. 6 6951. 49 I

A O
0. 8 n 7428. 62

0. 9 6953. 00 II
"1 A
1. 4 7451. 08 II

0.6 6957. 63 I 3. 0 7457. 05 II
6 6958. 08 I 0.5 h 7459. 97 I

0. 9 6970. 51 I
1 A
1. 0 7483. 01

2. 0 h 6982. 47 I
A f"

0. 5 7509. 59 \

2. 0 6991. 31 I 2. 5 7516. 59 II
7 6998. 10 I 1. 0 h 7533. 14 I

0.5 h 7014. 66 II 8 7543. 76 I

3. 0 7017. 43 I 2. 5 h 7553. 03
{0. 5 h 7036. 38 I 0. 8 n 7557. 81

1. 0 7037. 61 I 4 7559. 81 I

5 7055. 95 II 6 7562. 96 II

1.4 h 7062. 33 I 3. 0 h 7577. 47 II

3. 5 7075. 15 II A C
0. 5 7587. 76

A C
0. 5 n 7100. 61 II 4 n 7591. 36 {
A -7

0. 7 7101.70 II 0. o
t_n 7594.95 I

2.5 7109. 30 II 0.6 7609. 25 I

1.6 7120. 93 II 2.0 h 7611. 54 I

1. 4 7121. 31 I
A O
u. o n 7616. 21

A yi

0. 4 7141. 52 II 1. 6 n 7617. 73 \
A "7

0. 7 7149.31 II 0. 8 n 7635. 29 II
0.9 h 7156. 51 I 0. 8 h 7639. 25 I

2.0 7175. 16 II 5 h 7641. 15 I

A A
0. 4 n 7198. 75 I 2. 5 7645. 87
A A
0. 4 n 7206. 89 I

O A
2. 0 7646. 66 \

1. 6 7213. 32 I
A /
0. 6 7648.12 II

0.4 7222. 62 I 1.4 7661. 47 I

0.4 7223. 00 I 12 7662. 35 I

2. 5 h 7230. 11 I 1. 6 7666. 78 II
A /
0. 6 h 7234. 72 II 1. 4 h 7676. 74
2. 0 7250, 04 I

A r*

0. 5 7693. 85 I

1. 0 7261. 76 I 0. 7 7696. 50 I

1.2 7273. 60 II 0.9 7711. 93 II

0. 4 7279. 97 I 5 7715. 35
1. 4 7288. 26 II 0. 7 h 7721. 08 \

0. 4 h 7300. 31 I 7 7729. 78 II
0.3 h 7314. 74 II 0.7 h 7739. 38 II
2. 5 7345. 18 II 0. 6 7750. 14 I

0.4 7349. 66 I 3.0 7751. 61 II
0.4 h 7354. 42 II 0. 8 7757. 34
0.7 7361. 58 II 0. 6 7760. 07
1.6 7370. 26 II 0. 6 7780. 92
3.0 7376. 06 I 1.2 7790. 05
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Dysprosium — All Observed Lines

Intensity
and

Character

Wave-
lenctH

in A
Spec-
trum

Energy
T jPVPl 55

in K

Intensity
p n rl

Wave-
xcng tn

Spec-
trum

Energy
Levels
in IS.

5 7812. 08
\

0. 7 8388. 48
0. 6 7814. 69 5 8391. 96 II
1. 0 7832. 79 I 1.8 8405. 80 II
1. 0 h 7835. 55 II 3. 0 8416. 61 II
1. 2 7864. 32 II 3. 5 8438. 57 II

1. 2 7865. 00 1. 4 8444. 44 II
4 7909. 36 \ 0. 7 8472.48 II
0. 7 7934. 89 I 0. 6 8480. 50 II
0. 5 7962. 72 0. 7 8490. 17 I

1. 6 7968. 63 1. 4 8510. 77 II

T /I

1. 4 7973. 14
A /
0. 6 8517. 68 II

1. 8 7982. 80 II 1. 0 8525. 73 II
0. 6 8004. 46 II 0. 6 h 8528. 28 II

1. 2 8008. 68 T T
II 1. 2

A r" A A /
8548. 96 II

1.4 h 8025. 33 1. 4 8557. 74
T T
II

0. 9 h 8027. 21 1 A
1. 0 8567. 93

T T
II

0. 9 8040. 01 1. 2 8575. 54 II
0. 6 8047. 23 I 1.6 8629. 95
0. 6

A A r" O AO
8050. 93 1. 4

A / 0 r /
8635. 6

T X
II

1.2 8116. 90 II 4 8655. 90 II

0. 5
AT A "7 yi

8140. 74
A n
2. 5 8657. 71

X X
II

0. 6 8144. 28 II 1. 0 h 8667. 32 II

2. 0 8147. 25 I 1.0 8672. 51
0. 6 h

A ^ / A A '1

8169. 03
A H
2. 5 8678. 37

X X
II

4 8198. 75 II
A A
0. 8 8685.

1

I

15 8201. 55 1. 6
A / A / AA
8696. 90

X X
II

0. 5 8208. 30 J{ 1. 6 h 8715. 88 II

1.2 h 8216. 98 II 3.0 8750. 30 II

1.6 8218. 58 II
T A
1. 8

AT A A —7 /I

8780. 74

0.9 8233. 55 II 7
A~7 A T 0
8791. 37

X X
II

0. 6 8243. 95 II 1.0 8832. 67 II

3. 0 8265. 50 2.0 8832. 92 II

0.6 8323. 81 3.5 8850. 21 II

5 8326. 04 7 8905. 62 II
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ERBIUM

Er, Z=68, M= 167.27, Ratio ^=2.633

En Normal state of valence electrons 4:f^Qs^^B.^= 0. I. P. -50000 K
Em Normal state of valence electrons 4/^^ 6s^ *H6i^=0.

References
Wavelengths

:

Below 6880 A:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden, (Specola Vaticana, Vatican, 1945).
Supplemented by: J. M. Eder, Wien Ber. 135, Ila, 383 (1916).

Above 6880 A:
J. M. Eder, Wien Ber. 124, Ila, 707 (1915).

About 60 lines above 6600 A were measured on our plates.

Spectrum assignments were all made from our plates.

Classification

:

En, (normal state) I. J. Spalding, unpublished material (May 1960).

Em, J. R. McNally and K. L. Vander Sluis, J. Opt. Soc. Am. 49, 200 (1959).

Relative intensity of erbium lines observed in an arc of copper containing 0.1 atomic
percent of erbium

Strong lines of erbium

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

1100 4007. 97 I

850 3906. 34 II

750 3372. 76 11 0-29641 /i2s> *H6H—29641 ?H
700 3692. 64 II 440-27514 /'V 2H5H—27514gH
650 3499. 11 II 440-29011 /'V 29011

600 3862. 82 I

550 4151. 10 I

420 3896. 25 11 440-26099 Ph' 2H5>i—26099IH
340 3892. 69 I

320 3830. 53 II 0-26099 /i2si 4H|.^26099|m

300 3616. 58 II 0-27643 /i2si 4HeK—27643|>i
280 4087. 65 I

260 3264. 79 II 0-30621 /IV *HeH—30621 §K
260 3937. 02 I

260 3944. 41 I

260 3973. 60 I

240 4020. 52 I

220 3230. 59 II
220 3312. 42 II 440-30621 /i2si 2H5>^—30621
220 3392. 00 11

220 3973. 04 I

170 3385. 08 II 440-29973 /i2si 29973gH
170 3938. 65 II

160 3786. 84 II
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Erbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levelstrum m K

T T c OAT /I K/I T T
11

4 2358. 51 II 0-42387 6 2616. 87 II
3.5 2377. 83 II 8 2621. 72 II
A C.JOJ, £.0

T T HH\J — He. JO 1 In COCH, iO T T
1 1

D cjoOt JO T T nH OLOn 77iib/: 1,11 T T11

^ o ^jo 1 , J. 1
T T
1 1 "XJ. J <:b^ /. 01 T T T111

6 2396. 38 III 4 2647. 14 II
5 2397. 30 II 3.5 2651. 35 II

T T1 J. / COJD, /J)
T T
1 1

o nc. U T T AH COOH, il T T11

CHI U.
T T11 7

1 CoOj. CO T T11
5 2420. 28 II 7 2656. 10 II
5 2425. 23 II 6 2657. 00 II
1 CHL /. C.O

T T
Jl 1

D0 <ibbD.
T T11

A T T
1 X Q7 iibbb.

T T11

1 "J cHHO, ^7 T T
1 1 u — 'tUOb^ ZIQ CO 1 U, CO T T11

4 2458. 03 II 32 2672. 26 II
4 2459. 75 II 10 2675. 35 II

OA(^C\ 71 T T11 nH ^boo. H\J
T T
1 1

b CHOH, 0^ T T T111 AH 0(-QQ Q'XCOO7, 7

J

T T
1 1

L.HO 1 , do T T
1 1

c0 tb7c5. jy T T T111
2.0 2477. 59 II 2. 5 2700. 67 II
4 2478. 32 II 440-40778 6 2701. 69 II
J. ->

OAQc: 1 7CHOO, i /
T T1

1

b 971 1 t^t.C 1 1.1.. Oj T T11 '

OASi~r A~lCHO 1 , H

1

T T
1

1

C 1 xC. LC T T
1

1

b ^*<-7i. DO T T11 b 971 7 9t;^ / i^. CO T T
1

1

4 2492. 27 3. 0 2716.60 II
6 2493. 27 II 6 2720. 74 II
Q7 5/IQQ A7 T

1 b 9791 t^QC 1 CL. J7 T T1

1

QO £.D\Jj, HO T T11 10 979A 99C 1 Co. CC T T1

1

b £.0\i 1 , OH T T11 97*^0 1 nC 1 J\J, lU T T11

5 2513. 94 II 8 2731. 53 II

2.5 2520. 95 II 26 2739.30 II
cD iLOpH. 77 T T11 TT1

1

lU T T11 b C 1 OU, 7U T T1

1

b CDHH, 7U T T1

1

t / DH. 70 T T
1 J.

11 2547. 28 II 60 2755. 64 II

4 2564. 78 II 11 2765. 61 II
c
D OC;7Q CO T T

1 1 1^ 97AA "XRc 1 bb. jo T T
1

1

Q7 ^DOl. Db T T11 97AQ QR
/ b7. 70 T T

1

1

<:o
OCQA TXC.DOO, 13

T T
1 1 7 OllA A1C 1 1 H. bl T T

1

1

11 2587. 03 II 22 2778. 97 II

3.5 2587. 34 II 6 2779. 59 II
1 c 0 C Q 1 Q

1

^1371. 7i T T11 lU 97C1 1 fi T T
1

1

1^ co'ic, 0 1
T T11 b 97S1 c;7^ / Ox. 0 1

T T
1

1

^b7l3.
T T11 9709 1

9

^ / 0^. xC T T
1

1

8 2602. 66 I 15 2784. 95 II

8 2604. 86 I 12 2786. 11 11

3.0 2606. 69 II 6 2787. 41 II

6 2612.37 II 18 2787. 71 II
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Erbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

07CQ T T
1

1

1 n ODDO ur\COOL, bU T T11
5 2788. 45 II 8 2886. 12 II
6 2792. 52 III 10 2887. 11 II
cD 5701 Qc

^ / 7^. OD T T
1 I 1 nlU ODQQ 1 L.£.000, lb T T11

QO 07QQ E^il
/ 77. 54 T T

I I
cD 0 DQI /I Q T T11

J. -) <1 /77. / 3 T T11 1 c15 0 DQI QlLOyj, 7i T T
11

22 2802. 53 II 0-35672 5 2895. 93 II
10 2802. 88 II 6 2896. 56 II
QO <iOU^. 00 T T

I 1 ODQ^ Q7C070, 7 /
T T11

OQO/I 17 T T11 1Q ODQ7 COC.OV /. 5^ T T
11

"PSflA 71; T T
1 1 g OQni /mc'iU^. 45 T T11

10 2818. 85 II 100 2904. 47 II
2.5 2819. 35 II 12 2906. 50 II

<10l7. 0^ T T
1 1 1 nlU 0 on 0 CI^:7Uo. 5^ T T

11
An COC\J, l7 T T

1 1 on oono ccc7Uy. 55 T T
1 1

yi4 COCK), 4 /
T T
1 1 1 cnIDU OQi n 1^<:7iU. ^b T T11

5 2824. 33 II 7 2911. 05 II
5 2824. 91 II 3. 0 2912.27 II
^. u

T T
1 1 4 OQl 0 7Q£7ld. /7 T T11

b
T T11 1 nlU OQl /I<d7l4. b5 1

QO ^o^U. 41 T T11 0

1

OQl C ^1£.710. bl T T11
4 2831. 21 II 4 2918. 88 II

26 d 2833. 93 II 10 2919.28 II
o COJ /. 1^ T T11 / IDU — 4ii^0D 00 oQon 01£.7C\i, Ci T T11

OQIQ 70 TT11 Q0 0Q01 OQ£.7 T T11

iU TT11 D 0Q07 11C7L 1 . J J T T11
5 2841. 91 II 15 2927. 72 II

12 2845. 87 II 16 2928. 28 II
<i04d. ^lO T T11 1

1

11 OQOD AA£.7£.0, 44 T T11
/I <i04 /. U^l T T11 J4 OQOQ OC£.7£.7, £.0 T T11

QO ^040. Uo T T11 1 nlu OQOQ 70C7C7, Id.
T T
11 A AC\ 1 ACC^I44U — ^45b^

26 2848. 37 II 12 2930. 64 II
5 2848. 92 II 8 2931. 58 II

15 COO\}, Do T T1

1

OQII ^Q<:7^1. b7 T T11
^o55. 41 T T11 1 K OQIO A 1 T T11

1^ OQCIO c;7 T T1

1

U — ^47 / c.
1 n OQIO CO

£.7 id. Od T T11
30 2859. 83 II 8 2934. 53 II
4 2860. 26 II 6 2934. 64 II
4 COOC, Dl T T11 5 0QIQ 10d7J7. jd T T

11
J. u OQ.UU "KU T T1

1

0 OQ 1Q A Dd7J7, 40 T T11

J. u ^0O7. C.C.
T T1

1

1 01^ OQ A 1 17 T T11
3.0 2870. 53 II 9 2941. 71 II
9 2871. 68 II 14 2942. 20 II
O 0D70 D/l^lO / c, o4 T T11 1 nlU OQA A rti,11744. Ub T T11 AAn 1/I1Q744U — ^4j7

/

Id OD71 Dl T T11 0^ 0 Q /I C 07z:745. d 1
T T11

11 0D7/1 Dl^0/4. 01 T T11 /I4 OQAU AO/174b. Hd T T11
8 2877. 23 II 22 2946. 62 II
D 0070 c;a£.010, D4 T T1

1

115 OQAD Dn^740. OU T T11
6 2878. 90 II 3. 0 2949. 22 II
3. 0 2879. 25 II 8 2950. 05 II
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Erbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Q7 ^751. T T
11 oo 1m 0 003010. 29 T T

II
6 2955. 34 II 9 3011.16 II
5 2955. 60 II 22 3012. 47 II
6

T T
11 6 3013. 77 II

oO i:75b. 95 T T
11 3. 0 3013. 95 T T

II

^ Q OQC O OO T T
11 3. 0 3014. 62 II

6 2960. 11 II 22 3016. 84 II
12 h 2962. 49 II 12 3017. 73 II
Id ^1763. 7U

T T
11 10 3019. 76 T T

II
A 1 *> ^ A /0-33106

oo ooz-i on^703. 7U T T
11 5 3020. 33

T T
II

D ^:7d4.
T T
11 6 3022. 71

T T
II

150 2964. 52 II 28 3025. 92 II
6 2964. 88 II 26 3028. 28 II
o 2965. ill

T T
11 /15U — 40o64 36 3031. 31

T T
II

oo OD T T
11 1 ft30 3036. 21

b 2966. 1 /
T T
11 7 3048. 41 II

8 2967. 93 II 5 3049. 18 II
6 2968. 42 II 9 3049. 29 II

T T
11

-7
7

0 A yi n no3049. 98 T TII
15

T T11 7
0 A c A 0 yi3050. 84 T T

II

o OQ7n QO29 / U. 70 T T
11 7 1 0 C 1 773053. 77 T T11

5 2971. 26 II 20 3054. 41 II
8 d 2971. 59 II 5 3061. 28 II

On71 7T2971. 71
T T
II 1 A14

0 n / T z. n3061. 69 T TII
15 0Q70 072972. 27 T T

11 0
0 A / yi OA3064. 84 T TII n 1 0 z 1 00 — 32619

15 0071 712973. 73
T T11 —J

7
1 n >i 073064. 97

T T
11

20 2974. 47 II 22 3066. 23 II
22 2975. 68 II 12 3069. 23 II
4 0 0 7 0 O C2979. 95

T T
11 A A44 0 A"7 A "7 C3070. 75 T T11

11 29o3. U6
T T
11 55 3072. 53 II

14 OO oi O >l29o3, 24 T T
11 oU '3 A "7 *2 '2/1

3073. 34
T T11 n 1 0 c 0 00 — 32528

26 2983. 79 II 7 3078. 23 II
13 2985. 50 I 20 3078. 87 II
4 O O O "7 O O29o7. 32

T T
11

-7
7 3081. 38 II

3. 0
o o o o o o2988. 22

T T
11 7070 1000 rv 03082. 08 11

14 O O OQ O O2989. 29
T T11 60 1 0 0 yi n 130o4. 03

T T
11 n 1 0 ^ 1 z.0 — 32416

8 2989. 56 II 6 3087. 12 II
3. 0 2994.10 II 7 3087. 79 II

11 O O O /I >l o2994. 48
T
1

-7
7

0 A 0 0 "7 C3088. 75
T T
11

4 O O O C A A2995. 44
T T
11 15 1 no 1 T A3093. 14 T T

11

Q7 OQO^ 17299o, 3 /
T T
11 1 012 1 no c 003U95. 00 T T

11
8 2997. 89 II 36 3099. 19 II

7 2998. 05 II 7 3099. 60 II
120 3002. 39 T TII 15 0 T no z.

n

3102. 69
T TII

30 3002. 64
T T
II

•7

7
0 T A yi A /
3104, 46

T T
II

9 3003. 84 T TII 0 022 0 T n / Tn3106. 79 T TII A Af\ 10Z.10440 — 32619
6 3005. 05 II 15 3110. 88 II

15 1 nn o 173U0o. 1 /
T T
11 3U a nil a Aili-D, 54 T T

11

4 3009. 46 II 8 3115.10 II

5 3009. 70 II 13 3115. 52 II 440-32528
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Erbium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

15 3116. 94 T TII A O A A ? >l

0 — 32074 24 3232. 03 II
15 3118. 83 II 32 3237. 98 II
8 3119. 05 II 14 3240. 48 II

15 3121. 90 T TII 0 — 3^:023 18 O A >! O AC3243. 25 T TII
75

O T O O / "7

3122. 67 T TII 9 3243. 48 T TII

8 3123. 09 T T
II

1 A32
O A >l A OA
3249. 34 T T

II

15 3125. 19 II 9 3256. 34 II

15 3125. 65 II 9 3258. 48 II
6 3127. 38 T TII 55 O A C A A3259. 06 II
8 3131. 07 T TII 18 3262. 81 T TII

13
O T 'J 1 AO3132. 03 T TII 0 — 31919 260 3264. 79 II A O A / A "1

0 — 30621
28 3132. 51 II 9 3266. 63 II
46 3132. 78 II 42 3267.14 II
8 3135. 62 T TII 32 O A / A ^ T3269. 41 T T

II

13 3137. 85 T TII 9 A "7 'J O O3273. 33 II

16 3138. 49 T T
II 9 ^ T7 "7 "7 n T T

11 0 — 30500
40 3141.13 II 440-32267 24 3278. 22 II

7 3141. 81 II 70 3279.33 II
8

O T /I O OA3142. 80 T TII ~it\70 32o0. 22 T TII

8 3143. 63
T T
II lo 1 o32oo. lo T T

11

O /I24 3144. 33 T T11 A L.46 32o6. / /
T T
11

16 3144.51 II 14 3287.97 II

13 3150.53 II 9 3291. 27 II
1 A14 3152. 37 T TII 9 J3U1. 94

T T
11

40 3154. 28
T T
II 32 a 9d T T

11

19 3160. 34 T TII 440 — 32074 9
O O A >l A ~7

3304. 07 T TII

6 3161. 35 II 36 3305. 58 II
6 3164.52 II 8 3307. 46 II

19
O T / "7 AA3167. 09 T TII 220 O O T A >l A3312. 42

T T
11 440 — 30621

8 3171. 52 T T
II 9 3313. 49 T T

II

8
O 1 "70 / A
3172. 62 T T

II 18 O *3 1 O Z. Z.3313. 66
T T
II

16 3175. 52 II 18 3314. 44 II
8 3179. 62 II 8 3314. 95 II

32 d 3181. 68 II 55 O O T / OA
3316. 39 T T

II

85
*> T n 1 A A
3181. 92 T T

II 15 O O T T C A3317. 52 II

40 3183. 42 T T
II 440 — 31844 8

O O T O A A3318. 24 T TII
24 3185. 26 II 9 3318. 78 II 0-30123
16 3187. 79 II 75 3323. 20 II

12 3192. 63
T T
II 28 O O AA / "7

3329. 67 T TII

30 3200. 57 T TII 75
O O O A -7T3332. 71

T T11

12
O A A o yi A3203. 42 T TII oo

'2 O ^ Z. ~7 Z.3336. 76 11

8 3203.95 II 36 3337. 26 II

22 3205. 15 II 28 3337. 80 II

8
O A A n AC3208. 05 II 24 o O A A A 1334U, 03

T T
11

26 3214. 45 T T
II 9 11 Af\ AQ3340. 49 T T

11

85 3220. 73 T T
II 9

o o /I n /A3341. 62
T T
11

60 3223. 31 II 28 3341.85 II

/. io T T11 /u T T
X J.

8 3229. 93 II 9 3344.37 II
220 3230. 59 II 130. 3346. 04 II 440-30318
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Erbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

ID JJHO, JD 1 A IAIB 19jHjOt jC
12 3347. 64 II 8 3438. 47 II
16 3347. 86 II 75 3441. 15 II 440-29492
1 nio

I"
U — 1 70D7 IB 1AA9 ARphhc, 00

D "l-iAQ 7AJjHo, IO 1 nxu 1AA1 79 II

HO JJ0<J, UD pACO "XAAf^ BfljHHO. do
34 3350. 27 II 5133-34972 10 3447. 53 II
18 3351. 33 16 3448. 07 II 5404-34397
g jjOO, C.C. 1 A 1A(;i ABjhdj, 00

Xo •i -J CO 1 ^ 10 1AA1 AO II

ID 9ACh 1AA9 e;B^'tb^. DO
9 3361. 67 II 26 3464. 53 II

140 3364. 09 II 48 3469.48 I
t'KU.U 70 9 A 1/IAQ 7/1 II n 9 Q Di 9U — icool^
'^^AQ 07J^OO, U /

AACt _ im 91 1A71 79Jt 1 X, 1 C II

AA
/ U. D7

_-.
1 nlU 1A77 OAJ*t / / , 7H

750 3372. 76 II 0-29641 60 3479. 44 II
95 3374. 16 II 0-29628 28 3480. 44 II
Q j!> /O. iU lU 1ABA t;A3H0H. Do II
Q0 JJ It, uu TT 1

7

lABc; 17

7 JD / 7. ul ^_
7 3 l^QC B93HOD. O/:

^_ AAO _ 9Q1 90HHU — ^7X^U
13 3381. 08 II 34 3486. 83 II

28 3381. 32 II 26 3489. 36 I
00cc. I 1 AIt 1AQ9 c;A II

1 / U II AAfl _ 9QQ71tHU — ^77

/

J 1A 1AQA fl7

1 1;±D '^•iCQ A9jjQy, Oc
-.^ A^n 1AQQ 1

1

jHyy, 11 AAO _ 9Q01

1

HHU — t7Ull
44 3389. 74 II 0-29492 60 3502. 78 I

220 3392. 00 II 26 3505. 07 II 7150-35672
Q7 II CO ic;oc; 70jDUD. IU _

jQ7 J.37H. ^7 JO JOKiO, H\J

l7 'X'KQA BA X7 U ->DUO, 01

34 3396. 06 II 3508. 94
28 3396. 84 II 5133-34563 48 3514.91 II
1 Q ^^70. iiO — ^QRi^QHnU — t7037 30 1C1 Q 1 73D10. 1 /

T T
I X

Q7 II 90 it;99 c;9JOCC, oc T
X

AODU 1i;9A Q9jOCH, 7C T T
X X

7 3406. 96 II 26 3526. 81 I

18 3408. 69 II 10 3531. 27
1 K13 lAC^Q flfl^'tU7, OO II AO H ICIQ C7J0j7, 0 1

T Qlo 1 >n 7 0 Q II 9ACH ic;a9 QQJOHC, 77

DHi. 1 . OH 9ACO it;Ac; BAjOHO, oH
19 3420. 18 II 26 3547. 51

19 3422. 87 I 30 3548. 23
OL. 1/1 oc no II HHU — ^7D^:o 9n J0H7, 00
A QHO -1 O Q /ll II QOoU jOH7, 00

17 jHcM, 7I
-.

I't
icci 703DD1. 17

14 3431. 06 I 30 3553. 18 II

C.O n — 9Q1 70U ^71^U ic:r4 oq
J/ J-Jt^. c.7

14 3434. 64 10 3556. 04
10 3437. 65 16 3556. 37
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

10
O C C / OA3556. 80 A A44 O / C A OZ.3652. 86 T T

II 7195 — 34563
20 3557. 07 3. 0 3656. 34 II

150 3558. 02 12 3659. 56 I

50
O f" r" O TA3558. 72 10 O / / A "7 O3660. 78 T T

II
100

o r" r" A AA
3559. 89 T T

II
n A10 O / / A AO3662. 03 T TII

20 3563. 49 16
o / / o O/3662. 86 T

I

30 3565. 15 32 3664. 44 I

20 3569. 25 42 3669. 01 II 7150-34397
20 3569. 91 7 36 /5« 18 T TII 7195 — 34397
16 3570. 60 17 3676. 51 II

90 3570. 74 17
'2 ^ "7 O O C36 /o. 95 T

I

14 3573. 85 II 5133-33106 6 3680. 09 II
30 3578. 31 44 3682. 71 II

19 Zo 3684. Ul
T
I

-1 Art100 O C O A >l A3580. 49 II 440 — 28361 1 A34 3684. 27
T T
II CTOO OAAZ.T5133 — 32267

36 3586. 64 14 •2 Z. OQ TO3689. \i T T
11

20 3587. 77 II 700 3692. 64 II 440-27514
20 3588. 35 40 3696. 25 II

60 O C A A3590. 73
T
I

1 A14 3696. 91 T T11
40 3595. 83

T
I 9 369 /. z:4

T
1

60 3599. 51
T T
II 34 ^Z.Q"7 Z. O369 /. 6o

T
1

100 3599. 84 II 48 3700. 72 II
20 3604. 72 II 17 3701. 56 II

50
T T
II 3. 0 3 /OZ. 50 T T11

16 ^ / f\C /A3605. 69 I 9 ^ "7AC "7 "7

3705. 7 /
T
I

20 3o07, 21
T
I

1 A14 ^ "7 n z. CO3706. 5Z T
1

40 3607. 45 I 46 3707. 63 II
300 3616. 58 II 0-27643 3.0 3710. 76 II 5133-32074
50 O / T "7 OA

3617. 82 T TII 9 3711. 81 II

50
O / T A A A
3618. 92 II

A L46 O "71 A '1 A3712. 39 T TII

10
O / A C" A A
3625. 28 T TII 11 3715. 96 I

70 3628. 04 I 9 3717.26 II

30 3629. 39 I 28 3719. 31 I

20 O / O A A A
3630. 08 T T

II 9 3721. 45 T TII
r A f\ A lAAZ.^5404 — 32267

14 O / O A OA
3630. 30 T T

II 6 O ^A O Z. Z.3723. 66 T TII

14 3631. 79 T
I 15 37Z4. 38 T T

11

44 3632. 07 II 8 3724. 45 II

10 3632. 79 II 20 3724. 92 II

26 3633. 26 I
T A A120 O ~70 O C C3729. 55

T T
11

100 3633. 56 T TII 0 — Z7514 A f\40 O "7'2 1 O "7
3 731. Z /

T T
11

50 3634. 67 I 5 a ^ 7*2 1 TO3731. lo
T T
11

20 3636. 30 I 4 3732. 17 I

24 3637. 16 II 5133-32619 17 3734. 46 II

140 1 / O Z. A3638. 69 I
O A24 ^Tl A CO3734, dV

T T
11 0 — ZO /07

24 3641. 26 T TII 6 1 "7 1 C Z. O3735. 68 1

6
O / >1 1 OA3641. 89 T TII 4o •2 "7 "2 O TO3/38. lo T T

11

80 3645. 93 II 16 3740.28 II

6 IZ^AL. "70
3646. /9 T T11

"71 cn 1A 3U ^ / 41, U7 T T11

46 3650. 39 II 80 3742. 65 II 5133-31844
32 3652. 57 II 18 3744. 99 II
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Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levels
trum .m K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

12 3745. 11 T TII 28 3851. 60 II 7150-33106
5 3745. 72 II 60 3855. 93

80 3747. 53 I 48 3858. 39 II 7195-33106
5 3748. 99 T

I
/ Art600 3862. 82 I

17 O "7 C n C '2

3750. 53 II A A20 o A / yi on3864. 81

3. 0 3751. 97 T TII 4 O A / A A A3868. 22
48 3756. 05 I 12 3874. 73
3. 0 3756. 35 II 8 3875. 87

20 3761. 94 T A A120 O O O rt / rt

3880. 60 II
20 3766. 16 II

T AA100 O A O A AT
3882. 87

T T
II 7150-32896

6 3767. 76 T T
II

o
8

o A A yi An
3884. 08

14 3768. 79 4 3885. 38 II
24 3771. 10 II 12 3887. 16 II
10 3772. 47 T TII A A20 O A A A A A

3888. 09 T T
II

8 3774. 83 I
1 A12 O A AA A A3889. 82 T T

II

10 3775. 2o T
I 32 O AA A /A3890. 60 T TII

20 3775. 66 II 340 3892, 69
14 3777. 62 II 13 3895, 81 II
10 3778. 26 II yi A A420 O AA / AC3896, 25 T T

II
A A r\ A/rtAA440 — 26099

12
'5 ~7~70 / /I3778. 64 I

A A20 O AAA A A3899, 04

36 3781. 03 II 5404 — 31844 65 O A AA "7C3902, 75 II
6 3783. 85 4 3903, 86 II

160 3786. 84 II 20 3903. 99
6

O ~7 0"7 /I O3787. 42 A n20 O AA yi C A3904, 59 T T
II

50 O "7 n "7 A3787, 90 TT A A^OrtA
II 0 — 26392 1 AA100 O AA C A A3905, 44

10 3791. 16 AHA850 O AA / O3906, 34 T T
II

8 3791. 53 8 3908, 42
50 3791. 84 II 9 3910, 50
44 3792. 81 I 9

O A T 1 C A3911, 58 T TII
50 3797, 07 II 440 — 26769 4

O AT "1 AA
3911, 92 T T

II

7 3798. 24 11 O A T A /I O3912, 43 T TII A A C C C A0—25552
16 3798. 65 I 4 3915, 70 II

6 3803. 68 I 7 3915,98 I

4 3806. 11
AA22

O A T A AC3918, 05

7 3807. 09
T T
II 17

O AT A OA
3918. 38 T TII

140 3810, 33 I
AA22 O A A T OA3921. 89 T TII

7 3817, 73 65 3932. 28 II 7195-32619
8 3818,71 260 3937. 02

6 3827, 36
1 "7 A170 O A O A / C

3938. 65 T T
II

320 O A O A CI
3830, 53 TT A A/AAAII 0 — 26099 7

O A O A A A3938. 92
T T
II

10 3832, 30 4
O A O A O /3939. 36 T TII

7 3832,46 12 3942. 56
7 3835, 65 12 3943. 21 II

18
O A O T / /
3837, 66 A Z. A260 m A A Al3944. 41

10 O A O A OA
3838, 39 44 3948. 07

T TII

8
o n O A OA
3839. 39

A
9 3950. 96

3.5 3842. 99 20 3951. 50 I

7
^ A >l A OA
3848. 32 A26 mc £^ A13^5o. 43

8 3849, 32 4 3959, 91 II

48 3849. 91 13 3961. 21
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Intensity
and

Character

Wave-
length
in A

Spec- f^^^^yLevels
m K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

q7 '?9A3 3A TT 1 1 4094 66 TTX X

7 3964. 52 I 85 4098. 11

22 3966. 35 I 28 4100. 58 II

J. _/
^969 45 TT

X. X 5 4104 00 ITX X i;i 3"^ _?q4q2
u '?97'^ 04 TX 41 06 63

^ / 1 J?. DU TX \ 0 4109 34~X VJ / # ^ " J

110 3974. 72 II 11 4112. 63 II

22 3976. 74 I 26 4116. 36
J^^977 0"^ TX 26 4118 55"XX \Jm -J

A
*T

'?979 1 4J7 1 7. X*T TTX A 1

1

X X 4123 05 ITX X

-iqcn 17 TTX X 1

1

X X 4124 80 y

13 3980. 61 I 48 4131. 50 I

90 3982. 33 I 44 4142. 92 II
Q
y JjOJm XJ TTX X 550 4151 10" X _J X» X VJ

TX
i; 4160 30

'?9R7 A6 TX 1 5X ^ 4164 82 J

18 3991. 16 I 10 4171. 68
4 3994. 87 II 11 4172. 17
-3

TTX X 1

1

X X 4185 45

J.^ u -iqgq i
-7 y 7 y . i u IIJ. X 22Cm. C- 4189 99 ITX X

X o 4004 07 TX 80 4190 71~ X / w • /X

1100 4007. 97 I 11 4194. 70 I

18 4008. 19 II 5 4197. 39
J4009 1

6

II 0 — 24936 10X \J 4205 32

X ^ 4009 77TUU 7. / 1
TX 110X X tJ 4218 43

4012 58 TX 16X \J 4220 99

4 4012. 98 II 5 4223. 47 I

28 4015. 61 II 5 4223. 72 II
q 401 A 3A*T U J. U. ^ U TX 26 4230 20 ITX X

40?0 5? TX J 4232 47

40?1 55 TX X X 4234 76 ITX X 5404 — 29011£. /UXX
9 4021. 96 II 6 4235. 17

15 4036. 12 I 5 4237. 03
xt 40'?7 A9 TX 1 6X w 4251 93 TTX X

o 4n'?Q AltU^y. OX TX
c; 4263 64

X o 404"^ 0"^*TU*t>. U J/
TTX X

t;
_/ 4264 85 J

80 4046. 97 I 5 4269. 93 I

22 4048. 35 II 7150-31844 11 4276. 45 II
xo 4n4Q 4RtU'+y. to X X 55 4286 56

1
TTX X 4288 50 J

40'=>q '^iHUZJy. _/X TX 26 4298 91 J

55 4059.81 II 5 4301. 26 I

11 4072. 39 I 26 4301. 61 II 440-23681
1

1

XX 4074 0?*tu / *t. u^ TTX X nXX 4303 81 ITX X 5133 — 28361
^4 4077 Rfl TX

i; 4306 34

44 4081 ?1tUUJL. ^X II 440 — 24936 9 4319 94 ITX X

11 4083. 09 I 10 4328. 81
PRO 4087 65tUO / . U-? TX 4 4330 27 ITX X

6 4091. 78 I 9 4331. 35
17 4092.90 I 5 4335. 03

609065 O -62 -7 85



Erbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levelstrum m K

4 4338. 99 II 2 5 4624 78 T TX J.

11 4340. 92 13 4630. 90 II
15 4348. 33 9 4640. 61 II
4 4351. 63 3 0 4656 68 X X

9 4369 38 II 9 4665 43 TT

5 4378. 35 II 2 5 4667 59 ITX X

5 4380. 64 3.5 4671.58
13 4382. 17 25 4673.16
24 4384. 71 II 461 \J 4675 62 TTX X
24 4386* 40 12X t— 4679 07 TTX X

5 4388. 37 II 3 0 4688 63 IIX X
6 4397. 42 6 4697. 11 II
8 4403.14 II 3. 0 4702. 19 II

65 4409. 35 2 5 4708 69
6 4413 75 T

3 0 d 4718. 71 ITX X

5 4414. 34 T 22 4722. 71
T

14 4418. 71 I 8 4724. 54 II
46 4419. 62 II 14 4729. 04
9 4422. 47 IIX X 8 4731 60 IIX X

26 4424. 57 4 4736. 97 IIX X

30 4426. 77 T
6 4745. 28 J

4 4432. 21 I 12 475l!55 II
9 4437. 67 16 4759. 66 II
4 4448. 62 II 6 4762 66 II
8 4459. 26 II 9 4795. 50 II

8 4473. 50 IIX X 18 4820. 34 IIX X

7 4484. 47 3.0 4828. 67
2.5 4488. 89 2. 0 4829. 51
4 4489 08 8 4831. 14 IIX X

10 4496 38 2 0 4834! 74 IIX X

16J- u 4500 75 IIX X 0-22212 4842. 04 T

3.5 4503. 27 II 8 4848. 83 II

3.0 4512. 18 3.0 4851. 64 II
3 0 4518 64~—/Xw» \J 1 4 4853. 12 II

4519. 46 II 3. 0 4854. 42 II

10 4522 72 T 13X ^ 4857. 43 T

3.0 4526. 92 II 5 4858.47 II

3.0 4531.11 II 3.5 4861. 60 II
10 d 4552 13 IIX X 14 4872, 10 II
4 4555 71 3 0 4872. 49 II

13 4563. 28 II 3. 0 4878. 33 II 7150-27643
3.0 4563! 92 2.5 4879. 90 II
4 4566.38 II 3.0 4886.30 II
3 0 4569 31 3. 0 4888. 86
A 4592 93 J 3 0 4896. 96 II

3 5 4596 73 J 9 4898. 16 II

6 4598.13 I 24 4900.10 II

5 4602 06 6 4903. 63 II

80 4606. 62 3.0 4904. 42 II

6 4611.28 II 3.0 4917. 06
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

47^5. U4 C.OC.U A~l T T11
5 4925. 43 II 5257. 02 II
2.0 4926.97 II 5264. 75 II

Cm 0 47^ /.
T T11 9 cio~ro anDd. 1 d, y\J

T
1

QO H7Ct5, OO 6 ^011 7nDC 1 1 , l\J
T
1

AQ'IA 0747^4. U / 3^ / 7.
T T11

14 4944. 36 I 5302. 30 II
20 4951. 74 II uD 5333. 02 I
cD 473^. OU T T11 3.0 om, JO T T

1 1
•a n3. U 4734. O /

T T
1 1 3.0 DJ^4. T T11

n
4 AOiUU A1 T T11 DiHj, yj T T11

7 4966. 99 J. 3 5344. 50 II
6 4969. 87 1 n± u 5348. 04 I

1 A A Q~I C A 147 / O. 41 5 c •! c n A ADjdU, 44 T
1

n4 477U. ic 4 3^00. OD

cD AOOO 1A477^1. At c-jQc; 07 T T
11

10 5000. 38 11 7 5414. 66 II
28 5007. 25 5422. 80 II
iU cfinD Q~idUUo. 7 / 2. 0 h c /I CI •2nd4d1.

4 T T
1 1

io ?n^ u D4DD, oU T
1

13 5028. 90 JI 5462. 45 II
4 5029. 76 5468. 32 I

DU^D. 74 I 2. 0 c;/l77 /It;d4 / /. 4D T T
1 1

O /I i)U4^. UD 9 34oD. 7^ T T11

1 /I DU4^. 00 CAQI AlD47 /. 41 T T11
14 5044. 89 J ^i nJ. u 5516. 00 I

4 5045. 99 II Q 5593. 43 I
/ID I 5 d DbUl. l7 1
QO 3U /U. J4 II 5 h 3bU7. 74 T

1

1 /I14 (;n77 A'idU / /. 0^ 7 i;A1 1 QO5bll. oc T
1

8 5080. 51 Q0 5622. 02 I

7 5119. 63 II g 5626. 52 II
1^ 3lii:4. DO I 3.5 t;AiA 00 T

1

13 Dxd /, 4U II 10 i;AAn "XA3b4U. j4 T
1

Li i;Ay!1 A'i.Db41. HJ T
1

15 5133. 83 II C, D 11 5658. 48 II
7 5143. 58 II 00 5664. 95 I
/I4 D144. U7 5 DbbD. 44 T T11
/,o CT Al Q1 II 6 C A7 C /I QDb/D. 47 T

1

l7 cn /./I 77
J.. 0 CAQC CCDb7D. 3D T T1 1

14 5172. 75 I 5710. 89 II

3.0 5179. 48 II 0 5717. 48 I
1 Qlo cT QQ onDlOO. 7U II 8 C7"! Q CID / ±7. D^ T

1
n -7

1 / I 6 [;7'5A QQD 1 CO. 77 T
1

7
/

COT 0 niOdLc, 7l 2.5 D / 4^ T T
1 1

3.5 5215. 13 II 2.5 5736. 58 I

3 5 5218 24 2.5 5736 96 I

5 5229. 32 11 5739. 18
16 5255. 95 4 5740. 62 I
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Intensity
and

Character
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length
in A

Spec-
Energy

^ Levelstrum ,^m K

Intensity
and

Character

Wave-
length
in A

„ Energy
Spec- ^ f-'Levelstrum m K

7 T AT R'^ 9 0 T T
X X

6 5752. 53 I 40 6221. 01
8 5757. 62 II 4 6230. 90 I

J c ^7A9 7Q T
X Ao A9A9 c;AOCOl., 3D

DO C7Z,Q no TX
cJ A9A7 r.

c;
/ Oc. Oi. 7 A9AR RAOcOO. oD

8 5784. 64 I 4 6274. 96 I

2.5 5791. 12 II 3.5 6286. 86
DO t^Rnn 77 TX 0 n A9RR Alo^oo. ox

IjOUD. T TX X
cD A9QQ AlDt 77. HX

^P.^ d 9R T
X X D A'^OR 7QD3UO. /7

_

48 5826. 79 I 6 6326.11 I

1.2 5833. 95 II 2.5 6347. 17 II
c
Z3 I? OJ IJ.

T
X 1 9X. £. D33X. 3

/

T T
X X

1. O T
X

cD A'^RR 1 Q0300. X 7 T T
X X

9 nu TX X, o 03 70. X3
11 5850. 06 I 1.2 6413. 59 II
13 5855. 32 I 2. 0 h 6423.10

I70UU. / J T TX X 9 ^ AA'^9 t;nDH^t. 3U
X. O ^R71 A7 T TX X ^ ftX. o AAAl "^1OH'tX. 3X T T

X X

J. O ';R79 "^R T
X n ftu. o AAm R9C+jX. 3t

2.0 5873. 52 I 0.8 6454. 02 II

13 5881.14 I 1.6 6481. 77
J, u tiRRA ARI70GD. HO T T

X X AARR R7D't03. O /

J. u 37Ut, U7 T T
X X A AAQ9 "^t;Ot/t. 33

o RQOA 07 TX X. H A'i90 1^103^ U. 3X
5 5909. 25 I 2.5 6541. 53 I

2.0 5916. 46 I 1.2 6556. 31 II
TX 9 n A'^c;7 7RD33 / . /

O

i. O RQ'^7 90 TTX X 7 A^R"? AA0303. HO

^QAA "^AJ 7 HO. J? D T
X 1 ftX. O D373. IJC

D cq^o 70 T
X

QO AAOl 1 0OO UX. X u

J, u 37 / J, DU T
X X. H AAl A 7^1OOx O. / 3 T TX X

AOriA RD TT
X X 1 AX. o AA"^? A9U03 / . Ul.

1 A hJ.. D 11 Ann7 QCiDU U / . 7D TT
X X 19 HX. ^ u AA4R 9R

AAAQ 09
9 c: AOnR 7A T T

X X

6 6014. 83 I 1.2 6663. 51 I

4 6015. 76 II 1.5 6687.20
oo An99 c;A T

X 0 Ru. O AAQO 09 TTX X
9 t; T T

X X 0 RU. O A701 ROO / UX. OU T TX X

9 i; AOAc; At;01143. DD T TX X 1 9 A790 QQ\j 1 C U. 7 7 y

2.5 6048. 13 II 3.0 6721. 93 I

5 6054. 84 I 1.5 6722. 76 II
QO AOAl 9A TX

QO A7Rq R7D / 3 /. O /

1 OU / D. 'tt
T T
X X X, t A7A1 A9o / ox. o /

TTX X

1 A1. b AT ni; 90 T T
X X 9 3 A7A9 96O / O^. / o J

4 6116. 00 I 1.2 6764. 52 I

4 6125. 32
T
I 1. 2 D / DO. b*:

1.4 6149. 30 II 1.0 6768. 44 II

3.5 6170. 05 II 2.0 6768. 94 II
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Spec-
trum

Energy
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in K

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Energy
Levels
in K

i^iii AnOl 1 J, 4U 3 0 7tic;A 04
/ DI/D. AH T

1

1. o 6776.14 II n 7 h 7574.11
i. o 6779. 86 0 6 h 7590. 44

2.0 o/oU. /3 1.2 7c;97 OA10 7 1, AO
0.9 A"7D"7 on 0.7 1 DU /.ID

A A"7Qn Q'J 1 ?J-. ^ 7A1 Aft

i. 0 6796. 93 II n 7 7623. 45

u 6803. 87 II 1 a h11 7645. 62

2.5 AOOC /I A 0.9 / ODU. DO
2.5 2.5 1 DDH, HS>

T T
X X

J.. *T
/QIC QO 1 4J-. T h11 7ARft no

/ DDO. UA
Po 6848. 11 I 2 5 7659.23 I

1 n1. u 6857. 21 0 5 7665. 63

6 AQAc onOOD3. aU 4 7Aftn nn

1.2 to 1 3, Lc 1.0 7700 1

0

/ / aA. X a T T
I X

9 n bo /4 0 9 770A 1 ft
/ / AD. 10 T T

X X

•

±, o 6874. 77 I 1 2 h 7747. 38
J, u 6880. 01 2 5 7754. 61

1.2 ooo4. XJ 0.5 77A0 nQ
/ / O^L, U7

0.8 AQQO /I C007A. 4D 1.0 77QA c;Q1170, D7

L. O AQQ7007 /.
T T11 4 77Q7 40117 1, HA

-

1 n 6908.26 1 0 7838. 70 I

X. H 6926. 08 I 7843. 95
0.7 AQOA OQ07A0. A7 1.8 7RA7 t;o

/ OH / • DA

2.0 Z.QOQ •2A 0. 6 7Q7C 11
/ 0 / D. ^X

n 7u. / b74*f. 7D T T
Jll 0 A 7Q7Q -10

1 0 17, JC.
-

6951.87 2 0 7899. 54 I

i. u 6973. 03 n 9 7913.11
0.8 AQQO nb707. ^A 4 7Q01 7ft17 CI., 1 0

2.5 -rnm /I /I 3.5 7Q17 7"^/7^ /. / J

7nCQ CO/Udo. da 0 9U. 7 7QC0 QR170c., 7O
_

11 7065. 00 I 1 4X. t 7964. 57 I

7070. 96 II n 9U. 7 7979. 09

2.0 "71 m oi/XUX. A^ 0.9 7QRn Qii
/ 70U. 7D

0.9 71 no An/XUy. bU 0. 6 ftno'^ 1

1

OUa^. XX

1 9 "71 CC 17 T T11 1 4 RniA nAOU^O. UH T
X

U. D 7161. 89 1 4X. "T 8181.90 I

X. O n 7196. 99 4 8312. 90 I

0.8 h /Ab4. 7b T T11 2.0 o-iOR A'^OJaO, T T
X X

0.8 h Idem, 0.6 R1A7 AO0^0 / . OA T T
X X

1 AX, O 7nQ 7Q/PA7. /7
T T
11 A ft/ii n nnOHXU, uu T

X

7355.34 1 2 8466.11 II

1.2 7356. 40 4 8472. 39 I

2.0 7/100 AC/4ao, b3 1.6 Rm 7 AAODx / . DO T T
1 1

AD 7/1 CO CI T
1 A. U ODAx. JD T T

1.0 7460. 42 2.5 8768. 58 I

13 7469. 46 I 1.2 h 8776. 59 I

2.5 7^0 107532. 3a 1.0 RRAA RQoobb. 07

0.7 h 7539.14
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EUROPIUM

Eu, Z=63, M= 152.0, Ratio ^=2.392

Eu I Normal state of valence electrons 4/ Gs^ ^83^^=0. I.P.= 45740 K
Eu n Normal state of valence electrons 4/ Qs^ ^84 =0. I.P.= 90716 K

References
Wavelengths

:

A. S. King, Astrophys. J. 89, 377 (1939).

Classification

:

Eu I, H. N. Russell and A. S. King, Astrophys. J. 90, 155 (1939).

Eu II, H. N. Russell, W. Albertson, and D. N. Davis, Phys. Rev. 60, 641 (1941).

Relative intensity of europium lines observed in an arc of copper containing 0.1 atomic
percent of europium

Strong lines of europium

Intensity

4000 cw
3400 cw
2800 cw
2400 cw
2200 cw

2000 cw
1700 cw
900 cw
750
650

550
550
420
340
320

200
200
190
160
120

110
100

Wavelength
A

4205. 05
3819. 67
3930. 48
3907. 10
4129. 70

3971. 96
3724. 94
4435. 56
4594. 03
4627. 22

3688. 42
4661. 88
2727. 78
2813. 94
2906. 68

4522. 57
2820. 78
2802. 84
6645. 11

7370. 22

3212. 81
3334. 33

Spectrum

II

II

II

II

II

II
II

II

II

II

II

II

II
II

II

II

II

Energy levels

K

0-23774
0-26173

1669-27104
1669-27256

0-24208

1669-26838
0-26839

1669-24208
0-21761
0-21605

0-27104
0-21445
0-36649
0-35527
0-34394

1669-23774
0-35441

1669-37337
11128-26173
10643-24208

0-31116
0-29982

Term combination

4f6si a «S| —4f6pi z 'Pj
4/76si a »Sl —4f6p' z 'Pj

4f6s a —4/'6pi z 'P3
4/'6si a —4/76pi z 'P2

4f6si a "83 —4f6pi z ^P^

4f6si a 'S| -

4/76si a »SS -

4f6si a -

4/'6s2 a 883^-

4/76s2 a »S°3y,-

4/76si o "Si -

4/'6s2 a 8S3H-
4/76si a 9S| -

4/76si o "Si -

4f6si a 8S| -

4f6s' a 'Si -

4f6si a 9S| -

4/'6si a 7S3 -

4/?5di a 8Dg -

4/'5<ii a »D| -

4f76s2 a sSIh-

4/76s2 a »Sl^-

-4f'
6pi z "Pi

-4/'6pi z 'P4
-4/76pi 2 ^Pi
-4/'6si6pi y 8P4H
-4/76si6pi y sPjH

-4/76pi z 'Pa
-4f6si6p' 2/8P2H
-4/66si6di y 'Ps
-4/66s'6di y "Pi
-ipQsW y 8P3

-4/76pi

-4/66d2
-4/76p'
-4/76pi

z^Ps
IO83

y'Pi
z^Ps
Z'Pi

1133H
10631^, 4)^
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Europium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2 0 2499 39 IT 1669-41667XW / I X w \J 1 28 2862. 57 IIX X 0 — 34923
2.5 2554. 78 II 16861-55991 2.5 2864*. 42 II 11128-46029
2.5 2559.18 II 17004-56067 6 2876. 06 II 1669-36429

1 5 2564 17 II 17004-55991X 1 v 1 w' —' / /X 10X V/ 2878 87 IX 0 — 34726
10 2568 17 II 17141-56067XfXiX —' \J ^ \J 1 8 2887 85 IIX X 0-34618

2 5 2574 76 II 17141-55968X * X^X —' X wu 20 2892. 54 IX 0-34562
22 2577. 14 II 16861-55652 14 2893! 03 I 0-34556
2.5 2581.86 II 17248-55968 36 2893. 83 I

2 5 2604 61 IIX X 0 — 34546
3 0 2635 50 IIX X 0-37932 320 2906 68 IIX X 0-34394

95 2638 77 IIX X 1669-39554 16X \J 2908. 99 IX 0-34366
36 2641.27 II 0-37849 3.0 2917! 44 II 1669-35936
4 2653. 61 II 85 2925. 04 II 1669-35847

2668 34 IIX X 1669-39135 6 2947 29 IIX X 0-33920
10 2673 42 II 20 cw 2952 68 II 1669-35527

24 2678 29 IIX X 1669-38996 3 0 2958. 91 I 0-33786
24 268^. 66 II 0-37224 3.5 2959! 47 II 0-33780
55 2692. 03 II 1669-38805 26 2960. 21 II 1669-35441
70 2701 14 IIX X 0—37011W f W X X 30 2991 33 II 0-33420
80 2701 90 II 0-37000 3 5 2995. 22 IIX X 1669-35046

24 2705. 28 II 0-36954 4 3006 26 II 1669-34923
18 2709! 99 0-36890 3.5 3022. 15 I

70 2716. 98 II 1669-38464 3. 0 3040. 77 II 1669-34546
7 2723 96 0-36700 32 cw 3054. 94 II 1669-34394

420 2727. 78 II 0-36649 12 3058 98 I 0-32681

19 2729 33 II 0-36628 3. 5 3069. 11 IIX X 24208-56781
38 2729. 44 II 1669-38296 3.5 3076. 07 II

1

5 2731. 37 0-36601 22 3077. 36 II 0-32486
4• 2732. 61 J 0-36584 3 5 3089. 35 II
8 2735. 25 T 0-36549 12 3097. 45 II 1669-33944

16 2740. 62 II 1669-38146XW / w X ~w 32 3106 18^X \J 0 Xw I 0 — 32185
7 2743! 28 0-36442 95 3111. 43 I 0-32130

12 2744. 26 II 0-36429 12 3130. 73 II
4 2745 61 0-36411 4 3132 16 I

7 2747 29 II 1669-38058 5 3149. 88 II

8 2747 83 J 0-36381 9 3173 61 IIX X 0-31501W X ^ W X

9 2752. 17 II 1669-37994 4 3185. 54 I 0-31383
48 2781. 89 II 1669-37606 44 3210. 57 I 0-31138

190X / vy 2802 84 IIX X 1669-37337 110X X V 3212 81^^ X £- • UX I 0-31116V ^ X X X w

22I— I— 2811 75^ U X X • / —

^

IIX X 1669-37224 44 3213 75 I 0-31107

3 0 2813 08 II 5 3235 13 I 0-30902
340 2813.94 II 0-35527 10 3241. 40 I 0-30842
55 2816.18 II 1669-37168 5 3246. 03 I 0-30798

200 2820 78 II 0-35441 5 3247 32 II
40 rw 2828 72 IIX X 1669-37011 11X X 3247 55 IX 0-30784

12 2829 30 IIX X 1669-37003XV/^y / ^1 \J\J ^ 11XX 3266 39 IIX X 23774-54380
14 2833. 26 II 1669-36954 16 3272. 77 II 23774-54321
8 2843. 96 II 1669-36821 22 3277. 78 II 23774-54274
6 2852. 05 II 16 3301. 95 II 24208-54484

26 2859. 67 II 1669-36628 5 3304. 50 II
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Europium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

15 3308. 02 II 24208-54429 550 3688. 42 II 0-27104
15 3313.33 II 24208-54380 5 3710. 87 II 10643-37584
7 3319. 89 II 24208-54321 8 3713. 45 II 10082-37003

10 3321. 86 II 11128-41223 8 3714.90 II 10313-37224
9 3322. 26 0-30091 3. 0 3716. 94 II

, 100 3334. 33 J 0-29982 3.0 3717. 69 II

5 3338. 75 II 26838-56781 3. 5 3719.16 14564-41444
12 3350. 40 0 — 29839 1700 cw 3724. 94 II 0-26839
4 3351. 56 4 3729. 68 II

4 3354. 38 jj 4 3729. 74 II 11128-37932

5 3367. 64 J J 10082-39768 1.8 3732. 20 J 14068-40854
15 3369. 06 II 10643-40317 4 3738. 08 II

7 3380. 25 24208-53783 30 3741. 31 II 11128-37849
8 3390. 78 9 3743. 56 II 9923-36628

20 3391. 99 J J 10082-39554 22 3761. 12 II 10643-37224

30 3396. 58 J J 26838-56271 8 3765. 93 II 10082-36628
5 3419. 84 II 3.5 3774. 10 16612-43101
7 3423. 09 5 3781. 40 II

16 3425. 02 {J 11128-40317 3.5 3788. 76 II 27104-53490
5 3426. 44 J J 9923-39099 4 3791. 50 II 10643-37011

5 3435. 05 J J 11 3799. 01 II 10313-36628
7 3435. 20 II 6 3801. 36
4 3435. 72 8 3807. 54 T T

II

5 3440. 82 {J 27256-56311 10 3811. 33 14068-40298
16 3441. 00 JT 10082-39135 10 3815. 50 II

5 3445. 18 J J 10082-39099 3400 cw 3819.67 II 0-26173
9 3457. 05 I 0-28918 10 3826. 68 II 26838-52963
5 3457. 56 10082-38996 12 3844. 23 II 10643 — 36649

14 3461. 38 9923-38805 16 3865. 57 15582-41444
9 3467. 88 J 0-28828 4 3872. 72 J 15582-41396

8 3477. 07 J 6 3877. 27 II

8 h 3505. 30 II 1669-30189 13 3884. 75 14564-40298
50 cw 3521. 09 26173-54565 2.0 3896. 78

J8 3531. 15 JJ 26173-54484 2.0 3900. 18

5 3532. 23 J J 27256-55559 6 3900. 51 J 13222-38852

7 3538. 08 J J 26173-54429 2400 cw 3907. 10 II 1669-27256
16 3542. 15 II 9923-38146 4 3915. 24 II

9 3543. 85 4 3916. 00
J5 3549. 71 JJ 20 3917. 29 13049-38569

19 3552. 52 J J 10643-38784 2. 0 3917. 70 II 9923-35441

8 3589. 27 J 0-27853 3. 5 3918. 52 J 13779-39291
5 3591. 31 II 9 3919. 09 II

16 3603. 20 10313-38058 3. 5 3928. 87 T TII 10082 —355/i /

8 3611. 57 JJ 10313-37994 2800 cw 3930. 48 II 1669-27104
5 3616. 15 JJ 26838-54484 3. 5 3941. 56 II

10 3622. 54 J J 11128-38725 2.0 h 3942. 21 II 10082-35441
10 3632. 18 10082-37606 4 3942. 94 II

5-J 3673 19 JJ 27104-54321 8 3943. 08 II 23774-49128
5 3674. 63 10643-37849 2.0 3944. 59 II

5 3678. 26 27256-54435 2.0 3945. 67 II
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Europium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Charactc]r

Wave-
length
in A

Spec-
Energy
Levels
in K

2. 0 3949. 13 II 3. 0 4247. 06 II
4 3949. 60 13049-38361 3.0 4253. 80 II

3. 0 3950. 76 II 2. 0 4270. 24 II

3.5 3951. 33 II 10 4298. 73 13779-37035
4 3955. 75 15582-40854 6 4329. 36 J 13457-36549

2. 5 3957. 92 II 5 4329. 97 J

2. 0 3963. 61 15952-41175 4 4330. 61 II
8 3964. 90 II 10313-35527 2. 5 4331. 18 12924-36006

10 3966. 59 II 6 4337. 68 } 13457-36504
3. 0 3967. 18 14068-39268 16 4355. 09 II 26173-49128

2000 cw 3971. 96 II 1669-26838 1. 8 4361. 57 II

4 3978. 42 13457-38586 3. 5 4369. 47 II

2. 0 3979. 63 II 3. 0 h 4372. 20 II

3,5 h 3986. 60 13457-38534 5 4383. 17 II 26838-49647
2. 5 3988. 24 II 6 4387. 88 13222-36006

2.0 3993. 93 II 1. 4 h 4405. 27 II 16861-39554
3. 5 3995. 98 II 3. 5 4407. 07 II
4 4003. 71 II 1.2 4419. 66 II

12 4011. 69 II 24208-49128 8 4434. 81 II 27104-49647
10 4017. 58 II 10643-35527 900 cw 4435. 56 II 1669-24208

8 4039. 19 J 5 h 4464. 97 II 27256-49647
3. 0 h 4078. 24 I 13779-38292 1. 6 4485. 15 II 26838-49128
8 4085. 38 II 9923-34394 200 4522. 57 II 1669-23774
5 4096. 80 II 10643-35046 3 h 4535. 59 15952-37994
4 4106. 88 12924-37266 750 4594. 03 J 0-21761

6 h 4112. 04 II 10082-34394 1.4 4602. 63 J 16080-37800
3. 0 4119. 30 II 650 4627. 22 I 0-21605
5 4127. 28 16080-40302 550 4661. 88 0-21445

2200 cw 4129. 70 II 0-24208 2.0 4713. 59 \ 15680-36890
2, 0 4136. 59 II 1.8 4740. 50 J 13457-34546

2.5 4137. 07 J 16080-40245 3.0 4792. 59 J 13457-34317
2. 0 4141. 02 II 2.5 h 4829. 30 I 15680-36381
4 4141. 72 II 4 4830. 33 17341-38037
2.0 4151. 52 II 10313-34394 2. 5 h 4840. 47 \ 17341-37994
3. 0 4151. 64 II 4 h 4849. 64 T 15952-36567

2. 0 4157. 72 T 13049-37094 7 4867. 62 T 13779-34317
7 4172. 80 II 2.5 h 4884. 05 I 16080-36549
2. 0 4175. 16 II 6 4894. 68 16080-36504
7 4182. 22 13222-37126 4 4900. 86 \ 14068-34467
2. 5 4195. 36 II 10 4907. 18 J 14068-34440

2. 5 4196. 18 II 12 4911. 40 J 14068-34423
4000 cw 4205. 05 II 0-23774 3. 5 4953. 52 I 15891-36073

3. 0 4221. 08 II 3.5 4960. 21
\

15891-36045
2.5 4223. 88 II 3.5 4962. 55 15952-36098
6 h 4227. 40 II 3. 0 4975. 76 J 17945-38037

5 4229. 33 II 12 5013. 17 J 14564-34506
5 4232. 45 II 11 5022. 91

\

14564-34467
6 4237 51It ' / • -/X II 7 5029. 54 14564-34440
3.0 4238. 69 II 6 5033.' 55 15952-35813
3.0 4244. 74 13049-36601 5 5067. 95 13222-32948
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Europium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
tr\im

Energy
Levels
in K

5 h 5092. 69 I 16612-36242 2.0 5533. 25 I 13049-31116
6 h 5096. 44 I 19447-39063 2.0 5542. 54 I 17341-35378

11 1^U^7 — JCD70 1

1

XJ C C /I 7 A A
l/i9<;4 — 30945

6' 5124. 77 J 15891-35398 10 5570. 33 { 13779-31726
11 5129. 10 I 13457-32948 13 5577. 14 I 13457-31383

6 5130. 08 I 15891-35378 5 5579. 63 I 14564-32481
14 5133. 52 I 12924-32398 8 5580. 03 I 13222-31138
18 DloU. U /

\

Ljccc —pcDyo b C C "i ADDOD. ^4 13049-30945
14 5166. 70 13049-32398 5 5586. 83 } 13222-31116

AH 5193. 74 I 17341-36589 1.2 5592. 25 I 12924-30801

13 5199. 85 I 17341-36567 1.2 5599. 80 I 13049-30902
7 5200. 96 I 15952-35174 1.2 5605. 86 I 17341-35174
8 Ibbl^i — jdoLj o c C^l O 01DblC). ol liccc — 31014

50 5215. 10 I 13779-32948 4 5622. 44 { 14068-31849
5223. 49 I 13457-32596 5 5632. 54 I 13049-30798

8 5239. 24 I 13049-32130 14 5645. 80 I 0-17707
13 5266. 40 I 13779-32762 1. 0 5651. 11 I 17707-35398
26 DC 1 i.

1 CCDO 1A C/1 C /I C^71 QC T 1000 ino/ioIjccc — ^Uo4<:

7 5272. 48 I 13457-32418 1.8 5681. 10 I 13222-30819
lU 5282. 82 I 15582-34506 1.8 5684. 24 I 19447-37035

3. 5 5287. 25 I 13222-32130 4 5730. 87 I 13457-30902
4 5289. 25 I 17707-36608 4 5739. 00 I 19447-36867
8 COOTOcyl, CO l7^ / i — joib

1

oocc C7^c onD loo, CU n 171/nU — 1 / ^41
4 5293. 68 I 15582-34467 12 5783. 69 { 14564-31849
Q 5294. 64 I 17707-36589 1.0 5792. 72 I 19631-36890

6 5303. 85 I 16612-35461 4 5800. 27 I 13779-31014
2.0 h 5350. 41 I 17945-36630 11 5818. 74 II 9923-27104
5 h CIm ^ oDDdL. by ^ c/i on 1/1 1 noiDHCi — jhUjc 40 cw com QD ^ 177Q inQO/1ID 1 /9 — ^U9^4
2.5 5352. 84 I 17945-36622 1.8 5845. 77 I 19447-36549
b 5355. 10 I 16612-35280 1.8 5860. 97 I 19447-36504

36 5357. 61 I 13457-32117 1. 0 5864. 77 I 19364-36411
4 5360. 83 I 15138-33786 6 5872. 98 II 10082-27104
8 DJOi. bl T^non i/i70^IbUoU — J4 /CO 1. u 1 Qc/i A i^cno19344 — JODUC
7 5376. 94 { 16612-35205 1.8 5902. 97 I 19764-36700
QO 5392.94 I 15249-33786 0.8 5909. 94 I 15680-32596

30 5402. 77 I 13222-31726 5 5915. 74 I 15582-32481
3.0 5405. 33 I 16612-35107 0. 8 5925. 30 I 19712-36584
3. 0 5411. o6 1. o CQO^ COoyco, DC 1 ^nQn 10Q/I

Q

IbUoU — ^^940
3.5 5421. 07 \ 16612-35053 3.0 5942. 72 { 19462-36285
LD 5426. 94 I 15680-34102 1.8 5953. 49 I 19794-36586

2. 5 5443. 56 I 15421-33786 1.8 5953. 84 II 10313-27104
25 5451. 51 I 13779-32117 2.0 5954. 28 I 19794-36584
17 DHDc. y4 1 1 r\ A a nioi13UH7 — 313o3 b CQ^I 7^D7b^. /b 1 C/l 01 101 oc1D4^1 — DCLoD
2.5 5457. 62 J 19273-37591 22 5966. 07 II 10082-26838
6 5472. 32 I 13457-31726 32 cw 5967. 10 I 13457-30211

8 5488. 65 I 12924-31138 1. 0 h 5968. 43 I 19631-36381
3.0 5495. 20 12924-31116 2. 0 5971. 69

{

19544-36285
1. 0 5500. 83 { 15952-34126 11 5972. 75 15680-32418
8 5510. 52 14068-32210 1. 0 5980. 47 19364-36081
2.0 5526. 63 13049-31138 1.8 5983. 14 15421-32130
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Europium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

x« o y 1 Q'^Ad — An79 0 8 A47n 70D*T / U. / U y 1 4nAR _ 9Qm RXHUOO — ^yjXO
J. o 5992. 83 I 16080-32762 1 7 6483. 02 I 15421-30842
4 6004. 36 15138-31788 3 0 6501. 55

{

15421-30798
1.0 h DU U3. ox 1 "^ARD — ^9'^97 4 ^Cl Q CO0_)X y. D~ 1 RARD — "^1 m 4X3DOU — PXUXH
4 h 1.0 AR99 79ODCC^ t C y 1 CLRQl _ "^1 91 7XjOyX — JLC L

1

7 D U X ^. IPD 1 c;94q — "^l R7AX-^^H/ X 0 / D 0 5 h11 0J *T y . LC y 1 c;qc;9 — •^1917LDvDC JLCL

1

A 6015. 58 I 19462-36081 5 bbbl. 87 I 15680-30902
L. O 6018. 15 0-16612 3 0 6593. 79 15680-30842
4 OUCj, X-J 1. 2 h Luni. c;c:OOU^. DD X_)OOU JUOLv

11 An9Q nn 1 ^491 —'^900'^ 160 AA4R 1

1

OOHZJ. XX T TX X 111 9R — 9A1 73XXX^.O COLtJ

At DUT-t. DO 1 R94Q — "^1 7RR 3 0 AAR^i 91DOOJ. CL y 1 4RA4 — 9Qm RXH-JOH ^yJXO
^ O 6049. 51 II 10313-26838 X X 6693. 96 I 16080-31014
q 6057. 36 15680-32185 0 8 h11 6701. 06 19447-34366
6 0\J 1 D» DO 1 ci491 — "^1 R7A 1.4 h A71

n

0 / X U. HD 91 7A1 — 3AAc;QCLtOL JOOD/
2.0 DU / /. JO 1 ^ARn — "^91 "^nXjOOU — JCi.J\J 3.5 A744 RR0 / HH. 00 y 1 AnRD — "^0^109XOUOU — J>UyUt

± o OUOJ, OH 1 '^77Q — "^0911 3 5 h11 A7R9 R40

/

OC^ DH y 1 AflRn — 3nRl QXDUOU J?UOXy

X o 6099. 35 I 13222-29613 1 6X . 0 h11 6187, 48 I 15891-30619
A 6108. 15 19364-35732 X u 6802. 72 14068-28764
8 Al 1 fi 7RDX X 0. / 0 13 ARl A DADOXO. UD 1 coco _ -ifiAl QLD7DC — PUOXy
4 AT 94 A7 1 RARn — "^90(1"^X300U J?/luU^ 1.3 h AR34 3nDOJJ't. jju y 91 44R — 3An73CLHHD JO\J 1 J

AT 7"^ fmox / ^. <JD
T T
J. I 1 nA4'^ — 9AR'^RXUDH^ ^DOJO 9 n AR4n Q3OOHU. vj y 91 Arm _ •^l A91 Q^XDUj — JOCLy

7 6178. 76 19273-35453 9 n h11 6844. 83 I 16612-31217
1 7 1^w 6188. 13

J

13457-29613 1 6X. u h11 6847. 04 21445-36045
9 AT 070 X 7 D. U /

1 '^n4Q — 9Q1 RAX^UHy L./ LOO 42 ARA4 n — 1 4RA4U LHDOH
1. 0 h uor\i Ano^u / . ou 1 AORn —"^91 Rl^XOUOU — JCLOD 2.5 ARQR 91DO / 0, C L y 91 Arm — 3AnQRC LOUD JO\J/0

1 n A9'^n mOc.J\J» DL ^ RARn — "^1 79AX-JDOU JL 1 CO 7f h11 AQn^ A7D/U J7..0 / y 91 7A1 — 3A949CL 1 OX — JOCHC
o h 6233. 73 I 16080-32117 X« U h11 6910. 17 I 21605-36073

-J 6250. 47
J

12924-28918 h11 6914. 82 21761-36219
16 A9A9 1 -^999 _ 901 RALJCCC ilyXOO 20 7n4n 90

/ UHU. CU 1 4RA4 — 9R7A4XHI^DH CO 1 OH
3.5 A9AAD^ DO. y J U LDvDC 2.

0

iniA R4
/ U / t. DH 1 AORn _ "^091

1

XDUOU PU^XX

1 nX. u hXi OCOD, jD 1 9Q94 — 9flR9ftLCvCH COOCO 55 1011 1

n

/ U / / . X U T TX 1 1 nnR9 — 949nRXUUOc. CHCyJO
4 6291. 34 I 0-15891 17 7106. 48 0-14068

X X 6299. 77 13049-28918 1 0X« U 7164. 66
J

21445-35398
15 ojyjj, HX T TX X 1 — 9A1 7"^XUJ?X^ COLIJ 5 7-1 7c cc

/ X / DJ 1 qARD — 9QA1 3X^DOU CVOLJ
1.6 h A'^1'51 7R 1 ^77Q _ 9qA1LJI 1/ ilyOX^ 95 71 Q4 Rl/ X y *T. OX TT 1 (T^i — 949nRL\JJLJ CHC\JO

1 n A*^! R '^R0J X O. DO y L/OJL JDHJJ 95 7917 "iR
1 CL 1 m DD TT J/CJ CJtlH

_j 6335. 82 I 13049-28828 1 8x» 0 h11 7224. 68 21U5-35282
Qo Uw 6350. 04 12924-28667 2 5 7258. 72 21605-35378
4 OJDD, Oy 1 "^4^7 — 9Q1 RALJHDI Cv LOO 5 79A9 77/ COC, 1 1 1 R491 — 9Q1 RAX-^H^X Cy LOO
4 A'^AQ 9c:DjOy, ^.D y 1 "^999 _9RQ1 RLJCCC — tOyXO 1.8 h 79R1 R3

/ ^OX. y 91 441; — 74CLHHD JDL IH

?
->^.

A'^R9 7*^ y XjXJ'O — ^uoux 1 nX . u h 19Q1 t^A
1 Cy 1 , DO y 91 7A1 — 3R4A1CLiOL JDHOL

t;
_j 6383. 86 I 15138-30798 9n 7301. 17 II 10082-23774
Qo cw 6400. 93 13049-28667 X • 0 7310. 46 21605-35280
2. 5 DhUD, X X 17999 _ 9RR9RLJCCC — iCOO^O 2. 0 / J X J. D^ 1 ti94Q — 9RQ1 flLDCHv — ilOyXO

12 A41 n 04OHX U. UH y 1 9Q94 — 9RR9nLC/CH — ^Oj^U 9 cw 73'^A 1 R
/ ^PO. xo XjOyX CyDLO

9 A41 1 "^9OHXX. DC y 1 ti94Q — '^nR49X_?^Hy JKJOHC 0. 6 734A 9R
/ PHD. y 91 44c; _ "^^0^3CLHHD JjyJDJ

3.5 6428. 29 15249-30801 0. 6 7356. 65 21445-35034
55 A437 A4 IT 10643-26173 1. 8 7362. 25 15249-28828
1. 2 6439. 93 15421-30945 9 cw 7369*. 60 15952-29518
8 6457. 96 15421-30902 120 7370. 22 II 10643-24208
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Europium — All Observed Lines

Intensity Wave-
and length

Character in A
Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

0. 6

2. 0

1. 8

50
3. 5

1.

4

0.9
8

0. 9

1. 0

h
cw
h

7387. 36
7389. 16
7404. 41
7426. 57
7436. 59

7470. 53
7491. 00
7528. 70
7533. 02
7547. 32

26 7583. 91
10 cw 7742. 57
12 7746. 19

16080-29613
15138-28667
21605-35107
10313-23774
21761-35205

15138-28520
21761-35107
17341-30619
15249-28520
15421-28667

15582-28764
17707-30619
16612-29518

1.4 h 7803. 32
1. 4 7818. 21
6 7887. 99
1. 2 8015. 47
4 cw 8209. 80

2.5 cw 8226. 81
1. 0 h 8464. 71
3.5 cw 8642. 67
1. 2 8727. 77
1. 0 8782. 46

2. 0 cw 8790. 88
3. 0 8870. 30

15952-
19631
17945-
19712-
17341-

-28764
32418
30619
32185
29518

16612-28764
17707-29518
19447-31014
19447-30902
19631-31014

19447-30819
19631-30902
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GADOLINIUM

Gd, Z=64, M=157.26, Ratio 7^=2.475

Gdi Normal state of valence electrons 5d^ Qs^ ^Dl =0. I.P.= 49700 K
Gdii Normal state of valence electrons 4f 5d^ Qs^ ^°'Dly,=0. I. P.= 100000 K

References
Wavelengths

:

A. S. King, Astrophys. J. 97, 323 (1943).

Classification

:

Gd I and Gd ii, H. N. Russell, J. Opt. Soc. Am. 40, 550 (1950).

Molecular Spectra

:

GdO, A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican,
1945).

Relative intensity of gadolinium lines observed in an arc of copper containing 0.1 atomic
percent of gadolinium

Strong lines of gadolinium

Intensity Wavelen
A

gtn Spectrum Energy levels

K
Term combination

37ds. 39 coo O'? ICO633-/7 iD^ 4fQs 5di a -4/'5di6pi z

700 3422. 47 1935-31146 4/'6s 5di a -4/'5c?i6pi z

600 3646. 19 1935-29353 4/'6s 5rfi a -4r5di6p' 2 "Fen
550 3350. 47 1159-30997 4/'6s 5di a -4/'5d'6pi '"Den
550 3362. 23 633-30367 4/76s 5di a -4/75rfi6p' 2

550 3584. 96 1159-29045 4f6s 5di a -4/?5rfi6pi 2

500 3796. 37 262-26595 4/76s 5c?i a -4/75d'6pi 2 '"Fsjj

500 3850. 97 0-25960 4/76s 5rfi a -4/'5rf'6voi 2 '"Fiv^

440 3358. 62 262-30027 4f6s 5(^1 a -4/'5rfi63Di 2

440 3545. 80 1159-29353 4/76s 5di a -4r5(ii6pi 2 "FsH

440 3743. 47 1159-27865 4f6s 5d' a -4f5rf'6jDi 2 '"Fsv^

440 4225. 85 I 1719-25376 4/76s25d' a 'Dg --4/'6s'5rfi6p'
2/ "F;

420 3852. 45 262-26212 if&s 5rf' a -4F5d'6»i 2

400 3549. 36 1935-30101 4/76s 5d' a i«Dgi^—4F5d'6pi 2

380 3654. 62 633-27988 4/'6s 5d' a -4/75rfi6pi 2

360 3813. 97 0-26212 4/'6s 5di a -4P5d'6pi 2 '"Fy^

320 3850. 69 633-26595 4/'6s 5di a -4/'5d'6pi 2 '"Fan
300 3100. 50 1935-34179 4/'65 5rfi a -4f'5d'6pi

2/

300 3656. 15 1159-28502 4f6s 5rfi a -4/75d'6pi 2

300 3687. 74 2857-29966 4fQs 5di a -4/'5d'6pi 2

280 3439. 99 1935-30997 4f6s ddi a -4/'5rf'6pi 2 '"Den
280 3463. 98 3444-32304 4/'6s2 a -4P5rf'6pi 2/

280 3783. 05 I 999-27425 4/76s25di a --4/'6si5di6pi X op,

260 3664. 60
260 3712. 70 3082-30009 4/76si5rfi a -4/75d'6pi 2

260 4078. 70 I 533-25044 4/'6s25rfi a «D3 --4/76si5d'6pi y
240 4053. 64 I 999-25661 4/'6s25d' a "DS --4/''6s'5di6pi y
240 4058. 22 I 215-24850 4/'6s25rfi a «D5 --4/76s'5rf 6pi

y 'D4
240 4098. 61 II 6605-30997 4/'5rf2 a -4/75di6p> 2 '"Den

240d / 4325. 57 II 11067-34179 4/75rf2 a >»PS,4--4/75d 6pi
2/

1 4325. 69 I 533-23644 4/76s25rfi a 9D| --4/''6si5rfi6p' y «F4
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 2468 22 8551 —49054 4 2918 52£- / X wa -J ^ yy

4 2471. 58 II 8885-49332 8 2923. 32 II 5340-39537
2. 5 2485. 67 9329-49547 3.0 2924. 25

2487 46 JJ 9143-49332 3 0-'a V-* 2928. 34 II 2857 — 36996
ao ?48R 72 8885 — 49054 3 0-'a V 2947 80 II 3082 — 36996

4 2493 29 II 9452-49547 w 2948. 01 II 5340-39251
2.5 2496. 35 II 9452-49498 3. 0 2952*. 43 I

3. 0 2499. 04 9329-49332 3. 0 2955. 60
?543 68 3444 — 42745 A 2960 93 3082-36845
7586 13 3972-42628 1 1X X 2963 60 J J

2661 50 TT
1 1492 -49054 7 2965 43 y y 4841 -38553

5 2720. 50 II 2.5 2972. 74 II 3082-36711
30 2750. 22 3427-39777 48 2980. 15 633-34179
40 2764 08 jj 2857-39025 3 0 2983. 74
3 5 2768 51 II ^ ~ C— 1 ^ / ^ ^ 1 3 5 299li 52 II 3427-36845

2769 81 J J 8 2993. 04 y y 3444-36845•lit ^ \J\Ji ^

20 2770. 17 II 3082-39170 100 2999*. 04 II 262-33596
1.8 2770. 98 633-36711 32 3002. 86

\\4 7778 76 215 — 36192 A 3003 58 3427-36711
4 2779 14 J J 2857-38828 9 3005 09 II

2781 40 J J 3082-39025 3009 37 II 3427-36647
6 2787. 68 I 533-36395 3. 0 3009. 65 II 4841-38058

34 2791. 96 3444-39251 180 3010. 13 0-33212
Q 7794 66 n 2857 — 38629 7 3010 90 3444-36647

RO 2796 93 TT 3427 — 39170 11X X 3012. 19 II 4841 -38030

5 7808 38 y y 3427 — 39025 3 5-^a -/ 3022. 10 y J

65 2809. 72 II 3444-39025 160 3027! 60 II 1159-34179
14 2810. 93 3972-39537 10 3028. 98 4841-37846
4 7814 01^ O X W X 4 3030 65

7833 75 y y 3972-39251 180X u w 3032 84 y y 633-33596

J?, u y y 1 40 3034 05 y y 262-33212
6 2837. 00 II 3082-38320 5 3040. 34 II 4852-37734

48 2840. 23 3972-39170 11 3043, 01
\

999-33852
1 PX c 7841 33 3444 — 38629 14X 1 3046 48 533-33348

78103 91^ U ^ .^a /X y y 24 3053 57 y J 3972-36711

5 ^ O ^ Da -J L. y y 4077 — 39075 9 3059 92 y 215-32886
1.6 2859. 78 II 4213-39170 90 3068. 64 II 633-33212

10 2862. 48 4852-39777 6 3069. 42 215-32785
^ o u ^ . u o 3477 — 38370 48 3077 56 10092-42628
7RA6 'h'h yy 55 3076. 92

TT 0-32491

J/. 7871 75 y J 4213-39025 13 3077 08 T T 3972-36461
40 2881. 33 II 4841-39537 180 3081. 99 II 1159-33596
3. 5 2882. 13 4484-39170 8 3083. 35 262-32685

1

1

^ o o ^. u

u

12X ^ 3084 01

J. -3 y 1 71 Q _3Ai 47XlX/ ^UX"/ A 3085 06 J J

79(1^ 31 jy 4841 —39251"U"X /t—'X 8 3087 05 J 0-32384
3. 0 2906. 26 n 4852-39251 24 3089. 95 10392-42745
3 0 2907 44 12 3092. 06 10633-42965

15 2910. 53 3972-38320 40 3098. 64 0-32263
5 2913. 08 4852-39170 16 3098. 90 0-32260
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

300 3100. 50 II 1935-34179 11 3259. 25 II 10803-41476
10 3101. 18 II 10392-42628 55 3266. 73 I 533-31136
20 3101. 91 II 262-32491 26 3267. 64 I 215-30809
50 3102. 55 II 8551-40773 14 3268.34 II 262-30850
11 3108. 36 II 10803-42965 11 3274. 18 II 10392-40925

15 3111.19 I 1719-33852 11 3279. 53 II 10908-41392
14 3113.17 II 10633-42745 10 3281. 61 II 10633-41097
10 3118. 60 II 10908-42965 26 3282. 25 I 999-31457
10 3119. 01 I 533-32585 3282. 30 II 10803-41260
44 3119. 94 II 262-32304 44 3291. 48 I 1719-32092

9 3120. 18 II 8885-40925 38 3292. 21 II 8885-39251
5 3123. 69 II 44 3294. 08 I 533-30882

32 3123. 99 II 262-32263 34 3313. 73 II 3427-33596
10 3124. 25 II 262-32260 20 3315. 59 II 3444-33596
8 3127. 25 I 999-32967 9 3316. 56 II

11 3128. 56 II 9143-41097 19 3320. 44 II 9143-39251
8 3129. 96 II 9452-41392 13 3329. 34 II 9143-39170

11 3130. 81 II 9329-41260 44 3330. 34 II

9 3133. 09 II 0-31908 140 3331. 38 II 0-30009
40 3133. 85 II 8885-40785 85 3332. 13 II 8551-38553

18 3135. 03 II 262-32150 9 3334. 06 II
16 3136. 93 I 0-31869 110 3336. 18 II 0-29966
16 3137. 30 I 0-31865 9 3336. 98 II 8551-38510
10 3138. 71 I 533-32384 60 3345. 98 II 0-29878
8 3142. 90 II 9452-41260 20 3350. 10 II 9329-39170

20 3143. 13 II 4841-36647 550 3350. 47 II 1159-30997
80 3145. 00 II 1159-32946 22 3357. 61 I 533-30308
32 3145. 52 II 9143-40925 28 3358. 43 II 3444-33212
20 3146. 88 II 9329-41097 440 3358. 62 II 262-30027

100 3156. 53 II 633-32304 80 3360. 71 II 262-30009

20 3158. 63 I 215-31865 550 3362. 23 II 633-30367
14 3160. 69 II 633-32263 28 3364. 24 II

100 3161. 37 II 1935-33558 20 3365. 59 II 262-29966
8 3167. 20 I 999-32564 15 3367. 66 II 10092-39777
8 3169. 47 II 15 3369. 62 II 8885-38553

9 3171. 09 II 1159-32685 10 3373. 84 I 0-29631
22 3190. 28 I 533-31869 22 3374. 69 II 3972-33596
9 3193. 17 II 5340-36647 22 3379. 76 II 10392-39971

22 3199. 30 I 1719-32967 10 3380. 01 II
16 3199. 58 I 533-31778 22 3380. 52 II 9452-39025

11 3203. 41 I 999-32207 9 3390. 88 II 9452-38934
7 3206. 47 II 18369-49547 110 3392. 53 II 633-30101
5 3215. 26 I 999-32092 15 3393. 63 II 10633-40092

70 3223. 74 II 1935-32946 55 3395. 12 II 10092-39537
3223. 78 I 1719-32730 22 d 3397. 22 I 1719-31147

3397. 32 I 0-29426
11 3225. 46 II
16 3226. 32 II 8551-39537 20 3399. 41 II 3082-32491
22 3232. 78 I 533-31457 55 3399. 99 II 2857-32260
9 3238. 62 II 10392-41260 11 3401. 07 II 633-30027

10 3250. 19 II 10633-41392 55 3402. 07 II 10392-39777
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
t rviin

Energy
Levels
in K

11 3403. 08 J J 9452-38828 100 3491. 95 II 0-28629
9 3405. 04 11 10803-40162 170 3494. 40 II 633-29242

20 3406. 92 COO oom*?533 — 29877 9 3497. 09 533-29120
110 d 3407. 56 II 10633-39971 10 h 3501. 58 II

3407. 61 IJ 4841-34179 8 3503. 21 II 10633-39170

26 3409. 30 IJ 3427-32750 140 3505. 51 II 3972-32491
^ 22 3411. 02 I 999-30308 80 3512.22 II 3444-31908

11 3412. 02
\\

9329 — 38629 110 3512. 50 II 10092-38553
22 3413. 27 10803-40092 85 3513. 65 999-29451

140 3416. 95 11 3427-32685 9 3516. 78 II

13 3417.33 11 10908-40162 10 3517. 89 II 10092-38510
140 3418. 73 11 0-29242 9 3522. 45 II
700 3422. 47 11 1935-31146 100 3524. 20 II 262-28629
40 3422. 75 11 1159-30367 11 3525. 15 999-29359

110 3423. 90 I 999-30197 44 3528. 54 II 3972-32304
3423. 92 11 0-29198

10 3534. 24 II
85 3424. 59 II 2857-32049 15 3537.15 II
40 3425. 93 3082—32263 55

o n /I O T7
3542. 77 II 5340-33558

10 3426. 34 11 9143-38320 440 3545. 80 II 1159-29353
22 3428. 47 J J 10092-39251 400 3549. 36 II 1935-30101

11 3430. 24 J J 10633-39777 9 3553. 72 II 10803-38934
15 3430. 98 II 140 3557. 05 II 4841-32946
70 3432. 99 2857 — 31977 55 3558. 19 II 8551-36647

170 3439. 21 \\ 3082-32150 44 3558. 47 II 4852-32946
85 3439. 78 11 3427-32491 20 3564. 05 II 4213-32263

280 3439. 99 11 1935-30997 9 3564. 64 II
11 3441. 79 II 3444-32491 11 d 3567. 12 II 10803-38828
40 3449. 62 262-29242 11 3567. 65 II 4027-32049

140 3450. 38 II 3972-32946 10 3569. 57 II 4484-32491
110 3451. 23 J J 3082-32049 9 3570. 41 II

55 3454. 14 J J 1159-30101 70 3571. 93 II 0-27988
90 3454. 90 II 262-29198 34 3574. 74 II 10092-38058
20 3455. 27

T"?!*^ or\/f~o1719-30652 10 3576. 77 T T
II 4027 — 31977

20 3457. 05 40 3578. 36 II 4213-32150
22 3461. 95 J J 3427-32304 10 3579. 55 II 10392-38320

22 3463. 00 11 1159-30027 15 3580. 62 II 10908-38828
280 3463. 98 II 3444-32304 100 3581. 91 II 8551-36461
10 3466. 50

r"o/in o/iiTO5340 — 34179 10 o n o / c3583. 65 215 — 28112
34 3466. 95 \\ 3427-32263 550 3584. 96 II 1159-29045

170 3467. 27 11 3427-32260 9 3586. 58 II

15 3468. 08 11 3082-31908 15 3587.19 II 633-28502
170 3468. 99 II 3444-32263 8 3588.21 0-27861

8 3469. 31 3444-32260 55 3590. 47 T T
II 4841—32685

140 3473. 22 11 262-29045 9 3591. 44 II 4213-32049
15 3476. 31 J J 13 3591. 91 II 4852-32685

220 3481. 28 J J 4841-33558 110 3592. 71 II 8885-36711
170 3481. 80 3972-32685 20 3593. 44 II 4484-32304
50 3482 60 3444-32150 11 3596. 84 999-28793
22 3486.20 533-29209 55 3600. 96 II 8885-36647
11 3491. 74 II 10 3602. 00 II 10092-37846
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Tin ^OUH« O /

-
1 71 Q —7QA'^^X/±7 ^7't_?X AH ^70"^ RlJ 1 yjjt jx TTX X

28 3605. 26 II 6 3709. 13 TTX X AAn^^ — 'i'it^c.a

26 3605. 66 262-27988 260 3712.70 TTX X

1 An7 1 9 9nn "^71 ^1 TX 91 c; — 971 -lAex D L. 1 XJO
JDUO. to Ql A% — "^Aft^^7X4^ — JOOHD AH ^71 ^ 9"^ T TX X

OD ^ DX U, / D 1 nX u ^71 Q9 TX 91 1; —971 1 QC-X J L. I X XV
99
C.C. J OX U, 7X 1 An "^71 A "^AJ 1 X D, ^ D T TX X 9A9 — 971 A9£- OL. c. 1 XOC.
po 9nn "^71 7 ZIRJ / X / , HO TX DJJ u I HuD

^OX^, J7 yjC" — ^D77D 1 fln HX ou u "^71 Q A'^J 1 X7, HD II
9P J07 / — JjDjO "^71 Q c;'^J 1 XV, DJ II 3972-30850

•1^1 Zl Z19

OA ^799 07 T TX X 1 '^q9A — dn7Rc;XJyCO H\) I OD
44 3617.16 II 10392-38030 6 3723. 69 T TX X XJyC-O H\J 1 Ij

40 3620. 46
JI

42 3725. 47 T
^ >

II
JOC.C., OX g7 '^79A c;7

I 215-27042
9Q ^0^4. 07 1 '^nX3U J 1 JU, OH II 3082-29878

1 7 '^A9'^ 9A fiPpq —"^ AilAl000_J ^DHDX 9AO ^7*^9 "^9 T 1 71 q — ?Rt;n4

17 d 3626. 32 II 9143-36711 22 TT
A. J.

A33 _?74i Q

3626. 41 22 3732. 67 T

9A jOCy t 13 X QZm9 _ 7AQQA7HDC ^D77D ^ u '^7'^'^ OR II
q JOJU, £.0 1 nX u AAJ 1 jO, HH I 1719-28475

ARHO 7A I ggg _2773l/// f«/X

34 3634. 76 II 9143-36647 32 3740. 02 TT

22 3639. 05 9 3741. 91 ITX X

9A ^DHU. X

O

AADHH U '^74.'^ AlJ 1 HJ, H 1 II 1159-27865
jO'tX, J7 XUJ>7t — J 1 OHO H %1AA 1 AJ 1 HH» X H I

"tunc. L") ^_
/ — ^UOJU AnDU J 1 HH, Oj I 1719 — 28415

600 3646.19 II 1935-29353 4 3746. 44 11A. X

10 3648. 48
J

1719-29120 12 3748. 88 ITX X 1 1067 — 37734
J OH 7. HH 7*T_J^ J?00*T^ 1 nJ. u ^7Ri 1 nJ 1 jXt X u I 215-26866
S>00<Jm 7D q'l9Q —•i A71

1

y J C/ — JO 1 XL po ^7^;^ OAJ 1 JD, CH II

ID JODX. X7 po J 1 DD, jO TTX X 1 0092 — 3671

1

60 3652. 54 II 22 3757. 74 TTX X

380 3654. 62 633-27988 100 3757. 94 I ^ J J C- 1 X j\j

^uu ^D3D. ID 1 1 — 9pc;n9XXU7 — CODUL. 1 AO "^i^R "^1J 1 DO, JX II 3427-30027
C.\} ^DDO, X7 DjJ — ^ / OOX ou "^i^Q nnJ 1 Dy, UU II 0-26595

lU ^odx. do 1 nX u 'Z7c;q qrJ 1 07, yO TX

140 3662. 26 II 0-27298 10 3160,47 TX 7i;A9 —'KA'\ AlIDOL. JHXH 1

260 3664. 60 n 60 3760. 71 T TX X "^444 — '^nn97JHHH J\}\JC 1

QO "XAAB 10^DOO. jc 9fi '^7An Q90

1

DU. 7^ II 3427-30009
'iA71 9n^D /X, C\J f.'l'i, _ 97PAC;OjJ — ^ / OOU OD %iko 9n I 999-27572

iUU 91 t; _97d.9^ X D J / D^. UU TTX X 1 Q"^'; — ?Rf;n9

34 3679. 21 I 533-27705 20 3763. 33 T TX X ^444 — -^0009

200 3684.13 0-27136 36 3764. 20 TTX X

/ U ^DOD. 1 AX o %i(^A AnJ 1 DH. DU II 10092-36647
^uu "^AQ? 7Z1PDO /. 1 H 9Rt:7 — 9QQAA^03 / — ^77DD RR "^Ikl (\AJ 1 O 1 , UH II 3427-29966

"^AQZl 07JD7t. '^7AR "^Q
J> / DO. ^ 7 II 633-27162

13 3696. 76 60 3769. 45 II 3444-29966
10 3696 93 0-27042 140 3770. 69 II

200 3697. 73 262-27298 24 3771. 26 I 533-27042
130 3699. 73 2857-29878 20 3773. 45 I 7654-34147
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

16 J> / IH.
T T
11 420 3852. 45 ft/ft ft/ftTft262 — 26212

20 3776. 83 7235-33705 13 3854. 18 II 4027-29966
10 3779. 83 II 44 3855, 56 II 1935-27865

3 /b2. 34 T T
11 1 "2

13 0 ft c 0 >1 C3858. 45 / r\i / oftftft/6976-32886
o Q n 3 loj. Ud QQQ 0"7/I0C;777 —2 /42d 15 '2 0 1 T yi3861. 14

L' O 3 /o3. /

3

T T11 0*223 ^ 0 Z. '2 AC3863. 05
17 3787. 15 12 3864. 79 J 999-26866

110 3787. 56 II 3972-30367 150 3866.99 I 1719-27572
ly

•2 "7Q n LI3 /yU. 63 1 "2

13 3oo7, CO /iftft"7 ft ft n ~7 04027 — 29878
7b 3/71. 1 /

T T
11 1UU72 —36461 13 3871. 54 II /OO ft / /ICC633 — 26455

oo '2"7QT *70
3 /91. /2

T T
11 A AQA 1C\ OCA44o4 — 3uo5L) 1 '2

13 3872. 62 0/lft~7 ftftftflft3427 — 29242
48 3792. 39 II 23 3873. 57 I 6976-32785
8 3795. 25 II 2857-29198 15 3874. 46 I 533-26336

16 3795. /5 QQQ 0"7*2'2~7999 — 2 / 33 / 20 3875. 46 ylftio oftftftft4213 — 30009
1/:

•2 "7 Q C 0*23795. 93 T T
11 10 '2 0 OT OA3881. 84

O^yirt ftftlftft3444 — 29198

5U0 '2 "7Q ^ ^2 "7

3796. 3 /
T T
11 262 —26595 6

0 ft 0 ^ / /3884. 66
16 3798. 39 II 10392-36711 7 3887. 16 II 633-26352
70 3801. 29 II 7 3887. 73 I 533-26248
15 3802. 85

T T
II 14 0000 m3888. 93

20 3804. 39
7 ^ o "7 nirsc7427 — 33705 8

0 ft ft ft /I ft

3890. 42

20 3805. 09
T T
11 5

0 ft ft n ft c3890. 85 II
55 3805. 52 II 4 3892. 72 7103-32785
15 3807. 65 II 10392-36647 140 3894. 70 II 0-25669
4 3810. 25 II 16 0 ft ft c ft 03895. 23 T TII IftlO ftftft~7ft4213—29878

360 3813. 97
T TII 0 —^6212 42 3895. 79 T TII

42 3814. 74 T T
II 0 3897. 32 7235 — 32886

75 3816. 64 II 262-26455 70 3902. 40 II 3427-29045
42 3818. 75 II 28 3902. 71 I 999-26615
6 3821, 51 T TII 3082 — 29242 22

0 ft ft yi ft ft3904. 29 one ftcooi215 — 25821
12 3822. 17

T T
II A 0 A'\ TAOQT4841 — 30997 42 0 A A C C3905. 65 l~7in '^"7'2lZ.1719 — 27316

12 3o24. 15 ~7C^'5 '2'2"7nc/562 — 33 /U5 0 ^QA "7 TO39U /. 12
34 3826. 05 II 3972-30101 4 3909. 25 J

22 3827. 33 II 6 3909. 94 I

22
o o o Q /in3o27, 4U T T

11
A4 3911. 62

lo o o o n Q o T T
11

•7
1

^ Q n 0 "7 c3912. /5

36 3831. 80 T T
II 262 — 26352 6

'2 Q 1 '2 "7 03913. 78 T T11 TO"7"7Z. •20'20AllI Ik3 — 3o32U
20 3832. 97 533-26615 200 3916. 51 II 4841-30367
32 3834. 99 II 11 3918. 06 II

95 3836. 91 T TII 39 / 2 — 30027 11
'2 AT 0 ^ A391o. 24 T T

11 yl 0 C 0 '2A'2Z."74o52 — 3U36

/

4 3838. 90 999 — 27041 42 0 A 0 "2 0 C3923. 25 T T11 A AO A ^OQ£^L44o4 — 29966

100 3839. 64
T T
II 3972 — 30009 10 '2 A Z. Z. 03926. 60

"7^0"7 "2 0 0 0 Z./42 / — 32oo6
12 3840. 26 215-26248 11 3932. 98 II

120 3842. 20 II 110 3934. 79 533-25940
140 o o /I o on3843. 28 1719 — 27731 T T

11 OZ.O OCZ.Z.Q262 — 25669
8 3843. 80 T T

II 4841 — 30850 20 0 ft 0 c 003935. 38 A 0 c yi A ^
0 — 25403

140 'I ft >1 IT ft3844. 58 T T
II

T 1 eft OTT / ft1159 — 27162 7
0 ft 0 ft 113938. 11

T TII

12 3845. 47 II 4852-30850 10 3938. 97 II

lb 10 A AQ 67 /6 — 3276

/

42 3741. oU 1 / 17 — CI UOl

320 3850. 69 II 633-26595 55 3942. 63 215-25572
500 3850. 97 II 0-25960 25 3943. 24 0-25353
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

00.Co /I ni 7 0 1:4Ui /. CD T
I

7C / 0 10 A AQIDOC -3^440
130 3945. 54 J 999-26337 40 4017. 71 I 6976-31859

I 0-25338 28 4019. 73 I 533-25403
cD CO 4U<:/:.

T T11

do j70d. UU II ii37 — <io433 1 nniUU /ino'i 1 A'WJcj, i4 T
1

171Q OACAQi 1 1.7 ~ CODOO

DO ^73^. J) / Djj — CDocL 1 3 mJCj, DD T
i

C -31 0 C 1 D1333 — CDJoL
110 3957. 67 II 4841-30101 20 4027. 61 I 999-25821
10 3958. 68 0-25254 100 4028. 15 I 6976-31795
in IQC.O A A 4o3^ — ^UiU i onoU /I n in DD4UJU, oO T /^Q7A 11770b7 /b — 3i / /o

•JQCQ CO CQQT "111 /lA307 / — ^ii4b b3 HKJjj, 47 T 701C lonon

17 ^7bU. ii 07 10 — JCCCl. IO 4Up3. 4U T
I

Ol C OA OOQili3 — ^l4707

5 3962. 10 24 4036. 84 I 7235-32000
20 3963. 66 II 130 4037. 33 II 5340-30101

-7
^7b3. U4 lOIC, 10 A AQ 03 Arfii on4Uj7 /, 7U Y T

1

1

AAQA 000 AO44o4 — C7CHC
^7Db, i / i7 — C07C.D 1 ni u HV J7. 47 T T

1 1

37bO. iLO ii37 — CODDC 1 Aib 4U^7. b

/

T T

70 3969. 00 215-25403 6 4042. 76 II

25 3969. 29 n 4841-30027 38 4043. 71 I 7427-32150
/
0 ^7 / U. iO A4 A CiAA no4U44, \iC TI

C 11 OCO C.A333 — i:3^:34
1 1LP j7 / x, Ub 403 c. — jUUl. 1

1 i;ni3U 4U43. Ui T
1 n 0/171 c;u — c^ 1 ID

1Q7T 7C;
H\JC. 1 — C7 L7O 1 "?i^ A(\AK 1 C4U43. i3 T T AAQA 0Q1 QD4404 — C7L70

8 3972. 17 II 25 4046. 84 II
36 3972. 71 I 0-25165 25 4047. 09 I 7654-32356
DO J7 1 D, 70 403<l 3UUU7 1 c;i3 ZinA7 Q14U4 /. Oi T T

0 Q^0 ^7 / 4. Oi T 1 71 Q _ 9 AQ7ni /i7 — ^bo /

u

1 niU 4U4b. OU T T

ii ^7 / 3. i i 0 c;^3 AOAQ on4U47. CM T ~I^LO lOOC^OIDOC — iCCDC
70 3979. 33 I 215-25338 120 4049. 43 II 5340-30027
14 3983. 01 II 5897-30997 200 4049. 86 II

1QQ7 01D70 1 . cL J7 1 C — ^7U43 CO A nt^n "xn4U3u. 3 / 1 /b34 — 3iC33b
7QQ7 Q/1J7C3 /. 04 U — il3Ub7 7c;

/ 3 /inm OQ4U33. /:7 T T1

1

Q7 ^7C57. <C3 TT 9 Anii4U 4U33, 04 T
1 QQQ oc;aai777 — ^3bbi

30 3992. 69 I 533-25572 75 4054, 72 I 0-24656
20 3993. 21 n 633-25669 240 4058. 22 I 215-24850
bU ^774. ib /I 0 1 "i A 0Hcij — £.7 1 niU A n c;q 774U37. ^ /

T T 1 IQOA IQCCIi37i:b — 30333
OD TTII L.(\ /I n cQ 004U37. 00 T

I
701t; IIQCQ
/ ^315 — 3i037

^QQ7 7^J77 /. /b 033i — 3^330 <13 At\w\ in4Ubi. T T

6 4000. 18 I 6786-31778 60 4062. 59 II
44 4001. 26 II 4213-29198 180 4063. 39 II
b 4UUi. 7b II cn3U A n A1 CQ4Ub^. 37 T T

11 /in07 OQAOQ4UzI / — COOC7
b 4Uu^. 03 II 11/1 QO tUAWXii47^ — 3b4bi 0 /I/:4

nr\AL. c\A4Ubb, U4 T
1

~ieuo loicniDOC — JCIDV

/I nn /I OA4UU4. 74 /I D4o /I n^. Q 1 c4ubo. 33 T
1

~l AO~l 10CiC\(\
1 HC 1 — 3^UUU

10 4006. 96 I 215-25165 24 4068. 74 I 7562-32133
30 4008. 33 I 999-25940 70 4070. 29 II 4484-29045

4UUo. 7i II /in7n iQ4U /U. 37 T T1

1

1/107 07QQQ34^: 1 — c I700
iU A n no 0 04UU7. II i.nbU /I n7i on4U 1 J, Cv T T1

1

1AAA 07QQQ3444 — ^ / 700

1 A 4Ui^. 4j) Co A n71 7A4U / 3. /b T T
1

1

e.(.nci 11 1 /Ibbu3 — 3i i4b
28 4013. 80 II 120 4078. 44 II 4841-29353
00 Ami da4U13. 73 3Uo^: — iL 1707 o /I n^bU /I n 70 7n T

1
cii ocn/1/1333 — <:3U44

14 4015, 22 7235-32133 18 4080. 53 I 215-24715
19 4015. 58 1719-26615 48 4083. 70 I 6976-31457
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
tn_im

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 4084. 68 II 220 4184. 25 II 3972-27865
140 4085. 56 II 5897-30367 8 4188. 10 II 3427-27298
24 4087. 69 II 4 4188. 82 I

60 4090. 41 I 215-24656 6 4190. 20 I

4 4091. 75 I 7427-31859 200 4190. 78 I 999-24854

J.00 4092. 71 I 1719-26146 70 4191. 07 II 3444-27298
24 4093. 72 I 7427-31848 70 4191. 63 I 999-24850
24 4094. 48 II 4213-28629 7 4193. 15 II

240 4098. 61 II 6605-30997 10 4197. 07 II 12892-36711
48 4098. 90 II 4852-29242 42 4197. 68 11

60 4100. 26 I 999-25381 8 4202. 52 II
9 4104. 99 I 7103-31457 55 4204. 86 II 4213-27988
7 4108. 40 II 12662-36996 5 4208. 08 I 6550-30308
4 4110. 43 II 120 4212. 00 II 3427-27162

14 4110. 60 II 90 4215. 02 II 3444-27162

36 4111. 44 II 60 4217. 20 II 5340-29045
12 4111. 74 II 4 4223. 02 II 18955-42628
6 4112. 94 I 7562-31869 6 4224. 27 I 7480-31147
4 4113. 77 II 30 4225. 03 I 1719-25381
7 4115. 38 II 12704-36996 15 4225. 15 II 4841-28502

6 4119. 21 I 450 4225. 85 I 1719-25376
6 4119. 38 II 20 4227. 14 II 4852-28502
5 4125. 78 I 8499-32730 20 4229. 80 II 13076-36711
4 4127. 72 II 12776-36996 7 4232. 47 II

200 4130. 37 II 5897-30101 6 4232. 93 I

25 4131. 48 II 5 4235. 07 II 8885-32491
100 4132. 28 II 4852-29045 8 4235. 88 II

70 4134. 16 I 533-24715 60 4238. 78 II

38 4137. 10 II 9 4241. 28 II 13076-36647
4 4138. 03 I 6976-31136 17 4243. 84 II

11 4140, 45 II 4484-28629 14 4245. 34 I 7103-30652
4 4141. 02 II 12704-36845 19 4246. 57 II 9143-32685
4 4144. 25 I 6 4250. 28 I 6786-30308

26 4148. 86 I 1719-25815 160 4251. 73 II 3082-26595
5 4149. 48 I 7235-31328 80 4253. 37 II 4484-27988

4 4150. 61 II 60 4253. 61 II

3. 5 4151. 63 II 75 4260. 12 I 533-24000
10 4153. 51 II 12776-36845 150 4262. 09 I 6786-30242
18 4154. 86 II 8885-32946 II 5897-29353
18 4157. 78 I 999-25044 60 4266. 60 I 999-24430

3 5 4158. 48 I 44 4267. 00 I 215-23644
50 4162. 73 II 3972-27988 15 4268. 73 II 8885-32304
26 4163. 09 II 5340-29353 5 4270. 28 I 6786-30197
26 4167. 16 II 3427-27418 5 h 4273. 29 I

4167*. 27 I 999-24989 28 4274. 17 I 0-23390

12 4170. 11 II 3444-27418 5 h 4278. 22 II

11 4171. 71 I 11830-35795 85 4280. 49 II 2857-26212
11 4173. 56 II 12892-36845 4 4282. 79 II

220 4175. 54 I 1719-25661 40 4285. 82 I 6550-29877
9 4182. 77 I 7235-31136 28 4286. 12 I 1719-25044
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

tr
0 4^07, OO T TII on7U HJ 1 J, OJ T

I
C'2'2 OI'XOCkD33 — <i337U

50 4296. 08 II 4027-27298 8 4376. 07 I 6786-29631
13 4296. 30 II 13378-36647 18 4378. 56 I 7562-30395

/n Q"7 17 T TII 1 1. /I -2 Q n i.A4^oU. b4 T T
I I

0*200 "2 o 1 cn
A
4 /I O Q Q /II4/170. 4^ T TII Q7 AIQO n ^4^o^. Ub T T

I I
A AO A 0700044o4 — d Id70

4^77, ^7 T
I oj / o — <:7b^i 1 "2 AIQI 1

O

T T
II Q/ico 100yHDd — JddbU

12 4304. 90 II 4 4386. 20 I

100 4306. 34 I 0-23215 3.0 4387. 17 I

3. U /1 1 n 7 Q74^U /. o /
T T
II 1 7 /l'2D7 i7 T T

I I
"2/107 O^OIOjHd 1 — dbdid

O /I /I o no OQ4^U7. dri
T
I / 74 / — 14

/

1 7 AIQQ QD4^07, OO T
I 71 r\1 OQQ77

/ lKjP — d70 1 1

QO 4^iU. 70 T TII 2Q70 071 £^0 1 7 Alon n

n

4^7U. UU
170 4313. 84 I 215-23390 14 4390. 95 II 3444-26212
48 4314. 40 I 7480-30652 6 4391. 44 II 9143-31908
/I oHO Afs u n t;4^iO, UD T T

II c'2/i n OQcno 0 ^cb AiQo n^.Hjvc, Ub T
I 7/iQn "xno AO

/ 4oU — jvdHd
D 4^i b. ^: /

T T
I I Ql A'i. '20'2n/l 0 c /IIQ/l 704^74. Id T T

I I ^^nc OQ'2C'2bbUD — d7S>DJ

1 /I T
I 71 n*? mo AO 1 7i /

/I-2Q7 CI4^7 /. Di T T
I I

70 4321. 11 II 4852-27988 3. 0 4400. 18 II 9329-32049
4321. 20 I 1719-24854 8 4400. 76 I 7480-30197

T TII 1 "20 /i/ini44Ui. Ob T
I 1 71 Q O/l /I '2n1 / l7 — dHHPXj

4^<:4. Uo T TII Ql /I "2 "ZOO ^."27i4^ — ^^^b^ AQ4o /i/im 1 A44U^. 14 T
I 7Q/17 m^-co/74 / — ^UbDiC

/I "jot; i;74^^D, 5 /
T T
I I 1 1 n^.7 "2/11 7Qi iUb / — JHL /7 OACH 44Ub. b /

T T
I I 1 1 /IQO I/I 1 7Q1147^ — 341 /

7

4325. 69 I 533-23644 24 4408. 25 II 4484-27162
4 4326. 32 II 17817-40925 20 4409. 25 I 8498-31172

1 on 43<: /. \.c
T
I n 0*21 n/iU — ^JiU4 A Q4o /I /1 1 1 1 ^.4411. lb T

I C'2'2 0'21Q^
T T
II '50C7 ocQ^-n o c /I /1 1 "2 A A441^. 44 T

I b7 / b — dribdo

11 /I -2 O Q Q /I4^Zc). 74 T
I 71 n^i '2ni Q7

/ lU J — ^Ui7 /
Q noU /I /1 1 /I 14414. lb T

I Q/IQD "211/170470 — 3114 /

34 4329. 58 I 6786-29877 65 4414.73 I 999-23644
32 4330. 61 II 4213-27298 32 4419. 03 II 3972-26595

/I "Jn 1

Q

T
I ^.ccn OQ^.'zi 1 1 /I /I 01 0/144<il. ^4 T TII 1 n^nn "2*201 0lUbUU — PDdLd

-7

/
/I "2 1 '2 O /I4^^^. ^:4

T
I

^ in /I /I OO /II44^^. 41 T
I 01c OOQOldlD — ddOdL

3. D 4J^D. ^7 T T
II 1 77'5C /in7QC A

4 A AO A in44<:4. lU T TII Q/ICO "20 n/i Q743^ — 3^U47
3. 5 d 4336. 63 I 11 4425. 01 I

4336. 78 I 5 4426. 15 II 3082-25669
13 433 /. bl

T
I bi lo — ^74^b 4 AAO~l W\44ii /. bl T T

I I
QioQ "21 Qno7Jdy — 3I7UO

T T
II 1770C Ar\~l~lt 1 nniUU /I /I on wx44^U. bj T

I n oocA/iU — ddobH

3. 5 /I '2 /I n ^ n4^4U. oU T
I

Qo /I /I 71 7^44J1. /b
T
I

7Q/17 mcnc
42 4341. 28 II 3427-26455 4 4433. 64 II 10633-33182
85 4342. 18 II 4841-27865 22 d 4436. 10 I
c /I "2 /I /I "2 n4i44. i>\j

T T
II 4oD<i — <c / obo A A 00443b. dd T T

I I 1 "ZQOi, "2A/1A1137^0 — 3b4bl
4^4o. 4o T

I
QQQ OA nnn777 — <l4UUL) 1 cID A A "XQ 07443o. d 1

T TII C"2/in 07QAC334U — ^ / ObD

oi) 4^4d. oc T
I 01 C 0*201 C "2 n AAAA QH4444. 70 T

I

20 4347. 31 II 10600-33596 7 4446. 49 II 3972-26455
7 4353. 79 I 2.5 4449. 02 I

3. U Aid A r\L.4^b4, Ub T T
I I

0 c A A AO /II4447. 41 TI
c
D

T T
I I /I/IQ/I 07/11044o4 — / 410 "2 C AAC,0 7*2 T

I 1 0 AB7 _ l/lQ'ZfiLdHO 1 — 34730

3. U /I "2 CQ ^/l4^D7. d4 T TII Q"20Q '200^.n7^^7 — ^^<:bU "2 C /lACI 0*2 T T
I i QCCl _ '2nQQ7ODDl 3U77

/

15 4360. 92 II 3427-26352 2. 0 d 4458. 32 I
TX 44CR 41 T

28 4369. 77 II 3082-25960 3.0 4461. 36 I 7427-29835
18 4370. 18 I 6550-29426 10 4462. 83 I
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Intensity
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Wave-
length
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Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

c. T TX X 9A AC.-in COHD 1 y, 3 7

O 4464. 74 I
oo 4581. 09 II 5340-27162

L. O 4466. 55 II 4213-26595 J o 4581.29 999-22821
44AA AD T± AQ7A — ?9'?R9 9 4'^R9 "^R T T

X X 1 0nQ9 — ^1 QORXUU7^ — P17Uo
48 4dA7 flR T1 12 4c;R9 c:'^ T TX X oDDl — D

/

7 TTX X JO 4(^fi'=5 07 74R0 — 9Q9Q4
/ HoU — ^ 7^ 7H

1 nX u 4471. 29 II 10392-32750 oo 4584.26 I 10576-32384
D 4473. 28 I 215-22564 4586. 99

65 H-H / H. 1 J T
1 20 H!j7D. 70 T TX X A91 _ 9c;QAn

80 1 D. i ^ T
X U CCJJD 30 7 / , 71 T T1

1

^ u 447R fin T T
X X ZIR41 — 971 A9 ^qqo qnHDyO, 7U 71 0"^ _ 9HQZ19

^ D 4481. 06 II 4852-27162 DC 4601. 05 II 4484-26212
u 4483. 33 II 8551-30850 4602. 93

J

999-22718
20 TX 5 h 4AnA DAHDUD. UO
2.5 /IdfiR Zlfi TX -J JJ l.L.Ol.1. 3.0 4AnR n"^HDUO. UP T TX X 1 Q409 — 41 0Q717HU^ — H1U7

/

*tHOD. PJ T TX X 1 RA41 — 4nQ?R 7 '^ 4AnR tiRHDUO. DO c.'i,'^ — 9999 AJ J J — C.C.C.CO

?6 4486. 90 I 1719-24000 c; h 4611.04 I

o hXi 4488. 40 II 10908-33182 48 4614. 50 6786-28451
46 4497 1 TX QQQ _O^P?Q 8 bl 4A1 AHOX Dm O
20 4497 TX 6 4A1 Q 1 4*tOX 7. X*T 1 0999 — ?1 RAi^

1 A / o. ^ o T TX X %AAA — O'lAAQ X ^ 4A94 49 AR^O — 9R1 AQODDU — ^01D7
^. -> 4503. 79 I 999-23196 40 4636. 64 I 6550-28112

zin 4506. 21 I 533-22718 4639. 00 II 8551-30101
13 T TX X 4n?7 — ?A?1 7 16 4A4n 04nOHU. UH
5 T TX X "^497 — P'iAnQJ ^ C 1 L. -J\J\J/ 16 4A4A 00HCtD. UU 1 1 R'^O — '^'^'^4RXIOPU JJJHO

^mriQ nfi T TX X 1 AX u 4A47 A4HUH / . OH T TX X 1 71 0 — 9*^990X/Xy CjCCy
± J? 4514.50 II 1 AX D w 4648. 59
3 4516. 98 I 4648. 70

J

10360-31865
100 4"^! Q AAH^l /. OO TX 40 HDZJJ?. _^H A'=)7R — 97fiAl\JJ / O c. / OOl

6 4'^?n 07 T TX X 1 n A'^ — "^97^0 8 iliic^ qqH 0_J H. 7 7 T TX X Rc;[;i —'^0097

cD HIJ ^1. U T T
X X 44fi4 — 9A^QR 4AA4 97HODH. C /

T TX X 1 7R1 7 _ '?Q9c;iX / ox / D /CD±
7 4521. 94 II 18677-40785 cu 4666. 45 II 11067-32491

c o 4522. 82 II 11492-33596 XJJ h 4670. 87
14 H_J ilH. 1 ^ T

X 5 4A7R 9RHO 1 O, C.D

9 T
1 16 4A7Q 1

R

HO / 7. X O 1 94R7 — '^'^RR9X^HO/ JJODl.

o3 H-J^ / . Ol T
X q^'^ _ 99RA4

\J J D ^L-DOH 4ARn 04HOOU. UH 74R0 — 9RR49/HOU ^OOH^
^ U 4540. 02 II 18753-40773 o 4683. 07 I 7103-28451

4542. 03 I 215-22226 4683. 33 7947-29294
6 /IC/l/l 0-2 T

1 7497 — 9Q49A 6 h 4ARA 41HOOD. HI

22 /ic/io nnHDHO. UU T
X 13 4ARR 1

9

HDOO. 1 ^ cj-^ _ 91 Rc;rDJ J L- X\JDQ

o 4R^n T T
X X i;rq7 _97RA^ QO 4AQ1 1 AH07X. ID A^^n — P7RA1\JDD\J l.iOO±

/IH 4554. 99 II 10803-32750 A^i 4694. 33 I 8498-29795
1 111 4558. 08 II 4027-25960 1 AX D 4695. 49
2.5 T

X 40 4AQ7 49H U 7 / . H t. A'?7R — 77AA0
AH a 4RA1 flRHIJDI. UO TX 1 Axo 470^ 1H # u . X p J

2.5 DH. J 7 T
X 1 nRR4 — ^97fi^lUOOH JC.IOD 19 4709 7RH / U 7. / O •J. qgq _?9?9A

3.0 h 4570. 98 II 10392-32263 5 4711. 98 II 8885-30101
8 T

X D7 / D — ^1 OOH^ 3.0 471 9 ROH / X ^. oU T T
X X

12 4573. 81 I 0-21858 10 4721. 46
24 4575. 91 I 7947-29795 14 4728. 47 II 8885-30027
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Energy
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 4728 64 I 533-21675 6 bl 4892 1 GdO
20 4732. 60 II 8885-30009 8 4894.30 II 9452-29878
4 4734. 43 II 5340-26455 7 4910.12 I 6976-27337

24 4735 75 TX 6550-27660 3 0 4915 83 IX 7235-7757?/ C 1 mJ 1 C-

6 4738 11 1 4 4916 60 IX 1 0222—30556

38 4743 65 T
A. 6786-27861 6 4923. 58 11 17725 — 38030

10 4745. 82 I 7103-28169 8 4929. 84 I

3. 0 h 4749.15 I 6 4930. 69 I

3.0 d 4755 35 TI 18001-39025 26 4934 12 IJ. 11830 — 32092X A. <J^ \J ^ C-\J / £_

4755 50 ITX X 8 4936 01 IX

4 4758 26 TX 533 — 21543 8 4936 33 IA. 10884 — 31136A. yJ \J\J\ ^X.A.^\J

30 4758. 70 I 7103-28112 20 4938. 61 I 12487-32730
10 4760.74 I 1719-22718 4 4948. 56 I

12 4763 82 TX 10884-31869 4950 11 IX 10360 — 30556
44 4767 24 TX 7480-28451 3 0 4951 58 IA. 11830 — 32020

6 d 4780 99 TX 11297 — 32207A- A, Cm / i ^ L— L— \J 1 10 4952 47 I 1719 — 21905X / J_ / CmX / \J^
4781 13 TX A 4953 15 IX

17 4781 92 TX QQQ 905/// £- A, / \J -J 3 5 4956 80 IX

3.5 d 4783 47 TX 4957 29^ / ^ 1 ^ C- / IX

4783 56 TX \\ 830 — 32730 12 4958 79 TX 11297 — 31457A- X u. / 1 ^Xt^f
IIX X 8885 — 29045\J\J\JmJ C / \J t -J

28 4784 62 TX 7947 — 28842
10 4786. 75 I 7562-28448 3.5 4961. 47 I

4 4786. 91 II 9143-30027 2.5 4965. 05 II 19402-39537
4 4791 15 ITX X 9143 — 30009 2 0 4968 58 IIX X 17725 — 37846

13 4801 05 IIX A. 9143-29966 9 4969 16 IX 10576-30695

3. 0 4802 58 IIX X 4852 — 25669 5 4972 61 IX 6976 — 27081
3. 5 4803. 54 II 11492-32304 1.8 4985.30 I

2. 5 4805. 82 II 8551-29353 5 4998.37 II 18319-38320
20 4807 45 IX 8498-29294 7 4999. 07 IX 10884-30882
4 h 4808 01 IX 13926-34719 6 5010* 82 IIX X 8551-28502

5 4816 83 I 11830-32585 5 5011. 74 I 11830-31778
30 4821. 69 I 70 5015! 04 I 8498-28433
4 4829. 94 I 3.0 5019.36 II 10092-30009
8 4834 23 IIX J. 9328 — 30009 2 5 5020 37 IX 7562-27476

12 4835 26 IX 999-21675 ITX X 9329-29242

10 4848 10 IX 5 5023 13 IIX X 9143-29045/ X 1 ^ C- / w~

4 4856.17 I 6 5031. 29 II 13076-32946
6 4856. 72 I 3.5 5031. 56 II 9329-29198
7 4859 22 IX 10884-31457 7 5039 09 IX 11297-31136
7 4861 78 TX 1 1297 — 31859A. A- C- / 1 ^ A. \J ^ / 1 8 5048 78 IIX X

10 4862 59 IX 10576 — 31136 6 5050 88 IIX X 12892-32685
16 4865. 02 II 9329-29878 2.5 5061. 06 II
8 4870. 04 I 2.5 5062. 86 II 9452-29198

11 4871 "iO TX 1 0360 — 30882 3 0 5067 06 ITX X

3. 0 4873 34 ITX X 9452 — 29966 4 5070 19 IX

8 4881 08T"OQX « VJ O TX 1 1 oq-j _'!-[ 770X A. c- / 1 J X 1 1 \J 4 5071 02 TIX X 12776-32491
6 4881. 36 I 12487-32967 3.0 5072. 99 I

2.5 4881. 92 II 18151-38629 5 5073. 74 I

8 4883.19 I 10222-30695 5 5082. 80 I

2.5 4889.19 I 9 5092. 25 II 13926-33558
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

L.O jU vD. UO T T
1 Jl

n C070 77Dc 1 C, J 1

12 5098.38 II 13076-32685 5 5212. 91 J 6378-25338
5 5100. 94 II 12892-32491 5 5282. 48 I 10576-29502

OD T 7Q/17 _07C7A
/ 74 / — c. 1 DJO coQ'i no!)<cO^. uo 7Q/17 0^Q7n/74 1 —COO IV

T T Xjj 1 0 — jc.^HO n COQQ CQDC70, DO ivccc —cyUyU

T T OACO Cini A7DjUL,

O

I
7/IDn 0^117
/ 40U — cojj) 1

11 5125.56 II 11492-30997 20 5302. 76 I 6550-25403
6 5130. 28 II 12776-32263 5 5306. 70 6976-25815
0 T1 OACO C'in7 "in 71 n'2 o CQ/i n/IU3 — CDyH\i
7 T

J.
71 n'? _ 0 ACAQ AH Cil 1 QAD^il. 04

QO T T 1 07n/i _ "^oi cn
i-c. 1 \jH — jc.x.O\J on h

ii. u n C^l C 7QDjXD, /7 T T
X X

7 5141.50 I 7480-26925 3.0 5316. 80 II
7 5142. 68 I 7427-26866 4 5321. 25 6550-25338
i. "t

T T1

1

1 '^n7 A _ •^OZlQl 1 0 C701 cnDjcI, dd WX~IQ OCl ^C03 /o — ^31b3
CI /iq Q/1 T T

X

1

9A t^'^Ol 7P A7BA OCC70D / 00 — r£:33 1 c

finOU T
I 7zifin — 0 AR7n

/ HOV — L.OO 1 U n DDCC, J 1
1 nooo oqnnAi.\jccc — c.y\j\jo

5 5156. 76 II 12662-32049 4 5322. 69 I 10576-29359
7 5158. 48 I 7235-26615 10 5327.32 I 10360-29126
/It CI on T T

X X LcOvc. — jCc.OS> co •^^op "^n 1 nooo OBQBClu ccc — /1O703
7
1 3XO^. /U T

X 07 / D — COJ J 1 H c-i-ii qoDjji., yC

Dl Ot. OH T TX X 1 1 ziQo — "^nRi^nS.i.Hyc. — pyJODxj ^ AX D 1 nBB/l OqAOfl1U004 — cyOCO
4 5171. 69 I 0-19331 5 5337. 53 I 10360-29090

18 5176. 28 II 8551-27865 3.0 5341. 17 7103-25821
_)i / O, 1 u T TX X 1 '^'?7fi_'^0APc;\.J J 1 Q — JC.O0D n c-2/n oi3^41. 0± 1 71 q — 0 n/l'^A1/17 — C U434

/I Cl 7Q QZl!3i / o. oH T T
X X 1 QQ/17 "^QOClLVtH 1 — jy CDi. OB ^'KA'X nn 1 1 oq7 '2nnn7LLCy 1 — 3UUU/

CI 7Q Q"? T T
X X 1 1 nA7 'Xn'KC^liiUo / — j\JDO 1

oO DjHD, 1.J
Ac;cn ococ/i03311 — CDcDH

4 5186. 92 II 12704-31977 7 5345. 68 I 999-19701
5 5187. 24 II 12776-32049 19 5348. 67 6378-25069
cO CI B7 QB310/. 00 TX Accn _ ocpoi OH 1 0/lfl7 _ "^1 1 701^40/ — 311 1

C

c CI Q1 noDiVl. Uo T T
X X 1 ODQo "^01 cn1C07C — JClOV 00cc C^C^ OA j: 1 1 Q'^n _ "^ncnc1103U — 3U3U3

1 DJO CI Q7 77 T
X 1 L\JP —C.OPJ 1

AH C'2C7 7q T T
X X q'^oq _ 07qBByjcy c / 700

4 5199. 21 II 13076-32304 4 5359. 18
2.5 5200. 55 II 19947-39170 5 5361. 66 10360-29006
r coin /I

Q

T T
X X

1 "iOO A1
i.J\S 1 O — JCC.O0 Q7 Djt3_). jO 1 nc7A oqonq1U3 1 0 — c.y C\jy

QO COT 7 /IDDel. 1 , HO T
X QQQ oni An777 — ^lUibU "2 n C'^A7 7n 1 n"? An _ opqBC1U3DU — <;0703

CO COT Q /in T
X A7QA OCQ/inD / OD — CDyH\J 1 n C^AB 7q3^D0. /7 7Q/17 — OAc;AB

/ 74 / — C D300
7 5220. 30 II 10092-29242 3.0 5369. 61 I 10884-29502

12 5233. 93 I 7235-26336 9 5369. 92 6786-25403
CO/1/1 "iC T

X 1 A C'27n A'2 i.\jccc — ^003 /

o CO/IA D7DCHO, O /
T
X

1 C LUC. •2/171 QIDOOO — jH 1 \.y ^^70 7/1Dj / U. / 4 Ac>Rn — ?m A"!033U — ^31D3

CO CI 1 QD/lDi. iO T
X Q/IQC! 07C'2A0't70 — C. 1 JjO c;'270 0033 1 c, CC T T

X X 1147t 3U1U1
11 5252. 14 I 11067-30101 4 5384.15 10884-29451

II 6786-25821 4 5385. 39
QO COC/l 7C T

X wxiQ. oc/in'iOj / o — £.DH\iJ oo c-JBq c;n3307. 3U ^ n^7A — 9Q1 S>A1U3 10 — ^71^D
CO c c Qn T

X ACCn OCC70DDDU — COD 1

C

0 c/ii 1 on3411. C\J 1 U004 — t /3 37

co^.n Di3^bU. oi T
X 0 n C/11 0 AA341^. 04 T T

X X

3.0 5263. 81 I 533-19525 8 5413.20 7103-25572
2. U co^o m T

1
7Q/1 7 0^,QOC
/ 74 / — coyCD AH CAl "2 "^q3413. 37 A7RA — O^O^HD/OD — t3^34

6 5268. 78 I 533-19507 8 5415. 69 7480-25940
2.0 5271. 79 I 6976-25940 2.5 5419.88 II 10600-29045
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trum

Energy
Levels
in K

5421. 19 1719-20160 U 5686. 66 I 215-17795
4 5436. 30 \ 7947-26337 3. 3 5692. 13 I 7480-25044
2. 5 5441. 58 I 8499-26870 3b 5696. 22 I 533-18084
2. 0 5447. 74 II 9 5701. 35 I 215-17750
6 5453. 46 11297 — 29628 6

r* T An /I A
5709. 42 I 0-17510

3. U 5455. 31 10884 — 29209 3. D 5710. 32 I 14669-32176
4 5469. 72 J 7103-25381 0 nu 5721. 99 II 13378-30850

II 8885-27162 n4 5724. 75 I 11830-29294
2. 0 5475. 72 6786 — 25044 11 5733. 86 II 11067-28502
2. 0 5480. 23 10884 — 29126 4 5735. 98 I 7947-25376

5482. 01
{

10884 — 29120 AH 5744. 66 I 215-17618
c. U 5493. 42 7947-26146 QO 5746. 36 I 533-17931

5498. 75 I 7480-25661 5749. 41 II 10600-27988
3. 5 5499. 97 11830 — 30007 3.5

n "7 n T A A
5751. 88 I 0-17381

3.5 5500. 43
T T
II 11067-29242 8 d 5754. 17 I 7480-24854

n r" n A r" T n
5505. 11

\

r- —7 —7 n A A5771. 20 T T
II

c.. U 5515. 61 1. O 5774. 56 II 9143-26455
5521. 75 6550-24656 7 5776. 02 I 12487-29795

1. 8 5524. 60 T T
II 22 r" ~7At o a

5791. 38 I 533-17795
2. 0 5533. 37 6976 — 25044 6 h r "7 A / A A

5796. 80 T
I

o t;
/I. -1 5538. 32

T TII cD
r~ A A A A A5802. 92

T
I 533-17761

c.. 0 5539. 81 II 5807. 05 II 12662-29878
5545. 01 II 10600-28629 c

D ns 5807. 72 I 6786-24000
2.5 d 5548. 20 12487 — 30505 5 h f" A A A A A

5809. 22 I 15852-33061
1.8 5550. 21 6976 — 24989 5 5815. 85 II

TATT/ AAA//12776-29966

^. u 5559. 73 1719 — 19701 /;o ns r" A T A f" T
5819. 51 I

3. U 5560. 69 II 11067-29045 4 5820. 99 II 12704-29878
5572. 53 7103-25044 4 n 5823. 97 I 215-17381

3.5 5576. 13 6786 — 24715 5 5840. 47 II 12892-30009
5 5583. 68 II 8551-26455 2.0 5845. 71 II 12776-29878

1. C 5586. 16 II 10092 — 27988 on 5851. 63 I
AAA TOAAfl999-18084

2. 0 5586. 32 7480-25376 c 5855. 24 II 12892-29966
r
D Cl 5591. 85 I 14669-32548 5856. 22 I 999-18070
3.5 5594. 13 1 14036-31907 4 5856. 96 II

AT/IO A/ATA9143—26212
1.8 5597. 21 II 11492-29353 5 5860. 73 II

Ar"P"T ^r~/AA8551-25609

5614. 45 1719-19525 o 5877. 26
X T
II

TnyiAA AArAA11492—28502
5616. 21 II 8551-26352 cD 5886. 46 I

io 5617. 91 0-17795 4 5897. 62 II 13076-30027
1.6 5621. 43 II 18677-36461 5

f~ A A >! AT
5904. 07

X T
II

toat/ oaaaa13076 — 30009
6 5629. 55 215-17974 10 I~ A A /! r* /

5904. 56
X
I

AAA T ~7AOT999—17931

1 nlU 5632. 25 0 — 17750 J.O 5911. 45
X X
II

3. U 5633. 49 J 7103-24850 o 5913. 55 II

^4 5643. 24 215-17931 cD 5916. 77 I 7103-24000
2.5 5644. 84 II 8885 — 26595 8

f" A O A A A
5930. 29 X

I 6786 — 23644
1. 2 n 5653. 33 7654-25338 n

o
n A o / A /I

5936. 84
X
I

/nnA AooAA6550 — 23390

3.5 bl 5664. 42 GdO 6
l~ A O "7 ~7 n
5937. 71 X

I
/ O ~7 A AOAT C"6378 — 23215

3. 0 5677. 45 14298-31907 5 h 5940. 95
5 bl 5680. 89 GdO 5 h 5942. 78
3.5 5683. 33 5 5951. 60 II 11067-27865
2.5 5684.11 GdO 5 5956.48 II 8885-25669
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Levels
in K

oo b^ / o — cii-MH 2 C
3. b bb43. 70 18014 — 33061

J. u 11 5988. 02 I 15852-32548 1.2 6646. 85 J 11297-26337
o 5999. 08 I 6550-23215 1.2 6653. 55 18509-33535
6 bUUU. 7b 1 oi. c u u~iQ aubo /7. bb T T

1

1

7 h bUUi. o

/

A4 UUOl 0*2
11 11492 — 2b455

bUU4. D /
T T
11 1 o uuo^ oubb7c, ob lUoo4 — 25821

6008. 71 0.7 6694. 92 II
_^ 6021. 13 6786-23390 1.0 6702. 12 II 18641-33558
5 bUoU. OD T TII 7^b — ^U^b /

1 0i. Z u~7r\A 1 Qb /U4. io T T
1 I

1*207^ 07000Ljv lb — c /Voo
40 bii't. U /

1 71 Q 1 Qn7n 1 <^i. b ^71 Q 1 /Ib / it). 14 T T
1 I lob / / — 33bbo

/ n OA /I

o

bioU. T T
I I Lj7C I — ^UiU4 o n

/I. u Ul'il 0*2 T T
I I

11/1 QO O ^ 2CO11472 — 2b^b2
1 nA. U hi 6182. 68 GdO 10 6730. 73 999-15852
1 n hi 6200. 86 GdO 6 6752. 67 II 18753-33558
10 bl b^ii. IX UQU 1i. b /.-Tt: "2 Q1b /b J. 7i T T

II
10 bl

/"ion no
b<:^:U. 7^ KjOSJ 1 ni. u b 1 1 c, (jj '•

cJ hi bii^i. b/i LrQU 1 ui. b / 7 Q -2 "2 0 11Q'2n UCUQllojJU — 2bbbo
7 hi 6241. 66 GdO 3. 0 6786. 33 II
c U 6252. 12 GdO 1.2 6787. 18 I

5 bl b^b^. OH (jClU 1 /Ii. 4 U 01 /I c. uboi4. bb 70*2 c 01 on c
/ 2Jb — 2l7Ub

4 b bii UU uaU *2 n
3. U

/ Q1 ^ AQboib. 47 ooo 1 c ^ ^ c777 — ibbbb

oo OQ 7*2 T T
11 O f1Z. U ^oon on

J, u 6292. 87 999-16886 12 6828. 25 533-15174
y 6305. 15 II 10600-26455 4 6846. 60 II 11067-25669
3.0 b3U7. ii T T

1 I
1 n1. u UOAQ OQbo47. 07 om An "2/1 7t;c2UibU — j4 /bb

2.5 7 1 Qbii /. iV 777 — i boZb b UOK~J 1 "2bob /.
T T
I I

1 770 c; '20'2 n/i1 / / £.0 — ic!> U4

^. ->
^ 1 '2 T '2 Cb33i. 3b ioU14 —^JOVH 1 Qi. o bob4. Zb

i. D 6333, 75 6550-22335 2.5 6887. 63 II

i. D 6336. 34 6786-22564 1.6 6900. 73 II 17817-32304
2.5 b3^b. bD T T

I I iUbUU — dojDC 1 o / Ql U C7b7ib. b /
01 C 1/1 AAQ/lib — i4bb7

2.5 h £^1 CT 70 1 Tide "2 "2 C2 Ci / /7b — 33bJb o cZ. b uoon uobydU, bd T T11 1 7Q1 7 CIOOA^1 /ol / — t)ccb!>

1. D bib3. 1 ^1 "21 Qn7ibiVb — 3i7U /
1 Di. o /QO/l QQby^H, 77 T T11

J. 3 6380. 95 II 13378-29045 2.5 6926.49 10222-24656
i. 0 6382. 19 II 2.0 6945. 98 II 17870-32263
2.0 Z. /I A O C Co4Uo. bb 1 71 Q 1 7*21 Q1 /i7 — i /^iV 1 Qi. o UOC.~J 7/1b7b /. /4

T T
II

2.0 ^ /Im /I o
b4^<:. 4^ T T

11 1 Qi. o UOC,Q 0/1b7b7. ^4 T T
1 I

1 071 Q "2 0 ADClo^l7 — ^2bob

i. D b4^4. b^ / bb4 — 11, b Z,Q/,/| '2'2
b7b4. JJ iU^bU —^4 /ID

1. O n 6470. 29 J 18084-33535 1.8 6971. 66 II 18151-32491
i. ^ 6480. 11 II 13926-29353 1.4 6976.35 II

3.5 h Z. C 1 O 1 cDb3o. lb 1 C^OQC "201 7i.iboob — /

b

1 o ^Q7Q 07by IO, CI T TII

2.0 1 70*21 '2'21 OC
3. u n /QQA oubVoU. ob Ori/l'2/l 2/I7CC2 U4J4 — t>"t 1 bb

cD
C Z. /I "7 O65b4. 78 17*210 '20C/10 U. y n UOQ1 C'2 1 1 Q'2n O A1 /I Alio^U — 2bl4b

i. ^ 6568. 00 II 17725-32946 6 6985. 89 II

i. ^ 6573. 80 I 17750-32958 1.2 6988. 75 II 18641-32946
3.5 6591. 60 1 /ly — loOOD Q7 ZLQQ1 QOb77i. yc A 1 /lOQQU — 14270
1. o 6593. "tl

1"7"7QC "lOQCQ
1 / IvD ~ DCriOo O C^. b byyj, io 1 (T^An o/iac;a1 u.?bU — /i4b!5b

1.2 6610. 04 T T
II 13378 -ZobU^ bVVb. /b

T T
11 1 7Q70 ClOOAn

1. ly 1 c — jccbu
1.0 6628. 43 16825-31907 2.0 7000. 75 II 17870-32150
6 6634. 36 T T

II
•\ r\ / C\(\ OCZ.^QlObOO — Zbbb9 b ~7f\(\U 1 A/UUb. ib T T

I I 1 QA77 "iOQ/lAlob / / — ^^74b
4 6640. 08 1719-16775 1.4 7016. 60 7427-21675
1.2 6642. 76 12487-27536 1.0 7017. 73 II 18245-32491
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7037. 26 T TII 1 R "7 O "7 "7 A "7

7377. 27 T T
II

1 ni. u 7045. 02 II n 9U. 7 7377. 77 11830-25381
9 n
c., u 7051. 00 II 17972-32150 1 R 7380. 28 11830-25376
1.0 7052. 79 I

AAA 1C1"7/I999 — 15174 1.2 T2 O C A~77385. 97 T T
II

TAAfP* OA/IAT18955 — 32491
1.8

"7 A C /I / O7U54. T T11 lo319 — 32491 1.8
-7 O A /I A A

11 1'3A~7/ A/CAC13076 — 26595

1 A1. ^ 7058. 02 T T
II 18096 — 32260 1 R ^ yi O A 1 A7430. 19 1719 — 15174

i. 7068. 09 II n 6 7432. 57 II

i. u 7069. 93 II n 7 7434. 46 I

2. 5 7071. 00 I 10576 — 24715 5 7441. 85 A 1 0 ^ 0 ^0—13434
2.5

"7 A "7 O / O7073. 63 I 1719 — 15o52 6 36 COO lOAA/533 —13926

n 7u, /
"7 A O /I TO7084. lo

T
I 1 / /9b — 3190 /

7 /I OQ /I yi
/ 489. 44 T T

11

II 18151-32263 n Ru. o 7505. 35 II 12892-26212
i. u 7085. 52 II 18151-32260 R 7562. 97 215-13434
0.7

"7 A AO A A
7093. 90 I 18084-32176 1.4 7563. 19 T T11

2.0
"7 A n O T 17098. 11 T

I 1129 7 — 25381 0. 8 /566. 10 11830 — 25044

9 n T A n O Tl7098. 73 I 215 —14298 1 4 7c o o on/do8. 20 1248 / — 25661
n Ru. o 7099.44 I 12487-26568 1 4X. t 7611.78 11297-24430
1. u 7100. 71 I 10576-24656 7621. 96 I 10884-24000
0.5

*7 T A n "7 O7101. 73 II I'TOTA O A A /I n17972 — 32049 3. 0 7650. 32 1AC"7Z. AO//1/!10576 — 23644
1.4 h 7116. 77 T TII 18001 —32049 3. 5

7Z. 70 C ^76 /2. 56 lAO/A AOOAA10360 — 23390

"71 T O O Z.711o. oo
T T 18641 —32685 1 4 lb lb. 06 llO'in A 0 C A11830 — 24854

c 7122. 57 I 0-14036 X, u 7677. 16 19525-32548
i. c. 7133. 16 II 18245-32260 X. U 7683. 36 I 19165-32176
1.8

"71 '3 IT "7'5
7135. 73 T TII 1.8

"7 / A /! AC 1 AAAA AOAl C10222 — 23215
0.8 h

"7 1/11 1 "7

7141. 17
T T
II lOlCl '2AlCn18151 —32150 0.6

"7"71 ~7 /1111 » 66 *7/10A AA/lO/17480 — 20434

~n /I / 1 o
7146. 13 T TII

n"7AAA 01A~7~717988 — 31977 X X 7733. 50 AAA lOAA/999 — 13926
/I. 0 7147.31 II n QU. 7 7738. 09 II
n f?U, o 7150. 77 I 7562-21543 n 4 11 7748. 37 II 19402-32304
1.8

"7 1 C A A A7158. 28 I 10884 — 24850 5
"7 "7 /I A OA
ll'\9, 30 roo lo/io/i533 — 13434

0.8
"7 1 / /I OA7164. 30 T TII 1.4

7*7 C II 0*7
llbo. 97 lA/lOT ACO*?/12487 — 25376

Tl / O *2 "7

7168. 37 T
I 1719 — 15665 1 4X. H 77 ^ / >l Ollbb. 48

J, u 7172. 26 II 13926-27865 X. u h11 7787. 22 II
U. D 7173.40 II 17972-31908 X. ^ 7834. 46 10884-23644
4

T 1 AA n ~t7189. 57
T TII 18245 — 32150 1.0 -7000 0 ^ T T

11

0. 8
T T A T /I A
7191. 49 II 1.6 h -70^/1 A "7

7844. 87 lAO/A AOlA/l10360—23104

1. o
"7 1 A "7 A A7197, 08 II 18369 — 32260 1 4X. H 1 0 AC on7845. 80 lAl/C OlAA"?19165 — 31907

n R 11 7198. 63 I 7562-21450 7846. 35 II

1. o 7201. 41 II 5 7856. 93 I 6976-19701
1.4

~7 A A A A A7228. 02 I 10884 — 24715 0.7
"7 0 / "7 "7 07867. 73

3.5
~T A O O /If"
7233. 45 I

AlC 1 A f\0. /215 — 14036 2.0
70/ n 707869. 72 llAn*7 A^AAA11297 — 24000

U. 7
7 A /I A A /I7242. 24 T T11 18245 — 32049 n Au. o 7884. 39 /480 — 20160

9 nd., u 7252. 70 II 13378-27162 n Au. o 11 7908. 06 II 17725-30367
/In 7262. 66 I 533-14298 n Q<J. 7 7910. 08 10576-23215
2. 0

~7 A A n or?
7291. 35 T

I
AlC lOAA/215 — 13926 3.5

-7A 0 A AC/930. 25 T T11

U. b
*7 O A 1 A A7301. 22 T TII n QU. 7 n

7A / AC7963. 25 II

3. 0
~7 O T O A A7313. 28 I

AAA 1VT/Z.n999 — 14669 0. 5 i^bb. 66 Z.A"7/ lACAC6976 — 19525
2.5 7324. 89 II 0. 8 7978. 15 I 6976-19507
1.2 7327. 07 I 20160-33804 0.9 7993. 82 10884-23390
2.0 7373. 81 I 11297-24854 0.9 8006. 26 7947-20434
2.0 7376.41 I 11297-24850 0.9 8010.53 II
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Gadolinium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Energy
Levels
in K

0.9 8019. 82 ][ 7235 -19701 1.4 8445. 47 I 7562-19400
0.6 8037. 40 ] 1.8 h 8527. 88 I 7562-19285
0. 8 8048. 08 ] 7103 -19525 0.7 8559.11

J

10884-22564
1, o Rn77 1r 71 0% — 1 Q4Sn u« o R^Al 77

1 ODj — LyjjX
0.4 8089. 96 J][ 19947 -32304 0.6 h 8579. 77 II

0.5 h 8144. 00 ] 0.6 8615.97 II
2.5 8146.15 ] 7235 -19507 0.8 h 8659. 66 II
0. 6 h 8185. 90 ][ 7947 -20160 1.2 h 8661. 48
n 7 R?n9 (17 1 OOUO. \jj

1.6 8218. 08 ] 7235 -19400 0.7 8674.86 I 11297-22821

1.4 8275. 42 ][ 7427 -19507 0.9 8752. 77 11297-22718
0.7 h 8315. 02 I] 1.6 8770. 36 { 11830-23229
1.0 8316. 38 I] 1.8 8784. 85 6550-17931
1.4 8349. 73 ] 7427 -19400 1.4 8795. 76 11830-23196
0. 6 8374. 76 ][ 10884 -22821 3.0 h 8832. 06 II

0. 6 8377. 79 ][ 11297 -23229 2.0 h 8849.14 6786-18084
1.6 8398. 30 ][ 7427 -19331 2.5 h 8867. 31 7235-18509
1.0 8442. 58 J]
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GALLIUM

Ga, Z=31, M=69.72, Ratio ^=1.097

Ga I Normal state of valence electrons 4:sHp'- 2PoH=0. I.P.= 48380 K
Ga II Normal state of valence electrons 4s^ % =0. I.P.= 165458 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Gai, A. Fowler, Report on Series in Line Spectra, (Fleetway Press, London, 1922).

R. A. Sawyer and R. J. Lang, Phys. Rev. 34, 712 (1929).

Intensities

:

Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroskopiya 4, 719 (1958).

Relative intensity of gallium lines observed in an arc of copper containing 0.1 atomic
percent of gallium

Strong lines of gallium

Intensity Wavelength Spectrum Energy levels Term combination
A K

2000 4172. 06 I 826-24788 4s24pi 2PfH—4s25si 2SoH
1000 4032. 98 I 0-24788 4s24pi 2P5h—4s25si ^Sqh

Gallium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

0. 6 2294. 20 0-43574 34 2659. 87 0-37585
2.0 2338. 28 826-43578 80 2719. 65 826-37585
1.8 2371. 32 0-42158 500 2874. 24 0-34782
8 2418. 70 826-42158 950 2943. 64 826-34787

75 2450. 07 0-40803 150 2944. 18 826-34782

130 h 2500. 17 826-40811 1000 4032. 98 0-24788
12 2500. 70 826-40803 2000 4172. 06 826-24788
2.5 2624. 82 826-38913
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GERMANIUM

Ge, Z=32, M=72.60, Ratio ^=-1.143

Ge I Normal state of valence electrons 45^ 4^^ ^Po =0. I.P.= 63600 K
Ge II Normal state of valence electrons 4s^ 4.^^ ^PoH=0- I.P.= 128518 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York, 1939), from 2000 to 5000 A.

C. W. Gartlein, Phys. Rev. 31, 782 (1928), below 2000 A.
C. C. Kiess, J. Research NBS 34, 1 (1940), above 5000 A.

Classification

:

Ge I, K. R. Rao, Proc. Roy. Soc. (London) [A] 124, 465 (1929).
C. C. Kiess, J. Research NBS 34, 1 (1940).

Relative intensity of germanium lines observed in an arc of copper containing 0.1

atomic percent of germanium

Strong lines of germanium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1200 2651. 18 I 1410-39118 4s24p2 3p2_4s2 4pi5si 3P§
850 2709. 63 I 557-37452 4s24p2 3p,_4s2 4pI5sl spj

750 3039. 06 I 7125-40020 4s24p2 1D2—4s2 4pi5s' iP;

650 2754. 59 I 1410-37702 4s24p2 —4s2 4pi5si3Pf

Germanium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

11 1954. 49 557-51705 90 2497. 96 0-40020
8 1961. 40 7125-58091 70 2533. 23 557-40020

14 1970. 26 1410-52148 2.5 2556. 30 16367-55474
8 1987. 64 1410-51705 28 2589. 19 1410-40020

26 1998. 25 1410-51437 500 2592. 54 557-39118

13 2019.05 557-50069 6 2644. 19 16367-54175
24 2041. 69 0-48962 1200 2651. 18 1410-39118
16 2043. 76 1410-50323 550 2651. 58 0-37702
5 2054. 45 1410-50069 500 2691. 34 557-37702
2.5 2057.23 7125-55718 850 2709. 63 557-37452

10 2065. 20 557-48962 40 2740. 43 16367-52847
34 2068. 65 557-48882 650 2754. 59 1410-37702
7 2086. 00 557-48480 7 2793. 94 16367-52148

36 2094. 23 1410-49144 8 2829. 01 16367-51705
5 2105. 80 1410-48882 750 3039. 06 7125-40020

2.5 2124.75 7125-54175 60 3067. 01 16367-48962
20 2198. 70 7125-52592 20 3124. 82 7125-39118
2.0 2256. 00 7125-51437 110 3269. 49 7125-37702
4 2314.20 7125-50323 70 4226. 57 16367-40020
6 2327. 90 7125-50069 6 4685. 84 16367-37702

9 2379.14 7125-49144 0. 6 8789. 87 I 37702-49076
85 2417.37 7125-48480
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GOLD

An
Au, Z=79, M= 197.0, Katio ^=3.10

Au I Normal state of valence electrons 5rfi° Gs^ ^Soh=0. I.P.= 74410 K
Au II Normal state of valence electrons 5rfi° % =0. I.P.= 165000 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Au I and Au iv J. R. Hatt and R. A. Sawyer, Phys. Rev. 60, 866 (1941).

Relative intensity of gold lines observed in an arc of copper containing 0.1 atomic
percent of gold

Strong lines of gold

Intensity Wavelength Spectrum Energy levels Term combination
A K

340 2675. 95 I 0-37359 5dW6si 2Soj^—5d'»6pi ^Poj^

200 2427. 95 I 0-41174

Gold — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 2012.00 9161-58845 32 3029. 20 9161-42164
2.0 2021. 38 9161-58616 160 3122. 78 9161-41174
6 2352. 65 9161-51654 4 3897. 89 42164-67812
6 2387. 75 9161-51029 4 4040. 94 21435-46174

200 2427. 95 0-41174 7 4065. 08 37359-61952

1.6 2544. 19 21435-60729 2. 0 4315. 09 45537-68705
3.0 2590. 04 21435-60033 1.2 4437. 27 46174-68705

26 2641.49 9161-47007 2.5 4488. 25 45537-67812
340 2675. 95 0-37359 9 4607.34 47007-68705

3. 0 2688. 71 21435-58616 5 4792. 60 41174-62034

8 2700. 89 9161-46174 2.5 5837.40 37359-54485
110 2748. 26 9161-45537 6 6278. 18 21435-37359

1.6 2883. 45 21435-56106 6 7510. 75 41174-54485
1.6 2932. 19
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HAFNIUM

Hf, Z=72, M= 178.50, Ratio p^=2.809
Cu

Hf I Normal state of valence electrons 5d^ Qs^Wi =0. I.P.= 55000 K
Hf II Normal state of valence electrons 5d^ Qs^ ^0^=0. I.P.= 120000 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York, 1939).

C. H. Corliss and W. F. Meggers, J. Research NBS 61, 269 (1958).

Classification

:

Hf I, W. F. Meggers, unpublished material.

Hf II, W. F. Meggers and B. F. Scribner, J. Research NBS 13, 625 (1934).

Molecular Spectra:
HfO, W. F. Meggers, unpublished material.

Relative intensity of hafnium lines observed in an arc of copper containing 0.1 atomic
percent of hafnium

Strong lines of hafnium

Intensity Wavelength Spectrum Energy levels Term combinatio 1

A K

260 3399. 80 II 0-29405 5d'6s2 a 2Di!^,-—5d'6s'6p'

240 2866. 37 0-34877 5d26s2 a SF2 -—5c?26s'6p' y 'F|

240 3072. 88 0-32533 5d26s2 a -—5d26s'6p' y'Gl
220 2916. 48 4568-38845 5d26s2 a 3F4 -—5d26s'6pi

220 2940. 77 0-33995 5d26s2 a -—5d26s'6p' w m
220 3682. 24 0-27150 5d26s2 a 'F2 -—5c?26s'6p' y
200 2898. 26 2357-36850 5d26s2 a -—5rf26s'6p' W 'F4

160 2964. 88 2357-36075 5d26s2 a -—5rf26s'6p' X 3F|

150 3561. 66 II 0-28069 5d'6s2 a 2DiH-—5di6si6p' z

140 2820. 22 II 3051-38499 5di6s2 a 2D2H-—5d26p' 3 ^GIh

140 2904. 41 4568-38988 5rf26s2 a 3F4 —5(P&s^6p^ y 3F3

140 2950. 68 2357-36237 5rf26s2 a 3F3 -—5d26s'6jo' X 'F|

140 3505. 23 II 8362-36882 5d26s' a *¥iy,'—5d'6si6pi 3 ^Ds,^

140 3777. 64 0-26464 5d26s2 a 3F2 -—5rf'6s^6pi 2 iPf

140 3785. 46 4568-30977 5d26s2 a 3F4 -—5d26ji6pi 3 3G|

130 3020. 53 2357-35454 5d26s2 a -—5d26s'6pi w sFl

130 3820. 73 4568-30733 5rf26s2 a 3F4 - y m
120 2638. 71 II 0-37886 5d'6s2 a ^Diy,-—5di6si6pi

120 2641. 41 II 8362-46209 5d26si a 4F4H-—5d26pi 3 ^GSj^

120 2954. 20 4568-38408 5rf26s2 a 3F4 -—5d26si6p'

120 2980. 81 0-33538 5d26s2 a 3F2 -—5<P6s^6p^ a: 3F5

120 3012. 90 II 0-33181 5di6s2 a 2D,,/,-—5d'6si6pi 3 2D|^
120 3016. 94 II 0-33136 5di6s2 a 2Dm-—5di6si6pi 3 2PoH
120 3057. 02 4568-37270 5d26s2 a 3F4 -—5rf26s'6p' X 3G|
120 3569. 04 II 6344-34355 5(i26s> a 'Fsy,-—5di6s'6pi 3^D2H
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

5 2012. 78 TT 3051-52717 11X X 2473 92 TI 1 2921 — 53331
8 2028! 18 II 13486-62775 6 2481. 44 II 17830-58117
2.5 2096. 18 15084-62775 6 2482. 65 I 0-40267
4 2210. 82 n 36883-82101 6 2487. 16 T 0-40194
4 2254, 01 TT 3645-47996 32 2496.* 99 II 3645 — 43681

2 0 2255. 15 II 8 2500. 74 II 15084-55060
3. 5 2266. 83 II 4905-49006 8 2502. 66 I 2357-42302

10 2277. 16 0-43901 65 2512. 69 II 4905-44691
A 2321 14 4905-47973 65 2513 03 II 6344 — 461 25

16 2322 47 TT 0-43044 15 2515. 48 II 13486-53227

2323 25 TT 3645-46675 100 2516 88 IIX X 3051-42771
3.0 2324. 50 II 12071-55077 8 2517. 86 I 0-39704
8 2324. 89 4905-47904 8 2521. 49 II 17830-57478

2332 97 n 3645-46495 38 2531 19 IIX X 4905-44400
A 2337 33 TT 0-42771 9 2532. 97 IIX X 3051—42518

8 2343 32 TT 6344-49006 22 2537 33 IIX X 3645-43044
11 2347. 44 II 6344-48931 12 2548. 20 II 13486-52717
20 2351. 22 0-42518 36 2551. 40 II 17389-56572
4 2353 02

^\
0 — 42485 3 0 2551 85 TIX X 12921-52097

4 2365 98 J J 4905-47158 7 2559 02 X 2357 — 41 422

1 3 2380 30
TT 3645-45643 14X ~ 2559. 19 IIX X 12071—51134X t~ W / X X J ^ 1 1

5 2381. 00 II 14360-56346 28 2563.* 61 II 4905-43901
10 2393, 18 12921-54693 6 2570. 71 II 15084-53973
26 2393 36 II 4905-46675 100 2571 67 IIX X 3645-42518
40 2393 83

T
J 0-41761 36 2573. 90 IIX X 12071 -50910

9 2400 78 T
J 3051 — 44691 7 2574. 89 IX

5 2404. 56 II 13486-55060 36 2576*. 82 II 8362-47158
36 2405. 42 6344-47904 34 2578. 14 II 4905-43681
9 2406 44 n 1 1952 — 53494 36 2582. 54 IIX X 3051-41761

26 2410 14 II 8362-49841 14 2591. 33 II 0-38579

7 2413 33 II 12071-53494 3 5 2594. 12 I 4568-43105
4 2415. 96 II 11952-53331 6 2599. 22 II 15084-53546

26 2417. 69 3051-44400 6 2602. 67 I 2357-40768
10 2425 98 13486-54693 3 0 2602 87 I 0-38408
3 5 2428. 75

T 2357-43518 44 2606 37 II 3051-41407

10 2428 99 II 12071-53227 50 2607 03 II 6344-44691
12 2433. 57 II 17369-58448 6 2607. 24 II 14360-52703
4 2434. 74 17389-58448 13 2608. 45 I 0-38325
4 2444 99 ^I 4568 — 45455 4 2609 96 I 4568-42871

42 2447 25 TT 3051-43901 2 5 2612. 59 I 5522-43786

^ 6 2449 44 J J 6344-47158W-XTt ^/X_^U 26 2613 60 II 17389-55639
4 2452. 30 II 11952-52717 8 2614. 29 II 15254-53494

12 2453. 34 17369-58117 10 2616. 61 I 5639-43845
2460 49 3051 —43681 50 2622. 74 II 3645-41761

n 246"? 97 1 2921 — 53494 4 2623 32 IX 8984-47092

2464 19 II 8362 —48931 8 2626. 95 II 6344-44400
10 2465. 06 11 15084-55639 3. 0 2635*. 57 I 6573-44504

T T
1

1

16 2467. 97 0-40507 18 2637. 00 I 2357-40267

1

24 2469. 18 13486-53973 120 2638. 71 II 0-37886

609065 O -62 -9 117



Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

120 2641. 41 IT 8362-46209 5 2772 32 IIX X 1 4360 — 50420
8 2642*. 08 2357-40194 19 2773. 02 I 2357-38408

18 2642. 75 4568-42396 110 2773.36 II 6344-42391
75 2647. 29 ITX X 8362-46125 20 2774. 02 IIX X 8362 — 44400
5 2649! 15 II 14360-52097 6 2775! 27 IIX X 11952-47973

^ 11 2651. 16 II 17369-55077 44 2779 37 IX 2357 — 38325
3 5 2652 86 IIX X 41407-79090 8 2783 69 IX 6572—42485
7 2657, 50 II 15084-52703 5 2786 30 II 15254 — 51134X t- _> 1 _y X X ^ 1

18 2657. 84 IIX X 4905-42518 11 2789. 50 II 17389-53227
24 2661* 88 II 6344-43901 16 2789. 73 II 17711-53546XI / XX ^^ \J

2789 80 II 12071 -47904
10 2665. 97 IIX X 12921-50420
10 2668! 28 5639-43105 26 2808. 00 II 4905-40507
9 2669. 00 II 3051-40507 3.0 2812. 32 I 10509-46056

2671 25 IIX X 13486-50910X_yiWW _/W/X\J 26 2813 86 IIX X 3051-38579
2 5 2676 63 IIX X 17711-55060 19 2814. 48 II 13486-49006

2 0 2677 58 TIX X 6344 — 43681 10 2814. 76 IIX X 17711-53227Xf fXX ^^ Lm C t

2.0 2678. 43 II 17369-54693 5 2815.82 I

4 2682. 19 6573-43845 5 2816. 07 II 17830-53330
2683 35 TIX X 15084 — 52340 26 2817 68 I 8984-44464

(J 2685 22 TIX X 17830 — 55060 16 2818. 94 IX 6572 — 42036

2 n 2686 36 y 6572 — 43786 22 2819. 74 I 0-35454
2.0 2688. 35 I 8984-46170 140 2820! 22 II 3051-38499
8 2696. 18 2357-39435 6 2820. 42 II 13486-48931
7 2699 63 55 2822 68 II 6344-41761

2705 61 J 0 — 36949 9 2829 32 IIX X 17369-52703

1 2 2706 73 T TX X 1 3486 — 50420 20 2833. 28 I 0-35284
8 2711.83 8984-45848 12 2834! 13 I 8984-44258
5 2711. 99 II 17830-54693 8 2841. 49 I 5522-40704
2 5 2712 14 ITX X 12071-48931 46 2845. 83 I 5639-40768

24 271 2 42 ITX X 4905 — 41761 30 2849. 21 II 12071 -47158

2713 84 J 2357-39194 8 2850. 15 II 12921-47996
7 2718. 51 II 14360-51134 30 2850. 96 I 5639-40704

28 2718. 59 0-36773 20 2851. 21 II 6344-41407
Q 2726 70 5639-42302 6 2857. 65 II 12921-47904
nU 2729 10 2357 — 38988 6 2860 31 II 17389-52340

2730 71C 1 ^ \J » /X y 0-36610 20 2860 56 I 0-34948
13 2730. 85 I 4568-41175 85 2861. 01 II 0-34942
4 2732. 68 II 17389-53973 85 2861. 70 II 3645-38579
» 2737 83 5522-42036 240 2866 37 I 0-34877

80 2738 76 TTX X 4905-41407 6 2867. 70 I 8984-43845

?743 A4 5639 — 42076 15 2869 82 II 3051-37886
4 2746. 62 I 5639-42036 3.0 2873. 65 I

40 2751. 81 II 8362-44691 17 2876. 33 II 15084-49841
7 2756 91 TTX X 1 771 1 — 53973X//-1-X _^-^//-/ 5 2877. 16 I 10509-45255
P. -J 275R 31 1 0533 — 46776 6 2879. 11 II 11952-46675

1 0 2758 78 J 0 — 36237 6 2885. 47 II 14360-49006
50 2761. 63 I 4568-40768 24 2887. 14 I 4568-39194
7 5639 — 41 R25 11 2887. 54 I 6572-41194

18 2766. 96 5639-41769 90 2889. 62 I 0-34596
6 2770. 46 II 12921-49006 7 2892. 56 I
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 2894. 84 I 8984 — 43518 80 O A C A ~7 /3050. 76 I
P/OA OA/IAA5639-38408

200 2898. 26 I 2357-36850 9 3054. 52 II 3645-36373
15 2898. 71 II 13486-47973 5 3055. 44 II 15254-47973

140 2904. 41 I 4568 — 38988 120 O A r" ~7 AA3057. 02 I
/If~/A 0"7ATA4568-37270

100 2904. 75 I 2357 — 36773 1 /I14 3063. 78 T
I

ncAA oatpa5522-38152

16 2909. 91
T T
II

A "5 /I O C C
0 — 34355 14

O A / /I /A
3064. 68 T TII

nAA"71 /i^/at12071 —44691
220 2916. 48 I 4568-38845 95 3067. 41 I 2357-34948

3. 5 2917. 49 II 17830-52097 10 3069. 18 I 10532-43105
65 2918. 58 I

AOP"7 OZ/TA2357 — 36610 A /I A240 om A A A3072. 88 I
A O A P O O0-32533

36 2919. 59 II 3645 — 37886 19 O A "7 /! 1 A3074. 10 T
I

AOPT OrtATT2357-34877

20 2924. 62
T
I

cr~AA omA/i5522 — 39704 28 O A "7 ^ ~7 A3074. 79 T
I

rr/OA OATPA5639-38152
7 2929. 01 I 6572-40704 3. 0 3075. 30 I 10509-43016

55 2929. 63 II 0-34124 17 3080. 66 II 17389-49841
50 2929. 90 I

A A O /I /lOTAC8984 — 43105 48
A A O A O /I3080. 84 I

AOr""? O/IAA/2357 — 34806
80 2937. 80 II

AO/A /lAOOT8362-42391 10 O A AA o n
3092. 24 T T

II 12071 -44400

220 2940. 77 I
A o o ri A c
0 —33995 22 o n n / "7/

3096. 76 I 4568 — 36850
18 2944. 71 I 0-33949 38 3101. 40 II 6344-38579
6 2947. 13 II 15084-49006 80 3109. 12 II 6344-38499

140 2950. 68 I 2357-36237 14 O T T A A *7

3110. 87 T T
II

T/IO/A /I//1AP14360 — 46495
3. 0 2951. 90 I 10509 — 44375 8 3116. 95 T T

II
lCAA/1 /I~7TPA15084 — 47158

120 2954. 20 I
/irr/A OA/iAA4568 — 38408 1 /I14 o n n A A A3119. 98 T

I 4568 — 36610
60 2958. 02 I 5639-39435 5 3126. 29 II 4905-36883
7 2960. 82 II 17369-51134 10 3128. 76 I 0-31952

13 2961. 80 T T
II 12921 — 46675 8

O T A n CO3129. 58 I
A O 1 O /I /I

0 — 31944
160 2964. 88 I 2357-36075 A A80 O T O T AT

3131. 81 I
tAPOO /IA/lP/110533 — 42454

70 2966. 93
T
I

/C"~7A /lAA/~76572 — 40267 5 3133. 50 T TII 41761 — 73665
16 2967. 23 II 11952-45643 95 3134. 72 II 3051-34942
80 2968. 81 II 4905-38579 14 3137. 51 I 10533-42396
12 2973. 37 I

/C~7A /1AtA/16572 —40194 19 3139. 65 II
/ A A OATO/6344 — 38186

T Art100 2975. 88 T T
II 4905 — 38499 13 O 1 /I A "7 /3140. 76 T TII nAA~71 /lOAAl12071 — 43901

8 2977. 60 T T
II 12921 —46495 A C25 O T ^ r" OA3145. 32 T T

II
A O T -7 A /I

0 — 31784
17 2979. 28 I 5639-39194 25 3148. 41 I 6572-38325

120 2980. 81 I 0-33538 13 3151. 63 I 8984-40704
24 2982. 72 I 10533 — 44049 4

O T C A A /3152. 96 T
I

n /lAAA /IP"7AA14092—45799
6 2984. 05 I

AAA/1 /lA/lAr"8984 — 42485 c n50 O T C / / O3156. 63
T
I

/irr/A o/Ao~74568 — 36237

19 3000. 10
T T
II 3051 — 36373 30 O T C O OA3159. 82 I 2357 — 33995

90 3005. 56 I 10533-43795 80 3162. 61 II 12071-43681
9 3011. 24 II 17711-50910 5 3163. 39 I 10509-42112

120 3012. 90 T T
II 0 — 33181 10 3165. 73 I 6573 — 38152

60
OAT/ ^ O
3016. 78

T
I

A O O T O A
0 — 33138 C A50 O T / A OA3168. 39 T

I
TAPAA /lAA/A10509 — 42062

120 OAT/ O /I

3016. 94 T T
II

A O O T O /0-33136 T A A100 o n "7 A A /I3172. 94 I
/IP/A 0/A~7P4568 — 36075

3. 0 3017. 37 I 6572-39704 50 3176. 86 II 4905-36373
110 3018. 31 I 0-33122 5 3178. 43 I 14542-45995
130 O A A A r~ o

3020. 53
T
I

Aor~"7 op/ir"^2357 — 35454 4
O 1 *7A / 13179. 61 T

I

9
O A A /I /A
3024. 60 I 8984 — 42036 A I~25 O T A T AT

3181. 01
T
I

PPAA O/AflO5522 — 36949

9
O A A /I T /
3024. 76 II

n~70/A HA/IAA17369 — 50420 T O13 O n A T TP"3181. 15 T
I

flP/A OPAA/14568 — 35994
16 3025. 29 II 8362-41407 15 3189. 62 I 0-31342
46 3031. 16 II

/lAAP' OTAA/4905-37886 n A40 O T A O f~ O
3193. 53

T T
II

OAPT o^opp3051-34355
12 3046. 08 II 15084-47904 75 3194. 19 II 3645-34942
9 3049. 29 I 8984-41769 7 3195. 61 II 14360-45643
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

dharartpy

Wave-
J.^ li. ci UX

1

in A
Spec-
trum

Energy

in V111 x\.

22 3176. 93 26 3394. 59 T T
II 4905—34355

15 3199. 99 II 15254-46495 16 3394. 98 II 17711-47158
5 3203. 67 II 13486-44691 26 3397. 26 I 4568-33995

35 32U6. 11 2357 — 33538 26 3397. 60 I 8984 — 38408
ZU o on n f5 o tZ Lid 1L. -7-7*2

5639 — 36 / 15 0 z. n2oU 0 0 nn on3399. 80 T TII 0 — 29405

10 3213. /2 14d42 — 4dd47 •2 /I n n n34OO0 21 T
I 0-29402

20 3217.30 II 3051-34124 20 3402. 51 I 4568-33949
20 3220. 61 II 15084-46125 10 3407. 14 I 8984-38325
15 3^3L), Uo 16 3407. 76 T T

II 12071—41407
15 26 0 /] T n T 73410. 17 T TII 15084 — 44400

15 3243. 35 1676/— 47590 7
7

'2 /i 1 0 0/13412. 34 I 14542 — 43838
40 3247. 66 J 2357-33139 10 3413. 74 II 13486-42771
25 3249. 53 2357-33121 26 3417. 34 I 2357-31611

innlOu 3253. 70 T TII 1f\^^ linn L3U5i — 1 lb 46 •2/110 103419. 18 I 5639 — 34877
oo 3254. o6 14 /41 — 45455 5

•2/111 /1

0

3421. 42 II 4905—34124

30 3255, 2o T T '2Z./1C 1 /\icn3D4b — 3433b io •2/117 /I /I342 /. 44
T
1 8984 — 38152

5 3261. 90 14435-45083 22 3428.37 II 0-29160
13 3262. 47 10533-41175 28 3438. 24 II 18898-47973
10 3265. 29 15d /3 — 4d27U io 1 f\10 A13438. 43 1

ceil •2/icn/5522 — 34596
oo 3267. 01 11 "2/1/11 0/13441. 84 I

1/17/11 /1'270/14/41 —43786

oo 3267. lo bD37 — J7D2j /
r •2/1/10 0 Q3448. 27 I

20 3273. 66 II 6344-36883 11 3452. 31 I 5639-34596
30 3279. 98 II 3645-34124 16 3462. 64 II 4905-33776
5

'3 O O 'I O O32o3. 3o T TII TOn71 /lOCTO120 /I —42518 lb 34b /, bU
T
1

ICZ.7'2 A A Cr\ ALOO 1 i — 443U4
18 3291. 05 ZC70 O/Q/IQ65 /2 — 3d74V onoU •2/171 /in34 / 2. 4U T

I
n 1 07QnU — 28 /7U

24 33Ub. 12 45do — 34oUd 22 "2 /I 70 QQ34 Io. 77 T T
1 1

1 T'l OQ /I W\ 1 C1 /^07 — 4bl23
13 3309. 19 I 8984-39194 54 3479. 28 II 3051-31784
38 3310. 27 6573-36773 5 3487. 57 II 17830-46495
5 3310. 86 T T

II 13486 — 43681 0 028 "2 /I 0 C 7 C3495, /5
T T
11 LI A A ^2/10/116344 — 34742

75 3312. 86 2357 — 32533 n
7

•2 /I QC 0*23495. 93
T T
11 icno/i /i'2^oilbU84 — 43b81

8 3316. 19 17901 —48048 0 028 "2/10 7 1 Z.349 /. 16
T
1

20 3317. 99 II 3051-33181 110 3497. 49 I 0-28584
5 3323. 36 II 23146-53227 11 3498. 98 I 4568-33139

15 3328. 21 II 4905 — 34942 140 •2 C n C 1 "2

3505. 23 T T11
0'2 ^1 1 00183b2 — 3boo2

5 3331. 89 10509 — 40514 T -7
1 /

•2 C 1 "2 103513, 28 T
1

inC'21 "20000
1UI332 — 38700

100 3332. 73 0 — 29997 15
"2 C 1 0 7 C3518, 75 T TII 1 A1Lr\ /1177114360 — 42 / 11

42 3352. 06 II 8362-38186 6 3521. 56 I 17901-46290
10 3356. 09 II 17369-47158 110 3523. 02 I 2357-30733
14 3356. 78 15673 — 45455 11 "2 c'2 n 073530. 8

/

T
1

1010*2 A~i Lr\L17273 — 4 / bUb
8 3358. 30 II 17389 — 47158 11 •2 C "2 1 1 "2

3531, 23 1
CU10 lion QDbj7 — ^^747

26 3358. 91
"i/i"7/in /i/irrn/i14741—44504 Tin110 "2 C'2 C C A3535. 54 T T

11 /lOnC "2"210147UD — ^^lol
20 3360. 06 J 0-29753 85 3536. 62 I 0-28267
16 3366. 68 I 14092-43786 20 3548. 81 I

4 3372. 21 5639 — 35284 bU •2 c CI 7n T T
I I

"2 A/1 C "21 7Q/!iOHD — ill £54

20
IOTA o
3378. 93 2357 — 31943 1 -7 ICC A n n3d54. UU T

1
1 /I C/1 1 /1 1 ^.71moHd — 42b /

1

16 3384. 14 II 14360 — 43901 TenIbU 1 C /

1

T T
11 U — ^0Jb7

26 3384. 70 II 3645-33181 17 3564. 31 I 0-28048
17 11 on^ioD. 21 ib / D / — 4Dil7U 1,C,i.-J Ii. T

i.
ART? — ^^^QA

90 3389. 83 II 3645-33136 120 3569. 04 II 6344-34355
26 3392. 81 15673-45139 17 3579. 90 I 14435-42361
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

'^tiR'^ 9fl qA'^Q — '^'^R'^RJOJJ J DO 7 '^7R9 7RD / 0^. / 0 T T
X X 1 9n7n _-2B/lQQXcU / U — ^0477

24 hb^^l. 42 II 15254-43044 140 3785. 46 4568-30977
3597. 51

J

8984-36773 3. 5 3787. 37 18381-44778
AnDU icqq 07 1 A7A7 — 4Zm'^7 At; -27Q-2 -27D 1 7 D, D

1

T T
X X

1 9 J 0 X J. Un n — 97AR4 1

0

X u '^79R AAD

1

70. DO 1 n^'^9 — AR^nx\>D Dc. — JjDODU

7 U J? ox D« 0 y 9*^ c;7 — 9Q'5Q7 R^i HOD U "^ROn "^RJOUU. DO y n — 9 A'^n AU — COD\J 0

12 3617. 68 I 14542-42176 3800. 45 I 5639-31944
10 3620. 04 5522-33138 7 3804. 53
± c T TX X 1 9Q91 — dnRn7Xt.7^X HU_JU/ 1 4 ^ROA n7DO\J D. u /

T T
X X 91 A'^R — 479n4

T T
X X ^9DC •^Rl 1 7RDOx X. / 0 9'^^7 — 9RRR4L.DD 1 — C.ODOH

1

1

y c;A'?9 — "^R 1 0X u "^Rl 7 9nDOX 1 e C.\J
T T
X X 1 771 1 — 4'^9niX/ /XX HJ7UX

6 3637. 59 I 5639-33122 10 3819. 38 14092-40267
90 3644. 36 II 6344-33776 130 3820. 73

J

4568-30733
JO A4Q 1 nJ DH y « X U

9 -2 q 7 _ 9 Q 7 c; ^ 1 4X H '2R9Q A7D OC. 7, D / 1 kl^l

—

49R71XD/D/ H^O/X
1 nX u JPDjU. 3-7 y T 090*2 _ /1AA7R 9R '^R'^n n9DOD^t \) C y 1 4n99 — 4ni 94X'tU7c — HUX7H

L.L. "^ARI fi/lJ 0_JX. Ct y 80 ^R49 1R y c; A'^9 — ^l A1 1D OD 7 J? X OX X

14 3661. 05 II 15084-42391 14 3849. 52 II 17711-43681
8 3664. 60 14018-41298 60 3858. 31 2357-28267

99 T TX 1 1 1 0^9 _ •^g99AXX7-JC J/L.L.O 90 "^RAn 91J?ODU. 7X R9R4 — '^4R77070^+ DHO 1 1

X u "^AAR 91
J? 000, L. X QQQ4 _ A9'^7 7 '^RA7 "^4DOO 1 0 DH T TX X 1 7R'^n — 4"^ AR1X / OD\J HDOO

X

90<1 u '^A79 97JO 1 C c. 1 y 1 RX 0 '^R79DO I L.9 DD T T
X X 1 9071 — '^7RRAxc.\j 1 X D 1 000

48 3675. 74 I 14 10 II 23146-48931
220 3682. 24 0-27150 34 3880. 82 II 3645-29405
9f! "^AQA "^1

J? 0 y 0, J X 1 RX 0 '^RR9 R9JJOO^. Dl. 1 ^A7'^ — 41 499xDO 1 D H LHC.C.

1 nX u "^AQR AC\JOvO» H\J TTX X X

/

JO/ tTTUU 1X J? ^RR-2 77 T TX X 1 '^4RA — ^999A

9Z1 "^AQQ 79 T TX X 1 '^4RA — 40^07 1 RX 0 "^RRg 9"^^007. y 1 n^'^9 — '^A9'^7XUJ_7^ DOCD 1

34 3701. 15 II 17389-44400 18 3889. 33 I 5639-31342
10 3704. 92 18381-45365 6 3892. 47 19791-45475
1 9X c. '^7n^ ^nJ 1 UD. HU T T

X X 1 771 1 — 44AQ1X//XX 'tHD7X -J 3 "^Rgg 94J077. 74 n — 9tiA'^4U CDOD'^

X uu "^71 7 RnJ / X / . 0 u 9*^^7 — 99947 0D, U •^gnn a^D 7U U. DZJ T T
X X n949 — '^Ac;79J?U7H<L DOD 1 L.

AR "^71 Q 9RJ / Xy. C.O T TX

1

nQr\^ — -21 7R4 "^gnA R9D/\J D. 07 y 1 4^49 — 4ni "^n

14 3726. 49 10509-37336 7 3909. 18 I 19791-45365
16 3729. 10

J

20960-47769 7 3917. 45 II 21638-47158
ZlAHO AciAR — ^l "^49HDOO J±JHc. -201 0 no

J? 7 X 0. u 7 T TX 1 A4^ — 991 AnDOHD L./xO\J

1 AXO •27-27 00 T T
X X 1 RRQR — 4c, A4'^X0070 HDOHJ 1 RXO D/C.D, 7 U T T

X X 1 9q9i — -2R^qqX^7^X DOD//

1 9X^ •27-20 nzi y 1 ni^'^'^ — '^797n 1 nX X '^99A 49 y 1 _ ^c;994x\jDDD DDyyH
6 3743. 99 I 18381-45083 13 3927. 57 I 14741-40194

10 3744. 98 II 23146-49841 10 3929. 54 II 28105-53546
tu Rn 1 4741 — 41 499 9R '^9'^1 "^RJ? 7 J? X. DO At;AR — 99997HDOO L-///I
oo "Kim ZIQ T T

1 X 1 R0R4 — 41 7A1X3UOH HX / OX 1

1

X X
-2q-2[:D/DD» OD T TX X 1 7'^A9 — 49771X

/

DO/ 1 1

X

XH '^7'^'^ 99 y 1 7901 — 44R'?7X/7UX ^^JJI 1 1X X '2Q-2q 04 y 6^79 — "^1OD 1 C D XV D L.

6 3762. 51 II 31878-58448 7 3950. 80 I

10 3765. 05 18225-44778 36 3951. 83 2357-27654
X u

'1-1 e^c. c,L.
J 1 OD, DO ACi79 — ^'^1 99OD / C JJ LCC 7 -2q/,/i qc^70*+. 7_? T TX X 1 7R'2n — 4'^n44X 1 0D \J HD\jHH

X /
'^7AA Q9J / 00, 7t T TX X 9 01 ^ — 4AA7R 1 4X T -2qAR 01D 7 00. UX 0 — 9t;i 94U C- DX/ H

9n -27AR 9t;J 1 Do, y 1 nt;n9 — '^7n'^9 1 hiX J Ui ^970 nt;
J? 7 / U. U J

6 3771. 36 II 12070-38579 18 3973. 48 2356-27516
^ / / J. Xii 1 4ni R — 4n'ii 4XHUXO HUDxH 7 ^979 4nJ7 / 7. HU TTX X 9R1 OR — ^"^997

140 3777. 64 0-26464 16 4032. 27 2357-27150
3. 5 3782. 43 5522-31952 8 4044. 39 16163-40882
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Q7 ZinZl7 T T XI /I /n 7 1 c441 /, 3b T T
I 1

T COC/1 1700/lb/ib4 — 3 /006
6 4049. 45 II 17830-42518 4417. 91 5639-28267
6 4049. 74 I J, u 4418. 25 I 8984-31611

on iU3U7 — jdLLO 3.0 /I /I OO 01 lUb3*: — 33139
1 o ^UOD, ^1 1 /I c;/10 "201 OQ 18 A A1Q C\A443o. U4 ccoo 0 0 n /I 0bb2i: — i:8U48

lo 1UDU7 — cD n /I /I /1 1 r\~i4443. U

/

lo3ol — 4U8o2
3.0 4087. 96 I 16163-40619 c 4453. 00 0-22451

48 4093. 16 II 3645-28069 1 0 4457. 34 I 2357-24785
lU c A"? Q 9QQQ7 12 /I /I AT 1 Q44bi. io CA10 0 0 n /I 0bb37 — /ioU4o

4iub. Do i UD^<1 — ^40 / / 4 i\ A uu /in44bb. 4U T T
1 I

omic /locio/:Ui3b — 4^518

lU /nil c; "2 T T
1 I 1 0 n7i 'iL'i-T'ii^U /i — ^O^

/

J c /I /I Q A 1144ob. 13 T T
1 1

TOn71 1 /I 1 C CliiU/l — 3435b
3.0 4115. 90 18381-42671 c

_) 4499. 65 6572-28790
10 4118. 60 I 10532-34806 /I 4518. 29 I 16163-38289
b i4Uio — ^Oiio7 12 /I c /I n Qi4b4L). 73 bbJV — 27654

13 /1 1 o *7 on4i/i /. oU T T
I 1 i43bU — ^oD 17 7 /I c /I /I no4b44. yji. iUb32 — 32b33

1^ hLhd. Io bb37 — IDJ A CAC Q/l4bbb. 74 CA1Q 0 7 CI /Ibb37 — 2 /b34
7 4158. 88 II 17369-41407 0 n 4573. 79 II 17369-39226

13 4162.36 II 17389-41407 /I 4597. 90
1 niU /I c;AQ OQR Q/I4bbo — <ioDo4 44 d /] cQQ on4b70. oU n 0 1 71

Q

U — ^il /37
iUU /n "7/1 1/1 0-2C7 OA'iflA/ijDI — tiOjUO /ICQQ GO4b70. 7^ /ICAQ OAIHA4bbo — /:b3Ub

/
/n Q"7 A A4io /. bo T T

1 I
iQQQo AOin10070 — 4^ / /i /I. u /lAnC 77 T T

1 1 1 0071 1177AIaU 11— j)j> 1 10

11 4190. 95 14435-38289 oO 4608. 09 6573-28267
14 4206. 58 II 20135-43901 ^ u 4620. 86 4568-26203
i /

/1 0 no ~jc\ 6 &UOO 7n T T
1 1 omic /n 7 ATiiUl^b — 41 /bl

/I OO Q r\ Q4^zio, Uo n O'i A/i c;U — ^3b4D 4 h /lAin AT4bjU, ol 1 Q0Q1 /I noDOLycyj — 4U00A

lb /I O 1 O A A T T
1 1

IQQQQ /lOClQi0070 — 4^bio X o 4b!3D. l7 AC70 0 Q n/1 Qbb /a — aoU4o
7 4245. 16 8984-32533 uo 4664.12 II 12921-34355
3.5 4245. 84 II 20135-43681 c> nu 4669. 24 10532-31943

11 bi /I o CO no4^3^;. Uo ril U 9 4D77, Ul 1 om 1 1Q0QAloUll — ^7AOb
/I O A n Q D4^oU. 70 lUr)33 -337^4 3.0 /lAQQ 704b77, lc T T

I I omic /n/in7AUl^b — 414U

/

lo A^ LI Q4^:b3, 37 n o 1/1 /I QU — /:3447 J, -> 11
A1C\Q Q/I4 / Uo, o4 ooom A AT 10cCyUi. —4413a

15 4272. 85 II 13486-36883 J, -5 11 4719.10 II 11952-33136
28 4294. 79 I 2357-25634 1 h11 4731. 37 II 17369-38499

-7

/
/I O Q A /IT4Z7b. 4i CCOO OQ7Qn 3.0 H 1 JO, DO

:|

1 /im 0 it;i 1 cIHUIO — ^DllD
11 /I "2 1 o n /I43io. 14 '

CA1Q 00"7QnDb37 ~ d.O /7\J 3.0 /17t;7 CD
'^

QQQ/i OQQQ70704 — A777 /

7 43ZU. b /
T T
11 i /3b7 — 4UbU

/

1
/17AA CI4 / bb. Dl 1 /I m D 1/1 QQO14U10 — ^477A

14 4330. 27 4568-27654 o 4773. 72 I 5522-26464
3.5 4334. 64 II 23146-46209 o nc, U 4774. 89 I 22901-43838

16 4336. 66 T TII 12 A1Q0 7/14 / o/i. / 4 1 QOOC 1Q1 OQloAAb — ^7l AO
3. 0 h /I O ^ O "7/1

4349. 74 24785 — 4/ /b9 3.0 /17Qn 704/7U. /^l
T T
1 I 1 / /II — 3ob /

0

13 4350. 51 T TII 23146 — 461<i5 O A A Dnn cn4oUU, bU CA1Q OA/IA/1DOJO — Ab4b4
3.5 h 4351. 15 o c:

-> 4817.21 II 21638-42391
7 4352. 57 I 8984-31952 cD 4818. 87 18381-39128
6

yi o r" o o /I

4353. 34 16163 — 39128 3. 0 /I Q1 /I 1 Q4o34. l7 1 AAlc: 1 ci 1 c

22 4356. 33 4568 — 27516 A /I Q17 014o3 /. cj c;aiq oAiriADb^7 — Ab^ Ub

5 4356. 99 5639 — 28584 1.6 /IQCn AT4obU. bl 1 nc;nQ n 1 1 QIUDU7 — ^1117
6 4365. 37 14435-37336 3.0 4858. 41 I 6572-27150

A-xun qn
M- J? D / . 7 U T T

X 1 J.J>HOD JOJIJ 10 4859 24 14542-35115
16 4370. 97 II 12071-34942 6 4863. 27 14435-34992
5 b 4408. 81 HfO 1.6 4872. 94 20960-41476
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-

in A

Spec-
trum

Energy
T C» -t rO 1 c
J_; C V CI O

XXI x\.

b 4877. 58 19293 — 39789 J. U 5538. 02 21739-39791
T /Ii. 4 4915. 26 \ 19791-40130 1. o 5538. 26 { 10533-28584
i. D 4934. 45 II 12921-33181 Id 5550. 60 I 0-18011
3. 5 4948. 94 10533 — 30733 15 5552. 12 5639-23645
1.6

/I O / O O "7

4962. 37 18143 — 38289 3.5 5575. 86 26203-44132

o 4975. 25 2357 — 22450 U. 7
c / r\ r\ T75600. 77 23449-41298

1 ni. u 4999. 68 II 14360-34355 (3 5613. 27 J 5639-23449
LD 5018. 20 20960-40882 i. o 5614. 01 I 21739-39546
1. 0 5021. 75 18381 — 38289 0.5 5628. 27 23449-41211
3.5 5040. 82 II 11952 — 31784 1.2 5650. 83 nnnnn o o n10509 — 28201

b
IT A /I ~7 yi C5047. 45 8984 — 28790 Oi 5698. 03 HfO

J. 0 D 5074. 74 HfO i. o 5713.28 24785-42283
5079. 65 II 18898-38579 i u 5719. 18 8984-26464

3. 5 b 5093. 88 HfO 1.6 bl 5720. 16 HfO
1. 0 5112. 13 5639 — 25194 0.8 5748. 72 24785-42176

i. ^ 5128. 53
T T
II 17389 — 36883 U. 7 5767. 18 T T

II 12071—29405
o n 5157. 96 22901-42283 U. o 5809. 50 II 11952-29160
J, 0 5167. 42 I 24785-44132 i. ^ 5817. 47 14435-31620
5 5170. 18 19791-39128 1. 6 5842. 23 II

T~7non o^n/in17830 — 34942
15 5181. 86 0 — 19293 1. 6

r" n /I f~ o "7

5845. 87 14018 — 31119

fin/ o /I5186. 84 22901 — 42176 i. ^ 5847. 77 22451 — 39546
5187.75 II 15084-34355 1 Ai. 4 5883. 66 { 23645-40636

-7

1 5243. 99 8984-28048 i. U 5926. 47 I 23645-40514
3. 5

I" O /I "7 1 A5247. 10 T T
II 28105 — 47158 4

c o o o / n5933. 69
Tm /io oyinnn18143 — 34992

1. 6 5260. 44
T T
II 17369 — 36373 5

i~ r\ ~T A n n
5974. 28

nnoni opttp18381-35115

9 n^. u
IT T / /I on
5264. 95

T T
II 18898 — 37886 1. b 5974. 72 19791—36524

"Z c;
i. 0 5275. 04 16163-35115 /IH 5978. 66 18270-34992
1 /I 5286. 09 I 23449-42361 1. b 5992. 96 I

8 5294. 87 4568 — 23449 3.0 c 6016. 79 27516-44132
3.0 5298. 06 II 15254 — 34124 1.8 b / n n T T n6021. 12 HfO

^. u 5307. 82 23449 — 42283 i. b D / n o TO6043. 19 HfO
-5. U 5309. 68 16163-34992 1. b 6054. 17 14542-31055
J. D 5311. 60 II 14360-33181 b 6098. 67 I 4568-20960
0. 8 5324. 26 II 14360 — 33136 6

/ n n r" i o6185. 13 n 1 / T / o
0 — 16163

0. 6 5346. 30 II 28458 — 47158 3. 5
/ n T n ^n
6210. 70 24785-40882

-7

/ 5354. 73 25462 — 44132 i. o
/ m / on6216. 82

I

26203 — 42283
-7

/ 5373. 86 { 2357-20960 "z n 6238. 58 2357-18381
5389. 34 8984-27534 /I 6248. 95 II 12071-28069

1.2 5391. 36 II 17830 — 36373 1.4 h / n o n 17 /I6299. 54 26306 — 42176
1. 2 5404. 47 19791-38289 1.6 h / o T T n r"6311. 85 22451 —38289

i. o 5424. 02 22451 —40882 i. £.
/ o T n o o6318. 33 19293 — 35115

n oU. o 5435. 78 { ^. U 6338. 10 10532-26306
^. 0 5438. 74 I 0-18381 i. zl n 6380. 19 I 15673-31342
0.9

r~ A A A f\ "1

5444. 07 II 20135-38499 4
/on/ no
6386. 23 2357 — 18011

c 5452. 92 I 4568 — 22901 i. ^ n //inn f~ n
6409. 52

nT"7on o~7oo/21739 — 37336

2. 0
r A / o o
5463. 38 II 13486-31784 1.0 h 6556. 50 nn/o/i /inoon25634 — 40882

1. 0 5497. 30 29753-47938 1.8 6587. 23 16766-31943
1. 0 5510. 12 0 — ioi43 3.0 6644. 60

T T
II 1436U — C7^[)D

1.0 5510. 45 18381-36524 1.2 6647. 06 II 23146-38186
1. 2 5524. 35 II 15084-33181 1. 0 6659. 40 14741-29753
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Hafnium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1D1D-? ^1U-J_J 1 R1. o 7c;cA '^7 _
1 A7AA _ 9qQQ7

0. 6 6716. 00 I 22451-37336 9 7562. 93 I 6572-19791
1.6 6754. 61 II 14360-29160 1.8 7564. 22 34806-48022
1 n D / Dy. /_J ^/l^lD Ht.t.OJ? 1 A1. t 1 D 1 O, vD 1 R'^ R1 _ "^1 c;7A10J 01 — Jl J /

D

Qo A7RQ 07 *T_JOO 17t.7J? 1 A1. H 7c;qo pa CJCDJ — JOH17

OOXO. /H 070*T t-^Ot-/ 1. D / QUO. -)7 "^1 QA"^ — A'^nR'^j17'tJ HjUOJ
1.4 6826. 56 I 23645-38289 44 7624. 40 I 10533-23645
1.2 6850. 07 25194-39789 2.5 7645. 64 17901-30977

AftRft 70 lO/OO ^l^*Tt. 1 A1 H 77An 17/ / HU, 1 /
1 — 9'^AAQlUjJt ^1JHH7

H D / 11. HU QQQ4 — ?'^A4Q 1 n1. u 77A'^ R7 1 c.i^-J'l _ ORCIRA

n Q D D. 1 7 n Au. o 77^7 RQ/ / _J / . 07 T T1

1

1 RRQR — ^1 7RA10070 Jl/OH
1.8 6979. 59 I 15673-29997 5 7790. 90 17901-30733
2.0 6980. 91 II 15084-29405 0.9 7796. 81 23253-36075
u. o 7m Q

/ Ul V. ^.D A 7R1 A 1 A7A1 — ?7R'^AIt / tl C 1 JJt
u, o / U J? U, J J T T1

1

J o / OtZJ. JZJ JOJ7 lOJOl

n Q -in-xc. 1 -J lO / D / ^U7 /

/

U, 7 7RAA RA CjC\JJ JJ77t
1. 4 7061. 90 I 25634-39791 16 7920. 71 I 5522-18143
1.8 7062. 87 25634-39789 3. 5 7938. 06

J

15673-28267
?n 70^"^ 0-2

/ UD^. Oj _?OJ?7 17/71 7QQA 7"^
/ 77H. / J i;A'^Q — 1 R1 A"^JOJ7 lOltJ

1 Zl h±. H 11 1 U 7H. tU 0 CI Q/1 _ 'IQ98AL.D±y^ COO u. o flm n 5ROu 1 U. JO 1 A7AA — PQ?A7ID/DO C/CHt

i. o 71 nn
/ 1 UU. 1 i;A7'^ _9Q7Ci'^i.DO 1 J L.~ 1 nJ. u OU JO. J^ ^ A7A1 — ?7iIt/tl C./1JU

7 7119. 52 I 17901-31943 3. 0 8080. 32 I 5639-18011
70 7131. 81 0-14018 2.0 8173. 89 20908-33139
oU / CJ 1 , lU ACAR — 1 R'^RlHDOO 10J501 1 D R^nA RROC U*T. JO ?'^R7 — 1 A5A?C^JI ItJtt.

DU 70/in Q7 O'X^'I — ^ AT A'^CjDI 1 Dl D

J

n Ru. o R9AR R1oc to. 0

1

'iAP'^7 — AR'^57JOCJ 1 tOJ J

/

1 L.OC., Oc.
-

1 AA'^ — 9R?m QP7A0^ / D. 7J ?'^57 — 1 AA'^Rt.jj/ ±ttjj
9 7320. 05 I 4568-18225 1. 6 8305. 91 II 17369-29405
2. 0 7321. 76 I 5639-19293 3.0 8344. 25 15673-27654
u. / / jOO, lU 'P'^AAQ — ^7n'^Q 0J 0 u. u 0 ?R5RA — 4051 At.OJOt tUJJ-t
n 7 7'2At; OQ

/ JOO, CO 1 q A7'^ — 9Q9 A7LDO 1 J — CvCH

1

u« o R-IRP QRojoCt 70 y 22880 — ^ARDA

7'^Qn 7n _
^ A7A1 — 9R9A7XH 1 Hi. COCO 1 4 RAAn m0*tDU» U 1 J 1 A7(^7 — 285R4

0.7 7423. 69 8984-22450 18 8546. 48 6572-18270
3. 0 7437. 56 14092-27534 20 8640. 06 6572-18143
1. 6 7463. 86 23645-37039 5 8711. 24 15673-27150
0. 8 7484. 56 22880-36237 a 9004. 73 14092-25194
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HOLMIUM

Ho, Z=67, M= 164.94, Ratio ^=2.596

References
Wavelengths:
Below 7000 A

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).
About 50 wavelengths were measured on our plates, including all lines above 7000 A.

Classification

:

W. R. Bozman and C. H. Corliss, unpublished (1961).

Spectrum Assignments:
From 3837 A to 4661 A: A. S. King, Astrophys, J. 73, 221 (1930).
The rest of the assignments are from our plates.

Molecular Spectra:

HoO, A. Gatterer, Ricerche Spettroscop. 1, 139 (1942).

Relative intensity of holmium lines observed in an arc of copper containing 0.1 atomic
percent of holmium

Strong lines of holmium

Intensity Wavelength Spectrum Energy levels Term combination
A K

1800 c 3456. 00 II

1500 c 3891. 02 II
1000 c 3796. 75 I

1000 c 3810. 73 I

1000 4103. 84 I 0-24361

900 c 3398. 98 II
900 4053. 93 I 0-24660
900 4163. 03 I

700 3484. 84 II

600 3416. 46 II

600 c 3474. 26 II
600 c 4045. 44 II

480 4127. 16 I

460 c 3515. 59 II

360 3453. 14 11

360 cw 3748. 17 II
340 c 3888. 96 II

320 4108. 62 I

300 c 3861. 68 II

300 4040. 81 I 0-24740

280 c 3494. 76 II

280 4173. 23 I

220 c 3425. 34 II

220 c 3428. 13 II

220 4227. 04 I

200 c 3854. 07 II
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
Energy

,
^ Levelstrum m K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

11 2502. 91 II 6 2814.91 II
5 2508. 53 4 2819. 68
7 2513 55 8 2819 80 JJ
6 2518. 73 II 1 2823. 36 II

11 2533. 80 I 6 2823. 73 II

8 2536. 86 II 26 2824. 20 II
2556. 84

J

12 2826. 64
7^67 73 5 2830 92 II

5 2586. 52 I 24 c 2831. 69 II
4 2591. 05 II 5 2833. 79 II

6 2592. 99 I 18 2834. 99 II
12 2605. 86 10 2835. 85
7 7h^ 0 SI 2836 70

6 2613. 99 II 6 2843. 39 II
4 2625. 20 II 10 2844. 18 II

5 2640. 09 II 9 2844. 68 II

5 2640. 30 24 2849. 10
4 2649 6R 4 2852 89

7 2666. 24 II 3. 5 2860. 87 II

6 2689. 03 II 9 2861. 23 II

4 2704. 18 II 22 2861. 49 II

4 2709. 30 13 2862. 72
2713 65 8 2866 79

4 c 2721. 77 II 18 2871. 99 II

4 2728. 32 II 8 2872. 44 II

20 2733. 95 II 6 2873. 88 II

4 2738. 79 20 2874. 06
?4 2750 35 14 2874. 43
4 2757. 77 II 32 2880*. 26 II

10 c 2759. 35 II 40 2880. 98 II

10 2766. 85 II 5 2882. 04 II

24 2769. 89 3. 0 2883. 47
Au ?77? 7f 2884 64

10 2772. 83 II 6 2891. 29 II

6 2773. 84 II 30 2894. 99 II

12 2777. 10 II 14 2895. 62 II

5 2778. 87 15 2900. 84
i;
-J 27R7 70 5 2902 19Cm / \J X /

5 2791. 08 II 50 c 2909. 41 II

5 2793. 90 II 5 2910.40 II

12 2794. 41 II 6 2914. 09 II

9 2799. 99 4 2915. 12
Q
/ PROA 7? 15X ^ 2915 82

6 2807. 31 II 26 2919. 62 II

7 2809. 09 II 5 2921. 85 II

14 c 2809. 99 II 6 2922. 60 II

19 2811. 36 10 2925. 35
{{16 2812. 00 II 14 2926. 09

7
o n T /I /I yi

2814. 44 oO

17 2814. 74 26 c 2928. 30
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy
" ~ Levels
trum m K

Intens ity

and
Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

-J 2936 ?4 ITX X 11 c 3054. 87 II

8 2940. 99 I 44 c 3057. 45 II

19 2942. 05 II 6 3060. 24 II

5 ?94? 59 ITX X 10 c 3062. 53 II

26 9Q44 49 ITX X 7 3063. 14 II

3 0 ?945 04 ITX X 16 3064. 19 II

5 2945. 83 II 20 3074. 30 II

6 2952. 36 II 9 3075. 53 II

5 ?952 73 ITX X 7 c 3078. 41 II

22 c 2953 n ITX X 44 c 3082. 34 II

6 2954 28 ITX X 80 3084 36 II

2954. 94 II 38 c 3086. 54 II

3 0 2955. 27 II 20 3102. 69 II

6 2957 41 II 17 3105. 18 II

6 c 29A4 40 II±. X 22 3108. 31 II

-J 2972 43 II 17 3108. 65 II

34 2973. 00 II 22 c 3109. 91 II

5 2975. 24 II 7 3111. 85 II

36 c 2979 63 IIX X 7 3114. 36 II

5 pQon 64 ITX X 85 3118. 50 II

16 2981 46 ITX X 7 3129. 21 II

7 2984. 07 II 8 3130. 77 II

12 2985. 48 II 34 c 3130. 99 II

36 2987 64 ITX X 22 c 3134. 39 II

22 2990 27 ITX X 34 c 3144. 36 II

8 c 299? 71 ITX X 8 3146. 13 II

10 2995. 86 II 17 c 3148. 85 II

8 2998. 29 II 13 3149. 94 II

6 "^nno A9 IT 7 c 3153. 04 II

4 3005 29 ITX J. 14 3153. 82

4 3007 08y \J\J 1 m U tJ ITX X 22 3156. 18 II

28 p 3008. 10 II 30 3156. 97 II

14 3009. 48 II 13 3157. 35

5 3012 07 ITX X 13 3158. 40 II

19 3014 60 IIX X 22 c 3159. 67 II

10 301 6 21 ITX X 7 3160. 47 II

4 3017. 73 II 7 3164. 06 II
A 3018. 16 II 13 3165. 69 II

14 3023 14 IIX X 65 c 3166. 62 II

11 c 3024 38 ITX X 18 3167. 89 II

A p 302A 1

3

TTX X 44 dl 3171. 72 II

10 3028. 18 II 9 3172. 37 II

X J. 3033. 44 II 90 3173. 78 II

15 U J? J. O J TTX X 44 3174. 84 II

24 '^O'^R A9 TTX X 30 c 3176. 97 II

8 ^044 40 TTX X 90 c 3181. 50 II

6 3046. 44 II 44 3183. 84 II

42 c 3049 38 ITX X 30 cw 3184. 48 II

14 3050. 73 II 22 3186. 37

36 c 3054. 00 II 16 3187. 39 II
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

,
^ Levelstrum

in K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
m K

18 3191. 02 JT 13 c 3329. 02 II
8 3195. 09 II 22 3331. 93 II

16 c 3196. 07 18 3333. 16 II
7 3196. 52 n 70 c 3337. 23 II

44 c 3197. 83 TT 44 c 3338 86 II

U2 3201 00 T 18 3340. 44 II
44 3201. 76 II 9 3342. 70 II
18 3204. 28 110 c 3343. 58 II
11 3206. 17

^\
22 3344. 47 II

22 3206 86 II 7 3344. 79 II

30 c 3210. 41
TT 12 3348. 61 II

13 3211. 85 II 40 3350. 49 II

9 3213. 28 36 3352. 10 II

16 3215. 36 jj 36 cw 3353. 55 II
22 c 3221 42 TT 36 3354. 58 II

9 3224. 27 J J 9 3356. 98 II

7 3230. 04 II 36 3357. 91 II

9 c 3231. 67 16 3360. 87 II

36 3233. 34 13 3363. 41 II

9 3233. 87 TT 36 3364. 27 II

22 3236. 90 TT 9 p 3368. 36 II

22 3237. 40 II 11 3369. 89 II

7 3240. 42 32 3370. 87 II

9 3243. 00 11J- X 3372. 43 II

9 3247. 22 JT 26 3374. 16 II

9 3256. 28 TT 8 3374. 36 II

22 c 3257. 45 II 9 3380. 49 II

13 c 3258. 45 9 3386. 41

9 3262. 20 18 c 3389. 56 II

8 3263 66 TT 32 c 3390. 75 II

9 3266 34 TT 18 c 3392. 05 II

10 3267. 36 II 9 3392. 47 II

9 3277. 16 36 c 3394. 60 II

44 c 3278. 15 12 3397. 33 II

30 3279 25 TT 900 c 3398. 98 II

13 3281 18 TT 12 3400. 60 II

110 c 3281. 97 II 22 3401. 59 II

16 3283. 08 14 3402. 18 II

44 3288 46 13 3406. 27 II

30 c 3290 96 T
J 22 3408. 21 II

13 c 3297 06 TT 22 c 3409. 06 II

10 3298. 12 II 90 c 3410. 26 II

14 3301. 34 44 c 3410. 65 II

22 c 3305 16 32 3411. 55 II

14 3312 39 JT 17 3412. 87 II

16 3315 66 II 22 c 3414. 25 II

22 3319. 87 160 c 3414. 90 II

26 3320 25 600 3416.46 II

9 3321. 11 9 c 3418. 19 II

12 3323. 74 13 3418. 47
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Holmium — All Observed Lines

Intensity
and

Character

Wave-

in A

Suec-
Energy

trum
in xSk.

Intensity
and

Characte r

Wave-
1 (3 rrl" MX C li Lli

Spec-
trum

Ene r gy
T £3 T 7*0 1 C
J_jC V C X 0

in K"XIl x\.

130 3421. 63 II 46U c 3515. 59 II

32 3424. 11 I c 3519. 94 II

220 c 3425. 34 II c 3520. 16 II

26 3426. 76 II 17 3532. 76 I

220 c 3428. 13 II 24 3538. 89 T T
II

70 c 3429. 18 II
n /I14 c 3539. 35

36 c 3432. 10 II 3540. 76 II

16 3434. 76 II 3541. 41 I

16 3435. 61 II 180 3546. 05 T T
II

18 3436. 31 II 18 3548. 53

32 3437. 04 I
Q7 c 3550. 60

14 c 3437. 91 II
ion c 3556. 78 II

7 c 3438. 35 II Q7 c 3558. 15

18 3445. 66 8 3559. 03

14 c 3449. 01 II 46 3560. 15 T TII

44 3449. 35 I io c 3563. 45

16 3451. 23 I LC 3567. 32

360 3453. 14 II
1 0io 3568. 79

12 c 3453. 85 II 32
0 r" "7 A /I /I

3570. 44

90 c 3455. 70 II 46 c 3573. 24 T TII

1800 c 3456. 00 II
A 3574. 20

16 3461. 36 II / U c 3574. 80 II

180 3461. 97 II
on 3579. 12 I

40 c 3467. 07 II 46 3580. 75 T T
II

9 3468. 13 I 46 3581. 83
T T
II

16 3469. 40 II
n

c 3582. 80

14 c 3470. 76 II
0 0LQ cw 3589. 77

26 c 3472! 31 II
-\ -7
i / 3591. 23 II

90 c 3473. 91 II 70 c
0 r~ A A AO
3592. 23 T T

II

600 c 3474. 26 II 19 c
0 r" A 0 AT
3593. 07

T T
II

22 3477. 75 II l^L) cw 3598. 77 X TII

22 c 3478. 06 II 3o 3599. 48 I

9 3483. 89 II 6(J c 3600. 95 II

700 3484. 84 II 14 c
0 / A A / r"

3602. 65
T T
II

22 c 3485. 87 II 14
0 / A r" ~7 "7

3605. 77 I

18 c 3486. 34 II 3o 3613. 31
T T
II

55 3489. 58 II 12 c 3616. 93 II

32 c 3490.* 95 II
00 3618. 08 II

7 3492. 11 I 46
0 / T A /I 0
3618. 43 I

65 c 3493. 09 II 22 3619. 41
T T
II

9 3493. 60 I cl
0 / A 0 r" 0
3623. 59 T

I

280 c 3494. 76 II c 3625. 46 II

9 3497*. 65 II
A 0 c 3626. 69 II

90 c 3498. 88 II 55 3627. 25
T T
II

8 3505. 43 II cc.
0 / 0 A on
3630. 91 T

I

46 c 3506. 95 II 48 c 3631. 76 T T
II

36 3509. 37 II 12 3632. 95 II

14 3507. 99 I 14 c 3634. 6 / 1

1

90 3510. 73 I 9 c 3635. 35 II

18 3511. 76 II 48 c 3638. 30 II
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Tjevels

trum
in x\.

Intensity
and

Character

Wave-
1 T~i rTl"Vi

in A

Spec-
trum

Energy

in XV

14 c 3640. 17
T T
II 3732. 59 I

O /I 3641. 25 I 3734. 99
c 3642. 36 II 0 n 3736. 35 I

10 c 3649. 60 II 20 3737. 65 II
24 3654. 45 II 22 3742. 40 I

td. c 3658. 48 I cw 3748. 17 T T
II

loU c 3662. 29 I c 3748. 78 II

4o 3662. 99 I iU 3750. 19 II
80 3666. 65 I 11 c 3752. 07 II

14 3667. 05 II 15 c 3753. 01
T T
II

loU 3667. 97
T
I 1^JO c 3753. 73

T T
II

3d 3669. 05 II 1 Qio 3754. 45 I

bU 3669. 52 I in c 3757. 26 II
10 3670. 28

T T
II 10 3760. 48 I

8 3672. 69 I 38 o ~T / n Art3769. 09 T
I

io c 3674. 36 II 0 Q 0 "7 "7 0 /I rt3772. 40 T
I

c 3674. 77 II 1 0l/L 3773. 83 I

cw 3677. 64 II OA 3774. 58 I

24 3678. 59 II 20 0 "7 "7 /I OA3774. 90
T
I

80 3679. 19 I 15 0 "7 "7 r~ 0 "7

3775. 37 T
I

75 3679. 70 I
0 QCO 3776. 15 T

I

lo c 3680. 00 II 15 nc 3778. 00 I
o noU 3682. 65 I 3780. 37 II

48 3685. 16 II 12 c
0 ~7 n A rt rt
3780. 99 II

16 c 3686. 65 II 12 3782. 65 II

65 3690. 65 I 3785. 23 II

26 c 3691. 32 II JO 3788. 08 II

38 3691. 95 I 3788. 44 II

15 3694. 66 30 0 ~7m A A3791. 00 II

12 3695. 69 I 24 3791. 55

/I /46 3700. 04 I 3791. 97

14 3701. 27 I
10JC 3792. 95

15 3701. 78 II 3794. 69 I

55 c 3702. 35 II 1000 c
0 ~7 rt / ~7 C
3796. 75 T

I

9 3704. 54 II 22 0 ~7 rt ~7 0 /3797. 26 I

11 3706. 90 II 0 /I 0 ~7 rt 0 OP3798. 25 II

28 3709. 27 1

0

J£. c 3801. 28 II

36 3709. 76 I
0 QCO 3804. 15

18 c 3710. 74 II 12 0 0 A "7 nA3807. 90

18 3711. 31 II 15
'3 0 n n /in3809. 49 T T

11

48 3712. 88 I Lc c 3809. 93
T T
11

30 3718. 62 I iUUU c 3810. 73 I

50 3720. 72 DO 3811. 86 I

20 c 3721. 32 II 100 c 3ol3. ifb
T T
1 1

1

0

c 3721. 80 II 20 0 0 1 0 /in3818. 69
T T
11

30 3724. 45 34 Joel. 1

J

T T
1 1

8 3725. 05 I 24 3825. 64

20 c
0-70 c; Q 0 T T 44 J

120 3731. 40 I 36 cw 3831. 9 II >

40 3732. 09 I 46 c 3835. 35 II
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels

trum „m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

140 cw 3837. 51 II 13 3957. 39 I

24 3838. 36 II 26 c 3959. 51 II
46 c 3842. 05 II 55 3959. 68 I

120 3843. 86 II 13 3963. 29 II
55 c 3846. 73 II 13 3967. 33 I

34 3849. 88 11 3972. 64 II
26 h 3851. 54 10 3973. 83 II

36 3852. 40 II 12 3974. 55 I

200 c 3854. 07 II 24 3975. 88 I

44 cw 3856. 94 II 44 c 3976. 93 I

80 3857. 72 II 19 3976. 97 II
28 3859. 34 15 3982. 04 II

300 c 3861. 68 II 24 cw 3985. 71 II
60 3862. 62 I 18 3992. 72 I

12 3864. 91 24 3993. 73 II

40 3872. 05 9 3997. 18 II
36 c 3874. 09 II 15 3998. 29 I

70 3874. 68 II 42 3999, 58 I

28 3879. 59 9 c 4001. 32 II
60 3881. 61 18 cw 4002. 59 II

340 c 3888. 96 II 24 4003. 39 I

55 3890. 42 I 12 4013. 50 I

1500 c 3891. 02 II 36 4014. 20 II
32 c 3893. 08 II 18 c 4018. 09 II

11 3893. 52 II 18 c 4022. lb II

60 3896. 76 II 18 c 4023. 94 II
30 c 3897. 27 II 12 4025. 39 I

14 3899. 64 II 36 4027. 21 I

14 3900. 79 I 30 4028. 86 I

32 3902. 23 II 20 c 4031. 80 I

36 3904. 44 I
^ A
24 4037. 62 I

140 cw 3905. 68 II
O A24 c 4038. 87 II

11 3909. 56 I 300 4040. 81 I

13 3910. 30 I 600 c 4045. 44 II
36 3911. 80 I 24 c 4047. 52

12 3912. 44 II 900 4053. 93 I

36 3919. 45 I 60 4054. 48 II

11 c 3923. 28 II 30 4057. 55 I

11 3924. 55 II 24 4060. 31 I

11 3925. 64 II 190 4065. 09 II

14 ch 3929. 93 II 19 4067. 57 I

36 c 3936. 44 II 80 4068. 05 I

24 3938. 85 I 30 4071. 83
36 cw 3940. 53 II 30 4073. 13

3942. 54 I i£. 4073. 51 I

11 3949. 00 I 13 c 4080. 23 II
24 3950. 56 I 26 4083. 67 I

10 3951. 14 I 16 4085. 09 I

10 c 3955. 05 II 19 4087. 35 I

65 3955. 73 I 22 4087. 59 I
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

, Levels
trum .m K

Intensity
and

Charactei

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

i- u 4091 A4 10 4315. 03 J J

4094. 78 I 28 4330. 64 II

C \J 4100. 22 9 c 4332. 55

10 41 m 09n X U X . u / J 34 4337. 13

1000 4103 R4 11 cw 4346. 84 J J

41 fTi 04nx VJ J. u n 140 4350. 73 J

J u 4106. 50 I 32 4356. 73 II
1

1

± X 4107. 36 16 4363. 93

320 4108 A?H X U O. O ^ 8 4371. 43

34 41 1 9 00HX X ^. VJU 8 4373. 33 J

1

1

X X 411? 17H X X t.. / ^ 9 4376. 58 II

J u 4116.73 I 19 4379. 14 II

1 nX u 4118. 94 10 4379. 83
\\170 41 90 90HX ^ U. C\J 20 c 4384. 83

140 41 9^ 8 c 4388. 69 J J

t o u 41 97 1 AHX <1 / • X O 8 h 4394. 98 J

4134. 54 I 17 4400. 55 II

4135. 08 13 4401. 24
^\

170 413A 99HX D. 1. 1. 20 4403. 27

14 41 34 22 4420. 56 II

41 49 1

Q

6 4426. 20 II

4148. 97 I 9 4429. 81 II

J_ -L U \^w 4152. 61 II 8 4434. 96

900 41 A3 03 14 4444. 63

18 41 79 93 8 4445. 07 II

o u 4173 93 9 4447. 23 J J

u u 4194. 35 I 7 4463. 40 II

J. X 4198. 08 8 4467. 28
\14 4903 91 J 8 4470. 23

7 4903 3Q TT± 1. 11 4473. 59 II

X X 4911 30H t X X. ^

U

TT
JL X 34 4477. 64 II

1 nX U 4219. 10 13 4484. 57 II

J c 4222. 29 16 4510. 82

32 4993 47 10 4512. 55

220 4997 04 11 c 4526. 14 J J

HH 499Q S9 TTX X 19 4530. 08 II

XH 11 4231. 24 19 c 4531. 28

JC- 4243. 78 15 c 4531. 65

10 &0 40 T T
JL X 19 4534, 58

140 cw A9c;Zl 4"^ 7 4543. 80

In 49RR A1
-J 0. OX T TX X 10 4548. 94 II

!3_) 4264. 05 5 4558. 41 II

34 4266. 04 22 4562. 52

11 He. 1 J, OP T T
1

1

7 c 4567. 82 II

9 49R4 c;R T TX X 6 4572. 42 II

10 4290 18 II 10 c 4578. 07 I

10 c 4298. 47 II 8 4589. 70

10 4299. 15 10 c 4608. 00 I

10 4301. 09 II 5 4608. 67 II

22 4311. 04
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels

trum .m K

Intens ity

and
Characte:r

Wave-
length
in A

Spec-
trunn

Energy
Levels
m K

ij cw 4DU7, DC. T T A0 C 47^4. £37
T
1

4609. 52 II 32 4939. 01 I

4613. 37
T
X 3.0 C 4946. 80 I

5 T T c 47HCS. 10 T T1 1

11 T
I 7 c /iqc;q A9 T T

1 1

L X
T
1 4 AQA1 (Tl4701. TT11

JC 4629. 10 II 6 cw 4966. 73 II
uu 4632. 84 I 9R c 4967. 21 II
5 c Ht)^CS. i7 T T11 OH /1Q7Q Q747/7, 7 /

T
1

T T1

1

AH APRS QA4700. 70 T
1

QO tOH /, ID T T
1 1 10 4779. U9 T

1

\^ 4649. 77 II 4 c 5012. 42 I
c; 4651. 39 A0 5013. 28 II
4 A(^^0 71HDj^. / i T T1

1

7 T
1

15 c 40D1. T T1

1

c;n9R 1 7iJUiiO. 1 /
T1

J- D AUl A A"?HO / H. Oil 6 DU^^. 7D
AO 4683. 08 I 7 c 5037. 60 I
AO 4685. 83 II 1

4

5042. 37 I

5 tuOO, 17 T T1

1

A i;nA2i 7"^jU44, Ij T
1

8 Zl7m 1 74 / Ul. i /
T T1

1

^. -> DUDl. 44 T T
1 1

Q
/

Zl7m AQH / Ul. 07 T T
1

1

3. 5 c;nc;A Q9DUD4. 7^1
T T
1 1

1 HL H 4709. 84 II 4 c 5060. 75 I

y 4711. 39 I 7
1 5074. 34 I

15 c /I 71 7 c:"? T
1 Q7 c^nQ"^ 07D\J7J, u /

T
1

4 c /170B 79 T T1

1

1 Alb m 97 STDie 1 . 01 T1

/IH n / ^o. UU T T
1

1

6 t;i OQ 97 T T11

J c. 4742. 04 II 15 5142. 59
AH 4749. 09 II 1 9 5143. 22
4 A 7c:t /I n4 / 3l. 4U T

1 10 9147, 97
11 C

/I 7 n 7 ni^ 1 D 1 , Ul T
1 lU c m A7 Bfl91u /. 00 T1

A A~I UO 'XQH / Oil. ^7 T T
1 1 14 c c;i B9 1 1910/1. 11 T

1

4763. 57 II 6 5187. 85 I

D 4777. 48 II 1 u 5190. 11
3.5 /I 7TQ /I 0 T

I 9 n 9179. ^19
T
1

8 C /I 7D1 1 QH / Ol. 1 7
T
1

cD c;99i i;aD^cL. 94

7 /17Q9 Q9 T
1 4 c c;9AA A79^:44. 4 /

T1

o 4786. 29 I 7 5251. 82 I

A 4791. 48 II 6 5275. 48 I

4 /17QC; Q9t / 7D. 7il
T T11 10 ci'^m 9c;99U 1. ic9

T
1

5 h /17QQ P74/70. Ci /
T
1 4 ^l Q 9A9917, ^14 T1

/I Ql 9 Q9 T T
1 1 4 Q At;9917, D9 T

1

D 4832. 31 II 9 5330. 11 I

J, O 4833. 32 I 10 5359. 99
3.5 HODS. 54 T T

1 1 6 c-jon An9901. 4U T
1

A QAD Q4c5bU. ^7 T
1 3.5 t^'^BA c;a9904. 90 T

1

3.0 c /IQQQ A7 T T
1 1 3.5 t;'^SA 079904. 7 /

T
1

3. 5 4892. 35 I 2.0 h 5393. 85 I

4 /IDQA /l/l'+O7D. HH T T1 1 8 '^An'^ 1 794U9. 1 /
T1

6 4906. 99 II 11 5407. 08 I

5 4922. 73 I 1.6 5413. 62 II
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levels
trum m K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

15434 39 ITX X 8 5921. 76
2. 0 5435. 87 3 5 5933! 71 I

3.5 5445. 39 8 cw 5948. 03
J5449 8 TTX X 5 5955. 98

3 S h 5451 9 8 5972*. 76
T

5454 0 10 5973. 52 T

3. 5 c 5498. 57 I 2 5 598l! 43 I

3.5 5504. 51 26 p 5982. 90
551 5 56 TTX X 6 6002 04
5516 45 ITX X 3. 0 6005 33

T

J 4 6021. 43
T

3.0 5553. 14 I 1 8 6038*. 97 I

4 c 5560. 94 3 0 6050. 71
4 h 55A3 6 TToO 5 6060 31
Qo 13 6081 79 T

5573 96 11 8 6133 60 J

4 bl 5584. 7 HoO 4 6156. 38 I

6 b 5591.

1

HoO 3 0 6156. 58
A hi 6 6191 68

^An7 1 TToO 8 6208 65 T

I 2. 0 6234. 17 T

5 b 5626.4 HoO 5 c 6255. 75 I

7 5627. 60 I 8 c 6305. 36

j» -J 5628 24 IIX X 2. 5 6306. 68
uo 5640 62 3. 5 6321. 94

5A55 9 HoO 3. 5 c 6354. 35 J

7 b 5658.9 HoO 3. 5 c 6372. 59 I

16 5659. 58 1. 6 h 6373. 86
\5671 84 2. 5 h 6413. 41

7 5A74 70 3. 0 c 6471. 77 J

RA91 47 1. 4 6479. 17 J

8 bs 5696. 3 HoO 1. 2 6515. 30 I

16 c 5696. 57 1. 2 h 6538. 99

J. u R734 02 J 8 6550. 97
c;
\j ^73A 4 HoO 1. 6 6560. 08 J

o
c;73Q ?4 3 5 d 6600. 58 J

2.5 5749. 58 I 28 6604. 94 I

3. 5 5766. 64 6 6607. 47
\n h^. u o _J ou 0 HoD 1.4 6628. 35

3 U ^81 9 2 HoO 13 6628. 99 J

n h "5821 9(1^ 0 ^ X. /

u

J 1 6 6632. 24 J

2. 5 5839. 47 I 1 0 h 6652. 98 I

5 b 5849. 4 HoO 1 6 6662. 52
\XO C R8An 28;j 0 u vj. t.

0

2. 0 c 6680. 46
RaA4 42 J 2 5 6681. 62 J

DO 1 U. 0_J J 1. 6 h 6682. 02

3. 0 b 5879.

6

HoO 6 cw 6694. 32

o c 1.6 cw 6722. 34

4 c 5892. 56 4 6745. 05

2. 5 5904. 29 1. 4 6766. 74
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Holmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A trum .m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
m K

3. 0 c 68 1 o
1. o

6 c 6785. 43 J ^1. 5 7591. 87 I

1. 4 6793.7 I
n QU. 7 n 7593. 64 I

1. 4 cw 6811. 04 0.7 h -JC.QA ICiJO

1.6 cw 6820. 38 1.2
-7

/. no n T T
1 1

2. 5
/oil /A
6821. 64 i. D 1 bUD. JO

1. 8 c 6825. 72 { 1. ^ 7617. 05 I

0. 8 h 6826. 62 1 /Ii. 4 7627. 98

0. 8 h 6852. 97 4 c ii^oa AO
1 OCO. HtL

1.8 cw 6865. 85 0.9 c ~ILA'\ 1 A
1 b4i.

1. 0 6883, 36 n /IU. H / bHo. lb

1. 4 6888.50 \ i. ^ c 7653. 80 I

1. 6 c 6892. 96 I i. ^ c 7667. 30

1. 8 6897. 95 2. 0 ~i uon A'x
1 b vU. H

J

1.6 h 6903. 80 5 c lO^J. i-3

1. 6 cw 6913. 47 cw 1 1 IJ, uo

1. 0 6916. 70 i. b 7719. 05 I

4 cw 6939. 49 I i. D n 7738. 98 I

5 cw 6950. 39 0. 8 c 77^0 m
1.4 hi 6955. 3 6 cw /Oiji. HC5

2. 0 6976. 7
T T
II

A cw lOtij, OJ

1. 0 6985. 11 U. o n 7879. 22 J

0. 9 6994. 38 b 7894. 64

1. 4 h 7000. 71 1. 0 h Q/lA/l AAo4b^. bb

1.0 7079. 07 1.0 h o'^oc., b /

1. 2 7098. 58
c
D Qc;i O OA

0. 9 7242. 08 I
9 nC. U 8545. 61 II

0.9 7250. 60 I 1. 8 8601. 84 II

1.4 7308. 55 4 ob / U. 1

V

2.5 7341. 43 0. 8 h QAQ7 "XOdb7 /. JC

1. 8 7389. 40 1. 6 h 8805. 48 II

0.5 h 7496. 20 2. 0 c 8834. 49 I

1. 0 h 7510. 74 I 9 8915. 98 II

14 7555. 09 I
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INDIUM

In, Z=49, M= 114.82, Ratio ^=1.807
Cu

In I Normal state of valence electrons 5s^5pi ^Pq^^O. I.P.= 46670 K
In II Normal state of valence electrons 5s^ ^Sq =0. I.P.= 152195 K

References
Wavelengths and Classification:

In I, F. Paschen, Ann. der Physik 32, 148 (1938).
In II, F. Paschen and J. S. Campbell, Ann. der Physik 31, 29 (1938).

Intensities:

Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroskopiya 4, 719 (1958).
S. Ch'en and A. Smith, Physica 35, 1289 (1959).

Relative intensity of indium lines observed in an arc of copper containing 0.1 atomic
percent of indium

Strong lines of indium

Intensity Wavelength Spectrum Energy levels Term combination
A K

1800 4511. 31 I 2213-24373 5s25pi 2P;k—5s26s' 2SoH
1700 4101. 76 I 0-24373 5s25pl 2pOj^_5s26sl 2Soj^

1300 3256. 09 I 2213-32916
800 3039. 36 I 0-32892 5s25pi 2P5^_5s25di 2Djj^

Indium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Charactei

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3. 5 2306. 06 II 0-43349 18 c 2836. 92 2213-37452
2. 0 2389. 54 0-41836 3.0 c 2858. 14 0-34978
6 2460. 08 0-40637 110 2932. 63 2213-36302
3. 0 h 2468. 02 2213-42718 2.0 c 2957. 01 2213-36020

10 2521. 37 2213-41862 800 3039. 36 0-32892

110 2560. 15 0-39048 1300 3256. 09 2213-32916
20 2601. 76 2213-40637 300 3258. 56 2213-32892

160 2710. 26 2213-39098 1700 4104. 76 0-24373
30 2713. 94 2213-39048 1800 4511. 31 2213-24373
70 2753. 88 0-36302 0. 8 h 6847. 44 24373-38972

4 2775. 37 I 0-36020 0.4 h 6900. 13 I 24373-38861
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IRIDIUM

Ir, Z=77, M= 192.2, Ratio 7^^= 3.025

In Normal state of valence electrons 5d''Qs'^ ^Fiy=0. I.P.= 75000 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Ir I, W. Albertson, Phys. Rev. 54, 183 (1938); T. A. M. van Kleef, Physica 33, 843 (1957).
Ir II, (spectrum assignment only) T. A. M. van Kleef, unpublished material (1959).

Relative intensity of iridium lines observed in an arc of copper containing 0.1 atomic
percent of iridium

Strong lines of iridium

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

500 3220. 78 2835-33874 5dms^ b *F4H—5rf'6si6p' z

380 2543. 97 2835-42132 5d^6s' b *Fiy—5d» 6p'

340 3133. 32 6324-38230 Bd^&s^ a «F3H—5rf76si6pi

320 2924. 79 0-34180 5d76s2 a 5d'6s'6pi z

320 3513. 64 0-28452 5d'6s2 a <F4K—5rf'6si6p' z

320 3800. 12 0-26308 5dms^ a *Fiyi—5d''Qs'6p'- z ^DIk
280 2849. 72 0-35081 5d^Gs^ a *Fm—5d^&s'Qp' z

220 2694. 23 2835-39940 5d«&s' b <F4H—5rf66s26pi "FIh
200 2502. 98 0-39940 5d'6s2 a *Fiy—5d»Qs^6p' "FIh
200 2664. 79 0-37515 5d'6s2 a *Fty—5d^6s'6p' z

200 2943. 15 6324-40291 5d'6si a ^FsH—5d76si6pi ^F§H
170 2639. 71 0-37872 5d76s2 a 4F4v^—5d'6si6pi z

160 2475. 12 0-40390 5d76s2 a 4F4H—5d66s26pi 'F|h
160 3068. 89 2835-35411 5d86si b 'Fiy—5d^&s'6p' z "GlH
130 2661. 98 2835-40390 5d»&s^ b *F4H—5d«6s26jo' 'Fly,

120 2797. 70 2835-38568 5d86si b <F4K—5d'6s'6p'
120 3573. 72 7107-35081 5d86si b ^FsH—5rf'6si6p' z 'Gin
100 2481. 18 0-40291 5d76s2 a *F4K—5rf'6s'6pi
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Iridium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum Levels

in K

jj. j-ir^ J.10 J. L y

and
Char acte r

VV d V c ~

length
in A

Spec-
trum

X-jiie r gy
Levels
in K

3, 5 2U10. 65 0 —49719 26 2304. 22 2835-46220
3. 5 cUZ^. 35

J

2835 — 52266 4 2305. 47 5785-49146
7 2033. 57 0-49159 2.0 2307. 27 I 7107-50434
3.5 2052. 22 I 6324-55036 9 2308. 93 I 6324-49621
3. 0 2060. 64 7107 — bD6l7 5 2315. 38 0-43176

3. 0 2083. 22 5785 — 53772 5
O O O T AC
2321. 45 7107-50170

2. 5
n o c "7/12Uo5. 74

J

"Tin"?110 / — 55036 5
O O O 1 CO2321. 58 2835 — 45896

13 2088. 82 0-47858 2.5 2327. 98 { 12218-55161
13 2092. 63 I 2835-50606 7 2333. 30 I 5785-48629
3. 0 2112. DO 6324 — 53642 10 O O O O OA2333. 84 6324 — 49159

2. 0 2119. 54 U — 47165 oo 2334. 50 6324 — 49146
2. 5

OTIC yi >i2125. 44 7107 — 54141 24 o o yi o no2343. 18 CTOc yio/iyifi5785 — 48449
6 2126. 81 II 11 2343. 61 J 5785-48441
2.5 2127. 52 I 2835-49824 1.8 2352. 62 I 12218-54711
6

o 1 o "7 n A2121 . 94 0 —46979 10 2355. 00 AO~7n C A O A ~7

9878 — 52327

6
o T yi o o o2148. 22 7107-53642 4

o o r* "7 CO2357. 53
T T
II

4 2150. 54 4079 — 50564 7
O O C O 12358. 16 4079 — 46472

6 2152. 68 II 9 2360. 73 9878-52224
5 2155. 81 I 0-46372 48 2363. 04 6324-48629

15 2158. 05 2835 — 49159 7 2368. 04 T TII

4
O T / O O O2162. 88 n yi o o n

0 — 46220 "7 A70 O '5 "7 O "7 "7

2372. 77 A yi A T O A
0 — 42132

12 2169. 42 T T
II 6 o '2 "7 c n n2375. 09 T T

II

10 2175. 24 0-45957 5 2377. 28 7107-49159
6 2178. 17 0-45896 5 2377. 98 I 7107-49146
4

o T n "7 yi o2187. 43 T T
II 11 O O "70 O O2379. 38 yin*7n yiz.Anyi4079 — 46094

3. 0 2190. 38 T T
II 12 2381. 62 6324 — 48299

2. 0 2191. 64 00'2C A O A A n2835 — 48449 5 2383. 17
TOAOO CCAOZ.13088 — 55036

3. 0 2208. 09 II 2. 0 2383. 79 I 9878-51815
5 2220. 37 2835-47858 3. 0 2386. 58 II

3
o o o "1 n "7

2221. 07 T T
II 30 o o o z. on2386. 89 Z. ^ A yi yiOAA"76324 — 4o207

12
o o yi o / o
2242. 68 II 60 O 1 O A / O2390. 62 Aooc yiyiz^cA2835 — 44652

3
O O /I C "7 /2245. 76 T T

II 70 2391. 18 2o35 —44643
11 2253. 38 7107-51471 2. 5 2401. 77 J 13088-54711

2253. 49 I 4079-48441 7 2407. 59 I 7107-48629
11 2255. 10 oooc A~i "y ^ c2835 — 47165 9 o yi no o "7

2409. 37 40 /7 — 4bb /I

8 2255. 81 5785 — 50101 9
o yi T A 1 "7

2410. 17 13088 — 54566
2. 0

o o n o n T2258. 51 9878 — 54141 9 o yi 1 A "70
2410. /3 122io — d36o /

8 2258. 86 J 6324-50580 17 2413.31 4079-45503
5 2264. 61 I 2835-46979 12 2415. 86 I 5785-47165
7

o o / / o o2266. 33 6324 — 50434 22 o yi T O T 12418. 11 '^
"7Tn"7 /lO/l/lQ/iU / — 4o447

7 2268. 90 10579 — 54639 5
o /I o yi o o2424. 32 10579 — 51815

5 2280. 00 6324-50170 5
o yi o yi z.2424. 66

J

70 /o — 5ii0o
7 2281. 02 II 8 2424. 89 5785-47011
5 2281. 91 9878-53687 14 2424. 99 I 6324-47549
2. 5 2284. 60 13940 — 57698 11 o yi o c / ^2425. 66 /oo/l A~7 nil6324 — 4/53/

3. 0 2295. 08 5785 — 49342 6
O ^ O Z. C '2

2426. 53 T T11

7 2298. 05 11831-55333 o n
2. 0 2426. 78 b /oD — H67 /7

2298. 16 I 6324-49824 20 2427. 61 I 4079-45259
4 o o nn CI2299. 53 /iO / — dOdoO 22 24ii. ziH U — Hi il7

8 2300. 50 6324-49779 55 2431. 94 4079-45186
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Iridium — All Observed Lines

i.i 1 L Xio -L t y

and
r^h tp r

length
in A

Spec-
trum

xLiiic -t^ y y
Levels
in K

inte ns 1 1y
and

Wave-
length
in Aill ./i.

Spec-
truna

Ene r gy
Levels

7 2432. 36 7107-48207 28 2537. 22 5785-45186
4 2432. 58 13940-55036 8 2537. 68 16103-55497

11 2435. 14 \ 13088-54141 2. 0 2538. 88 { 12952-52327
3.5 2436. 42 I 13088-54119 2.0 2540. 40 I 12952-52304

11 2445. 34 I 6324-47206 5 2541. 48 I 11831-51166

2. 0 2447. 49 I 17779-58625 28 2542. 02 I 5785-45112
11 2447. 76 6324-47165 2. 0 2542. 80 II

9 2448. 23 \ 5785-46618 380 2543. 97 2835-42132
2.0 2449. 02 I 12952-53772 7 2545. 54 I 12952-52224

44 2452. 81 I 2835-43592 38 2546. 03 7107-46372

4
^ A r A ^ ^
2454. 12 I 12952-53687 6 2547. 20 6324-45571

65 2455. 61 0-40711 6 2547. 69
\

13088-52327
11 2455. 87 J 4079-44785 10 2551. 40 12952-52134
10 2457. 03 I 5785-46472 9 2554. 40 I 13088-52224
10 2457. 23 I 13088-53772 10 2555. 35 4079-43202

4 2462. 36 I 13088-53687 8 2555. 88 I 7107-46220
4 2463. 03 12218-52807 7 2563. 28

\

5785-44785
4 2464. 90 J 11831-52388 44 2564. 18 7107-46094
6 2465. 09 I 13088-53642 10 2569. 88 I 12952-51852

42 2467. 30 I 4079-44597 5 2570. 62 12218-51108

160 2475. 12 I 0-40390 3. 5 2572. 07 10579-49446
10 2478. 11 2835-43176 3. 5 2572. 37 12952-51815
2. 0 2479. 16 13940-54264 11 2572. 70 J 5785-44643

100 2481. 18 I 0-40291 36 2577. 26 I 7107-45896
5 2485. 38 I 9878-50101 5 2578. 71 16565-55333

2. 0 2486. 37 I 18547-58754 3. 5 2578. 91 13088-51852
2. 0 2486. 75 13940-54141 1. 8 2579. 49 II

2. 0 2489. 20 J 16103-56265 1. 8 2583. 18 18547-57248
30 2493. 08 I 7107-47206 36 2592. 06 I 0-38568
10 2496. 27 I 6324-46372 36 2599. 04 7107-45571

4 2500. 27 I 11831-51815 7 2602. 04 I 16565-54985
12 2502. 63 9878-49824 9 2604. 55 13088-51471

200 2502. 98 \ 0-39940 9 2607. 52 J 13088-51427
8 2504. 37 I 11119-51b91 34 2608. 25 I 6324-44652
6 2505. 74 1 6324-46220 85 2611. 30 2835-41119

4 2506. 60 12506-52388 3. 5 2612. 04 6324-44597
6 2507. 63 10579-50445 10 2614. 98 0-38230
4 2508. 35 J 12952-52807 3. 5 d 2615. 88 J 16103-54320
8 2509. 71 I 12218-52052 2616.00 I 12952-51166
8 2511. 94 I 12506-52304 16 2617. 78 4079-42268

8 2512. 58 II 10 2619, 88 I 0-38158
10 2513. 71

/ ^ ^\ A A / ^\ ^\ A6324-46094 3. 5
^ ^ ^ /A
2623. 64 II

6 2515. 36 J 9878-49621 12 2625. 32 7107-45186
2.0 2524. 88 II 2. 0 2625. 67 I 16565-54639
8 2525. 05 I 10579-50170 5 2626. 76 I 12506-50564

2. 0 2526. 77 I 19061-58625 2. 5 2628. 20 I 16103-54141
2. 5 2532. 20 18547-58027 2. 0 2629. 41 13088-51108
6 2532. 52 { 5785-45259 34 2634. 17 J 12218-50170

48 2533. 13 9878 — 49342 8 2635. 27 4079-42014
55 2534. 46 2835-42279 1.6 2638. 97 12218-50101
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Iridium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
-^nergy

^ ^ Levelstrum m K

Tnf" "n c i 1"^ TJJ.1L o 11o 1 L y

and
Cli3.ra.ctG r

W^a.vG-

length
in A.

Spec-
trum

Ene r gy
Levels
in JTv

I 2835 — 40711 6 d 2777. 43 I 11831-47825
l/U 2637. 71 I 0 — 37872 2777. 53 17779-53772

2.5 2640. 38 I 10579-48441 38 2781. 29 { 6324-42268
10 2644. 19 I 5785-43592 24 2785. 22 I 10579-46472
8 2653. 76 I 9878 — 47549 6 2796. 46 I 16103-51852

3. 5 2653. 95 I 16103 — 53772 /I r\40 2797. 35 I 5785-41522
2656. 81 I 10579 — 48207 120 2797. 70 2835-38568

1. 6 2657. 71 I 11831-49446 28 2798. 18 \ 4079-39806
130 2661. 98 I 2835-40390 3.0 2799. 74 I 16681-52388
26 i:662. 63 I 7107 — 44652 o r\30 A A A A A A

2800. 82 9878-45571

6 2663. 31 I 7107 — 44643 o r\

3. 0
A A T A OA
2812. 80 I 13088-48629

o n r\uo ii664. 79 I 0 — 37515 50 A A A O 1 A
2823. 18 0-35411

10 2668. 99 I 2835-40291 90 2824. 45 \ 2835-38230
4 2669. 46 I 16103-53553 5 2830. 17 I 2835-38158

38 2669. 91 1 4079 — 41522 /I

4
A A o A r~ T
2830, 51 I 12218-47538

38 2671. 84 T r""7nr" /loom
I 5785 — 43201 O A

3. 0
A A O T O /
2831. 36 I 9878-45186

24 2673. 61 T 1

—

7 a r /ion~7/
I 5785 — 43176 8

A A O O A /I

2833. 24 II
9 2676. 83 I 13088-50434 8 2835. 66 12952-48206
7 2679. 06 I 11831-49146 60 2836. 40 I 4079-39324
/I

4 2681. 10 T 1 70f~ /ior\~70
I 5785-43072 12 A A O T O O

2837. 33
AA'^A /I^TTA9878-45112

2. 0 2682. 46 I 6324 — 43592 A A80 A A o A n /
2839. 16 I 13088-48299

8
o / n /I A /I2684. 04 I 10579 — 47825 A A O A A /I

2839. 24 /IA"^A OAAAA4079-39289
4 2691. 06 I 12952-50101 60 2840. 22 \ 6324-41522

20 2692. 34 I 4079-41210 12 2842. 28 I 7107-42279
2. 0 2692. 88 T loonn /lOo/io

I 12218 — 49342 AAA280 A A ^ A "T A
2849. 72

A o r~ O A T0-35081

2. 0
'n / o o /in
2693. 49 I 17779 — 54895 OA J

3. 0 d A A n n A A2855. 82 18547-53553
220 2694. 23 I 2835-39940 A A I" r* AO

2855. 93
T/TAO FTTAA16103-51108

8 2704. 03 I 2835-39806 3. 0 2860, 66 J 12218-47165
3.0 2704. 93 I 10579-47537 8 2863, 84 I 9878-44786
2. 0 2706. 88 I 17779-^4711 A

4
A A / / /A
2866, 69 TAAr*A /1~7AAF12952-47825

12 2712. 74 I 6324-43176 A V
2. 5

A A / ~7 / O
2867. 63

T/f/r" r"T/iA~716565-51427
5 2720. 45 I 6324-43072 6

A A / A T A
2869, 70 TAF~7A /ir~/iTr"10579-45415

2. 5 2723. 76 I 16103-52807 28 2875, 60 \ 9878-44643
3.0 2729. 56 I 10579-47204 28 2875, 98 I 12218-46979
4 2730. 71 I 11831-48441 20 2877, 68

r'TAF /lAFAF5785-40525

5 2732. 67 I 12218-48802 n A10 A A TA /IT
2879, 41

An~7A A A r~ r\~j9878 — 44597
2. 5 2739. 32

T noiO/iA Fo/io/i
I 13940-50434 4

A A AT T /
2881, 16

TAr~A/ /lTAA/112506-47204
2. 5 2740. 00 I 7107-43592 60 2882, 64 { 2835-37515
2.5 2740. 18 I 5785-42268 48 2897. 15 I 5785-40291

10 2744. 00 I 10579-47011 6
A A AA / O
2899, 63

T/TAO PAFAA16103 — 50580

2. 0 2747. 51 I 19593-55979 2. 5
A A A A OA
2900. 39

TAHAO r~/lA/T19593-54061
2. 0 2749. 32 I 17779-54141 T A

19
A A A T A r"2901. 95

TOAAA /I^rOA13088 — 47538
6 2758. 23 I 5785-42029 19 2904. 80 J 7107-41522
5 2759. 32 I 12218-48449 3. 0 2905. 64 I 4079-38485
4 2759. 91 I 12218-48441 15

A A A T A /I

2907. 24 /OA/1 /1A~7TT6324 — 40711

2. 0 2767. 65 I 16103-52224 5
A A AA f~ /
2909. 56 13940 — 48299

6 2771. 61 I 7107-43176 O A
32

A A T / O /2916. 36 4079 — 38358
24 2772. 46 I 13088-49146 17 2918. 57 I 12218-46472
2. 0 2774. 58 I 16103-52134 O A A

320
A A A /I ^A
2924, 79

A O /I T n A
0 — 34180

18 2775. 55 I 9878-45896 6 2930, 63 12506-46618
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Iridium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
m K

on7U
_

A'^9Zl — AD'^Qn ^9 '^nR'^ 99 ,
1 991 R — AAAA'^

65 2936. 68 I 4079-38121 24 3086. 44 I 9878-42268
18 2938. 47

J

5785-39806 38 3088. 04 5785-38158
14 90-^0 97 71 07 — AT 1 1

q

7 J U 7H. U X A07Q — A'^qoHU/y — J?0^7U
1 niU ^1 nn 9qJXUU. C7 CODD — ^DUoX

t vHl. UO XUD/7 — frj/U tin nn A ^9A — "^R^AROjCH JODOO
200 2943. 15 I 6324-40291 6 3114. 05 I 16103-48206
17 2946. 97 13088-47011 9 3114. 55 13088-45186
1 ^LD 1 '^nfiP — /IAQ7Q '^19n 7A OjCH JOJDO
oD 9Qm 99 ^191 7RJ? X ^ X. / 0 1 -^ORR — 4m 1 9X-/UOO HDX1.C

il 90^9 qq X XO^X HIJ J / X Q
y

"^1 99 "^R X_57'+U — tJ/lJ /

3.5 2965. 20 I 9878-43592 7 3128. 39 I 13940-45896
2.5 2968. 49 12218-45896 7 3133. 09

J

5785-37693
L., u c.y 1 H. i.U An7q _ '?7AQ'^HU 17 J> 1 07 Z> JH u

i
A'^9A — '^R9'^n

ID 9q74 q^ T ARA^ — t;m 7n 7 J? Xt U. HX 1 9QR9 — 447RAXC7DC HH/OD

JC. 9qpn J 1 OD — J7JCH 7 "^1 07 y 9R4^9 _ An9'^QCOHD C DU^^7
11 2985. 80 I 6324-39806 19 3150. 61 I 5785-37515
14 2990. 62

J

11831-45259 7 3154. 55 12952-44643
C.C. 9qqA DR An7q — "^lAAk X y "^l RA 7A 1 ORTQ — 499ARX\jD 1 7 HCCOO

9qq7 1

q

^77 1.17 XXO^X HjXOO 1 QX 7 ^XJy. LD 1 9qc;9 — AAi^Q7XC7DC — HHD7 1

9qq7 A^£.77 / . HI 1 991 «_Ac;c;71Xt^XO — HDD 1 X 1 AXH "^1 AR 1 RJ/XOO. XO 1 "^ORR — AAAA'^

16 3002. 25 I 9878-43176 48 3168. 88 I 6324-37872
44 3003. 63

{

7107-40390 36 3177. 58 7107-38568
o J\3\jO, C.X. 1 "^QAD — A79nAXJ/tU — *+ / c.\jO 1

7

X /
"^1 RO "^^-'XOU. 3D 1 A1 0"^ —dl^'^f^XOXU J H 1 DJO

•innq qnj\j\}7 , 7U T At;AR — Ziq77qXD30D

—

H7 1 17 ^A -21 qR q9J X 70, 7 C 71 07 — R'^CLR
1 X\J 1 — DODDO

1 9 "^m 1 Aq^Ull. 07
_ qQ7Q _ A'^ 079 An "^91 9 19 71 07 — •^R9'^0

/ XU / — DOCJK)

9 3016.43 I 12952-46094 7 3213. 55 I 19061-50170
20 3017. 31 13088-46221 7 3218.46

{

16103-47165
1 nlU 9 A'^n7 — i^qAl qC.OJUI — D7H L7 ^A '^91Q tilJJtXy. DX 71 07 — ^Rl "iR

1 X\J 1 — ^OXDO
D 9 A'^n7 — t;qAl nC.OJU 1 — 37HXU cinn "^990 7R 9R'^ li — ^'^R7ACODD — JJQ 1

H

L.O 9 A'^n7 — c;q'^f!Ac.Oj\Ji — DvJOH 1 nX u ^991 9RJC.CX., C.O
- 9RA^9 — ^qAR7COHDC — I57HO/

8 3025. 82 I 13940-46979 30 3229. 28 I 12218-43176
28 3029. 36 I 6324-39324 10 3230. 76

J

10579-41522
^yj^L, 41 1 991 Q —Am RA A0 ^9'^9 00 9RA^9 — t;Q'^RACOHDC D7 DOH

n 1 1 0-21 — AA7RAXXOJX tt/oo 4A "^941 c;9
J'^'tX. DC An7Q — '^4Q9nHU / 7 JHy C\J

y •2n-27 7c _
1 9c;nA — 4t:A1 c;XtjUD HjHXJ 00 1 qnAI — 4Q77QX7UOX H7 1 1/

24 3039. 26 I 12218-45112 20 3262. 01 I 9878-40525
4 3040. 47 18547-51427 38 3266. 44 5785-36390
9 R •20^.9 A^ T T

1

1

1 AX 0 "XOll 9Rjc 1 1 , CO 1 "^nRR — 4'^c;Q9X^UOO H J>D7 C
99 -20/17 1 A^ U4 / . ID X-'UOO HjOyO A0 ^9R7 OA qR7R — An9qi70/0 HUtyX

99 1 nX u ^9R7 t^QJCO

1

, J

y

71 n7 — 71^1 R
1 X\J 1 J 1 D XD

3.0 3052. 16 I 19061-51815 16 3310. 52 I 11831-42029
6 3053. 60 11831-44570 8 3312. 13 11831-42014

99 •inc7 90 71 07 — "^QRO A pn "^"^99 AOJJCC, DU 1 "^ORR — IX%^ 7A

^UDl. 41 X/ / /7 — jUt^H Q0 ^•^99 R7JJ cc, 0 /
1 qOAO — AQ1 47X7UDU H7XH/

^U04. j1 1 nc;7Q — 4'^9mXU3/ / — t^tUX X P JJJH, XO 1 "^ORR — 4'^079XJUOO — H D\J 1 C

160 3068. 89 I 2835-35411 6 3338. 37 I 10579-40525
1 Qiv "iriAq nq^ U07. U7 D 1 OD — j>o j>3o -l-2^Q ARJJOO, "lO COjD — jCDXj
19 3069. 71 12218-44785 6 3419.42 13940-43176
17 3076. 69 10579-43072 65 3437. 02 6324-35411
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Iridium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

10 3437. 50 J 16103-45186w I.L. W ^ T ^ A U 14 4040 08 5785 —305*^0
40 3448. 97 I 4079-33065 40 4069. 92 I 12952-37515
8 3476. 46

J

6324-35081 16 4070. 68 11831-36390
6 3477. 77 10579-39325 11 4092 61 1 "^088 — "^7^1 ^

8 3484! 48 T 9878-38568 15 41 1 5 78

320 3513. 64 J 0-28452 2 5 4127 92 y 1 ^940 — '^Rl ^8
22 3515.* 95 I 7107-35540 3 0 4155. 70 I 28452-52509
40 3522. 03

\

4079-32464 1 6X • w 4166. 04 9878-33874
16 3557 17 16681-44785 10 4172 56
32 3558 99 T 5785 — 33874 4 41 fi? 47 J

3568 00 J 12506-40525 1 6 h " J. 0 L. A, y 3a2'^0 — A?l ?ft

120 3573. 72 I 7107-35081 2. 0 4185. 66 I 12506-36390
32 3594. 39

\

7107-34920 2. 5 4197. 54 11831-35648
22 3609. 77 2835 - 30530 3.0 4217 76 1 Ai 0"? — '?9anA

19 3617* 21 T 9878-37515 1. 4 4220 80 y 2A3A5 — 50050

8 3625. 71
T 12952-40525 8 4259 11^ £- -) f % J- X y 2835 — 26308

16 3626! 29 I 9878-37446 3. 0 4265. 30 I 12952-36390
65 3628. 67

\

6324-33874 28 4268. 10 7107-30530
22 3636 20 11831-39324 2.5 4286 62 J 1 221 8-35540
30 3661. 71 T 13088 — 40390 8 4301 60 J 1 A5A5 — 39806

30 3664 62
T 5785-33065 6 4310 59 y 1 221 8 — 3541

1

32 3674. 98 I 13088-40291 24 4311. 50 I 9878-33065
20 3687. 08 10579-37693 2. 0 4351. 30 18547-41522
8 3698 10 19060-46094 2.0 4352 56 1 90A1 —42029

14 3725. 38 T 19060-45896 2. 0 4392 59 y 1 6565 — 39325

20 3731. 36 18 4399 47 y 1 6565 — 39289
14 3738! 53 6324-33065 7 4403. 78 I 12218-34920
55 3747. 20 5785-32464 12 4426. 27 9878-32464
4 3750 40 32831 — 59487 1. 6 4450 18 J 161 03 —38568
4 3753 32

T 16565-43201 6 4478 48 y 1 3088 — 35411

7 3768 68 J 11831 - 38358 1 8 4495 35 y 330A5 — 55304
5 3170. 73 I 9878-36390 1 2X • ^ h 4496. 03 I 34180-56416

12 3793. 79 13940-40291 6 4545. 68 13088-35081
3 ^ 3794 06 1 221 8 — 38568 3. 5 4548 48 J 30530 — 52509

320 3800 12 J 0 —26308 1.4 4550 78 y 1 2952 — 34920

24 381 7 74 J 6324 — 3?51 3 4 4568 09 y -[ 0579 — 32464
18 3865. 64 I 11831-37693 2 0 4570. 02 I 23310-45186
50 3902. 51 2835-28452 2 0 4604. 48 35081-56793

390? 66 l 295? — 38568 7 4616 39 1 221 8 — 33874
391 5 ^8 J 9878 — 3541

1

2. 5 4656 18 J 1 3940 — 3541

1

44 3934 84 J 7-1 07 — 3251 3 1 6 h 4668 99 J 16103 — 37515
13 3946. 27 I 16681-42014 2 0 4708. 88 I 19060-40291
7 3951. 95 12218-37515 5 4728. 86

\

13940-35081
395? 6? 1 7779 — d'^r\i2 2.0 4731 86 16565-37693

3 S 396? 78 J 1 221 8 — 37446 2 5 4756 46 J 33874-54893

4 3966 09 y 1 2952 — 381 58 1.2 ATil 96 y 16681 — 37693
65 3976. 31 13088-38230 6 4778. 16 12952-33874

"^99? 1? 9878 — 34920 3.0 4795 67 12218-33065
20 4020. 03 26307-51176 1.0 4807. 14 19593-40390
38 4033. 76 13088-37872 2.0 4809. 47 13088-33874
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Iridium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

ii,nergy

Levels
m K

1.0 4840. 77 ][ 9878 -30530 0. 8 5620. 04 ][ 37515 -55304
1.6 4845. 38 ][ 11831 -32464 3.5 5625. 55 ][ 16103 -33874
5 4938. 09 ][ 12218 -32464 0. 8 5828. 55 ][ 38230 -55382
C, D Hy 1 v. HO — JJ^OD u. o DOOc., JU X O U — m T 7 A— 3 X X 10

2.0 4999. 74 ][ 32513 -52509 0. 6 5887. 36 ][ 23310 -40291

2.0 5002. 74 ][ 6324 -26308 3.0 5894. 06 ][ 16103 -33065
1.4 5009. 17 ][ 12506 -32464 0.6 6026. 10 ][ 13940 -30530
2.5 5014. 98 ][ 13940 -33874 1.0 6067. 83 ][ 39940 -56416
i. ^ 3 UH D. U D L _J DUO X DHOv J 1. D AT 1 n A7 1r 1 Ai D"^X ox \JJ

2.5 5123. 66 ][ 12952 -32464 1.0 6288. 28 ][ 16565 -32464

1.6 5177. 95 ][ 16103 -35411 0. 6 6334.44 ][ 16681 -32464
1.8 5238. 92 ][ 16565 -35648 0.4 6624. 73 ][ 40291 -55382
1.0 5340. 74 ][ 23310 -42029 1.2 6686. 08 ][ 39940 -54893
3.0 5364. 32 ][ 19593 -38230 0. 6 6830. 01 ][ 37872 -52509
6. 0 5449. 50 ][ 32831 -51176 0. 8 6929. 88 ][ 16103 -30530

2.5 5454.50 ][ 34180 -52509 0.7 7183.71 ][ 18547 -32464
0.6 5469. 40 ][ 19593 -37872 1.0 7834. 32 ][ 42132 -54893
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IRON

Fe, Z=26, M=55.85, Ratio ^=0.879
Cu

Fe I Normal state of valence electrons SdHs'^ =0. I.P.= 63700 K
Fe II Normal state of valence electrons 3d%s^ ^041^=0. I.P.= 130524 K
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Relative intensity of iron lines observed in an arc of copper containing 0.1 atomic
percent of iron

Strong lines of iron

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

700
600
600
500
420

3734. 87
3581. 20
3719. 94
3820. 43
3859. 91

6928-33695
6928-34844

0-26875
6928-33096

0-25900

3d'4si a
3d74si a
3rf«4s2 a
3d'4si a
3dHs2 a

—3dHp^ y 5F|—3d74pi z 5G5
—SdHs'Ap' z 5F|—3d74pi y 5DI
SdHsHp' z 5D|

400
400
400
340
320

3440. 61
3570. 10
3749. 49
3737. 13
3825. 88

0-29056
7377-35379
7377-34040
416-27167
7377-33507

3(iHs2 a 5D4
3dHs^ a
SdHs' a 5F4

3dHs^ a 5D3
3d'4si a 5F4

—3rf64si4pi z—3rf74pi 2 3Gs—3d'4pi y 5F|—3d64si4pi z 5F2—3d'4joi y 5D§

300
300
280
280
280

3758. 24
4045. 82
2483. 27
2522. 85
3020. 64

7728-34329
11976-36686

0-40257
0-39626
0-33096

3d'4si a 5F3
3d'4si a 3F4

SdHs' a 5D4
SdHs^ a 5D4
MHs^ a 5D4

—3d74pi y 5F5—3^74^' y 'F|—3d84si4pi X 5F5—3d64s'4pi X «D|—3d74pi y 5D|

260
260
240
200
200

2488. 15
2719. 02
3745. 56
2599. 40
3608. 86

II

416-40594
0-36767

704-27395
0-38459

8155-35856

3^8482 a —SdHsHp^ x ^Fl
3d64s2 a 5D4 —3d64s'4pi y sPl

3d84s2 a —3d64si4pi z 5F§
3^648' a ^D,^—3dHp' z ^Dly,
3rf'4si a 5Fi —3rf74pi z ^Gj

200
200

3618. 77
3631. 46

7986-35612
7728-35257

dd^W a 5F2

3dHs' a 5F3

—3d74pi z 5Gl—3d74pi z 5G|
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Iron — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Energy
Levels
in K

5 2084. 12 I 0-47967 14 2472. 34 I 6928-47363
15 2166. 77 I 0-46137 90 2472. 88 I 704-41131
7 2178. 09 416-46314 2472. 91 I 416-40842
3.5 2191. 84 704-46314 22 2474. 81 I 7728-48123
3. 5 2196. 04 888-46410 7 2479. 48 I 7986-48305

4 2297. 79 J 416-43923 100 2479. 78 I 704-41018
7 2332. 80 J J 385-43239 280 2483. 27 I 0-40257
4 2338. 00 II 863-43621 90 2484.19 I 888-41131

11 2343. 49 0-42658 9 2486, 37 I 0-40207
4 2348. 10 n 1873-44447 7 2486. 69 I 7728-47930

4 2348. 30 II 668-43239 9 2487. 06 I 8155-48351
4 2359. 10 863-43239 3. 5 2487. 37 I 704-40895
4 2360. 00 1873-44233 260 2488. 15 I 416-40594
3. 5 2360. 29 II 2430-44785 180 2489. 75 I 978-41131
8 2364. 83 II 385-42658 180 2490. 64 I 704-40842

4 2368, 60 jj 2838-45044 140 2491.16 I 888-41018
11 2373. 73 II 0-42115 18 2493.18 II 21430-61528
3.0 2375, 19 II 3118-45207 2493. 26 II 21252-61347
7 22)19. 28 2430-44447 14 2496. 53 I 7377-47420
7 2380. 76 668-42658 10 2498. 89 I 416-40422

II 21582-61587
60 2382. 04 JJ 0-41968
4 2383. 24 II 2838-44785 90 2501. 13 I 0-39970
3.0 2384. 39 II 3118-45044 3.5 2501. 70 I 6928-46889

16 2388. 63 385-4223/ 10 2507. 90 I 7728-47590
60 2395. 62 385-42115 90 2510. 83 I 416-40231

20 2399. 24 II 668-42335 7 2511. 76 II 21712-61513
4 2404. 43 J J 863-42440 7 2512. 36 I 416-40207

60 2404. 88 II 668-42237 9 2517, 66 I 7986-47693
19 2406. 66 863-42401 70 2518. 10 I 704-40405
19 2410. 52 n 863-42335 6 2519. 63 I 8155-47831

14 2411. 07 II 977-42440 280 2522. 85 I 0-39626
15 2413. 31 II 977-42401 14 2523, 66 I

4 2424. 14 II 22637-63876 50 2524. 29 I 888-40491
3.0 2430. 07 22810-63949 6 2525, 02 I

7 2439. 74 ^i 19390-60366 7 2525. 39 II 21252-60838

5 2440. 11 J 19788-60758 5 2526. 30 II 20831-60402
10 2442. 57 19621-60549 140 2527. 43 I 416-39970
5 2443. 87 I 6928-47835 50 2529. 13 I 704-40231
4 2444. 51 II 20831-61726 6 2529. 55 II 22637-62158
3. 0 2445. 56 II 21812-62690 16 2529. 83 I 888-40405

7 2447. 71 0-40842 7 2530. 69 I 704-40207
6 2453. 47 J 7377-48123 7 2533. 63 II 21430-60888

18 2457. 60 6928-47606 6 2533. 80 I

7 TT
J. i. 25805 — 66464 A TTJ. JL 21 71 ? — 611 57

11 2462.18 416-41018 70 2535. 60 I 978-40405

70 2462. 64 0-40594 12 2536. 82 II 21582-60990
3.5 2463, 73 7728-48305 12 2537. 17

14 2465.15 7377-47930 7 2538. 81 II 21430-60807
3.5 2467. 73 7728-48239 7 2539. 00 II 21252-60625

14 2468. 88 6928-47420 80 2540. 98 I 888-40231
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Iron — All Observed Lines

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

C^Jr\ ;^ T 3 r" t R T

Wave-
length
in A

Spec-
trum

Energy
Levels

in K

16 2542. 10 I 21039-60365 5 2666. 64 II 27620-65110
3.5 2543. 38 II 21582-60888 10 2666. 82 6928-44415

A. \J
T
J. 1 8 AQ?R — 44944

7 2544. 71 I 20641-59927 12 2689. 21 I 7377-44551
80 2545. 98 I 704-39970 8 2699. 11 I 7377-44415

65 2549. 61 I 416-39626 4 2703. 99 II 27315-64286
2. 5 2550. 02 II 26353-65556 6 2706. 02 19390-56334
D T

X. 1 8 ?7nA "iR 77PR — 44AA4
20 2562. 53 II 7955-46967 7 2708. 57 I 20641-57550
13 2563. 47 II 8392-47390 2.0 2710. 55 I 12969-49851

6 2566. 91 II 8680-47626 8 2711. 65 I 7377-44244
6 2570. 52 II 19 2714. 41 II 7955-44785
t 1 H, J 1

TT
J. ± 1 n 971 R 44 7QflA — 447A1

/ y OO •tH / OX

6 2575. 74 I 260 2719. 02 I 0-36767
10 2576. 69 I 120 2720. 90 I 416-37158

9 2577. 92 II 8847-47626 70 2723. 58 I 704-37410
5 2582. 30 I 8 2724. 96

{

7728-44415
g ^ijo^. DO T T

i. 1 BAQn _ A7'^QnOtJOU *t / ^ / u QO R1 — 44R97
26 2584. 54 I 6928-45608 18 2727. 54 II 8392-45044
65 2585. 88 II 0-38660 6 2728. 02 I 7377-44023

9 2588. 00 I 5 2728. 82 I 19788-56423
9 2591. 54 II 8392-46967 9 2730. 74 II 8680-45290

TTX J. 70 97"?-? qR

9 2593. 73 II 8847-47390 3.0 2734. 00 I 7986-44551
65 2598. 37 II 385-38859 3. 0 2734. 27 I 17550-54112

200 2599. 40 II 0-38459 28 2735. 48 I 7377-43923
30 2599. 57 I 7377-45833 10 2736. 97 II 8680-45207
oo ^ O U ^ . O _J

TX 70 RflR_'i74i n

16 2606. 82 I 75 2739. 55 II 7955-44447
65 2607. 09 II 668-39013 8 2742. 26 I 7728-44184

80 2611. 87 II 385-38660 55 2742. 41 I 704-37158
32 2613. 82 II 863-39109 28 2743. 20 II 8847-45290

£. D X / . SJC TTX X 5 ?743 56

12 2618. 02 I 7728-45914 30 2744. 07 I 978-37410
9 2620. 41 II 863-39013 6 2744. 53 I 7986-44411

17 2621. 67 II 977-39109 42 2746. 48 II 8680-45080
15 2623. 53 I 7728-45833 38 2746. 98 6928-43321

T TX X TT 8'^9? — 44785
32 2628. 29 II 977-39013 12 2749. 18 II 8680-45044
4 2629. 59 I 978-38996 60 2749. 32 II 8392-44754

55 2631. 05 II 22810-60807 70 2750. 14 I 416-36767
55 2631. 32 II 668-38660 3.0 2750, 88 17550-53892
QO TX 7QQA — A CLQA'^i

/ /OO /DJ Ro TTX X 0^3';'^ — A?AA2

16 2635. 81 I 7986-45914 4 2753. 69 8155-44459
6 2641. 65 I 7377-45221 4 2754. 04 I 7986-44285

12 2644. 00 I 8155-45965 75 2755. 74 II 7955-44233
3.0 2647. 56 I 416-38175 24 2756. 26

{

416-36686
4 2656. 15 I 19390-57028 2756. 33 888-37158
3.0 2662. 06 I 7728-45282 8 2757. 32 8155-44411
7 2664. 66 II 27315-64832 2.0 2759. 82 8155-44378
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Iron — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

15 2761. 78 I 7986-44184 20 2912. 16 I 0-34329
2761. 81 II 8847-45044 8 2918. 03 26106-60366

io 97A9 IT^ 779R — Zl'^Q9'^
1 1 CO — HjyCj c0 9Q9n MCvCU, 07 1 9QAQ —An Q7It 7D7 — t / 17

/

5 2763. 11 I 7986-44166 8 2923. 29 I 26351-60549
2. 0 2764. 33 I 17727-53892 5 2923. 85 I 21716-55907

2.0 2766. 91 I 8155-44285 6 2926. 59 II 7955-42115
18 2767. 50 II 26170-62293 20 2929. 01 I 416-34547

97A7 c;9 Rn cyjo, 7U

18 2772. 08 I 6928-42992 13 2941. 34 I 704-34692
3.0 2773. 24 I 3. 5 2944. 40 II 13673-47626

3.0 2774. 73 I 8155-44184 80 2947. 88 I 416-34329
15 2778. 22

J

6928-42912 3.5 2948. 43
J

21999-55906
J. u ou CtDj, 7H

3.5 2781. 84 I 7986-43923 32 2957. 36 I 888-34692
70 2788. 10 I 6928-42784 8 2959. 99 I 21716-55490

2.0 2789. 80 I 21716-57550 18 2965. 26 I 978-34692
2. 5 2791. 79 19621-55430 170 2966. 90

J

0-33695
9 n^. u c. / 7D. U

±

n — '^'=,7ARU — jD

1

OO AH 9qAQ "^A ftftft — '^Ac.tiA000 — jHjDO
8 2797. 78 I 7377-43109 8 2969. 48 I 6928-40594

15 2804. 52 I 7377-43023 34 2970. 10 I 888-34547

16 2806. 98 I 7377-42992 60 2973. 13 I 704-34329
42 2813. 29

J

7377-42912 120 2973. 24 416-34040
9 nc, u 9fli 7 m 779ft — ^"^91 n

/ ICO — HjCLyj i. U 9Q7A 1 %Cy 1 D. L J 1 ft'^7ft — QAQ10^/0 — J17D7
50 2823. 28 I 7728-43138 1. 0 2980. 54 I 22249-55791
15 2825. 56 I 7728-43109 28 2981. 45 I 416-33947

3 2825. 69 I 0-35379 1.2 2981. 85 I 17550-51077
2.5 2828. 81 7986-43326 140 2983. 57

J

0-33507
"^9
DC. 779ft — A%(\0%

1 1 CO — H J\JCj 1 9 9QR4 7ft AQ9ft _ Zind99Ov CO — HUHtt
2.5 2835. 46 I 0-35257 2984. 83 II 13474-46967

10 2838. 12 I 7986-43210 1.2 2986. 46 I 888-34363

2.5 2840. 42 I 416-35612 12 2987. 29 I 7377-40842
9 2843. 63 I 7377-42533 5 2990. 39 I 21999-55430

9 A
1 700 — H^i^o 1 9(11 ^ u HID — J jo\jC

7 2845. 60 I 7728-42860 1.0 2996. 39 I 19552-52916
1.6 2848. 72 I 7986-43079 36 2999. 51 I 6928-40257

38 2851. 80 I 8155-43210 5 3000. 45 I 11976-45295
5 2863. 44 I 11976-46889 110 3000. 95 704-34017
/I

't C.OOJ, OO L U 1109. — m R
/ 1 CO — HIUIO

2.5 2866. 63 I 7986-42860 3.5 3007. 14 I 11976-45221
8 2869. 31 I 416-35257 10 3007. 28 I 704-33947

5 2872. 34 I 7728-42533 90 3008. 14 I 888-34122
10 2874. 17 I 0-34782 28 3009. 57 7377-40594
9 CO 1 D, J\} 1 1 Q7A — ZlA7Zm cD am 1 AQ 999Z1Q — ticiiaziACCC^y — jdhho
5 2877. 30 I 11976-46721 8 3016. 18 I 7986-41131
1. 0 2887. 81 I 21716-56334 20 3017. 63 I 888-34017

8 2894. 50 I 18378-52916 18 3018. 98 I 7728-40842
4 2895. 04 12561-47093 60 3020. 49 704-33802
4 2899. 42 } 18378-52858 280 3020. 64 } 0-33096
2. 0 2901. 92 19350-53800 160 3021. 07 416-33507
2.5 2907. 52 21999-56383 26 3024. 03 888-33947
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Iron — All Observed Lines

Intensity
and

Character

V/ave-
length
in A

Spec-
trunn

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

18 3025. 64 I 19390-52431 30 3239. 44 I 19562-50423
38 3025. 84 I 978-34017 22 3244. 19 I 19562-50378
lo J\JCO, HO 7QQA AT m Q17(30 — HiUlO ij 2 O A C AOj)dOD. Od 1 /ddU — 48163
19 3030. 15 I 19621-52613 15 3271. 00 } 17727-48290
19 3031. 22 I 19788-52769 28 3286. 76 I 17550-47967

19 3031. 64 I 8155-41131 28 3305. 97 I

95 3037. 39 I 888-33802 28 3306. 35 I 17927-48163
1 /

}

1 J 1 1 —HKJCD 1 b
•2 '2 C C 0*233dd. dp ^6627 — 56423

7 3041. 64 12561-45428 8 3369. 55 21999-51668
12 3041. 74 I 7728-40594 12 3370. 79 I 21716-51374

6 3042. 02 I 8155-41018 8 3383. 98 I 17550-47093
19 3042. 66 I 7986-40842 7 3392. 31 I 17727-47197

Tin 1 n /I v An^U't /. bU
\

/ — ^^dU / Id jj7d. bo 1 /ddU — 47017
6 3055o 26 12561-45282 22 3399. 34 J 17727-47136

65 3057. 45 I 6928-39626 15 3404. 36 I 17727-47093

100 3059. 09 I 416-33096 30 3407. 46 I 17550-46889
40 3067. 24 I 7377-39970 23 3413.14 I 17727-47017

ID. Id / 1 do — WCJL Id 1 Al ~7 QAd41 /. o4 1"7QO*7 ATX 71
1 l7d. 1 —H II I 1

24 3083. 74 I 7986-40405 15 3418. 51 { 17927-47172
20 3091. 58 I 8155-40491 8 3422. 66 I 17927-47136

55 d 3099. 90 I 8155-40405 16 3424. 29 I 17550-46745
3099. 97 I 7377-39626 7 3426. 39 I 17550-46727
-21 nn "xn^lUU. 3\j /7ob — '\\j/L3L

-7

1
O /I o A A /I^'idO, OH i. 1 1 dl — H07\id

26 3100. 67 I 7728-39970 32 3427. 12 I 17550-46721
6 3116. 63 I 8155-40231 8 3428. 20 I 17727-46889

11 3125. 65 I 7986-39970 400 3440. 61 I 0-29056
7 3175. 45 I 19351-50833 80 3440. 99 I 416-29469

1 /I14 ^loU. dj) l7 1 D 1 — Dll7^ /I n lAAl DQjH'iJ, OO 7 C\A 0Q711
/ U't — d7 1 DP

6 3184. 90 I 416-31805 16 3445. 15 \ 17727-46745
7 3191. 66 I 0-31323 5 3447. 28 I 17727-46727

7 3192. 80 I 20020-51331 8 3450. 33 I 17927-46902
11 3193. 23 I 0-31307 8 3451. 92 I 17927-46889

•21 OA 0*2^l7D. l73bZ — DUOJ

J

o
cS

2/1 CO OQ 77OD "ZAAQA
/ /Zo — Dbbob

14 3199. 52 \ 19562-50808 60 3465. 86 { 888-29733
15 3200. 48 I 19913-51149 80 3475. 45 I 704-29469

11 3205. 40 I 20020-51208 32 3476. 70 I 978-29733
7 3210. 83 I 19913-51048 6 3485. 34 I 17727-46410

15 3^:11. 77 l7^3l

—

DU4 /D oU lAOn C QDH7U. DO
\

hLo — ^iVUDb

30 3214. 04 I 19757-50862 6 3495. 29 20641-49243
6 3214. 40 I 704-31805 8 3497. 11 I 17550-46137

7 3215. 94 I 19913-50999 24 3497. 84 I 888-29469
5 3217o 38 I 19351-50423 6 3506. 50 I 18378-46889

1^:
'2 o 1 n CO TQ"7C7 cnono17 ID 1 — DUoUo "2 C T -J QOJDIJ, Od

\

AQOQ '2Ci7Qb7^o — PDJ I 7

7 3219. 81 I 19562-50611 36 3521. 26 7377-35768
34 .

3222. 07 I 19351-50378 18 3526. 04 I 704-29056

50 3225. 79 I 19351-50342 13 3526. 17 I 7728-36079
19 3227. 75 II 13474-44447 8 3533. 20

\

23245-51540
3227. 80 19562-50534 20 3536. 56 23193-51461

7 3230. 97 19757-50699 24 3541. 09 22997-51229
7 3233. 97 19562-50475 22 3542. 08 23111-51335
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Iron — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 3553. /4 oooon ci^Qci 6 '27T L AC3 / lb. 4d 23 /II — 50611
28 3554. 93 I 22846-50968 600 3719. 94 J 0-26875
65 3558. 52 7986-36079 80 3722. 56 704-27560

160 3565. 3o "7~700 '2C"7Z.O
/ 1 CO — 3d /bo 00

•2 7 0 yi "2 03 /24. 3o lo3 /o — 4b^^l
/inn400 "2 c "7 r\ in3570. 10

"7'2"7"7 '2C'2"7Q/3 / 1 — 5d5 /9 1 n
3. U

"2 70 Z. QO3 I CO. yc 2450 / — 51331

/no600 35ol. 20 Z.QO O '2 /I O /I /I 7 c '27 0 7 Z. 0i 1 c 1 , be 7700 1/1C/17
/ /2o — 3454/

13 3584. 66 \ 21716-49604 12 3732. 40 J 17727-44512
36 3585. 32 7728-35612 70 3733. 32 I 888-27666
30 35o5. 11 '7*l~7~7 '2 C O C "7 7 n n/UU A Q~I3 /34. 0 /

Z.OOO ll/OCb7z:o — 33695
13

'2 C O /I IT35o6. 11 OZ-THZ. C2QO'2^olUb — 33VOJ '2 /I n34U 17'27 T "2

i 1 i I . 13 /I T Z. 07T Z.741b — z: /lb /

40 ICO QQ
-J

17 '2 0 "IT3 / 3o. 31 0 Z. 1 C T C1AQ/1z:b3r)l — 33074
7 3589. 11 I 6928-34782 60 3743. 36 J 7986-34692
8 3594. 64 I 22997-50808 240 3745. 56 I 704-27395

16 •2 Z. n '2 O T360i. <il
OT"7TZ. /IQ/IZ.T
/ll / lb — 474d1 z. nbU •2 7 >i c Qn3 / 4d. yO Q70 07Z.Z.Z.7 /o — z: / bbb

24 OT QOQ /IQ"70'7 T >i n140 "2 7/10 0 Z.3 / 4o. cb 000 07CZ.A000 — z: /5bU

32 ^dUd. do ^1 / lb — 7^34 /I n r\4UU 17/1 Q /I Q3 / 47. 47 7177 1/in/lA131 1 — 3404U
200 3608. 86 J 8155-35856 7 3753. 61 I 17550-44184
20 3610. 16 I 22650-50342 300 3758. 24 I 7728-34329
13

•2 /Ll "7 ~7 Q il't^^b — Dl7b7 b "27 z> n r\c3 /bU. Ud TQ1QA ^CQ70I737O — 4!37 10
o n A200 2 Z. 1 O "7 "7

361c3. / /
7Q OC '2 C Z.T O/7ob — ^Sblil T L

1. 6
"27 Z. n CI3 / bO. d3 T7Q07 /1/lCTO

1 l^c 1 — 4451z:

24 •2 Z. O T /I Z.3621. 46 Z1777 — 47b04 1/0 '27Z.'2 7Q3 /o3. /9 7QOZ. 1/1C/I7/70b —3454 /

16 3622. OO I 22249-49851 14 3765. 54 I 26106-52655
8 3623. 19 I 19390-46982 120 3767. 19 I 8155-34692
D 36Zb. lb o o o /I Z- c n yi o '2

<c ^o4b — bU-^^i^ 1. 0
"277/1 0*2
3 / /4. o3 T7Q07 /1/1/lTT

I l^c 1 —44411
o n n200 3o31. 46 *7700 "2 C O C 7

1 1 CO — PDCD 1
T n
1. 0

"2 7 7 Z. /I Z.3 / /b. 4b T7CCn /1/1A01
1 /DbO — 440z:3

o8
o / '2 o n /I3632. 04 CH 1 1 c — Dccrl I

1 n
3. 0

"2 7 0 C Q C
3 /oD. 73 TQZ.OT /1Z.A07l7bz:l — 4b0z: /

13 3638. 30 J 22249-49727 3. 0 3786. 68 J 8155-34556
22 3640. 39 I 21999-49461 46 3787. 88 I 8155-34547
6 3645. 82 ^:buVl — D^iblii 6 "2700 T A3/90. 10 *7nO/ 1 A 1 LI/yo6 — 34363

160 3647. 84 1^ 1 1 — 347o2 3.

0

"2 70/1 "2/1
3 /94. 34 19 /88 — 46136

16 3649. 51 OT7TZ. /IQTAQ^1/16 — 47IO7 L COD 1 7Q C A

A

3 /95, 00 700Z. 1/1100/9o6 — 34329
30 3651. 47 22249-49628 6 3797. 52 { 26106-52431
8 3659. 52 I 19788-47107 32 3798. 51 I

16 3669. 52 21999 —49243 A 04o •2 7 Q 0 CC3 /99. 55 7700 1/in/iA
/ /2o — 34040

20 •2 / "7~7 / "2

367 /. 63 OOO/IQ /lQ/1'2'2 T 0ic "2 0 A C 1/13o05. 34 0 Z. Z. 0 0 COOQQzIbbzJo — bz:o77

65 ^ / "7 n Q o36 /9. 92 n 07T ^7\j~ CI lb 1 b
"2 0 A ZL 7A3o0b. /O OZ.1CT COZ.T1z:b3Dl — Dz:bl3

16 3682. 21 { 28605-55754 3.0 3807. 54 I 17927-44184
11 3683. 06 416-27560 32 3812. 96 I 7728-33947
11 o Z. O /I IT36o4. 11 OTQQQ /1QT'2CcLyy^ —4713d 1 Zk nIbU 1 0 T C 0/13olD. o4 TTQ7Z. 10T7C117 /b — 3ol

/

D

13 3686. 00 0'27TT CnO'2'2^3/11 — d0o33 dOO 0 0 0 A /I "2

3o20. 43 Z.QOO 11AOZ.b7zIo — 3307b

onoO ^Qo Q "2/1 n/i novco — 34U4U y 2QOT T Q3o<il. lo OZ.1CT COCT/1z:b3til — dz:d14

13 3689. 46 I 23711-50808 80 3824. 44 I 0-26140
24 3694. 01 I 24507-51570 320 3825. 88 I 7377-33507
oO

•2 / Q r A r3695. 05 ZOo /d — 4 /73O 1 "in130 -2007 QO3o^: /. oc TOCZ,1 1DZ,7QIziDbl — 3ob / 0
'2 "7m no
3 /Ol. 09 O/ITOT CTTQOZ41ol — Dll7i: 3. 0 ion n3o33. 31 0 AZ./1 T A Z,701<:Ub41 — 4b /^l

o8 3704. 46 OT7TZ. /107n'2^1/lb — 4o/03 T '2 n130 101/1 003o34. 7700 110A0
/ /z:o — 33oUz:

80 3705. 57 I 416-27395 3. 5 3839. 26 I 24575-50614
CO a •2 "7 H"? OO lUH — c 1 bbb onoU 1 Q /I n /I /I3o4U. 44 7QQZ> 1/im7/70b — 34U1

/

31^1. 92 17550-44512 80 3841. 05 12969-38996
85 3709. 25 7377-34329 6 3843. 26 24575-50587
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Iron — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
tru.nn

Energy
Levels
in K

6 3846. 80 J 26225-52213 3. 0 3998 06 T 21716-46721
50 3849. 97 I 8155-34122 40 4005. 25 I 12561-37521
7 3850. 82

J

7986-33947 3. 5 4009. 72 17927-42860
2. 0 3852. 58 17550-43500 4 4014. 53 J 28820 — 53722

85 3856. 37 J 416-26340 4 4021. 87 T 22249 — 47107

6 3859. 22 J 19390-45295 300 4045. 82 T 11976-36686X-L/fU ^ \J\J \J\J

420 3859. 91 I 0-25900 3.0 4062. 44 I 22947-47556
34 3865. 53 8155-34017 120 4063. 60 12561-37163
2. 0 3867. 22 24336-50187 100 4071. 74 12969-37521

34 3872. 50 7986-33802 4 4107. 49 T 22838-47177

3. 5 3873. 76 J 19621-45428 3. 0 4109. 81 T 22947-47272
50 3878. 02 I 7728-33507 8 4118. 55 I 28820-53094
85 3878. 58

\

704-26479 2. 0 4127. 61 23052-47272
2. 5 3885. 51 19552-45282 32 4132. 06 12969-37163

180 3886. 28 J 416-26140 4 4134. 68 T 22838-47017

35 3887. 05 J 7377-33096 8 4143. 42 T 24575-48703
35 3888. 52 I 12969-38678 40 4143. 87 I 12561-36686
3. 5 3893. 39 23784-49461 2. 0 4147. 67 11976-36079

35 3895. 66 888-26550 4 4154. 50 22838-46902
3. 5 3897. 90 J 21716-47363 4 4156 80 T 22838-46889

3. 5 3898. 01 J 8155-33802 3. 5 4175. 64 T 22947-46889
55 3899. 71 I 704-26340 8 4181. 76 I 22838-46745
55 3902. 95

\

12561-38175 3. 0 4184. 90 22838-46727
1. 8 3903. 90 24119-49727 13 4187. 04 J 19757-43634

14 3906. 48 J 888-26479 13 4187. 80 J 19562-43435

2. 0 3916. 73 J 26106-51630 8 4191. 44 T 19913_437£,4
4 3917. 18 I 7986-33507 11 4198. 31 I 19351-43163
3. 0 3918. 65 24339-49851 13 4199. 10 24575-48383

36 3920. 26 J 978-26479 34 4202. 03 11976-35768
55 3922. 91 T 416-25900 1. 4 4203. 99 T 22947-46727

70 3927. 92 T 888-26340 4 4210. 35 T 20020-43764
75 3930. 30 I 704-26140 1.6 4216. 19 I 0-23711
2. 0 3935. 82 22838-48239 7 4219. 36 28820-52514
1- 6 3940 88 J 7728-33096 4 4222. 22
1. 4 3942. 44 J 22947-48305 13 4227. 43 J 26875-50523

3. 5 3948. 78 T 26351-51668 11 4233. 61 J 20020-43634
3.5 3949. 96 I 17550-42860 17 4235. 94 I 19562-43163
3. 0 3951. 17 26406-51708 3.0 4238. 82

\

27395-50980
2. 0 3952. 61 21716-47008 3. 0 4247. 43 27167-50704
3. 5 3956. 46 T 26106-51374 12 4250. 13 J 19913-43435

7 3956. 68 T 21716-46982 24 4250. 79 J 12561-36079
4 3966. 07 I 12969-38175 36 4260. 48 I 19351-42816
3. 0 3966. 63 25900-51103 12 4271. 16 19757-43163
3. 0 3967. 42 26628-51826 100 4271. 76 11976-35379

55 3969. 26 T 11976-37163 8 4282. 41 J 17550-40895

2 5 3971. 33
T 21716-46889 14 4294. 13 J 11976-35257

6 3977. 74 17727-42860 12 4299. 24 19562-42816
2 0 3981 77 J 21999 -47107 100X V/ W 4307. 91 J 12561-35768
4 3983. 96 21999-47093 6 4315.* 09 17727-40895
8 3997. 40 21999-47008 95 4325. 76 12969-36079
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Iron — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

-
1 9c;z.-i _ -ic^Li 9X^3D± JDOLc. Au CI q9 tluD X 7c. JO

_ 9A1 SI — A'^A'^c;tHXOX — HDHDD
4 I'^l'bl. 74 I 17927-40895 5194. 95 I 12561-31805
1.4 4369. 77 24575-47453 9 5 5202. 34

J

17550-36767
o n _99flAAU — C.C.OHO 2.5 ci91 A 9RXO, ^0 1 9q Aq — "^91 "^AX<i7D7 — D^XDH

1 / U 1 1 q7A — "^4789 3.0 R99A Rft 9ARn7 — A'^A'^4

-
1 9X •^997 1 qDCC 1 m X

7

_
1 9 c; Al — "^1 AfiALC.D01 — DXDOD

48 4415.12 I 12969-35612 X X 5232. 94 I 23711-42816
6 4427. 31

J

416-22997 5 5266. 58 24181-43163
c

J. / / ^ / — H U^;JX 22 R9Aq ^AJ/L07, 3H Aq9R _ 9c;qnnOy CO — /LD7UU

8 c;97n "iL,
jc. / U, 1 9qAq — "^1 q'^7Xc707 — DX7D/

/I/1/I7 79 -
1 7Q97 — AnAfT^X 1" C 1 — HUHUlJ 9 n qoQi onJ^OX. ou cLHOxj 1 — HDHDD

5 4459. 12 I 17550-39970 AH 5283. 63 I 26140-45061
3.0 4461. 65 704-23111 9 5302. 31

J

26479-45334
99fi'^ft — At;991 1 C-JO/I 1 0DjL.^, XO cDyW — HHO/ /

D Z147A n9 :: 99QA7 — Ati9R9 18 D^^O. UD I'^in _9Ai An
1 J 1 1 — coX HU

J. \} U /I /I 09 1 7
_ QQQ _ 9'? 1 0"^000 — L.jLyj 9 ^

_
1 9c; Al _ "^1 "^9"^X^DDX — DiD^iD

4482. 26 I 17927-40231 X, H 5339. 94 I 26340-45061
6 4494. 57

J

17727-39970 1 ftX. 0 5341. 03 I 12969-31686
lU Oc. 1 7^^ — "^Q A9 A 1.2 jJ'DH. 00 DDODD — DHH7X

HD^i. ID 1 1 Q7A — "^ADAnXi7 / D — ^HUHU 1.4 h -) ^0 / . HO c:A1 9 _ (;A9'^7DDDX^l — DHilD /

_
1 1 q7A _ •i-J/.QCXX7/0 — ^J>D7!j DjOv, 70

_
jDCj 1 — DDO /

H

1.6 4736. 78 I 25900-47006 J. ^ 5371. 49 I 7728-26340
2.0 4859. 75 23193-43764 3 0 5383. 37 34782-53353
0 AP71 "^9 t^XXX — H_?DJH 2.

0

Djyj, XO 9 Al An — AAkll^DXHU — HHO / /

J, 0 AR79 1

R

9'^9AR — A'^7AAt^^H_J H^ / OH 7 DJy 1 , A. J I'^ii — 9^qnn

1. <^ HO 1 0, 9'^97n — A'^7AA 3 5 h11 ^404 1 ^jHUH, LD '^'^7Afi — t;A9A7

3.5 4890. 77 I 23193-43634 7 5405. 78 I 1986-26^19
8 4891. 50 22997-43435 1 8 5410. 91

J

36079-54555
1 ni. u AQfT^ -29 9*^94^ — A'^ A'^A 3.0 h ^41 '^ 913HX 3. ^ X DDD / 7 — DDOHX
D H7i7. UU ^CPXXX — H^HJD 3. 5 h ^A9A nfijHtH, UO DHOHH — DJC 1

D

AQ9n tin 99ftAA — A'^l A'^ g '=iA9q 7n 779fi — 9 Al An
/ ICO — ^DXHU

4 4957. 31 I 22997-43163 5434. 53 I 8155-26550
13 4957. 61 22650-42816 11 5445. 04 35379-54379
i. ^ pnm R7

_3 UU 1. 0 /
ii ^07 — til 9qAJJXJ/U/ — 3X^7H 6 c^AAA q9 7qaA — 9A'^An/70D — ^ODHU

i. u cfirm 79 4 '^A^^ AlDHDD, DX Rl t: q _ 9 AA7qOXDD — COH 1 V

DUUD. i.j
_ 99RAA — A9fi1 A 1 AX. 0 ^Aq7 R9jH7 / . 13 1. Rl Rti — 9A'^ AnOXDD — /CODHU

1.2 5012. 07 I 6928-26875 X • u 5501. 47 I 7728-25900
1.0 5041. 76

{

11976-31805 9 fl 5506. 78
J

7986-26140
c;nAQ Q93UH7. 0^ 1 ^"^70 — "^Rl 7^1X0-)/0 — JJOX/3 2.0 ^^Aq A9 97^An — A^'^nqC 1 DOV — HDDU7

1. u 3UD1, oH I'^ll — 971 A7 3.0 _J9 / ^. OD 97'iqc; _ A^i'^'^AC

1

D7D — HDDDH

i. u cnAQ 7QDUoo. /7 / XX — HJHJD n 7 ^ci7A 1 1DD / D. XX
_ 97AAA — At; c;qc;C /ODD — HDD7D

0.8 5083. 34 I 7728-27395 AH 5586. 76 I 27167-45061
1.0 5098. 71 I 17550-37158 n R0 5602. 96 27666-45509
c., u t;i 1 n AT!3iiU. HI n — 1 q'iA9 5 DDXD. OD 9 AR7C; _ AAkllCOO 1 D — HHO/ /

c, -» DO 1.

0

DD/lH. DD 97^An — A^'^'^AC /DDU — HDDDH

9 t;
_ 9A1 fil — A"^ A'^ A^HXOX — H^CJPH 1.2 DODO. OD

- 97-jQc _ At;nAiC 1 JvO — HDUDX
3.5 5139. 48 23711-43163 0.7 5763. 01 I 33947-51294

51 49 X 1 g7A_31 323 0. 8 6024 06 36686-53282^ KJ \J KJ \J ^ ^ t— i—

6 5171. 60 11976-31307 1.2 6065. 49 21039-37521
4 5191.47 24507-43764 3.0 6136. 62 19788-36079
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Intensity
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Char acte r

Wave-
length
in A

Spe c-

trum

Energy
Levels
m K

o r\U bi^ /, /

U

U. J
~! COr\ CA
1 oiLKi, b4 '2017C C10Q/Ijol ID — DicyH

2. 0 6191. 56 I 19621-35768 0.2 7661. 22 J 34329-47378
2. 0 6230. 73 I 20641-36686 0.6 7664. 30 I 24119-37163
U. /

L.O At^ -2/1

i:

^7Ubb — HDUbi 1 ni. U 77/1 Q 0 D
/ / HO. CO CD 1 OH — ^bbob

i. c. biib^:. bb 1 QIQn '2C;'27Qi7^7U — JDJ (7 1 n 77Qn c;q
/ / oU. b7 "2^070 /IDQOQJbU /7 — 407^0

U. b b^bb. 1'+ i / bb u — s>iD\j 1
1 A lopc, cc ib / bo — 4obj^

0. 6 6301. 52 I 29469-45334 1. 4 mi. 17 I 34782-47378
0.5 6318. 02 19788-35612 1.4 7945. 88 I 35379-47961
1 n
i. u b^7^. bU 1 Q A01 t;*5 C7 1 Ai. 4 7QQQ Q7

/ 770, 7 /
'2C0C7 /177C^^b^b 1 — H 1 /bb

1. D /./inn n

o

b4UU. \ic
OQncLA /l/l ^,77^7Ubb — ftb / / U. ^ oUiio. !)H

-2^070 /1QC'203bU /7 — 4obi<c

i. u b4ii. bb ii7'tb7— 'tDUbi 1 0 Qr\AU 07 '2c: ^,1 0 n QC\1~1DDOLC~HO\JD 1

0. 8 6421. 36 J 18378-33947 1.0 8085. 20 I 35856-48221
1. 0 6430. 85 I 17550-33096 0.3 8198. 95 I 35768-47961
1 n
t>. u L/\ on QDO^VH, 70 IQ^Qn lAI 0.0 ^. U Qoon /iiOClXi. HL

:|

' ^4044 — 4 /UUb
U. D bb4b. n •7

u, ^ QO 0 IK DDoLc. —HI /bb

n Q
U. 7 bb7/i. 7ii 01 QQQ "^71 Q707 OAojc. 1 . Ub i. 1 1 c 1 — cy 1 DD
1. 8 6677. 99 J 21716-36686 0.9 8331. 94 I 35379-47378
0.4 6945. 21 I 19552-33947 0.4 8339. 43 I 35768-47756
U. ^ b7 / o, Ob ^. ->

Q.'XiXl 7R0^0 / . /

O

i/bDU — ^74b7
U. D 71 'in OA 1. Q/IAQ /llCJHbb. HI 1 7Q07 0Q7'i'ii / 7^ 1 — CV 1 DD

U. o T\ LA A~7 o-iono A~I~I^L U. 7 cm A noobl't. Ub i. 1 1 C 1 — C.7H07

2.0 7187. 34 I 33096-47006 0.3 8515. 11 I 24339-36079
1. 2 7207. 41 I 33507-47378 0.6 8611. 81 22947-34556
U. o TIQQ A O JHOyd. — mic.c.L ^. b PAA1 Q1tJbbl. 7i

^

1 7Q07 0Q/1<^Qi / 7^ / cyH07
n "7 "7 AT ^ 1 Q "XAC-A-J AaC\'i,ljHDH 1 — HoUjI n QU. 7 a^iA 7c;Ob / 1, 10 OOQ'iS 'iA'^A'iceoJO — ^4jb^

i. 4 "7 A AC, 7Q/4*fb. IO y obOo. oj 1 7c; c n oon c; A

1. 8 7495. 09 J 34040-47378 0.8 8757. 19 I 22947-34363
3. 0 7511. 04 I 33695-47006 0.8 8764. 00 I 37521-48928
U. b 1 C11 17 ^b^b / — HODJ^ u. b o / 7:). ^o "^71 A'? AQC,-10J 1 lOD Hod DC
0. 3 7568. 92 34547-47756 4 8824. 23 17727-29056

0.4 7583. 80 24339-37521 1.0 8866. 96 36686-47961
1. 0 7586. 04 34782-47961 2.5 8999. 56 22838-33947
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LANTHANUM

La, Z=57, M= 138.92, Ratio ^=2.186

La I Normal state of valence electrons 5d^Qs^ ^0^=0. LP.= 45293 K
La II Normal state of valence electrons 5d^ =0. LP.= 92240 K

References

Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945),
below 7550 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939), above 7550 A.

Classification

:

La I, La 11 and La iii, H. N. Russell and W. F. Meggers, J. Research NBS 9, 625 (1932).

Molecular Spectra

:

LaO, W. F. Meggers and J. A. Wheeler, J. Research NBS 6, 239 (1931).

Relative intensity of lanthanum lines observed in an arc of copper containing 0.1 atomic
percent of lanthanum

Strong lines of lanthanum

Intensity Wavelen
A

Spectrum Energy levels

K
Term combination

900 3949. 10 II 3250-28565 6si a 3D3—6pi X 3F3

550 4086. 72 II 0-24463 5d2 a 3F2—6joi y iDl
460 3794. 78 II 1971-28315 5rf2 a 3F4^6p> y ^Dj
460 4333. 74 II 1394-24463 6si a 1D2— 6pi y 1D5
440 3790. 83 II 1016-27388 5^2 a 'Fa—6pi y 'D^

440 3988. 52 II 3250-28315 6si a'Ds—6pi y^T)'3

440 4123. 23 II 2592-26838 6*1 a 3D2—6pi X 3F§
360 3995. 75 II 1394-26414 6si a 1D2—6pi X 3F2
340 3871. 64 II 1016-26838 5d2 a 3F3—6pi X »F§
300 4042. 91 II 7473-32201 5d2 a 1G4—630I X iF|

280 3759. 08 II 1971-28565 5rf2 a 3F4—6pi X 3FS
280 4031. 69 II 2592-27388 6si a 3D2—6pi y 'D^
280 4077. 35 II 1895-26414 6si a 3Di—6pi X 3F|
220 3929. 22 II 1394-26838 6s> a 1D2—6p' X 3F3
200 3337. 49 II 3250-33204 6si a 3D3—6pi X

200 3380. 91 II 2592-32161 6si a 3D2—6pi X sp;

200 4429. 90 II 1895-24463 6s' a 3D,—6p' y 'D^
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Lanthanum — All Observed Lines

Intensity
3.nci

\^ ±±0, Jl, <-X V- JL

Wave-
1 f^-n crl'ViX^ Ul J.

in A
Spec-
trum

Energy
T jPvpI ^^ V ^ J. 0

in K

Intensity
3 n rl

Wave-
icng Lii

Spec-
trum

Energy
Lievels
m IS.

1. 2 2187. 87 II 0-45692 10 3510. 00 II 1016-29498
8 2256. 76 II 1394-45692 10 3512 93 II 1895 — 30353

18 2297. 78 III 1603-45111 6 3514. 07 1053-29502
1. 8 2317. 82 II 18895-62026 10 3517. 14 III 13591-42015
4 2319. 44 II 2592-45692 6 3550. 82 II 0-28155

1.

8

2328. 75 II 16599-59528 9 3557. 26 II 1394-29498
40 2379. 38 III 0-42015 28 3574 43 0 — 27969
1.6 2438. 01 II 18895-59900 9 3601. 06 II 2592-30353
6 2471. 90 II 5250-45692 6 3610. 25 II
3. 0 2472. 44 II 17826-58259 9 3612. 34 II 24463-52138

3. 0 2479. 85 II 19215-59528 9 3613. 08 I 0-27669
6 2487. 59 II 17212-57400 38 3628. 83 II 1016-28565
4 2533. 14 II 6227-45692 4 3636. 67 I 1053-28543
4 2560. 37 II 19215-58259 14 3637.15 II 5718-33204
1. 6 2580. 82 II 15699-54435 20 d 3641. 53 I 1053-28506

3641. 66 II 27388-54840
2. 0 2582. 56 II 14148-52858
4 2596. 09 II 16599-55107 120 3645. 42 II 0-27424

46 2610.34 II 7395-45692 11 3649.53 0-27393
6 2672. 91 II 18580-55982 46 3650. 18 II 0-27388
7 2695. 47 II 19750-56838 20 3662. 08 II 1016-28315

6 2725. 58 1053-37732 2.0 3672. 02 0-27225
6 2791. 51 II 22106-57919 4 3701. 81 II 28315-55321
6 2798. 56 II 22537-58259 14 3704. 54 1053-28040

48 2808. 39 II 10095-45692 38 3705. 82 II 6227-33204
1.2 2838. 45 II 19215-54435 65 3713. 54 II 1394-28315

1. 8 2840. 51 II 29498-64693 16 3714. 87 II 5250-32161
5 2855. 90 II 24523-59528 32 3715. 53 II 2592-29498
3.0 2862. 98 II 20403-55321 11 3725. 05 II 0-26838

10 2880. 65 II 20403-55107 4 3735. 85 II 1394-28155
15 2885.14 II 21332-55982 280 3759. 08 II 1971-28565

18 2893. 07 II 22283-56838 9 3773.12 II 26838-53333
12 2950. 50 II 28526-62408 14 3780. 67 II 5718-32161
24 3104. 59 II 0-32201 8 3784. 81 II 0-26414
8 3108. 46 II 0-32161 440 3790. 83 II 1016-27388

18 3142. 76 II 1394-33204 460 3794. 78 II 1971-28315

20 3171. 68 III 13591-45110 8 3808. 79 II 3250-29498
10 3193. 02 II 1895-33204 19 3835. 08 II 5718-31786
5 3215. 81 1053-32141 60 3840. 72 II 1394-27424

70 3245. 13 II 1394-32201 12 3846. 00 II 1394-27388
36 3249.35 II 1394-32161 160 3849. 02 II 0-25973

75 3265. 67 II 2592-33204 13 3854. 91 II 6227-32161
110 3303. 11 II 1895-32161 8 3864. 49 II 28565-54435
200 3337. 49 II 3250-33204 340 3871. 64 II 1016-26838
13 3342. 23 I 1053-30965 170 3886. 37 II 2592-28315

120 3344. 56 II 1895-31786 5 3898. 60 I 0-25643

28 3376.33 II 2592-32201 3.5 3902. 58 0-25617
200 3380. 91 II 2592-32161 4 3910. 81 II 2592-28155
18 3452.18 II 1394-30353 130 3916. 05 II 1895-27424
24 3453.17 II 3250-32201 110 3921. 54 II 1895-27388
9 3461.18 1053-29937 16 3927. 56 0-25454
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

7Q0Q 00jvdy, dd T T1 J.
1 7QA _ 0^P7ni^7H — iiDO^o 60 HdVO, UO T T

1

1

A007 OQAOaOdd 1 — dyHyo
18 3936. 22 II 1016-26414 4300. 44 II 0-23247

900 3949.10 II 3250-28565 5 4315. 90 II 3250-26414
7QC;7 T

1 1 nc;7 — 0A77Q 44 /1700 t:iHjdd, OX T T1

1

1 7QA 0Ac;07ijyH — dHOdj
AAr\ 7QflB 1^0 T TI 1 70c;n _ 0Q71 1;PdOU — dOjlD 460 /1777 7A T T1

1

1 7QA OAAWX

JO\J
7QQC; 7t; T T

i. 1 1 7QA _ OUA^

A

2 0 HjjH, 70 T T1

1

1 A1 AB 7701 nmmo — J 1 dLv
18 4015. 39 I 1053-25950 4 4340. 73 I 8446-31477
9 4023. 59 II 14376-39222 4354. 40 II 7395-30353

CD /inoc; na'\\JdD, OO T T
I X do yd — d 1 HdH 6 HjOH, oU T

1 Q1 BA 70 1 A17io't — jdx^l
ODD /in7i ^.Q T T

1 JL
0(;Q0 _ 077SQdOvd d 1 JOO 11 A7Ail A7 T T11 c;oc;n oai c;t;Odov — doiOo

/in7A c;q T T 77Qi; _ 701 A1
/ J^O Jdloi. J. X hi /1771 Q7 T „0

14 4037. 21 I 0-24763 J. X blUS. 4375. 84 LaO
300 4042. 91 II 7473-32201 4378. 10 II 14375-37210
3d. AC\^c\ no^UDU. UO T T1

1

LO 1 1 H — HUHOo 6 bl A77Q 70Hj / 7. Id ijao
'tUoU. J J T

1 Al 00 — OaiA'iHi-dd — do 1 HJ 28 A7a7 AA T T1

1

1 A1 AB 7AQ(;c;miHO — jOyOO

io T1 jHyO — <:oU07 10X \i
A7at; on T T

1

1

1 A77l^ 771 77Lhj 1 0 — J 1 i. 1

J

6 4065. 58 I 1053-25643 A 4389. 87 I 9719-32493
85 4067. 39 II 1394-25973 5 4402. 65 I 9044-31752
ii 4U / O. / i

T T
1 1 n — ozi(;o7U — dHOdj 5 AA1 1 01HHii, dl T T

1

1

OBl^Ac: CI OOQ/103D3 — OLddy
An77 71; T T

1 1 1 SlQ^ — 0A41 A 22 bl AA^ a OA T oO

M-U / 7, io T
1 V — dHOUO 8 AA1 Q 1 A T T1

1

1 ac;qq _7Q000lOOyy jyddd
550 4086. 72 II 0-24463 16X \J bl 4423. 17 LaO
18 4089. 61 I 3010-27455 16 4423. 90 I 9920-32518

AViQQ C,A T T1

1

26 /

.

00 T T
1 1 1 A77t; 7AQc;i^IHJ 10 — ^07DD

1 i AT OA C74i U4. 0 /
T
1 Of^f^R — 07n07^ODO — d 1 Vdj 10 bl AAOR 1

n

HHdo, ±U

c HiU7. oU T1 1 nt;7 — 0 i;77RlUD^ — dOj 1

0

200 AAOQ Qn T T
1 1 1 BQt; 0 AAA7i07D — dHHOj

5 4117. 68 I 16X \J bl 4432. 98 LaO
440 4123. 23 II 2592-26838 5 4435. 85 II 0-22537
ii /n 77 r\A T

1 L\jOj — dOdXO 10 bl AA7a niHHjO, Ul
/n Ai 7ii4i4i. /

4

T T
1 1

70c;n — 077paJdOU — d 1 JOO 5 bl AAA7 nn T „ r\
Lt3,\J

TiniiU /IT Q7 T T1 1 1 fiQi; _oc;q77i07D — d07 1 J 10X \s
AAC;0 1 1^HHOd, 10 1 QQA1 70A1 177Di jdHLl

22 4152.78 II 14148-38221 10X w 4455. 80 II 5718-28155
4 4157. 52 I 0-24046 4 4468. 97 I 3010-25380

iU 4iDU. do T
1 1 (11^7 0t^nQ7LVOj dOUOj 4 AAaA nA T1 7AQn 0Q77A

/ Hy\J — dy lib
c
D Zll 70 704i / ^. jd T

1
7ZlQt; _ 07At;c;JH7O d 1 ^00 4 AAQ7 1

1

HHyj, ii T1 1 nc;7 07707

-T
1

A 1 77 /I QHi. II, HO T
1

1 n 1^7 OAQHA 4 AAQA 71HHyH, 1 i T1 0 AAB _ 0AQ1 iT^DDO — dHylU
28 4187.32 I 0-23875 g 4500. 22 I 7680-29895
28 4192. 36 II 14375-38221 85 4522. 37 II 10095-32201

iDU 4i7b. 00 T T
1 1 0 t;QO 0 AZll AdOyd — donm n AKOC, 71HOdO, jL T T1

1

1 CAQQ 777Q1iDD77 —31 /7i

dH /1 0 n /I n /I T T11 5 / io — dyHyo 42 A^Ol^ 1 0'\OdO, Ld T T
1

1

U001 0B71Odd 1 — dOji. 0

/I oi 7 t;/^H^i /. 00 T T
1 1 i!5D77 — jyHyjj Ac;A1 7QhOhl, ly T

1 7AQn OQt;no
/ 4711 — dyOKid

20 4230. 95 II 15774-39403 8 4549. 50 I 3010-24984
160 4238. 38 II 3250-26838 40 4558. 46 II 2592-24523
i4 /10/lQ QQ4^47. 77 T T

1 1
1 C^QQ 7Q000i!5b77 — ^7^^<1 11 Ac;n;Q OQHDD7. dy T T

1 1 UOO~l OBIOdd 1 — doLOO
/lO^O 7/1HdOd, PH T

1 1 nn;7 OAc;noxVOj dHOUo X 0 Ac;A7 Q1HDD /. 7i T
1

7AQC; 0C7Bn

pd 4^op. D7 T T1 1 ^ cnn A _ 7Q000iD / / 4 — jyddd 20 Ac;7n noHO 1 \J, Vd T1 AT 00 0 c;QQ7Hldd — dOyy

1

48 4269. 50 II 14375-37791 40 4574. 88 II 1394-23247
/c4 Hd Io, 64 T T

1 1
ocQo oc;q77don d — doy 1

J

20 A Kon n

A

HOOU, Do T T11 C71Q 07C;/1AD / io — / OHO
30 4280. 27 I 1053-24410 3.0 4602. 05 I 8052-29776
60 4286. 97 II 15699-39019 14 4605. 78 II 5718-27424
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

36 4613. 39 II 5718-27388 5 4878. 86 I 8052-28543
2. 0 4615.07 I 7231-28893 2. 0 4887. 61 I 8052-28506

36 4619. 88 II 14148-35788 65 4899. 92 II 0-20403
3. 5 4636. 43 II 18895-40458 5 4901. 87 I 1053-21448

10 4645. 28 II 1016-22537 2. 0 4905. 13 I I V .i- f —-^ / ^

4 4646. 34 I 9961-31477 80 4920. 98 II 1016-21332
6 4647. 51 II 15699-37210 80 4921. 79 II 1971-22283
7 4648. 65 I 2668-24174 11 4934. 83 II 10095-30353
3. 0 4650. 33 I 3010-24508 2. 0 4935. 62 II 5718-25973
4 4652. 08 I 3495-24984 2. 0 4945. 85 I 7012-27225

48 4655. 50 II 15699-37173 8 4946. 47 II 1895-22106
3. 0 4660. 70 I 8052-29502 28 4949. 77 I 0-20197

32 4662. 51 II 0-21442 5 4952. 07 II 19215-39403
20 4663. 76 II 15774-37210 26 4970. 39 II 2592-22705
18 4668. 91 II 14375-35788 2. 5 4977. 95 I 0-20083

14 4671. 83 II 15774-37173 28 4986. 83 II 1394-21442
8 4691. 18 II 1394-22705 11 4991. 28 II 7395-27424

20 4692. 50 II 14148-35453 5 4993. 88 I 0-20019
8 4699. 63 II 3250-24523 2. 5 4996. 82 II 19215-39222
3. 0 4700. 26 I 55 4999. 47 II 3250-23247

3. 0 4702. 64 I 4122-25380 4 5001. 79 I 8052-28040
12 4703. 28 II 15699-36955 2.5 5002. 13 II 18236-38221
3. 0 4708. 19 I 9184-30417 2. 5 h 5019. 51 I

6 4712. 93 II 3250-24463 11 5046. 88 I 3495-23303
15 4716. 44 II 6227-27424 2. 0 5048. 04 II 19215-39019

3. 0 4717. 59 II 16599-37791 16 5050. 57 I 3010-22804
12 4719. 94 II 15774-36955 13 5056. 46 I 2668-22439
3. 0 4724. 43 II 6227-27388 3. 5 5062. 92 II 6227-25973

20 4728. 42 II 1394-22537 3. 5 5067. 90 I 3495-23221
44 4740. 28 II 1016-22106 1. 8 5078. 92 I

34 4743. 09 II 14375-35453 2. 5 5079. 38 I

28 4748. 73 II 7473-28526 2.5 h 5080. 21 II 15774-35453
4 4750. 41 I 9920-30965 1. 8 5103. 13 I

14 4766. 89 I 0-20972 15 5106. 23 I 2668-22247
3 0 4770. 43 I 7012-27969 36 5114. 56 II 1895-21442

2 5 4796. 69 II 7473-28315 3. 5 5120. 88 I 8446-27969
2.5 4800. 00 I 9961-30788 36 5122. 99 II 2592-22106
2. 0 4800. 25 I 7680-28506 1. 6 5135. 44 I

14 4804. 04 II 1895-22705 1. 8 5139. 16 I

14 4809. 01 II 1895-22684 34 5145. 42 I 3010-22439

2. 5 h 4817. 17 I 9184-29937 14 5156. 74 II 1016-20403
18* 4824. 06 II 5250-25973 14 5157. 43 II 17826-37210
2. 0 4826. 88 II 1394-22106 22 5158. 69 I 0-19379

4839. 52 I 7012-27669 9 5163. 62 II 1971-21332
4 4840 01 II 2592-23247 6 5167. 79 I 4122-23467

4 4850 58 II 6227-26838 2. 0 5172. 91 II 18895-38221
6 4850. 82 I 1053-21663 6 5173. 84 II 32201-51524
2 0 4854 95 I 9184-29776 44 5177. 31 I 3495-22804

28 4860. 91 II 1.8 5179. 12 I 8446-27749
2.5 4870. 56 I 8446-28972 65 5183. 42 II 3250-22537
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
m K

7 5183 92 I 1053-20338 1. 4 5529 87 J 99^1 —28040
20 5188. 22 II 19750-39019 1. 0 5532. 06 I

13 5204. 15 II 18580-37791 7 5535. 67 II 10095-28155
5211 86 TX 4122 — 23303 5 5541 26 9184 — 27225

2 5 5226. 21 ITX X 17826-36955 1. 8 5544. 91 9719-27749

40 5234 27 IX 4122-23221 4 5565. 44 7680-25643
2.5 5239. 55 I 8052-27133 3. 0 5565.* 72 I 3010-20972
2. 0 5240. 83 I 1. 8 5566. 94 II 19215-37173

26 5253 46 I 1053-20083 6 5568 46 3495 — 21448
2 5 5257. 85 I 1. 2 5570 38 0 — 17947

8 5259 39 II 1394-20403 6 5588. 34 I 3495-21384
28 5271. 19 I 1053-20019 6 bl 560o! 02 LaO
4 5276. 42 I 8446-27393 8 bl 5602. 50 LaO
2 0 5279 13 11X X 18236-37173 2. 5 bl 5626 03 LaO

11JL X 5290. 84 ITX X 0-18895 3. 5 bl 5628 60 LaO

28 5301 98 IIX X 3250-22106 12 5631. 22 3010-20763
11X J- 5302 62 IIX X 1^599 -35453 5 5632* 03 7012-24763
14 5303 55 IIX X 3. 0 5639. 31 T 7490-25218
3 5 5304 02 IX 7490-26339 18 5648! 25 J 9920-27620
1 8 5307 53 I 2. 5 b 5654! 82 LaOXJd >—

'

7231-24910
1 2 5320 16 IX 3495 — 22286
2.5 5323. 57 I 8446-27225 1. 2 5656. 54 I 9719-27393
8 5340. 67 II 18236-36955 10 5657. 72 2668-20338
« 5357 86 IX 7680-26339 4 5671. 55 II 17826-35453
JL, U 53ft5 89 TX 7012-25643 7 5696! 19 1053-18604

1 n 09 IIX X 18580 - 37173 1. 0 5699 39 T 4122-21663
1.6 5380. 01 I 9961-28543 3. 5 5703. 33 II 511^-232^1

11 5380. 99 II 7395-25973 0. 8 5710. 85 9719-27225
A 5381 92 IIX X 17212-35788 5 5712. 40 IIX X 1394-18895
1 ft hi 5405 66 LaOXJA 3. 0 5714! 02 7012-24508

1 8 hi 5407 69 LaO 1. 0 5714 55 J 9961-27455
2.0 5415. 68 7490-25950 3. 5 5720. 02 I 3495-20972
3.0 5429. 86 7231-25643 2. 0 5727. 29 II 5250-22705
1 6X « u 5437 54 J 7231-25617 3.0 5734 95 9961 — 27393

38 5455 15 J 1053-19379 14 5740 66 J 2668-20083

2 5 5458 69 18895-37210 1. 4 5742 94 J 7231—24639
3.5 5464. 38 II 12 5744.41 I 7680-25083
1.0 5466. 92

J

8052-26339 12 5761. 84 2668-20019
3 n 5475 17 12 5769 07 IIX X 10095 — 27424
2 0 5480 73 17212-35453 28 5769 34 3010-20338

5 5482 27 0-18236 6 5769. 99 T 8052-25378
2.0 5491. 07 I 7012-25218 24 5789! 24 I 3495-20763
3.0 5493. 45 1016-19215 34 5791. 34 4122-21384

3ft 5501 34 0-18172 17 5797. 58 II 1971-19215
"1502 25 9920-28089 12 5805 78 IIX X 1016-18236

1 4 5502 ft7 3495-21663 0. 8 5808 06
7 5503. 81 4122-22286 4 5808. 32 II 0-17212
4 5506 00 \ 0-18157 11 5821. 99 9961-27132
3.0 5515. 28 7490-25617 4 5823. 83 8052-25218
5 5517. 34 9920-28040 1.8 5827. 56 9184-26339
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte:

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 5829. 72 J 7490-24639 1. 2 6107. 27 J 3010-19379
1. 2 5839. 79 I 1053-18172 6 6108. 48 I 7680-24046
1.8 5845. 03

\

1053-18157 3. 5 6111. 72 8052-24410
5 5848. 38 13260-30354 6 6126. 09 II 10095-26414
1. 0 5848. 95 II 21442-38534 2. 0 6127. 05 8446-24763

2.

5

h 5852. 27 I 7680-24763 6 6129. 56 II 6227-22537
6 5855. 58 I 3010-20083 4 6134. 39 7231-23528
6 5863. 71 II 7473-24523 1. 8 h 6142. 98
1.2 bl 5866. 42 LaO 1. 0 6145. 30 \ 15020-31288
1. 2 bl 5869. 50 LaO 1. 4 6146. 53 II 1971-18236

1.2 5869. 95 I 8052-25083 6 6165. 70 J 7490-23705
1.6 5874. 00 II 6227-23247 2. 5 6172. 73 II 1016-17212
3. 5 5874. 73 I 7490-24508 2. 0 6188. 09 II 23247-39403
1.6 5877. 63 I 3010-20019 1. 2 6203. 51 II 22106-38221
1. 2 5877. 99 I 1. 0 6218. 20 9920-25997

5 5880. 64 II 1895-18895 2. 5 6233. 51 J 7490-23528
1. 2 bh 5893. 57 LaO 2.5 h 6234. 86 I 9184-25218
5 5894. 85 I 7680-24639 1. 4 h 6236. 17
1.2 bh 5896. 67 LaO 1. 0 h 6236. 74 \ 7231-23261
0. 8 5900. 75 I 7231-24174 1. 4 h 6238. 59 J 7680-23705

1. 2 5901. 96 II 22283-39222 55 6249. 93 J 4122-20117
1. 2 5904. 30 I 8052-24984 20 d 6262. 30 II 3250-19215
3. 5 5917. 63 I 1053-17947 7 6266. 02 9920-25875
1.2 bh 5920. 84 LaO 1. 0 6273. 76 jj 24523-40458
1. 2 bh 5923. 97 LaO 1. 4 6287. 74 J 9184-25083

1.2 5927. 71 II 22537-39403 1. 2 6288. 56 J 9719-25617
1.6 5928. 49 7012-23875 5 6293. 57 I 3495-19379

24 5930. 62 1053-17910 14 6296. 09 10095-25973
5930. 68 \ 0-16857 1. 6 6305. 46 1971-17826

5 5935. 24 J 3495-20338 1. 2 6310. 14 J

4 5936. 22 II 1394-18236 2. 5 6310. 92 J J 21332-37173
1. 0 5940. 83 7680-24508 1.2 6318. 26 I 8052-23875
1. 4 h 5948. 30 II 20403-37210 12 6320. 39

^\
1394-17212

2. 0 5960. 59 8446-25218 8 6325. 91 1053-16857
1. 2 5962. 60 J 9184-25950 2. 5 6358. 13 J J 5718-21442

1.2 5965. 30 J 2, 5 6360. 22 J 9044-24763
1. 0 5971. 09 II 10095-26838 13 6390. 48 II 2592-18236
3. 5 5973. 53 II 22283-39019 34 6394. 23

j{

3495-19129
1.4 h 5975. 75 7680-24410 4 6399. 05 21332-36955
2. 0 5982. 35 J 2668-19379 16 6410. 99 J 3010-18604

1. 2 5992. 36 7490-24174 2. 5 6446. 61 J J 22283-37791
5 6007. 36 I 4122-20763 1.6 6448. 11 I 2668-18172
1. 2 6017. 16 13260-29875 1. 0 6450. 34

\

9719-25218
4 6038 59 \ 7490-24046 7 c 6454. 52 2668-18157
1. u 6041. 55 T 19 6455. 99 J 1053-16538

1.0 6067 14 II 6227-22705 1. 0 h 6468. 44 J 9184-24639
3.5 6068. 68 7231-23705 1. 8 h 6485. 55 8052-23467
1.0 bU

/

d, Ud J, u OH y O. X / T T

1.2 h 6084. 89 16857-33287 0. 8 6506. 23 14096-29461
3. 0 6100. 38 II 5718-22106 1.6 h 6520. 74
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Qo T T
1

1

1 QQt; _ ^ 791 9X07D — X / <lX^ X. c h ic\^A pn
/ UDh. oU T nC\

u* o hXI 6529. 73 II 7395-22705 X ^ 7066. 23 II 0-14148
6543. 16 I 2668-17947 Au 7068. 37 I 1053-15197

2. 0 ac;ar aaODOD. T
1 1 nt^"^ 1 A9Qn 2. 0 bl 7n7n 7Q

/ U /U. / 7 T oO
0. 6 0_) /U. 70 T T

I 1 LOOn 91 /IZ19 1. 2 7n7A 7Pl\j 1 0, p(5 TI

1 L DD /O. 3i T
1 n 1 c:i Q7 hi 7npc; /in

u« o 6582. 19 I 16099-31288 hi 7101. 02 LaO
6593. 46 I 3010-18172 X, u XX 7116. 8 II 7395-21442

2. 5 oouu, i /
T
1

201 n 1 Cl c:7^uXU — ioX5

/

1. 8 bl 71 71 C,Q
1 LjL, do i-iau

3. 5 DbUO. T
I QQAl 9CLnQn77bX — i:r)U7U 1.0 71 AQ 77

/ LHy, 1 1
T
1 7APn 91 AA7

/ bOU — bbj

4 AA1 A c;qDoXtD. 37 T
1 ^^73 — XObU't 4 IX

71 c;p np T
I 1 nc;7 1 [;n9n

n R 6631. 21 I 5 7161. 25 I 7012-20972
n R 6636. 53 II 7473-22537 1 0 7162. 60 LaO
2. 0 AAA9 7Q004^. 17 T T

I X 2. 0 791 Q Ql
1 C.L7, 7X T 7ni n 1 APt;7JUXU — XbOD

/

2. 5 DD4t. HX T 1 n _ 1 AHQQXUD^ — XbU77 1. 0 b 10^1 1 A
1 dO 1 , LO T „Oj-iau

1 4 DotD, XD T
1 1 A9A'? _ 71 9Rfi 2 5 797(1 nq

1 c. 1 \J, U7 TX 7ni 9 — 9n7A7
A 6650. 81 I 0-15032 1 0 7270. 30 I 1053-14804
7 6661. 40 I 4122-19129 10 \^ w 7282. 34 II 1971-15699
3. 0 c AA71 zinDb /X. HU T T

1 I 1. 0 779n Ql
1 JC.\J, 7X TX 1 ric7 1 Air\QL\JD0 — XH /U7

3. 5 AAQ9 Q7 T
X ^UXU — LI 7H

1

10 cw 7 77Z1 1 R
/ ^J>H. XO T

1 n — 1 7 A71U LOOP L

0 7 AAQQODV7, T
JL 6 77/lc; 7/1 Rrm9 — 91 AA7

0 8 6699. 85 I 5 bl 7379. 71 LaO
6709. 50 I 3010-17910 8 bl 7380. 08 LaO

1. 6 A71 A noD / Xt. U7 T T 999fl7 _ 771 77 3. 5 77P9 77 T Q71 Q _ 9 79 Al7 / X 7 — L.JC.OL

0. 6 A71 R ARO / XO. DO T T
1

1

0 A^'>% — %QAC\'K 10 bl 7407 ^0 T

Ul'XO 7£3 T T
1 I 991 DA 7AQc;c; hi 1 ACi'i, 7c; T nO

6748. 13 I 8446-23261 h 7411. 34 LaO
5 6753. 04 I 0-14804 A hi 7434. 28 LaO

10 A77Z1 OAb / / H. ilb
T T 1 ni A 1 c;77AlUXb — ID 1 1

H

10 bl 7/17/1 7A T „ r\

0. 6 A7QA 7"^b /7b. /

^

T 3.0 b ~1AAO Q9
/ 't't^, 7£. T

11
AQDP £3AbOUo. Ob T T1

1

1 m A 1 [;AQaiUXb — X3b77 h11 7/1A7 np
/ b^. Ub J Pn 1^9 91 /1/lP

1. t 6813. 66 II 22537-37210 hi 7465. 25 LaO
6823. 78 I 7012-21663 Q7 hi 7465. 48 LaO

3.0 T T
1 1 1 Q71 1 AC^QQX7 / X — X bD 77 7 CW 7/1P7 c;n T T

1 X 1 m A 1 /177l^xuxb — mo 1

J

2.0 OOJ 1 , 7U T T
1 1

9I;Q9 1 791 9COT c. — 11 cLc 4 bl 7/iQA c;n
/ ^7b. DU T _/->

ijau

n 7u, / 11
A Q Q n 1bob7. \jj

T T
11 79 c;n 1 7539 A Q

/ hiux 7/lQA 7P/H7b. /O
1 R-L. O 6917. 24 I 3495-17947 c; 7498. 83 I 8052-21384
1 n-L. U 6918. 30 I 1053-15504 hyj 7506. 79 LaO
6

T
I 7ni 9 91 AAQ 1. 8 bl 7c:9P 91

/ 0C.O, dL T „ r\ijau
4 b7^_i. ux T

i.
7ZIQC; _1 7Q1 n 5 bl 7c;9R 7Q

/ JC.O. 07 ijau

n 7 h 07D/L, Dl T T
J. 1 1 7QA — 1 ^11

A

3 0 7C77 CQ
/ Oj J, D7 T

X 701 n — 1 A9Rn
1 8 hXI 6954. 52 II 0-14375 8 7539. 23 I 0-13260

6958. 10 II 10095-24463 3 5 bl 7560. 09 LaO
1. 0 AQ7A PAb7 / b. OD T1 3. 5 bl / 07 c., CO T oOijdU
X. ^ hu AQQA QQb77b. £37

T
j_ia<j 1 8 h 7A1 9 Q/1

/ OLd, 7H T T
X X 1 m A _ 1 Al ZIPxuxb — xtXHO

1.2 b 7m 1 99 1. 8 b lUOA QQ
/ 0/1 H, 77 T „ r\ijau

7 7023. 67 I 8052-22286 2.0 7664. 34 I 3495-16538
2.5 7079 n c. Qn/l/l 979A1 1.4 h 7PA1 on

/ O^X. bU J 7/lQ c 1 ^,9 /I 7J^7D — LOC^J
2. 5 b 7040. 84 LaO 2.0 b 7876. 87 LaO

10 7045. 96 I 2668-16857 7 bl 7877. 22 LaO
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Lanthanum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trizm

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 bl 7910. 19 LaO 0. 8 b 8453. 55 LaO
14 bl 7910. 54 LaO 0. 8 h 8467. 62 I 20117-31924
5 b 7944. 61 LaO 2. 5 8476. 48 I 3010-14804

10 bl 7944. 95 LaO 1.2 h 8507. 37 I 8446-20197
i\4 7964. 83 I 2668-15220 1. £. n 8513. 57 I 9920-21663

3. 5 b 7979. 34 LaO 0. 8 h 8514. 65 II 7473-19215
7 bl 7979. 70 LaO 1.6 b 8526. 59 LaO
3. 5 h 8001. 89 I 3010-15504 1. 6 c 8543. 46 I 9961-21663
2. 0 b 8014. 43 LaO 6 8545. 44 I 3010-14709
/
D 01 8014. 79 LaO 1.4 b 8563. 54 LaO

3. 0 b 8019. 48 LaO 0.9 h 8590. 94 I 8446-20083
3.5 he 8051. 39 I 4122-16538 0.9 b 8600. 81 LaO
7 8086. 05 I 2668-15031 0. 7 h 8624. 22 I 7012-18604
1. 4 b 8122. 20 LaO 1.4 8638. 47 I 8446-20019
1. 4 D 8159. 02 LaO 1. 8 hw 8672, 11 I 9920-21448

0.7 h 8203. 38 I 3010-15197 4 8674. 43 I 3495-15020
5 8247. 44 I 4122-16243 1.2 h 8720. 41 I 9920-21384
1. 2 h 8316. 04 I 3010-15031 3.5 8748. 38 I 2668-14096
8 8324. 69 I 3495-15504 1.8 8818. 93 I

9 8346. 53 I 4122-16099 3.5 8825. 82 I 8052-19379

0. 8 h 8379. 80 I 19129-31060 2. 0 8839. 63 I 3495-14804
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LEAD

Pb
Pb, Z=82, M=207.21, Ratio 7:^= 3.261

Cu

Pb I Normal state of valence electrons Gs^Gp^ To =0. I.P.= 59821 K
Pb II Normal state of valence electrons Qs^Qp^ ^l'ly=0. LP.= 121243 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

W. F. Meggers, unpublished material (1955).

Classification

:

Pb I, W. F. Meggers, unpublished material (1955).
Pbii, L. T. Earls and R. A. Sawyer, Phys. Rev. 47, 115 (1935).

Intensities

:

H. Engler, Z. Physik 144, 343 (1956).

Relative intensity of lead lines observed in an arc of copper containing 0.1 atomic
percent of lead

Strong lines of lead

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

3400 4057. 83 I 10650-35287 6s26p2 spj—6s26pi7si

1400 3683. 48 I 7819-34960 6s26p2 spj—6s26p'7si 3P5
1000 2801. 99 I 10650-46329 6s26p2 3P2—6s26pi6di
950 2833. 06 I 0-35287 6s26p2 sPo—6s26pi7si 3pj

Lead — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 2022. 02 0-49440 300 2663. 16 10650-48189
8 2053. 27 0-48687 1000 2801. 99 10650-46329

22 2169. 99 0-46069 410 2823. 20 10650-46061
9 2203. 53 II 14081-59448 950 2833. 06 0-35287
2.0 2246. 88 7819-52312 280 2873. 32 10650-45443

2. 0 2332. 44 10650-53511 3.0 3220. 57 21458-52500
1.8 2388. 80 10650-52500 110 3572. 74 21458-49440

90 2393. 79 10650-52412 550 3639. 58 7819-35287
1.8 2399. 60 10650-52312 34 3671. 51 21458-48687

36 2401. 95 7819-49440 1400 3683. 48 7819-3^960

8 2411. 73 10650-52102 280 3739. 95 21458-48189
1. 6 h 2428. 63 21458-62621 40 4019. 64 21458-46329

36 2443. 84 7819-48726 3400 4057. 83 10650-35287
65 2446. 19 7819-48687 55 4062. 14 21458-46069

130 2476.38 7819-48189 13 4168. 03 21458-45443

110 2577. 27 10650-49440 9 5005. 44 29467-49440
50 2613. 65 7819-46069 3.5 5201. 47 29467-48687

700 2614. 18 7819-46061 0. 8 hi 6001. 93 35287-51944
24 2628. 28 10650-48687 14 7229. 00 21458-35287
1.6 2657. 09 7819-45443
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LITHIUM

Li, Z=3, M=6.940, Ratio ^=0.1092

Li I Normal state of valence electrons ls^2si ^Soh=0. I.P.= 43487 K
Lin Normal state of valence electrons Is^ ^So =0. I.P.= 610079 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

R. W. France, Proc. Roy. Soc. (London) [A] 129, 340 (1930).

Classification

:

Li I, A. Fowler,, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Intensities

:

A. FUippov, Z. Physik 69, 526 (1931).

G. Stephenson, Nature 167, 156 (1951).

Relative intensity of litliium lines observed in an arc of copper containing 0.1 atomic
percent of lithium

Strong line of lithium

Intensity Wavelength Spectrum Energy levels Term combination
A k

3600 6707. 84 I 0-14904 ls22s» 2SoH—ls22p' 'PSh.im

Lithium — All Observed Lines

Intensity Wave- Energy
and length ~ Levels

„, . °. trum „
Character in A m K

Intensity Wave- Energy
and length ^ Levels

_v J. A trum „Character m A in K

5 2741. 20 I 0-36470
17 3232. 61 I 0-30925
13 hi 4602. 86 I 14904-36623
8 h 4971. 99 I 14904-35012

320 6103. 64 I 14904-31283
3600 6707. 84 I 0-14904

48 8126. 52 I 14904-27206
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LUTETIUM

Lu, Z=71, M= 174.99, Ratio ^=2.754

Lu I Normal state of valence electrons 5d^6s^ ^Diy^=0. I.P.= 49600 K
Lull Normal state of valence electrons 6s^ % =0. I.P.= 118000 K
Lu III Normal state of valence electrons ^Si =0.

References

Wavelengths, Spectrum Assignments and Molecular Spectra (LuO)

:

W. F. Meggers and B. F. Scribner, J. Research NBS 19, 31 (1937).

Classification

:

Lu I, P. F. A. Klinkenberg, Physica 31, 53 (1954).

Lu II, L. F. H. Bovey and R. W. B. Pearse, Atomic Energy Research Establishment C/R
1976 (Harwell, 1956).

Lu III, W. F. Meggers and B. F. Scribner, J. Research NBS 5, 73 (1930).

Relative intensity of lutetium lines observed in an arc of copper containing 0.1 atomic
percent of lutetium

Strong lines of lutetium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1200
600
500
480c
440

2615. 42
2911. 39
3077. 60
3507. 39
3281. 74

II

II

II

II

I

0-38223
14199-48537
12435-44919

0-28503
1994-32457

6s2 a iSo —6s6p z iP;

5d6s a —6s6p z ^Fl
5d6s a —6s6p z 3F§

6s2 a iSo —6s6p 2 ^P;
5rf6s2 2D2H—32457?K,2H

440
420
360
360
340h

3359. 56
2894. 84
3312. 11
3376. 50
3081. 47

I

II

I

I

I

1994-31751
14199-48733

0-30184
0-29608

1994-34436

5d6s2 2D2H—5rf6s6p ^F§h
5d6s a 'D3 —6s6p z 'D3
5d6s2 2DiH—5d6s6p ^'^m
5d6s2 2D,H—5d6s6p
5d6s2 2D2M—6s27p 'PiH

340 4518. 57 I 0-22125 5d6s2 2D,K—5d6s6p ^j).^
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Lutetium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
tru.m

Energy
Levels
in K

7 h 2195. 54 II 0-45532 120 2989. 27 I 0-33443
4 2236. 17 III 0-44705 200 3020. 54 II 12435-45532
1. 0 2276. y4 A~7A//i "7in/n27264 — 71169 8

O A *n "7 A
3027. 29 II 12435-45458

2. 5 2297. 41 \\ 28503-72017 140 3056. 72 II 14199-46904
2392. 19 II 17332-59122 9 3057. 90 III 6304-38997

5 2399. 14 II 32453-74122 500 3077. 60 II 12435-44919
4 2419. 21 n 38223-79547 26 3080. 11 0-32457
3. 5 2430. 26

l\

'2A/IC'3 ~70C0032453 — 7358o O /I A340 n O r\ A T A ~7

3081. 47 1994-34436
10 2459. 64 12435-53079 200 3118. 43 {

/LO 2469. 27 II 28503-68989 140 3171.36 I 0-31523

16 h 2481. 72 II 32453-72736 6 3183. 73 II 17332-48733
28 2536. 95 n 11796-51202 15 3191. 80 II 32453-63774
3.0 O C /I / O "7

2546. 87 32453 — /1705 O A80 O T A A n A3198. 12 T T
II 14199 — 45458

3. 0 d 2549. 52 280 3254. 31 II 14199-44919
0 c; 2561. 80 II 12435-51458 220 3278. 97 0-30489

70 2571. 23 II 14199-53079 440 3281. 74 I 1994-32457
130 2578. 79 n 12435-51202 360 3312. 11 I 0-30184

6 h 2582. 13
OA/lCO ~7TT/A32453 — 71169 /I /I A440 O O (~ A C /3359. 56 1994-31751

38 c 2603. 33 III 6304-44705 360 3376. 50 I 0-29608
ion 2613. 40 II 11796-50049 55 3385. 50 I 1994-31523

1200 2615. 42 II 0-38223 9 h 3391. 55 I

120 2619. 26 II 11796-49963 80 3396. 82

6
n / 1 7 An2657. 05 A /I A240 O O A ~7 A *7

3397. 07 T T
II 11796 — 41225

180 2657. 80 II 12435-50049 280 3472. 48 II 12435-41225
/
D

un 2677. 25 I 480 c 3507. 39 II 0-28503

38 h 2685. 08 I 4136-41368 95 3508. 42 I 1994-30489
6 h 2685. 54 280 3554. 43 II 17332-45458

280 2701. 71
T T
11 14199 —51202 O O A280 3567. 84 n A O A A A

0 — 28020
6 h 2715. 91 20 3596. 34 { 7476-35275

12 a 2719. 09 I 65 3623. 99 II 17332-44919

32 h 2728. 95 I 0-36633 55 3636. 25 I 0-27493
5 c 2738. 17 II 27264-63774 210 3647. 77 I 4136-31542

240 2754. 17 II 12435 — 48733 5
O / A /I OA3684. 32

50 h 2765. 74 4136-40282 5 3710. 95 \

26 2772. 58 III 8648-44705 9 3756. 70 I 4136-30748

180 2796. 63 II 17332-53079 9 3756. 79 I 4136-30747
2.5 2821. 23 III 2.5 h 3786. 18 I

18 c 2834. 35
T T
II

AATAO /0~7"7fl28503 - 63774 T A12 O A A A / "7

380U. 67
{22 h 2845. 13 1994-37131 6 h 3829. 07

^UU 2847. 51 II 11796-46904 220 3841. 18 I 1994-28020

38 h 2885. 14 I 8 3843. 61 I

420 2894. 84 II 14199-48733 10 3853. 29 I

300
A O A OA
2900. 30 II 12435 — 46904 4

'2 O ~7 /I ZLTJO oi n"} OQQ'JD4iiD — 277^0
20 2903. 05 0-34436 55 3876. 65 II 12435-38223

600 2911. 39 II 14199-48537 3. 0 3911. 77 I

18 h 2949. 73 I 7476-41368 5 3918. 86 I

80 2951. 69 II 17332-51202 3.5 h 3926. 62

4 2955. 78 II 50 3968. 46 0-25192
280 2963. 32 II 11796-45532 5 3991. 38

160 2969. 82 II 11796-45458 70 4054. 45 4136-28793
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Lutetium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Energy
Levels
m K

8 bl 4096 13 T.uOXJ IXV-/ 70 5001 14 41 -^.u _ P41

3 5 h 4107. 44 5 h 5057. 60 I 17427-37194
10 h 4112. 67 0-24308 12 5134. 05 17427-36900
32 4122 49 240 5135 09 J 1 994 — O"! 4^0

320 4124 73 7476 — 31714 11 bl 5170 11X / \J m XX T.uO

16 p 4131 79T^X ^ X » / / J 15X 5196 61 J i 8505 — 37743
48 4154. 08 I 7476-31542 8 5206. 47 I 1994-21195
2 5 4158. 98 3 5 5304. 40 20433-39279

170 4184 25 TiX X 17332 — 41225 7 5349 12 1 8505 — 371 94

16 4277 50 44 5402 57 y n — 1 850^1

26 4281 03 J 12 5421 90 J 1994 — 00433
34 d 4295. 97 I 7476-30748 9 5437. 88 I

4296. 09
\

7476-30747 3 5453. 57 4136-22468
16 4309 57 1994-25192X / / I L_ X / c 180 5476 69 TTX X 1 4199 — 32453
8 4332 72 J 0. 8 5664 89 ITX X 30889 — 48537

3 0 4341 98 ITX X 36098-59122 1 2 5713 49 IIX X 29407 — 46904
7 h 4420. 96 21462-44076 48 5736. 55 0-17427

20 Q 4430. 48 5 5775. 40 20433-37743
3.5 4438 79 7 5800 59

20 4450 81 J 7476-29938 3. 5 h 5860 79 J 22222 — 39279

5 h 4471 55III X « _/ _^ J 0. 8 5866 30 T 7476-24518
h 4498. 85 I 0-22222 60 f*W 5983.

9

II 11796-28503
340 4518.57 0-22125 12 5997. 13 22609-39279

2.5 b 4560 95^ ^ \J\Jm f XJ uv/ 120 6004 52 J 7476 — 24125
2.5 b 4575 31 XJ vlw 3. 0 h 6041 66 J 21195 — 37743

8 c 4605 39 J 18851-40559XUU^X ~XJ— 38 6055 03 J 1994 — 18505
9 h 4645. 47 I 1. 0 6140. 71 I 21462-37743

10X w h 4648. 21 13 6159. 94 II 32504-48733
9 h 4648 85 J 14 6199 66\JX / VJ w IIX X 29407-45532
6 b 4654 03 LuOXJ UV-/ 180 6221. 87 IIX X 12435 — 28503

100 4658 0? J 0 — 21462 3 0 6228 14 TTX X 29407 — 45458
8 h 4659. 03 I 7 6235. 36 II 32504-48537

60 bl 4661. 75 LuO 14 6242. 34 II 30889-46904
30 bl 467? 31 T.iiO 1. 4 h 6248 80 2ll9t; — 37194
40 bl 4684 1

6

XJ UV-/ 6 h 6345 35 J 23524 — 39279

26 bl 4695 46 TiuOXJUV^ 1 6X • u h 6354 85 J 21462-37194
18X \J bl 4708. 00 LuO 0. 8 6365. 79 I 21195-j36900
3 0 4716. 70 I 0-21195 1 4J- • • 6366. 00 il

b 4720 86 T.uO 1 9 6441 14 J 22222 — 37743
h11 4726 20 TJ. 1 0X « VJ f)444 89 I TX X 29407 — 4491 9

10X \J bl 4735 00 T.uO 95 6463 12 TTX X 1 1796 — 27264
7 bl 4749 n T.uOXJ 2 5 6477 67 1994-17427
4 bl 4764 22 XJ \X\J 5 c 6523 18 J

14 4785 42 TT 17332-38223 3.0 cw 6611 28 IIX X 17332—32453
8 481 5 05 TJ. 0 — 20762 6611 58

6611 80

5 c 4839 62 TT 11796-32453 6611 95

1.6 4865. 36 II 38575-59122 6612. 04
40 4904. 88 I 4136-24518
16 4942. 34 I 1994-22222 1.0 6619. 15 II 36098-51202
70 4994.13 II 12435-32453 3.0 c 6677, 14 I 22222-37194
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Lutetium — All Observed Lines

Intensity Wave-
and length

Character in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 2 h 20433 -35275 0 8 7409 70 TT
-J VJ u /

4 6793 77 T 4136 -18851 2 0 744'l 52 24308t- " ^ VJ U — 37743
1 4 6826 59 II 36557 -51202 1 4 7456 96 TT

J. J. 36557 *T y 7 u

8 6917. 31 1. 2 ch 7640. 08 24109 -37194
1.4 6943. 96 II 35652 -50049 1.2 cw 7758. 30 24308 -37194

4 7031. 24 I 23524 -37743 1. 2 h 7815. 9 I 24109 -36900
2. 5 c '2QO"7Q— 17 1. 6 c 0 1 "7 O T ^ol7o, 16
8 7125. 84 II 30889 -44919 3.0 8382. 08 7476 -19403
1. 6 7142. 79 6 8459. 19 II 29407 -41225
1. 2 7143. 10 1. 8 d 8478. 50

1.4 7165. 94 II 36098 -50049 5 c 8508. 08 23524 -35275
2. 5 ch 7237. 98 21462 -35275 6 c 8610. 98 22222 -33832
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MAGNESIUM

Mg, Z=12, M= 24.32, Ratio -^=0.383

Mgi Normal state of valence electrons 2p^3s^^So =0. I.P.= 61669 K
Mgii Normal state of valence electrons 2p^3s^ ^So'a=0. I.P.= 121267 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Mg I, F. Paschen, Sitzber. Preuss. Akad. Wiss., Physik. math. Kl. 33, 709 (1931).

Mg II, A. Fowler, Report on Series in Line Spectra p. 118 (Fleetway Press, London, 1922).

Intensities

:

J. A. H. Kersten and L. S. Ornstein, Physica 8, 1124 (1941).

Relative intensity of magnesium lines observed in an arc of copper containing 0.1

atomic percent of magnesium

Strong lines of magnesium

Intensity Wavelength
A

Spectrum Energy
levels K

Term combination

6000
1000
600

2852. 13
2795. 53
2802. 70

I

II

II

0-35051
0-35761
0-35669

3s2iSo —3si32jiiPf
3si 2SoH— 3pi 2PfH
3si 2SoM— 3pi 2po^

Magnesium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

38 2776. 69 I 21870-57874 2. 0 h 2942. 11 21911-55892
32 2778. 29 I 21850-57833 14 hi 3096. 90 21911-54192
90 2779. 83 I 21911-57874 6 3332. 15 21870-51872

I 21870-57833 9 3336. 68 21911-51872
32 2781. 42 I 21870-57813 140 3829. 35 21850-47957

36 2782. 97 I 21911-57833 300 3832. 31 21870-47957
13 2790. 79 II 35669-71491 500 3838. 26 21911-47957

1000 2795. 53 II 0-35761 7 4703. 02 35051-56308
16 2798. 06- II 35761-71490 75 5167. 34 21850-41197

600 2802. 70 II 0-35669 220 5172. 70 21870-41197

6000 2852. 13 I 0-35051 400 5183. 62 21911-41197
1.6 2928. 75 II 35669-69805 6 h 5528. 46 35051-53135
3.0 2936. 54 II 35761-69805 14 8806. 79 35051-46403
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MANGANESE

Mn, Z=25, M=54.94, Ratio^= 0.865
Cu

Mm Normal state of valence electrons Sc^Hs^ ^82^=0. I.P.= 59960 K
Mn II Normal state of valence electrons 3(^^4si ^83 =0. I.P.= 126147 K

References

Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Mn 1, O. G. Riquelme, Anales Soc. Esp. Fis. y Quim. 45A, 435 and 547 (1949). M. A. Cat-
alan, W. F. Meggers, O. G. Riquelme, and R. Velasco (monograph in preparation).

Mnii, C. W. Curtis, Phys. Rev. 53, 474 (1938).

C. W. Curtis, J. Opt. Soc. Am. 43, 300 (1952).

Intensities

:

R. Frerichs, Ann. Physik 81, 807 (1926).

R. S. Seward, Phys. Rev. 37, 344 (1931).

L. Huldt and A. Lagerqvist, Arkiv Fysik 5, 91 (1952).

Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroskopiya 3, 193 (1957).

G. D. Bell, M. H. Davis, R. B. King, and P. M. Routly, Astrophys. J. 139, 437 (1959).

Relative intensity of manganese lines observed in an arc of copper containing 0.1 atomic
percent of manganese

Strong lines of manganese

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

2000 4030. 76 0-24802 3ds4s2 a -3d54s'4pi z

1400 4033. 07 0-24788 3ds4s2 a -SdHsHp'^ z

1200 2576. 10 II 0-38807 3d54si a 'S3 --3rfHpi z 'P|

800 2593. 73 II 0-38543 3d=4si a ^83 --3d54pi z

800 2794. 82 0-35770 SdHs^ a -3d54si4pi y

800 4034. 49 0-24779 3d54s2 a -SdHsHp^ z "PfH
650 2798. 27 0-35726 3d54s2 a -3dHs'4pi y
550 2605. 69 II 0-38366 3rf54si a ^83 --3d54pi z

480 2801. 06 0-35690 a -3d=4s'4pi y "Pf^i

420 4041. 36 17052-41790 MHs' a -3d«4p' z

360 3806. 72 17052-43314 3dHs' a -3rf64pi z

340 3569. 49 18705-46713 BdHs^ip 1 2 -Sd^is'W e

240 2949. 20 II 9473-43370 3dHs' a ^82 - z
spo

240 3823. 51 I 17282-43429 3d«4si a -SdHp'- z
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Manganese — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum.

Energy
Levels
in K

Intensity
and

Characteir

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

A 1995. 40 T 0-50099 14X ~ 2688 25 II

9 1998.' 86 I 0-50013 11 2692. 66 25266-62393
12 2003. 82 I 0-49888 3. 5 2693. 19

w
29889-67009

2092 13 T 0-47782 7 2695 36 29919 — 67009
4 2109. 58 3 5 2698. 97 J J 29889-66929

2 0 2208 81 TX 0 — 45259 X X 2701 00 J J 29889 — 66901
4 2213. 85 I 0-45156 20 2701. 70 II 27547-64550
6 2221. 83 I 0-44994 16 2705. 74 27571-64519
nU 2533 06 1 25266 - 64732 10X \J 2707 53 27571 —64494

2543 45 IT 27589-66894 14X ~ 2708 45 J J 27583 - 64494

(J 2556 57 IT 27583-66686 2709. 96 J J 27583-64473
10 2558. 59 II 10 271o! 33 II

15 2563. 65 II 27547-66542 14 2711. 58 27588-64456
2572 76 I 18532-57389 7 2728 61

50 2575 51 I 18402-57218 4 2738 86 T 30354-66855

1 200 2576 10 IIX X 0-38807 6 h 2760. 93
T 17052-53261A. 1 yJ ^ L- -J ^ L~ \J J-

70 2584. 31 I 18705-57389 4 277l!44 I 17052-53124
6 2589. 71 II 32788-71390 4 h 2776. 23 17282-53291

32 2592 94 I 18532-57086 4 2780 00 23297-59257
800 2593 73 IIX X 0-38543 7 2789. 20

T 17282-53124

3? 2595 76 IX 18705-57218 8 2790 36 J 17282 — 53109
12 2598. 90 II 29951-68417 8 2791. 08 I 17052-52870

II 32857-71323 800 2794. 82 0-35770
5 2602 14 IX 650 2798. 27 \ 0-35726

2603 72 IIX X 29889-68284 28 2799! 84
T 17052-52758

550 2605 69 IIX X 0 -38366 480 2801 06 T 0-35690
24 2610. 20 II 215^1 -bbMl 9 2804. 10 I 17452-53103
18 2622. 90 I 25281-63395 8 2806. 14 25266-60891
1 9 2A24 04 TX 25266-63363 7 2808 02 17282-52884

2624 80 IIX X 27571 -65658 14 2809 11 T 17282-52870

2A 2625 58 IIX X 27583-65658 8 2812 84 T 17568 — 53109
12 2626. 64 I 18402-56462 9 2813. 47 I 17568-53101
4 2630. 26 I 25281-63289 8 2815. 02 II 35004-70518
a 2630 57 TX 25285 - 63289 11X X 2817 97 17282 - 52758

2632 35 T TX X
27t;Q8 — 65566 5 2818 77 J 17637-53103

X u 2638 1

7

TTX X 27589-65483 7 2821 45 J 17452 - 52884
10 2639. 84 II 32788-70657 7 2822. 55 I 17452-52870
3.5 2650. 99 II 32788-70497 10 2830. 79 17568-52884
»

C.\j ^ -} % /X TTX X 32857 — 70497 3 5 2836 31 17637-52884
u 2667 on TX 1 8705 — 56190 8 2870 08^ \J 1 \j m yJ yJ IIX X

1 4X *T 2672 59 TTX X 29889-67295 10X w 2879. 49 IIX X 33147 — 67866
7 2673. 37 II 32836-70231 5 2882! 90 17452-52129
7 2674. 43 II 33147-70527 9 2886. 68 II 33278-67910
4 2676 33 TX C ^ -Jj / \J\J / \J ^ 20 2889 58 II 33248-67846

2680 34 TTX X 33248-70546 7 2892 39 IIX X 33248-67812

c; 2681 72 TX 10X yJ 2900 16 IIX X 36274-70745
6 2683. 02 I 5 2907. 22 25266-59653
3 0 2683 75 I 18 h 2914. 60 18402-52702
7 2684. 55 II 33278-70518 24 h 2925. 57 18532-52703
7 2685. 94 II 30523-67744 3. 5 2928. 68 25281-59416
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Manganese — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T^evels

in K

Intensity
3.nd

Vw-* -IICL J. Ct ^_ J.

Wave-

1 Tl AJ.li Jr\.

Spec-
trum

Energy
LjCve i s

140 2933. 06 II 9473-43557 10 3320. 69 I 17282-47388
3. 5 2934. 02 25288 — 59361 11 3330. 67 17452-47467

190 2939. 30
T T
II 9473 — 43485 110 3441. 99 II 14326-43370

32 h 2940. 39 I 18705-52705 55 3460. 33 II 14594-43485
^ r\ A r\ An
2940. 48 18705-52703 55 h 3474. 04 II

^ yi ^ ys ii 'x ^ ^14594-43370
3474. 13 II 14781-43557

' 8 2941. 04 25266-59257
240 2949. 20 II 9473-43370 44 3482. 91 jj 14781-43485

5 3007. 66 25281-58520 28 3488. 68 II 14901-43557
5 3011. 16 I 25286 — 58486 22 3495. 84 II 14960-43557
5 3011. 38 25288-58486 8 3496. 81 II 14781-43370

3014. 67 25266 — 58427 16 3497. 54 II
T yi "1 yi y^ r~14901-43485

o8 3016.45 \ 25286-58427 55 3531. 85 18402-46708
9 3022. 75 25266-58339 3532. 00 I 18402-46707
7 3031. 06 II 34762 — 67744 170 3532. 12 I 18402-46706

12 3040. 60 25281 —58160 200 3547. 80 I 18532-46710

3. 5 3042. 73 25281 —58137 170 3548. 03 18532-46708
11 3043. 36 \ 25288-58137 60 3548. 20 { 18532-46707
42 3044. 57 I 17052-49888 340 3569. 49 I 18705-46713
15 3045. 59 25286 — 58110 110 3569. 80 I 18705-46710
26 3047. 04 25266 — 58075 OTTO /I

3570. 04 I 18705-46708

5 3048. 86 25286-58075 220 3577. 88
T "7 A r" A yiyiAAyi17052-44994

32 3054. 36 J 17282-50012 110 3586. 54 } 17282-45156
18 I 17452-50099 44 3595. 12 I 17452-45259
22 3066. 02 I 17282—49888 65 3607. 54 I

TTAAA /I/lAAyi17282 — 44994
22 3070. 27 17452-50012 65 3608. 49 I 17452-45156

20 3073. 13 17569 — 50099 55 3610. 30
\

17569 — 45259
14 3079. 63 J 17637-50099 44 3619. 28 17637-45259
8 3081. 33 I 17569-50012 34 3623. 79 I 17569-45156
3. 5 3082. 05 I 17452-49888 22 3629. 74 I 17452-44994
6 3097. 06 I 27248-59527 16 3660. 40 I

0 ~7 y A A //I^OA37420-64732

6 3110. 68 27201-59339 11 0 / ~7 A r A3670. 52 17052 — 44289
9 h 3148. 18 J 18403-50158 11 3676. 96 \ 37631-64820

14 h 3161. 04 I 18532-50158 8 3682. 09 I 37737-64888
22 h 3178. 50 I 18705-50158 32 3693. 67 I 34139 — 61205
34 3212. 88 I 17052-48168 20 3696. 57 I 23297-50341

10 3216. 95 0-31076 8 3701. 73
\

T'^AAA yi/lAAA17282-44289
160 3228. 09 17052-48021 24 3706. 08 34251-61226
46 3230. 72 I 17282-48226 15 3718. 93 I 34344-61226

130 3236. 78 I 17282-48168 6
0 ~7 A n on3728. 89 I 23549 — 50359

50 3243. 78 I 17452-48271 15 0 "7*5 T 0*7
3731. 93 I 41404 — 68192

100 3248. 52 17452-48226 30
0 ~7 A A A A3790. 22

{

T~7ncA /ii/iAri17052 — 43429
16 3251. 14 \ 17569-48318 6 3799. 26 17282-43596
48 3252. 95 I 17569-48301 12 3800. 55 I 31001-57306
10 3254. 04 I 17052-47774 6

0 A A 1 AT3801. 91 I ^:b^:DD — Dibbi
A O4o 3256. 14 I 17569-48271 360 0 A A / "7 A3806. 72 I

1 "7nco /I n /I

i /Ub^ — 43314

34 3258. 41 17637-48318 80
0 A A A f~ 0
3809. 59 1 /^o^ — 43524

28 3260. 23 J 17637-48301 6 3810. 69 I 25281-51516
28 3264. 71 T"7000 /I"7Qr»/I

1 1 CQC — H / 7U4 iU ^olD, Id

10 3296. 88 17452-47774 240 3823. 51 17282-43429
10 3298. 22 27201-57512 44 3823.89 17452-43596
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Manganese — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

lb 1 DO Q ^ Djocy. DO 1 ~IKi,Q A "2^,71
i /bbo — 4^b

/

J O /1 1 /I Q on4i4o. oU lAAO'x cocon344^:3 — bob^U
36 3833. 86 I 17568-43644 11 4176. 60 I 34139-58075

100 3834. 36 I 17452-43524 9 4189. 99 I 34251-58110
lb 1 0*2 Q "703o3V. /o 1 Ibj 1 — Hjb 1 !)

cD /] om ~i L.4<:Ui. Ib ^ A 1 A A COII^34344 — bol3b
bU ^o4i. Do i /bbo — 43b7b b /I 0 1 1 7 C4^:ii. /b i/i/ioi coi^n344^3 — boibU

^6
'2 0/11 Q O 17/i'27 /ll^,/!/!Libit — 4^b44 /I 0 "2 C 1/14i:^b. i4 OIC/IQ /171CC:^3b47 — 4 /Ibb

5 3918. 32 I 34139-59653 38 4235. 29 I 23297-46901
9 3926. 47 I 31001-56462 14 4239. 72 I 23720-47299
b

•2 Q C O O /IJ70d. o4 ^^o^b — bVii

/

oo
£.6.

/I O C74/ib /. bb OIOIQ /170QQ/l3oi7 — 4 / li77
A
4 1 Q"7 C OQ^7 / b. 07 34o4b — b777U OO /I o A c oo4^bb. yl 0'270n /I 71 cc13 1 l\i — 4/lbb

b J Q "77 no^7 / /. UO "2/1/1^, "2 c^Q^nn^44b^ — b7bUu on /I o Di in4z:oi. iU 0 1 c /I Q /iz-omi:3b47 — 4b7Ui
10 3982. 58 J 25281-50383 5 4284. 08 I 23819-47155
11 3985. 24 I 25288-50373 5 4312. 55 I 23720-46901
14 1QO Ol oco/i,^ cn'2/11^ib^bb — bU341 "2 C

3. b /I "27 /I Q C43 / 4. 7b 070/10 cnnoQ
/ <i4o — bUU77

11 ioQ~i inJ70 /. 1

U

^b^iob — bUJb7 "2 c;
f>, b /I "201 7n43oi. /U '20^7n ^1/lOC3ob / U — bi4ob

inniiU /Im D in /I4 /l/l 1 1 DQ44ii. oo 2DnnQ ^n^^o3oUU7 — bUbbo
11 4026. 44 I 25266-50095 26 4414. 88 I 23297-45941

2000 4030. 76 0-24802 4 4419. 78 I 38120-60739
i4UU n 0/17DDU — ^4 / oo io A A "XU 1C.443b. 3b OTC/IQ A Ur\QAciOHy — 4bUo4
oUU /I n "2 /I /I Q4U34. 47 n OA 77QU — tlH 117 /i/i c;i CO44bi. b7 0*2007 AC,~tZiAcjly 1 —^D IDH

TinIIU /I n 1 n "7

1

4U^b. ij 17000 /ionc/1i / Zoc — 4^:Ub4 1 o
i<:

/] /I c 1 nn44b3. UU 0'27on /i^i7n
/ Iv — 4bi /U

4 4038. 73 I 30354-55108 10 4455. 01 I 24779-47220
420 4041. 36 17052-41790 12 4455. 32 I 24779-47218
ib a 4U4b. QO /I /I c c 0044bb. oc. 0/177Q /1701i.^4 / ly —H 1 cLb

/I n/i r; o

i

4U4b. '2/I1'2Q I^DQI^'2j4i^7 — boob^ A4 A A C,~7 n/144b / . U4 0/1 7DQ /I 701 QdH loo — 4 / ^io

oU /I n /I Q 7 A4U4c5. lb 1 7/1 CO /I 01 /I /Ii / 4b^ — 4^144 1 L.ib 44b /. bb 0/17QD /I701^z:4/oo — 4/^ib
6 4049. 00 J 35041-59732 20 4458. 26 I 24788-47212
4 4051. 73 I 4 4460. 38 I 24802-47216
b /I n c o /1

7

4Ub^:. 4 /

j

ici 1 c c;q7d/i^bl ib — b7 /o4 1 Tii /I /I /,T no44bi. Uo o/iono /17010^4oUz: —H 1 did
ii /I n c c oi4Ubb. /li

mi ^, c c:QQi Q^bibb — b7oio ID A A ^o noHHbl. Vl o/iono /i7on7^4oU^ —H 1 d\j 1

1 /I ni4U /I n c c d /I4Ubb. b4 170D0 /11Q 1'X
i 1 col — 4i7^^ OOcc A AUA UQ44b4. bo OIC/IQ /lCQ/11^:3b47 — 4b74i

16 4057. 95 I 24779-49415 15 4470. 14 I 23720-46084
80 4058. 93 I 17569-42199 10 4472. 79 I 23819-46170
11 4Ub7. jy 0/1700 /1Q/11C^4 /oo — 474ib •2 n

3. U /I /1 7Q /in44/7. 4U
bb A HLl 7/14UDi. /4 o/iono /iQ/iicCHoUc

—

474ib 1

1

/I /I Q n no447U. Uo 01010 /i^no/i^3oi7 — 4bUo4

bb /I n ^ "2 C24Ud3. bJ iT/ico /lonc/ii /4b^ — 4/iUb4 io /I /I Q 0 on4470. 7U oil 0 r\ /icQ/11
i:3 /^U — 4b741

6 4065. 08 I 34251-58843 18 4502. 22 I 23549-45754
6 4068. 00 I 17569-42144 6 4605. 36 I 38120-59828

/I n 7n o o4U / U. i /b^ / — 4z:i77 b A LO U C /I4bz:b. b4 lonno CQZL1730UU7 — bVbi

/

bb /I n7Q O /I4U /v. ^4 17000 /117Qn
i /^o^ — 4i /VU o cI. b A ^714b / i. b7 0*2007 AAl^QL.my 1 — 44b7b

bb /I n7Q A o4U / v. 4^ 17i.'27 /101/1/1i / b^ / — 4/1 i44 /I4 /1 7 ni 1 A4 / Ui. ib OIC/IQ /I/IQIC^:3b47 — 44oib
80 4082. 94 I 17569-42054 13 4709. 72 I 23297-44524
80 4083. 63 I 17452-41933 14 4727. 48 I 23549-44696
b A noQ Q /I4U07. 74 •2 /I /I O "2 C00^7344/1^ — boob /

1 nlU /I 7 "2 Q 114 / 37. ii 0'270n /1/101Cc3 1 44oib
/I

4 /line 1 ^41Ub. onoU /1 7 c /I n/14 / b4. u4 lo/im iQ/inio4U3 —37431

ib Alia on4iiU. 7U 1AQ1Q C.QOC.I 1 /Ii4 /I 7 ^ 1 C24 /bi. b3 OIOIQ /I/101C^3oi7 — 44oib
11 4131. 12 I 34139-58339 60 4762. 38 I 23297-44289
9 413b. U4 l/lOCI C0/10734251 — bo4/i /

O /I24 4765. 86 23 /2U — 44696
6 4141. 06 34344-58486 40 4766. 43 23549-44524
4 4147. 53 27202-51306 75 4783. 42 18532-39431
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Manganese — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

80 4823. 52 T 18705-39431 0. 7 5573. 68 T 35165-53101
2.0 4844! 32 I 31001-51638 0. 6 5738! 29 I 34139-51561
3. 0 4965. 88 23297-43429 0. 6 5780. 19 34251-51546
1 6 5004 91 23549-43524 0. 6 5816 84 34344-51531
2 5 5074. 79 J 27202-46901 12 6013 50 T 24779-41404

5117 94 J 25281-44815 17 6016 64\J\J A, \J % \J~
T 24788-41404

4 5150. 89 I 25288-44696 24 6021. 80 I 24802-41404
4 5196.59 25286-44524 0. 6 6384. 67 30426-46084
7# 5255 32 25266-44289 1.4 6440. 97 30420-45941

5341 06 J 17052-35770 2. 0 649l! 71
T 30354-45754

5349 88 T 43314-62001 1. 2 h 6942. 52
T 41789-56190

8 5377. 63 I 31001-49591 1. 0 6989! 96 I 42054-56356
8 5394. 67 0-18532 1. 2 7069. 84 37420-51561
4 c^gg 4g 31076-49591 1. 0 7184. 25 37631—51546
Bo 1^407 42 J 17282-35770 0. 8 7247 82 J "ill31 — 5151)1

541 3 69 J 311 25 — 49591 2. 0 h 12^2). 82 J 35690-49415
7 5420. 36 I 17282-35726 3. 0 h 7302! 89 I 35726-49415
3.0 5432. 55 0-18402 4. 0 7326. 51 35770-49415
1 n S457 47 17452-35770 1.0 7680 20 44289-57306
c; 5470 64 J 17452-35726 0. 8 7712. 42 T 44524-57486

5481 40 J 17452-35690 0. 8 h 7764. 72 T 43314-56190
2.5 5505. 87 I 0. 8 h 8670! 92 I 35690-47220
4 5516. 77 17568-35690 1.0 h 8672. 06 35690-47218
J. 5537 76 17^37 — 31; ^,gn1. 1 \J -y 1 ^ ^ \J / \J 0. 8 h 8673. 97 35690-47216
1. 8 5551. 98 44289-62295 1.0 h 870l! 05 35726-47216

0. 7 5567. 76 44523-62479 1.4 h 8703. 76 35726-47212
0. 6 5573. 01 35165-53103 2. 5 h 8740. 93 35770-47207
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MERCURY

Hg, Z=80, M=200.61, Ratio ^=3.157

Hgi Normal state of valence electrons 5rfi°6s^ iSo =0. I.P.= 84184K
Hg II Normal state of valence electrons dd^'^^s^ %h=0. I.P.= 151280K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Hg I, K. Burns, K. B. Adams, and J. Longwell, J. Opt. Soc. Am. 40, 339 (1950).

Intensities

:

R. Ladenburg and G. Wolfsohn, Z. Physik 65, 207 (1930).

J. W. Schouten and J. A. Smit, Physica 10, 661 (1943).

Relative intensity of mercury lines observed in an arc of copper containing 0.1 atomic
percent of mercury

Strong lines of mercury

Intensity Wavelength Spectrum Energy levels Term combination
A k

1500 2536. 52 I 0-39412 5dW6s2 iSo—5dio6si6pi 'Pf
400 4358. 35 I 39412-62350 5rf'<'6s'6p' sPf—5rfi»6si7si 'Si

Mercury — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

1500 2536. 52 0-39412 30 3654. 83 44043-71396
6 2752. 78 37645-73961 8 3662. 88 44043-71336

10 2893. 60 39412-73961 24 3663. 28 44043-71333
120 2967. 28 37645-71336 180 4046. 56 37645-62350
20 3021. 50 44043-77129 12 4077. 81 39412-63928

40 3125. 66 39412-71396 400 4358. 35 39412-62350
32 3131.55 39412-71336 320 5460. 74 44043-62350
32 3131.83 39412-71333 24 hs 5769. 59 54069-71396
6 3341. 48 44043-73961 28 h 5790. 65 54069-71333

280 3650. 15 44043-71431
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MOLYBDENUM

Mo, Z=42, M=95.95, Ratio ^=1.510
Cu

Mo I Normal state of valence electrons 4:d^5s^ ^83 =0. I.P.= 57260 K
Mo II Normal state of valence electrons 4rf5 ®S2^=0. I.P.= 130300 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley
Sons, New York, 1939).

Supplemented by Kiess, cited below.

Classification

:

Mo I, C. C. Kiess, unpublished material.

Mo II, C. C. Kiess, J. Research NBS 60, 375 (1958).

Intensities

:

E. I. Nikonova and V. K. Prokofiev, Optika i Spektroskopiya 1, 290 (1956).

Relative intensity of molybdenum lines observed in an arc of copper containing 0.1

atomic percent of molybdenum

Strong lines of molybdenum

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

3200 3798. 25 I 0-26320 4d55s' 0 7S3 -—4d« 5pi z 'P|

2800 3864. 11 I 0-25872 4d^5s'a % --4^5 5p> 2
7po

1800 3132. 59 I 0-31913 4d55sia 'S3 --4d*5s'5p' V 'P|

1800 3902. 96 I 0-25614 4d55si 0 '83 -—4d5 5pi z 'Pi
1100 01 iV. 60 0-31533 ^U'^OS d 'O3 -

y
7P»^3

950 3193. 97 I 0-31300 4d55s' a 'S3 -—4d<5si5pi V 'P2

750 3158. 16 I 0-31655 M^bs^a 'S3 -—4d^5si5p' z 'D5
480 5506. 49

\

10768-28924 4d55sia % -—4rf5 5pi z 5P|

400 3447. 12 12346-41348 4d*5s2a5D4 -—4d= 5p' y
380 3208. 83 0-31155 4d55si a 'S3 -—4d^5s^5p' z 'Dl

320 5533. 05 10768-28837 4d55sio -—4d5 5p' z

280 4143. 55
3384. 62 4d<5s2a5D3 --4d5 5pi

y
240 4188. 32

/ 4411. 57 16784-39445 4d55si a sGe --4d5 5p' z 'GS240
1 4411. 70 16785-39445 4d55si a --4d5 5pi z =G|

220 2775. 40 II 13461-49481 4d45si a eD4H--4rf^ 5pi z *PlH
220 2816. 15 II 13461-48960 4d^5si a 9D4H-—4d^ 5pi z

220 2848. 23 II 12900-47999 4d«5si a 6D3H-—4d^ 5pi z

220 2871. 51 II 12417-47232 4d^5s' a 6D2H-—4d4 5pi z

220 4069. 88 I 16784-41348 4d55si a sGs --4d5 5p» y

200 3358. 12 I 11454-41224 4d*5s2 a --4<i5 5pi
y

180 4381. 64 I 16784-39600 4d55si a sQe --4(i= 5p' 2

170 3112. 12 I 0-32123 Ad^bs^a 'S3 --4d*5si5pi 2 'D|
170 3581. 89 I 16785-44695 4ds5s» a sQs --4d^5si5pi y
170 3624. 46 I 16748-44330 4d55si 0 --4d*5si5p' z =I|

160 2890. 99 II 12034-46614 4d45si a -4d4 5pi z

160 2923. 39 II 12417-46614 4d<5s' a 6D2H--4d« 5pi z «F?H
160 3344. 75 I 11143-41032 4d<5s2a5Dj --4d5 5pi

y
160 3405. 94 I

160 3694. 94 I 16641-43698 4d55si a --4d<5s'5pi y 5H§

160 3833. 75 I 12346-38423 W'bs^a^Di --4d^5si5pi 2

150 5570. 45 I 10768-28715 5d55s'a --4d5 5pi 2 5pj

140 2911. 92 II 12900-47232 4d<5si a 6D3H--4d* 5pi 2 «F§H
140 2930. 50 II 12034-46148 4d*5si a 6Dij^--4rf< 5pi 2 «Ff^i

140 3233. 14 I 16784-47705 4d55si a sGs --4d^5si5pi y =G§

140 3289. 02 I 11454-41850 4d<5s2a5D2 --4(i5 5pi
y 3F5

/ 3680. 60 I 16784-43946 4d55si a sGe --4d5 5pi z 3G|
140

I 3680. 68 I 16785-43946 4d55s' a sGs --4(i5 5p> 2 'Gl
140 4232. 59 I 16748-40367 4d55sia5G4 --4d5 5p' 2
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Molybdenum — All Observed Lines

Intensity
3.nci

\^xldi± diK^ Lex

Wave-

•in Aill T\

Spec-
trum

Energy

111 x\.

Intensity
and

Character

Wave-

in

Spec-
trum

Ene r gy
Levels
m jts.

18 2015. 11 II 0-49609 oO 2482. 57 II 23934-64203
40 2020 30 II 0-49481 5 2484. 75 II 23934-64168
24 2038. 44 II 0-49041 5 n 2485. 31
24 2045. 98 II 0-48861 3. 0 2496. 24 II 22444-62492
9 2081. 68 II 0-48022 11 2498. 28 II 15691-55706

5 2089. 52 II 15199-63041 2500. 44 II 22444-62425
5 2092. 50 II 15331-63105 8 2502 84 II 12900-52843
9 2093. 11 II 15447-63207 6

V,
n 2508. 67

7 2100. 84 II 15428-63012 6 2509. 56 I 12346-52182
4 2104. 29 II 15447-62954 6 2511. 80 II 12417-52217

3. 5 2108. 02 II 23248-70670 4 2513. 33
7 2269. 69 II 15447-59492 8 2515. 08 II 22980-62728
4 2304. 25 II 27627-71011 3 2515. 66 12346-52085
4 2306. 97 II 15427-58761 6 h 2517. 46 I 11454-51165
4 2325. 94 I 12346-55328 3. 0 2517. 83 I

8 2330. 46 I 12 n 2524. 81 11454-51049
4 2332 12 11 15330-58197 9 2527. 14 24836-64395
7 2340. 47 I 6 2530. 34 II 24659-64168
7 2341. 59 II 15199-57892 9 2532. 31 II 22864-62342
3.5 2352. 61 I 12346-54839 9 2536. 85 I 12346-51753

3.5 2355. 22 I 11143-53589 55 2538. 46 13461-52843
3 5 2355. 42 II 15699-58141 6 2539. 44 24509-63877
3.5 2364. 37 I 11454-53736 14 h 2540. 45 I 11859-51210
2.5 2366. 09 II 15890-58141 42 2542. 67 II 12900-52217
7 2372. 27 I 11454-53595 8 2543. 35 I 11859-51165

6 2380. 41 I 11859-53855 5 2543. 61 22444-61746
9 2383. 52 I 11859-53800 42 2548. 22 10768-49999
7 2389. 20 II 23853-65695 14 n 2550. 85 I 11859-51049

10 2403. 61 II 23833-65425 8 2555. 42 II 23833-62954
6 2404. 66 II 24509-66082 5 2556. 75 II 23853-62954

10 2405. 86 I 10 2558. 88 24836-63904
3 0 2408. 39 I 12346-53855 2558. 94 11858-50926
3. 5 2412. 84 II 22444-63877 oO 2562. 08 II 27725-66744

10 2413. 01 II 15890-57320 11 2564. 34 II 25342-64326
6 2415. 33 I 12346-53736 5 2566. 26 II 12417-51373

7 2417. 96 II 16796-58141 32 2567. 05 10768-49712
6 2419. 01 II 23934-65261 ^ IT

2. 5 2571. 45 jj 26406-65282
7 2420. 18 II 24138-65444 40 2572. 34 I 12346-51210
7 2424. 00 II 23833-65075 6 2574. 42 II 12900-51732
7 2430. 43 I 12346-53479 5 2575. 77 I 11858-50670

7 2435. 96 II 22864-63904 5 2576. 56 24138-62937
7 2440. 28 11 17174-58141 5 2578. 36 26488-65261
5 2461. 81 II 24836-65444 12 2578! 77 I 11858-50625
6 2466. 68 II 22864-63392 32 2582. 16 I 10768-49484
6 2466. 97 II 16796-57320 4 2585. 95 II 23833-62492

6 2468. 78 II 23833-64326 8 2588. 78 23934-62551
4 2470. 04 II 23853-64326 5 2591. 77 n 23853-62425

19 h 2471. 97 I 10768-51210 9 2591. 98 11143-49712
9 2477. 57 II 26041-66391 32 2593. 70 II 12034-50577
9 h 2481. 81 I 10768-51049 13 2595. 40 10966-49484
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Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length

Am A
Spec-
trum

Energy
Leveis
m K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 2596. 77 21343-59841 2.5 2673. 84 I

cDv 1 , C.L. 1 n7AR — ilQP^QXU/DO — HvtDv 9A7fi A7C.O 1 O, Of T
1 1 1 /m/i /I Q77 c;ii'+D't — Ho /ID

5 2597. 38 II 23853-62342 130 2679. 85 I 12346-49651
6 2599. 64 I 12346-50802 12 2681. 36 II 23833-61116

10 2601. 69 I 4 2682. 62 I 11143-48409

32 2602. 80 II 11783-50192 80 2683. 23 II 11783-49041
J, -> 1 n7AR — Z1Q1 M Tin1 1 u C.OOH, IH T T ljHoi. — du /Uo
5 2605. 08 II 26739-65115 70 2687. 99 II 12417-49609
5 2605. 93 II 17344-55706 6 2688. 64 I 21343-58526

32 2607. 37 I 11143-49484 4 2692. 61 II 27725-64852

4 2608. 86 20930-59250 3.5 2693. 04 I 12346-49468
^ Dl 1. ^ U ^« 3 T

I

36 2613. 08 I 11454-49712 7 2695. 22 II 23833-60925
16 2615. 39 I 10966-49190 8 2696. 07 I 10768-47848
50 2616. 78 I 11143-49346 4 2696. 83 II 33601-70671

9 2619. 34 II 11783-49949 11 2697. 81 I 10966-48022
1 o o^^o^ 07 HOD 7 — H7777 7

/
OAqq A^C.07V, H L

T T
X 1 00 AAA _ C,QA1QC.C.HHH — DyH 1 0

40 2627. 55 I 11143-49190 8 2700. 21 I 12346-49370
20 2628. 74 I 11454-49484 17 2701. 03 I 11858-48870
10 2628. 97 I 11143-49169 60 2701. 42 II 12034-49041

55 2629. 85 11454-49468 4 2701. 87 II 26041-63041
QO 0 1 c; nCOJl. DU iUvOD — Hoy 00 /I

C. 1 \JH, 7 J
T T '^'^nAc; 7nnn/iJ j\jHd — / UUUH

9 2635. 57 I 11859-49790 6 2705. 24 I 11454-48409
42 2636. 67 II 12034-49949 12 2706. 12 I 11143-48085
32 2638. 30 I 11454-49346 6 2709. 25 I

90 2638. 76 II 12417-50302 5 2710. 19 II 15330-52217
t oo 971 n lA T

1 111 A'K — AQn99

4 2639. 68 I 4 2711. 49 II 23833-60702
10 2640. 28 I 6 2712. 35 II 33146-70004
52 2640. 99 I 11859-49712 24 2713. 51 II 13461-50302

5 2643. 81 11143-48956 6 2715. 17 I 10768-47588
T T
1

1

1 oq nn — ^n7nA 1 n 971 7 1 A T
1

4 2Mb. 79 36 2717. 35 II 15428-52217
46 2646. 49 II 12417-50192 10 2720. 17 I 11454-48206
4 2647. 25 I 10768-48532 14 2724. 41 I 16784-53479

4 2649. 25 11454-49190 22 2725. 15 I 11143-47827
on 9AAQ AA^DtV. HO 1 1 Qc;q — /iqcLqi o 070c qc T

1 1 1 Qt;q _ arc;'? 9llOj / — HODDC
5 2650. 68 I 11454-49169 3. 5 2726. 65 I 21154-57818

60 2653. 35 II 12900-50577 11 2726. 97 II 26069-62728
70 h 2655. 03 I 12346-49999 2.0 2728. 34 I

5 2655. 93 I 10768-48409 11 2728. 70 I 11143-47779
cD iiit^ — Ho 1 1

D

7
1

979q 1 "X T
1 1 1 A^A — ARnRc;

36 2658. 11 I 11859-49468 17 2729. 68 II 12417-49041
80 2660. 58 II 12034-49609 10 2730. 20 II 26488-63105
14 2665. 10 I 11859-49370 42 2732. 88 II 12900-49481

6 2666. 75 11859-49346 32 2733. 39 I 11454-48028
8 2670. 32 J 10768-48206 3.5 2735. 65 I 16784-53327
7 2671. 83 II 15427-52843 3.0 2735. 88 I 11858-48399

90 2672. 84 II 12900-50302 3. 5 2736. 42 I 18356-54889
32 2673. 27 II 15447-52843 20 2736. 96 II 15691-52217
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Molybdenum — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte ]

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

1 niu n 9 "7*2 "7 O O T T
11 1 c /I n A "71 Q9 n^b4Uo — / 17/iU cnbU 9 on "7 ~i

u

LO\} 1 , lO
T T
1 1

19/117 /10r\991Z41 / — 4oU^Z
D 2738. 60 II 27627-64130 9 2808. 37 11454-47052
c 2741. 32 II 26739-63207 4 2809. 96 I 11143-46720
7

9 "7 /n 9 T T
11 ^:4bU7 — DU7 / !)

"2 n3. U 9 01 n /I '2

<colU. 4^ 10990 coonnlo229 — b3o(J0

30 9 "7 /I '2 n "7 /1"7CQQ1114^ —4 /boo /I4 9 Qi 1 cn^oll, bU

9 "7 /I '2 "71
^ /43. /I IU7DD — 4 /4Ui:

'2 C
3. b 0 01 9 CDCOLL, bo T T

1 1
9 0 Q '2 /I C Q /I 7 023934 — b94 lo

1 u 2745. 09 10768-47186 3. 0 2814. 67 II 28877-64395
c 2745. 38 16784-53198 4 2815. 54 I 18229-53736

36 9 "7 /I ICl T T
11 Ib^^u — bi /^^i Q7 9 0 1 C Ql^lOlb. 7l ii/ic/i /iz.nc/111454 — 469b6

7
9 "7 /I O /I Q 11/IC;/1 /1"7Q9"7

1 i4b4 — 4 / oZ

/

99 n 9 Ql ^ 1 CCOi-O, lb
T T
1 1

1*2/1/11 /10QZ.n1^4bl

—

4o7dU

zin 9 "7C 1 >1 "7

^ /bl. 4 /
1 n oco A on 09 9 Q 9 0 1 7 A ACOi. 1 , 44 T T

1 1
ICOOn Cl'37'2lbo9U — bl3 13

n 2754. 29 J 10768-47064 2817. 50 23516-58999
/I 2755. 37 10966-47248 5 2818. 30 11454-46926

14 9 "7C n"7^ / bo. U /
T T11 0 9 0 9 9 0*2COCC, U3 T T

1 1
ii7o*2 /i7ono11 /o3 — 4 /2Uo

8 d 9'7C O UlC IDO. OJ T T
1 1

T T "70*2 /I Qn99li /o^ — 4oU^^ /I4 9 Q9 9 /I "2COCC, HJ ll/lC/l A CO~7 A114b4 — 4do /

4

^. 5
9 "7 n O COd / bV. bo 1 iobV — 4oUob '2 n

3. U 9 09 9 0^COCC, 00 10990 CI / A A18229 — b3644
2760. 53 II 26739-62954 6 2825. 67 J 18356-53736

9/1
C."l 2761. 53 I 12346-48547 30 2826. 54 I 24823-60191
8 9 "7/1 9 "7 nIOC. /U n9'2/l^ /IOCl'291Z34d — 4obp^: D 909^ 7 c^o^:d. /b 10990 c 1

c

lo229 — b3b9b
8

9~7^ 1 0*2 TTT/io /1"7'29/1
i 114i — 4 / ^Z4 1 nlU 9 Q97 7 /I^lO^ /. / 4

T T
1 1

97^97 ^9Qonc loc 1 — D^70U

9R 9 "7iiL ^9 T T
11 TCI OQ CI "2 "7*2lbl77 — bi^ /

^

b 9 09 0 7QCOCO, /7 9/1 C Q yl '2 7c^v'io — b74^ /

-J 2763. 93 11859-48028 5 2829. 79 11858-47186
i H 2766. 26 I 11143-47282 9 2829. 94 11858-47184
5 L lob. Id IT/IC/I /1"7CQDIi4b4 — 4 /boo b 9 0*2 1 A Acoil, 44 T T

11 •2*2^01 ^oono33bUl — bo7U7
4 0~l CI 99d lo 1. LlL 1 n"7 AQ /I AQQCiU / DO — 4bo7b /I4 9 0*29 n7cope, U /

T T
11 9/10*2^ ^m *2 cCHODO — bUl^b

5 0 "7 Z, Q nQ
^1 / DO. UV 1 nlU ZoJ4. ^7 T T

11 1 LOA 7 C991 7lb74 / — b^^l

/

2769. 76 II 27114-63207 10 2835. 33 II 15447-50706
-5. 0 2771. 36 10966-47039 2. 5 2835. 91 I 11858-47110

20 9"7"7'2 "70
£. 1 1 D, lO

T T
11 1 C^Ql CI "7'29lbb7i — bi

/

1 9
1. c coio, UJ 1^^/11 ClOQllbb41 — bloVl

24 0-7-7/1 OQ T T
11 1 CAQQ CT "7'29ibD77 — dVIdL cb n 9 0 "27 "2 9CO J 1 , JC

990 9-7-7C /I

n

<i / /b. 4U T T
11 13401 — 474oi b 9 0*2 7 QClCOJ 1, 7U 911C/1 Ci^OOl^llb4 — b63ol

ID 2777. 74 11858-47848 7 2839. 58 11858-47064
oO 2777. 86 II 12034-48022 20 2842. 15 II 12034-47208
9

9"7"7Q A 02 / /9. 4o 111/1*2 /i"7iir^11143 —4 /IIU 00 00/10 "27
^:o42. 3 /

110 9 -7 on f\ Ac /oU. U4 T T
1 1 1^:VUU — 4ood1 "2 n3. U 0 0 /I '2 7*2

^:o43. Ij
T T
11 *2'200C LCif\Cr\33o7b — bVUbU

n 9"70 /I QQ T T
1 1

l^Q/|-7 C 0 0 /I '21d74 / — bZo43 9 QCO 00/1 /I '2Q
/:o44. ^7 ^ A A CL CQZ.1 924466 — b9612

H 2786. 11 220 2848. 23 II 12900-47999
99
L.L. 2787. 83 I 12346-48206 20 2849. 38 I

9 d loo, 74 10*2/1^ yioiQOl<:^4o — 4ol7^ 00 a 0 0 C 0 7Q2obJ. /7 llOCQ A CQ^ CllobV —'toyCO
3.0 9 "7on n n2 /9U. Ul l^"7/10 C9C"7Qlo / 4o — b^b /

7

0 0 c n QCl 1f\'7CO /I C 0 *2 ClU / bo — 4bo^b

1 9 2 /9U. 31 11/lC/l /1"7909114b4 — 4 / ^0^ K
4 0 0 ci 102obl. lo 19*2/1^ A~7AnQLcj'io —m 4uy

2790. 41 II 23853-59680 46 2853. 23 II 27114-62152
2791. 54 II 30019-65831 5 2853. 58 I 16641-51675

10 2792. 96 TT/ir/l /1"70/1011454 — 4/24o b a 0 0 c /I 072ob4. 0 /
0/100*2 COO/ll24o23 -59841

0 "7 0 ^ "7 0
2 /96. 7o o/ino^ cQo/11^4UVd — bVo41 b 0 0 c ^ nnCODO, UL)

T T
11 0770/1 Z.0700c 1 1 c"t — be 1 CO

30 d 0 "7 0 -7 0 "2

2 /yy. 93 ll/lC/I /1710/1114b4 — 4 / lo4 b 0 0 C Q C 72ob9. b /
ono/io ccono^U748 — bb7U8

2798. 01 I 11859-47588 4 2862. 84
28 00m /I "7

2oUl. 47 lU /DO — 4D4b^ "2 n
3. U 0 0 ^ "2 on^loo^. cU

T T
11

0/11*20 cQnc*2^4138 — bVUb^
2801. 55 46 2863. 81 II 26739-61648

4 2807. 36 11454-47064 20 2864. 31 24096-58998
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Molybdenum — All Observed Lines

Intensity
3.ncl

J. J. CL X CX^ UW J-

Wave-

in A
Spec-
trum

Energy
Levels
in K

Intensity
a.nd

X J.U X CX ^ U X

Wave-

in A

Spec-
trum

Energy
T 0 -(T-pl 1 c
X—iC V C J. 0

in K

18 2864. 66 I 11859-46756 6 2930. 06 II 28883-63002
5 2865. 62 II 15691-50577 140 2930. 50 11J. X

28 2866. 69 II 17344-52217 7 2930!77 II 30019-64130
5 2868. 11 II 26069-60924 6 2931. 08 I 12346-46453
5 2868. 32 II 26604-61457 100 2934. 30 II 11783-45853

9 2869. 56 I 12346-47184 8 2934. 84 I 25549-59612
3. 5 2870. 18 I 12346-47177 8 2935. 20 II 1 5890 — 49949
3. 5 2870. 90 I 21154-55976 10 2936! 50 I 21343-55387

220 2871. 51 II 12417-47232 15 2937. 66 I

3. 5 2871. 89 I 5 2938. 30 II 28989-63012

11 2872. 88 II 27628-62425 12 2940. 10 II 27114-61116
5 2873. 64 I 24823-59612 6 2940. 98 I 20350 — 54343
6 2876. 54 I 21154-55908 14 294l! 22 II 30213-64203
5 2878. 38 I 11858-46590 7 2942. 85 I 11454-45425

28 2879. 05 II 30391-65115 18 2944. 21 I 0-33955

5 2882. 54 I 20158-54839 19 2944. 82 II 35099-69047
8 2885. 74 I 25549-60192 10 2945. 43 I 20948-54889

11 2886. 61 I 21343-55976 18 2945! 66 I 11143-45080
3. 5 2887. 62 I 10768-45389 2945. 95 II 30391-64326
8 2888. 15 II 33146-67760 24 2946. 01 I 11454-45389

5 2889. 84 I 11858-46453 18 2946. 42 I

160 2890. 99 II 12034-46614 18 2946. 69 II 30213-64140
12 2891. 28 II 16796-51373 12 2947.* 28 II 29034-62954
24 2892. 81 II 17174-51732 6 2953. 56 I 16784-50631
8 2893. 23 I 25639-60192 12 2955. 84 II 26406-60227

120 2894. 45 II 13461-47999 30 2956. 06 II 12034-45853
3 5 2896. 44 I 12346-46861 9 2956. 90 II 35099-68909
3. 5 2896. 97 I 11 h 2957.' 75 I

17 2897. 63 II 15691-50192 10 2959. 48 I 20158-53938
10 2898. 65 I 20350-54839 10 2959. 80 I 11859-45635

9 2900. 80 II 29034-63498 12 2960. 24 II 13461-47232
36 2903. 07 II 26488-60924 18 2962. 89 I

20 2905. 27 I 12346-46756 32 2963. 79 II 12417-46148
8 2906. 06 I 20130-54531 6 2964. 96 II 28877-62595

10 2907. 12 II 17344-51732 26 2965. 27 II 12900-46614

3. 5 2907. 78 I 11454-45835 9 2971. 91 II 26041-59680
3 0 2908 16 I 21154-55530 32 2972. 61 II 16947-50577

75 2909. 12 II 11783-46148 10 2972. 96 I 11454-45081
140 2911. 92 II 12900-47232 10 2975. 40 II 29699-63298

9 2913, 52 I 10768-45081 6 2977. 27 I 20158-53736

7 2913. 81 II 28989-63298 22 2978. 28 I 11859-45425
6 2915. 26 I 25549-59841 15 2981. 52 I 11858-45389
7 2915. 38 I 20281-54572 6 2983. 04 I 19970-53483
6 2916. 10 I 11143-45425 8 2983. 81 I 20350-53855

15 2918. 83 II 15699-49949 6 2985. 16 I 12346-45836

3. 0 2919. 20 I 11143-45389 6 2985. 84 I 25517-58999
7 2919. 38 I 12346-46590 14 2987. 92 I 20130-53588

160 2923. 39 II 12417-46614 10 2988. 23 I 20281-53736
17 2924. 32 II 26041-60227 20 2988. 68 I 20350-53800
8 2927. 54 II 30019-64168 24 2989. 80 I 20158-53595
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Molybdenum — All Observed Lines

Intensity
cinci

Wave-

in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

12 2992. 84 II 17174-50577 28 3147. 35 16784-48547
6 2993. 52 II 16796-50192 28 3152. 82 II 26488-58197
6 3000. 23 20158-53479 7 3155. 64 II 29022-60702

24 3002. 21 I 0-33299 7 3156. 51 I
^Tft^ft yi'^^oft11858-43530

5 3004. 46 II 26406 — 59680 750 3158. 16 0-31655

6 3010. 26 12346-45556 12
O T / ^ ft

3163. 90
\

^ f / A ^ Jlft^J^ft16641-48238
16 3013. 39 { 18229-51405 15 3164. 53 11454-43046
18 h 3013. 76 I 1100 3170.35 I 0-31533
10 3016. 78 I 21154-54292 7 3171. 38

32 3025. 00 18356 — 51405 12 3172. 03
T T
II

T~7oyi>i yiftft/ft17344—48860

12 3027. 77 II 17174-50192 5 3172. 37
T//rtO /Iftftft/16693-48206

6 3035. 33 18229-51165 20 3172. 74 II 15699-47208
13 3036. 31 I 18480-51405 12 3177. 90 16748-48206
6 3039. 82 25639-58526 12 3179. 77

38 3041. 70 16784-49650 46 3183. 03
l/^ftl" /IftTftft16785-48192

19 3046. 80 16784 — 49596 15 3184. 57
{

*i//fto yiftftftr16693-48085
26 3047. 31 16785-49591 46 3185. 10 11858-43246
26 3055. 32 1 16748-49468 22 3185. 71 I 16641-48022
13 3060. 78 II 16947-49609 15 d 3187. 59 II

ftiftf*^ r~r*ftT^23853-55216
20 3061. 59 16693-49346 3187. 68

Tftftftft rtftf~ftT18229-49591

100 3064. 28 16784-49408 8
O T ft ft ft ft
3188. 09

ftft//ft r~r'rtft/23668 — 55026
32 3065. 04 II 38054-70670 8 3188. 40 \ 23534-54889
13 3068. 00 16785-49370 12 3191. 52 I 21343-52667
32 3070. 90 I 16748-49302 12

O T ft ft ft ft

3192. 80 21154-52465
11 3071. 44 16641-49190 950 O T ft O ft —

7

3193. 97
ft ft T O ft A0-31300

100 3074. 37 16784-49302 8 3194. 87
ft /I ft ft / r"r~ftft"T24096-55387

11 3077. 66 II 35406-67889 36 3195. 96 { 16748-48028
19 3079. 88 23515-55975 15 3198. 85 I 12346-43598
26 3080. 41 I 16693-49147 8

O ft ft A ft T
3200. 21

Tftftftft yiftyi/ft18229-49468
5 3081. 16 18480-50926 8

O ft ft ft ft ft
3200. 89 I

Tftyiftft rtftTTft18480 -49712

100 3085. 62 16748-49147 5
O ft ft T r" r\

3201. 50 II
T/'^ft/ /Iftftftft16796-48022

34 3087. 62 II 27114-59492 42 3205. 22 10966-42156
13 3089. 12 16784-49147 15 3205. 54 I 11858-43046
13 3089. 71 I 16641-48997 110

o ft ft r" ft ft

3205. 88 12346-43530
24 3092. 07 II 15691-48022 380

^ ft ft ft ft o
3208. 83 0-31155

70 3094. 66 16693-48997 30
o ft n ft

3210. 97
\

T//ftft /l~7ftft*T16693-47827
14 3099. 93 J 16748-48999 15 3212. 59

14 3100. 88 I 23668-55908 8 3213. 32 I 11858-42970
70 3101. 34 I 15 3214. 44 I 16748-47848
7 3106. 34 I

—J
70 3215. 07

T"11>IO /Iftft*^ ~T11143-42237

170 3112. 12 0-32123 8
ft ft ft ft ft /
3220. 86

Tft~J/ft /ITftftT10768-41807
7 3117. 54 } 24823-56891 44 3221. 74 { 18229-49259

36 3122. 00 II 26740-58761 8 3223. 49 I 11143-42156
1800 3132. 59 I 0-31913 110

o ft ft ft ft ft

3228. 22
TT/in/i /iftflftft11454 — 42422

5 3135. 60 75 O ft ft ft "7 ft3229. 79 12346 — 43299

7 3135. 89 24096-55976 T /I ft140 O ft O O T /I

3233. 14 16784 — 47705
12 3136. 46 { 16748-48622 24 3235. 38 I 12346-43246
6 3136. 75 23516-55387 120 3237. 08 20281-51165

14 3138. 72 II 26041-57892 14 3237. 98 16784-47659
7 3144.34 24 3240. 49 12346-43197
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Molybdenum — All Observed Lines

Intensity

Character

Wave-
length,

in A
Spec-
trum

Energy
Levels

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 3240. 71 II 17174-48022 120 3363. 78 10768-40488
A 3244 47 1 8356-491 69 8(J 3369 25

8 3245. 92 I 27727-58526 8 3375. 22 I 18229-47848
8 3249. 92 I 16641-47402 8 3375. 65 I 21619-51234

120 3256. 21 I 11454-42156 16 3378. 20 I 11143-40736

14 3259. 16
J

24466-55140 16 3378. 46 25549-55140
3260 48 16748-47409 1 20 3379 gy \ 1 1 454-41 032

38 3262. 63 I 16641-47282 8 3382. 29 I 11454-41012
14 3263. 83 I 10768-41398 40 3382. 48 I 11143-40699
60 3264. 40 I 16785-47409 240 3384. 62 I 11859-41396

16 3265. 14
J

8 3385. 88 26636-56162
1 on 3270 90 1 1 859 — 42422 1 2 3387 75 1 1 454 — 409A4

8 3279. 44 I 16692-47177 20 3389. 80 I 18356-47848
3. 0 3285. 02 I 10966-41398 12 3392. 17 I 21154-50625
4 3285. 36 I 16748-47177 20 3393. 65 I 21343-50802

8 3287. 38
J

16641-47052 16 3395. 36 II 36289-65732
1 40 3289 02 1 1454 — 41 850 20 3397 La m 43 — 40566XXX*T.-/ •t«J_^UU

24 3289. 84 I 16784-47172 16 3402. 81 I 27766-57144
120 3290. 82 I 11858-42237 8 3403. 35 I 11454-40829
24 3292. 31 II 25342-55706 80 3404. 34 I 11859-41224

16 3294. 85 11143-41484 8 3405. 20 18229-47588
1J. J 3296 40 1 1 858 — 421 86 1 60X U *J 3405 94

13 3303. 34 I 16693-46956 30 3418. 52 I 11454-40698
22 3304. 22 I 11143-41398 6 3418. 96 I 20350-49591
40 3305. 56 I 10768-41012 32 3420. 04 I 18356-47588

16 3305. 90 21619-51859 24 3421. 25
J

10768-39989
3307 12 T 1 859 — 42088 32 3422 31 201 58 — 49370

20 3310. 77 I 10768-40964 3424. 60 I 10768-39960
12 3312. 33 I 16693-46874 12 3424. 76 I 16748-45939
13 3313. 62 II 28884-59053 12 3425. 19 I 20281-49468

16 3319. 59 16693-46808 16 3425. 48
\

16784-45969
1

A

J.D 1 ^641 —46755XUU"X T^Uf_^_/ 1 6 3426 00 1 8229 — 47409
24 3320. 90 II 25112-55216 20 3426. 79 I 11859-41032
80 3323. 95 I 12346-42422 10 3427. 90 I 27727-56891
45 3325. 67 I 10768-40829 12 3432. 87 I 16748-45870

45 3327. 30 10966-41012 12 3434. 04
\

11454-40566
QO 3329 04 48 3434 79 11859-40964
8 3331. 40 I 16748-46756 40 3435. 45 I 25639-54739

16 3336. 51 I 18229-48192 80 3437. 22 I 16785-45870
30 3340. 17 I 10768-40698 32 3438. 87 I 10966-40037

12 3343. 72 32 3441. 44
}

12346-41396
1 An J 1 1 1 43 —41 032 8 3442 66 20130-49169
12 3346. 40 II 25342-55216 32 3443. 26 I 11454-40488
40 3347. 02 I 11143-41012 12 3445. 04 I 20350-49370
8 3349. 19 I 18356-48206 24 3445. 26 I 16693-45710

16 3350. 30 12346^42186 16 3446. 08 II 23833-52843
16 3354. 99 10768-40566 400 3447. 12 12346-41348

200 3358. 12 11454-41224 80 3449. 07 11859-40844
32 3361. 37 12346-42088 12 3449. 85 20281-49259
16 3362. 37 10966-40698 38 3451. 75
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Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

32 3452. 60 iOii<:7 — 4 /io4 00 •7 C 0^ 0^35o6. 86 25456 — 52327
13 3454. 22 \ 16693-45635 13 3588. 95 { 20350-48206
24 3456. 15 I 18356-47282 25 3590. 74 I 20350-48192

120 3456. 39 U —28924 8 3592. 02 16693 — 44525
8 3458. 15 2U281 — 49190 13 3595. 55 20281 —48085

20 3459. 92 11143 — 4003 /
00 3595. 11

on/no /loyiiT20608 — 48411
16 3460. 23 J 18356-47248 26 3598. 88 I 25549-53327
8 3460. 78 I 16748-45635 12 3600. 28 I 16693-44461

40 n 0 0 0 '2Z. 1 A34 ^ no Q >i onooT /lonoo^O^ol — 4o0^o
8 3466. 97 18229 — 4/064 00 •2^n yi n"7 25997 — 53/36

32 3467. 85 18356 — 47184 26 '2 ^ n 0 i~7360o. 3 / 11454 — 39160
40 3469. 22 J 16641-45458 17 3612. 00 I 20350-48028
8 3469. 63 I 24823-53637 13 3612.45 I 20948-48622

'I /I24 3470. 92 lc>4oO —H 1 coZ. 1 / 3613. 3 /
T 1 A C A '2mOO11454 — 39122

8 3473. 22 16641 — 45425 13 3613. 64 ^:1154 — 4ool7

24 O ^ "7 C A '3

3475. 03 lo4oU — 4/^4o Q0 ^olD. Id
22 3479. 43 { 16693-45425 8 3615. 74 I 20130-47779
13 3480. 09 I 18229-46956 9 3616. 84 I 18229-45870
13 3481. 79 om CO /ioo~7n20158 — 488/0 25

'2 0 '2 0 "2

3623. 23
J24

o /I o o yi A3482. 40 llo59 — 40566 1 /O
'2 /I /I ^JdZ4. 4b 1d/4o — 44^JU

12 3483. 6/ LodiLy — 4ov^:o /1

0

4^1
tW^U 1 Qjd<:d. lo 10*2/1^ "2001^.1/:^4d — ^77lD

24 3483. 84 I 18356-47052 8 3628. 35 I 20158-47711
30 3485.93 I 11143-39821 13 3628. 66 I 16641-44192
16 a O ^ Q 1 -7-7 T 0/1 on A "71 T nlo4oU — 4 /IIU 1 n3. 0

•2^00 '2135^9. 31
3491. o7 llo58 — 40488 3. 5 3635. 14 T T11 0 C '2 /I 0 C 0 0 /I '225342 — 52843

16 0 yi AO "O yi3493. 34 1^:^40-40904 130 '2^ ^2 C /I ^2

3635. 4J 1dd73 — 44l7z:

100 3504. 41 18229-46756 8 3637. 52 11143-38626
30 3505. 32 20350-48870 20 3638. 20 I 18356-45835
70 0 c n 0 TO 1^^4d — 4Uo44 1 / ^o4U. fa^ /1U75I — 4o411
13 0 C T A "7 03510. 78 28241 —bo III 12 '2 /I n QQ3640. 99 om ic\ Ai coo20130 —4/588

13 3513. 70 18356 — 46808 9
'2^/10 on3642. 20 20951 —48399

16 3517. 56 } 25517-53938 9 3648. 61 } 16641-44041
16 3518. 22 I 18480-46895 17 3651. 35 I 11143-38522
60

*3 cn yi n3521. 41 OATCO yiocyi"7ZOIdo ~4od4 / 50 1^C~7 '2 C365 /. 35 16641 —43*7/^)

8 3522. 37 9
2 ^ n QO3660. 92 Z6336 — 53644

13 3524. 23 11454 — 39821 22 "2 1 "7 03661. 78 11858 — 3916U
24 3524. 65 25821-54184 17 3662. 99 { 25906-53198
30 3524. 98 I 18229-46590 17 3663. 30 I 20948-48238
80 0 C Q "7 003537. 28 7

'2 z. ^ yi "2 n3664. 30 16693 —439/5
40 0 IT yi 0 1 ~7

3542. 17 18229 — 46452 60 3664. 81 18356 — 45635

12 1 C [T /I OA3554. 20 20281—48409 32 0 ^ ^ ^ "70
3666. 72

\

16/48 — 44012
8 3555. 43 \ 20281-48399 12 3666. 94 11858-39122

65 3558. 10 I 18356-46453 7 3668. 00 I 20951-48206
50 3563. 14 11859 — 39916 8 3668. 49 OAT CO yi "7 yi A

0

8 3563. 76 19970 — 48022 24
*y / An 0 yi3669. 34 21154 — 48399

38 0 rr / / AC
3566. 05 20158 — 48192 4 0 "7 n >i 03670. 42 20350 —47588

30 3570. 65 I 25639-53637 65 3672. 82 I 26636-53855
40 3573. 88 18480 — 46452 10 3675. 36 25997 — 53198
14 3580. 54 28241-56162 2.5 3675. 98 18229-45425

170 3581. 89 16785-44695 10 3676. 24 20130-47324

609065 O - 62 - 13 181



Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

10 3677. 70 I 9 3735. 62 I 25906-52667
140 7Af!n AD^bdU. DU 1 n 2 7-2 C Ql ZU^dU —4 /ilU

3680. 68 I 16785-43946 3.0 3736. 17 { 20281-47039
1 n1 U d 3681. 55 I 20930-48085 20 3737. 91 I 16784-43530

3681. 72 I 20158-47311 3.0 3740. 76 I 18356-45081

5 3684. 22 II 36741-63877 26 3742. 28 I 20350-47064

{

^UvD L — 4oUoD b 1 7 /1 1 oi ^0158 — 46861
4 3686. 11 20281-47402 3.0 3744. 10 { 20350-47052
7 3688. 31 II 25112-52217 9 3744. 37 II
8 3688. 97 I 25906-53006 3.0 3744. 94 I

26 3690. 59 I 20951-48039 10 3745. 48 I 18229-44921
2.5 jOyc, Uo 1 0

X.C.
77/1 7 1 Q

20 3692. 64 II 24659-51732 16 3748. 49 I 26636-53306
18 3693. 38 I 11454-38522 14 3751. 20 I 20158-46808

160 3694, 94 I 16641-43698 15 3755. 10 I 25821-52444

10 3696. 04 I 29982-57030 3.5 3755. 54 I 21619-48238
6 3698. 53 I 20281-47311 3.5 3755. 84 I 23516-50134
8 3700. 01 I 20158-47177 20 3758. 52 I 20158-46756

c. 4 3702. 03 I 16693-43698 3.5 3759. 60 I 26636-53227
20 3702. 55 I 20281-47282 10 3760. 88 I 25997-52579

II 24372-51373
10 3761. 76 I 20350-46926

6 0m n /1 71 1 n D J 1 Od, U7 01 ^1 Q /I Q1 QO

9 31^)1. 17 \ 20281-47248 16 3763. 35 \ 11859-38423
q 3708. 56 I 23668-50625 6 3764. 44 I 21154-47711
6 3710. 14 I 18480-45425 10 3765. 22 I 16748-43299

3.0 3711. 51 I 10966-37902 6 3765. 74 I

9 T QQ 7n A UQQC, i 10 1 , 1 i on -2 /I -2 n 7077

9 3713. 47 I 20130-47052 7 3768. 62 I 20281-46808
DO 3714. 55 I 21619-48532 7 3768. 74 I 27766-54292

24 3715. 65 I 16693-43598 7 3770. 00 I 27774-54292

15 3716. 07 I 40 3770. 45 I 16784-43299
9

0-71 / Q"7 o no Di yi 71 77 1770 c;9 LLHDH — J / 7DO
6 3718. 48 I 26759-53644 20 311\. 95 I 16693-43197

13 3719. 55 I 16 3772. 82 I 16748-43246
3719. 74 I 20951-47827 3.5 3775. 65 I 19970-46448

8 3720. 25 I 25707-52579 3.5 3776.10 I 25707-52182
8 3723. 51 I 3.5 3776. 55 I 20930-47402
4 3723. 81 I 7 3777. 72 I 28241-54704

L U 3725. 56 I 20350-47184 6 3777. 96 I

15 3726. 22 I 20281-47110 24 3779. 77 I 16748-43197
3726. 32 I 20951-47779

40 3781. 59 I 11143-37579
55 5 I L 1 , tri 7 •77R9 1 Q

18 3728. 30 I 23668-50482 6 3783. 53 I

16 3728. 50 I 10 3785. 03 I 16785-43197
3. 0 3730. 56 I 20158-46956 6 3785. 51 I 26336-52747

36 d 3732. 71 10 3788. 26 26189-52579
3732. 80 \ 16748-43530 12 3793. 62 16693-43046

13 3733. 03 21619-48399 10 3794. 43 23516-49864
9 3733. 40 21343-48121 6 3796. 04 24466-50802
9 3734. 37 20281-47052 28 3797. 30 10966-37293

182



Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy-
Spec- 1^ Levels

Intensity
and

Character

Wave-
length
in A

Spc c ~
Energy
Levels
in K

3200 3798. 25 I 0-26321 7 3922. 32 I 19970-45458
32 3801. 84 I 20158-46453 11 3923. 75 23668-49147
10 3804. 52 I 16693-42970 6 3928. 79 \ 21619-47064
10 3805. 93 I 25821-52088 3 3931. 40 J 20281-45710

3805. 99 I 23534-49801 3. 5 3935. 02 J 23516-48922

6 3807. 65 I 21154-47409 6 3941. 48 II 25342-50706
10 3811. 39 I 21619-47848 22 3943. 04 20281-45635
10 3812. 47 I 16748-42970 3. 5 3943. 51 \ 20951-46302
7 3818. 66 I 20930-47110 7 3945. 25 J 16748-42088

13 3819. 87 I 20281-46452 3. 5 3947. 17 J 20130-45458

18 3822. 98 I 11143-37293 7 3950. 99 I 16784-42088
7 3825. 32 I 23516-49651 11 3953, 93 20350-45635

50 3826. 70 I 11454-37579 6 3955. 49 \ 30113-55387
9 3827. 16 I 23668-49790 3. 5 3958. 60 J 24096-49351

90 3828. 87 I 11859-37968 3 3963. 53 J 26636-51859

7 3830. 82 I 25795-51891 3 3963. 99 I 26639-51859
3. 5 3831. 07 I 27384-53479 3. 5 3965. 76

\

16641 -41850
3. 5 3831. 76 I 16693-42783 7 3968. 75 21619-46808

14 3832.11 I 25997-52085 14 3973. 77 J 29982-55140
160 3833. 75 I 12346-38423 11 3973. 93 J 16693-41850

4 3834. 97 I 25517-51585 6 3975. 96 I 20281-45425
7 3835. 31 I 21343-47409 6 3977. 90
6 3843. 90 I 20948-46956 3. 5 3979. 22 \ 27342-52465

11 3845. 95 I 16748-42742 7 3980. 20 J 26759-51876
36 3847. 25 I 11143-37128 7 3982. 05 J 23516-48622

18 3848. 30 I 24823-50802 3.5 3982. 60 I 16748-41850
7 3851. 99 I 25906-51859 13 3986. 20 25517-50596

2800 3864. 11 I 0-25872 3. 5 3991. 39 \ 25549-50596
3. 5 3866. 69 I 25821-51675 3. 5 3991. 85 J 20930-45974

55 3869. 08 I 11454-37293 3. 5 3993. 93 J 23516-48547

55 3886. 82 I 11859-37579 3.5 3998. 29 I 22244-47248
7 3888. 18 I 20158-45870 6 4000. 39 20948-45938
7 3888. 88 I 21154-46861 11 4000. 50 { 26415-51405
3. 5 3890. 71 I 26189-51884 7 4006. 05 J 26321-51276
3. 5 3893. 32 I 20158-45836 3. 0 4008. 05 J 24466-49408

3. 5 3896. 38 I 20281-45938 11 4009. 37 J 24466-49400
3. 5 3896. 85 I 21154-46808 6 4011. 97 J 25872-50791

36 3901. 77 I 12346-37968 4 4017. 38 J 24466-49351
1800 3902. 96 I 0-25614 12 4021. 02 J 29842-54704

7 3906. 92 16 4024. 09 J 16641-41484
3906. 98 I 25997-51585

6 4028. 65 I 21154-45969
13 3908. 25 I 20130-45710 4 4032. 50 16693-41484
7 3909. 55 4 4033. 63 \ 21154-45938
7 3911. 09 I 16784-42345 4 4037. 30 J 20948-45710
3. 5 3911. 94 I 26336-51891 8 4037. 78 J 20951-45710

7 3913.36 I 26636-52182 12 4038. 08 16641-41398
10 3915. 44 I 22876-48409 3.0 4041. 12 \ 27727-52465
7 3916. 92 I 22876-48399 12 4042. 87 25549-50277

14 3917. 54 I 20350-45870 3 4050. 09 20951-45635
7 3917. 78 I 20930-46448 26 4056. 01 16748-41396
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Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A trum

Energy
Levels
in K

7 4056. 32 I 26759-51405 24 4194. 56 I 25517-49351
4 4057. 58

{

25639-50277 5 4200. 57 18356-42156
18 4059. 61 21343-45969 5 4201. 32 J 16693-40488

130 4062. 08 J 16785-41396 9 4205. 81 25639-49408
8 4066. 37 J 24823-49408 5 4211. 02 16748-40488

220 4069. 88 I 16784-41348 4 4219. 40 I 18480-42173
18 4075. 25 16693-41224 3. 5 4222. 41 18480-42156
5 4075. 54 J 140 4232. 59 { 16748-40367
18 4076. 19 J 24096-48622 4 4233. 49 24096-47711

120 4081. 44 J 3. 5 4235. 03 T 21154-44760

90 4084. 38 I 16748-41224 8 4237. 16 I 20930-44525
14 4086. 02

\

20948-45415 9 d 4239. 07 16784-40367
17 4096. 81 21154-45556 4239. 19 j 16785-40367
5 4098. 18 J 20130-44525 13 4240. 08 T 18229-41807

14 4098. 74 J 16641-41032 13 4240. 28 T 24823-48400

24 4102. 15 I 16641-41012 18 4240. 83 I 20951-44525
14 4105. 08 24466-48819 3. 5 4242. 80 24096-47659
5 4105. 53 \ 21619-45969 18 4246. 02 \ 25517-49062

70 4107. 47 J 16693-41032 16 4251. 87 J 28241-51753
8 4114. 93 J 13 4254. 96 J 26639-50134

9 4118. 96 I 16693-40964 9 4260. 36 I 26336-49801
60 4120. 10 4 4260. 66 25906-49370
13 4123. 65 J 20281-44525 3. 0 4261. 44 \

13 4124. 54 J 24823-49062 9 4266. 18 J 20608-44041
5 4126. 53 J 7 4268. 08 J 25639-49062

14 4128. 28 I 16748-40964 26 4269. 28 I 21343-44760
7 4128. 83 21343-45556 3. 0 4272. 06 26189-49591

17 4131. 92 J 25456-49651 12 4273. 07 16641-40037
7 4132. 23 J 18229-42422 85 4276. 91 J 16693-40068
4 4135. 38 J 110 4277. 24 J 12346-35719

280 4143. 55 I 4 4281. 83 I

22 4148. 94 16748-40844 8 h 4284. 60
\7 4151. 88 J 25517-49596 11 4287. 08 16641-39960

24 4155. 28 T 16785-40844 130 4288. 64 J 11859-35169
17 4155. 58 J 16641-40698 13 4289. 42 J 21154-44461

4 4156. 79 I 22876-46926 4 h 4290. 18 I 25517-48819
19 4157. 40 25549-49596 4 4291. 20 26415-49712
17 4162 68 25549-49565 65 4292. 13 J 11143-34435
4 4164 08 J i \J C-B / 1 £— f 85 4293. 21 J 11454-34740
4 4166 28 T 24823-48819 34 4293. 88 J 10966-34248

8 4169. 82 I 23516-47492 4 4296. 16 I 25549-48819
8 4171. 07 3. 0 4296. 62 16693-39960

14 4177. 26 22876-46808 3.0 4298. 90 J 18229-41484
19 4178. 27 J 25639-49565 3 0 4301. 26 J

8 4181. 05 J 20130-44041 4 4304. 92 J 16693-39916

4 4184. 39 25517-49408 8 4310. 39 24466-47659
41 85 8? u. ^ -J A. 1 ~ / ~ yJ yj 4 4312. 80 16641-39821

5 4186. 28 18356-42237 4 4312.* 97 20350-43530
240 4188. 32 16 4317. 93

9 4190. 00 25549-49408 7 4321. 97 16785-39916
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Molybdenum — All Observed Lines

Intensity
cLnd

\ / IX CL J. CL \^ I, \L. J.

Wave-

in. A
Spec-
trum

Energy
T ^e vel s

in K

Intensity
a.nd

Wave-
X«3 XI 1^ Li J.

in A

Spec-
trum

Energy
T A 1 J-d 1 o

m xS.

80 4326. 14 16641-39750 10 4443. 07 11454-33955
24 4326. 74 \ 11143-34248 8 4446. 43 J 29982-52465
3.0 4329. 63 I 20951-44041 2.0 4447. 23 I 27384-49864
4 4332. 51 I 27727-50802 32 4449. 74 I 16693-39160

11 4334. 81 I 26284-49346 3. 0 4452, 56 I 23516-45969

4 4338. 71 18356-41398 2. 0 4455. 30 27363-49801
4 4339. 82 J 27767-50802 46 4457. 36 J 16693-39122
8 4340. 75 I 26759-49790 3 4458. 65 I 23516-45938

12 4341. 42 I 20948-43975 6 4460. 62 I 16748-39160
3. 0 4344. 66 I 26336-49346 6 4464. 77 I 20350-42742

22 4350. 34 I 11454-34435 18 4468. 28 I 16748-39122
3. 0 4351. 55 I 5 4471. 66 I 21619-43975
7 4353. 31 I 20281-43246 5 4472. 04 I 28241-50596
4 4357. 34 I 24466-47409 12 4473. 18 I 18480-40829
3. 0 4359. 62 I 26415-49346 60 4474. 56 I 16641-38983

4474. 65 I 18356-40698
4 4362. 02 18480-41398
4 4362. 71 J 11858-34774 9 4475. 62 18229-40566
8 4364. 47 I 26284-49190 14 4484. 97 I 16693-38983
7 4366. 54 I 20350-43246 8 4487. 05 I 22244-44525

22 4369. 04 I 11859-34740 3. 0 4489. 00 I 23668-45938

3. 5 4373. 32 24096-46956 6 4490. 19 20158-42422
4 4374. 89 \ 25549-48400 22 4491. 28 \ 18229-40488
7 4375. 01 I 27774-50625 3.0 4491. 66 I 33904-56162

14 4380. 29 I 12346-35169 5 4499. 44 I 18480-40698
3.5 4380. 59 I 16641-39463 5 4501. 29 I 18356-40566

180 4381. 64 16784-39600 11 4504. 90
\

25997-48189
7 4382. 41 J 20158-42970 5 4506. 67 26636-48819
2.5 4385. 89 I 11454-34248 13 4512.15 I 11143-33299
7 4391. 54 I 24096-46861 8 4515. 18 I 20281-42422
7 4392. 12 I 25639-48400 22 4517. 13 I 18356-40488

5 4394. 32 27384-50134 5 4517. 41 10768-32899
5 4394. 47 J 20948-43697 2. 0 4518. 44 J 20158-42282

13 4396. 66 I 16784-39522 5 4522.19 I 20130-42237
14 4397. 29 I 18229-40964 22 4524. 34 I 11859-33955
3. 5 4402. 49 I 27774-50482 8 4526. 37 I 18480-40566

7 4402. 90 24466-47172 3 h 4528. 62 27093-49169
3. 0 4404. 55 J 16748-39445 11 4529. 40 20350-42422
3.5 4406. 87 I 29982-52667 4 4535.38 I 20130-42173
3. 5 4409. 44 I 38 4536. 80 I 28241-50277
7 4409. 95 I 24823-47493 4 4541. 56 I

240 4411. 57 16784-39445 5 4553. 32 21343-43299
4411. 70 16785-39445 2. 5 4553. 80 \ 25456-47409

10 4412. 77 I 18356-41012 10 4558.11 I 10966-32899
3. 5 4422. 06 18356-40964 2.5 4558. 74 I 20158-42088

20 4423. 62 18229-40829 8 4560. 13 I 23534-45458

16 4426. 67 20158-42742 8 4567. 68 20350-42237
95 4434. 95 \ 16748-39290 2.0 4569. 02 23668-45548
10 4436. 89 18480-41012 5 4570. 13 20281-42156
6 4438. 96 27342-49864 4 4574. 48 25639-47493

19 4442.20 16784-39290 4574. 61 21343-43197
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Molybdenum — All Observed Lines

Intensity
and.

Wave-

in A

Spec-
trum

Energy-
Levels
in K

Intensity
a.nd

Wave-
X ^ XI LX J.

in A.

Spec-
trum

Energy

20 4576. 50 11454-33299 8 4750. 39 20350-41396
2. 5 4577. 78 18229-40068 3. 5 4758. 50 29781-50790
2. 5 4582. 35 I 31510-53327 60 4760. 19 I 21343-42345
2. 5 4582. 50 I 21154-42970 6 4764. 42 I 18480-39463
2. 5 4586. 06 I 25906-47705 6 4773. 44 I 20281-41224

2. 5 4586. 57 22244-44041 3. 0 4774. 22 21343-42283
2. 0 4586. 79 J 5 4775. 66 21154-42088
2. 5 h 4590. 38 I 12 4776. 34 I 18229-39160
4 4592. 21 I 26639-48409 4 4782. 94 I 20130-41032

13 4595. 16 I 11143-32899 I 20948-41850

2. 5 4597. 88 30113-51856 7 4785. 12 18229-39122
2. 0 4598. 25 { 27867-49608 3. 0 4786. 46 J 10768-31655
4 4599. 16 I 20350-42088 1.6 4788. 18 I 18480-39358
2. 5 4608. 71 I 20158-41850 5 4792. 74 I 20948-41807

28 4609. 88 I 18229-39916 5 4793. 41 I 20951-41807

4 4611. 15 18356-40037 1. 6 4793. 82 27384-48238
2. 5 4616. 62 25517-47172 8 4796. 52 J 21343-42186
2.5 4617. 95 I 22876-44525 1.4 4804. 91 I 20158-40964
8 4621. 38 I 18356-39989 2. 5 4805. 58 I 18356-39160
2. 5 4623. 46 I 25549-47172 2. 5

yi y^ y\ ^y

4808. 09 I 23668-44461

2. 5 4624. 24 29171-50790 7 4811. 06 30496-51276
36 4626. 47 12346-33955 1. 4 4814. 47 J 10768-31533
8 4627. 48 I 18356-39960 2.0 4817. 70 I 20281-41032
4 4630. 02 I 18229-39821 32 4819. 25 I 21343-42088
3. 5 4633. 10 I 28274-49852 1. 4 4822. 42 I 20281-41012

2. 5 4642. 70 25639-47172 2. 0 4828. 47
6 4647. 81 J 18480-39989 32 4830. 51 I 21154-41850
2. 5 4649. 12 I 25906-47409 3.0 4832. 92 I 20158-40844
5 4651. 05 I 29781-51276 2. 0 4833. 96 20350-41032
6 4661. 93 I 11454-32899 1. 2 4838. 11 I 24096-44760

17 4662. 76 11859-33299 1. 4 4839. 59
{10 4671. 90 J 21343-42742 1. 6 4845. 17 27766-48399

2. 5 4683. 83 I 25517-46861 3. 5 4858. 22 I 28241-48819
2. 5 4685. 81 I 27727-49062 2. 0 4860. 05 I

2. 0 4686. 10 I 28274-49608 28 4868. 00 20948-41484

10 4688. 22 28241-49565 4 4869. 20 10768-31300
3 0 4690. 86 J 25549-46861 1. 8 4878. 37 J 20350-40844
3. 0 4693. 93 I 2. 0 4886. 47 I 23516-43975
2. 5 4696. 51 I 20951-42237 1. 6 4889. 22 I 20951-41398
4 4700. 49 I 28837-50105 1. 6 4897. 26 I 25456-45870

6 4706. 06 23516-44760 5 4903. 81
J

10768-31155
50 4707. 26 J 20158-41396 2. 0 4907. 43 31485-51856
12 4708. 22 I 18229-39463 1.6 4909. 19 I 24096-44461
2. 5 4714. 51 I 20951-42156 1. 4 4924. 78 30502-50802

17 4717. 92 I 20158-41348 2. 5 4926. 19 I 24466-44760

3. 0 4718. 88 28667-49852 2. 5 4926. 43
{

18229-38522
2. 0 4723. 06 32688-53855 5 4933. 10 12346-32612
1.6 4725. 34 27766-48922 5 4941. 66 25906-46136
8 4729. 14 20948-42088 7 4950. 62 18229-38423

55 4731. 44 21154-42283 9 4957. 54 18356-38522
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Molybdenum — All Observed Lines

Intens ity

and
Character

Wave-
length
in A

Spec-
Energy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

1 A T '?n;qP7 — 4 Al ^A 1 A DCJd, JO 9nQ'^n &r\C\'xicU7jU — tuu^/
7 ^C, J 4964. 41 I 20350-40488 6 5234. 26 I 18480-37579

4973. 36 I 20930-41032 28 h 5238. 20 25872-44957
13 /1Q7Q 1 9 T 1 n7AR — '^nR47 14 hX t 11

t^94n RR 9t;R79 — dAQAlCjO 1 c. — HHvH/
1.6 '+7CSD. Do 7 h

/ 11 ^949 RlDc.H£., OX ^30 / — HHytX

1 4 AQQC. •2') AD ^^94^ c;i 9nQ'^n _ qqpq
7 4999. 91 I 24466-44461 9 5259. 04 I 20951-39961
1 7 5010. 81 I 26639-46590 1.0 5260. 17

J

30847-49852
11 D U± H. DU T 94R9'^— 447An At R9A1 1

4

D^-OX. xt 9m cLR — '^qi AntUX_30 Jy i-0\j

1.6 cm ^ 70 1 9X* £. '^9AR QRD^DO. 73

J-. t.
cni Q Qt; T 9c;7Qc; _ /I ci7i n 9 n ^971 RnJc. 1 X. OU

_ 9ni RR — "^Ql 99tUXjO — Jy 3-c.c.

5029. 00 I 24096-43975 2.0 5276. 28 I 21619-40566
4 5030. 78 I 25997-45870 4 5279. 65 16784-35719
1.4 D\JJO, 7l T 9^7qR — 4^A'^c; 1 coon p^DCOV^ OD 99R7A — 41 Rn7Cc-OiO nXOU/
1.6 T 91 1 ^14 — 4nQA4 1 9X. ^ '^9R'^ R4D£.OJ, OH 9 AA'^A — 4RRRAcooJO hdzjijd

A cn/17 71 T 9nQ'^n — 4n7'^A (i9Q9 nR 1 AR9R _ '^C71 qXOOcO — JD 1 Ly
3 n 5055. 00 I 12346-32123 2.0 5293. 46 I 18480-37366
7 fl 5058. 01 I 27727-47492 3.5 5295. 47 20281-39160

12 cncq op T 9m ^7 — "^QQI A 1 nX. u R'^n9JJU£. ^3 9RQnA — AAlf^r\

2.0 T 9nQm — 4nAQQ 1 9X. c R'^nA 9A 9n9Rl — "^Ql 99^U^OX — Jy LCL.

1 R±. o CflAd AZl T 1 R99Q — ^7QAR can a pq 1 RZlRn — "^790"^XOHOU — J 1 Ly J

7 n 5079. 87 I 26189-45870 2.0 5315. 04 I 20350-39160
A
\j 5080. 02 I 20281-39960 1.2 5319. 89

J

31485-50277
2.0 cnai 9A X XXOD7 — Ji.DjJ 1 9 ^^"^94 47 9 AA'^Q — 4R41 R

2.5 cnqn Q7DU 7U. 7 /
T 9 t;qq7 _ /I c/,-2

c

9 n C'297 nAJJ^. /. UD
::

9'^Cl A — 499R'^

cnQl "Id T 9nQ'^n — 4n^AA 1 nX. u ti'^'^4 7QJ^^H. /7 9'^AAR — 494nR
5092. 16 1.0 5337. 20 I 24466-43197
5095. 89 I 20948-40566 1.0 5349. 79

6 cnpA A^ T 9nQm — Ani^iAA 1 9 c-ico -icDJDc., JO 7111d — 4A4R'^

8 cnQ7 1^0 T 1 R'^ ^A — ^7QAR c ^^^14 RRDJDH, 00 A — 491 RA

T 9n'^tin — "^QQAnX C.\J JD\J JvvOU 7 n CTCC CTD^DIJ. 3X ^xo^ 0% — Rn7QnJ C-i-CJ — _JU/7U

5109. 71 I 20350-39916 4 5356. 48 I 32612-51276
5 5114.97 I 18356-37902 34 hi 5360. 56 26321-44970
2 0 m 1 A Q7D JL X 0. 7 /

T 7^\Q^^ — 4n4RR 7 hi/ IIX 'i'^A4 9R 9A'^91 — 44QR7
1 8 T 9741 R — 4AQ9

A

9 n hi^. U IIX 'i'^A7 1 13J?0 /.XX 9 A'^91 — 44Q47

9 CI /ic -jpDIHIJ. JO T 9nAnR — 4nn'^7 9 n fi'^79 4n 99R7A — 41 4R4C.L.O 1 0 — HXHOH
7 CT /I7 -2QDl H / . J 7 T 1 R4Rn —^7qn9X XOHOU

—

JIvVc. 1 AX. D R'^RR AQ3J 00. D7 'X^ "^nn — 4QRR9
c; m A'^ IP T "^1 Ql — m 97AX J±v±J DXL.1O t ^^134 R9 pnQ'^n — '^Q4A'^

6 CI A7 7ADID/. / D T 91 Al Q — 4nQA4 9 n C'jq7 1.0DJy 1 , JO 99R7A — 41 "^QRL.C.O 1 0 — 'TXJ770

10 d CI 71 OR T 9tiAl 4 — 44Q47 R4nn 47 9nQm — '^Q4A'^

CI 71 0

c

T 9m "^n — ^Q4A'^

R4nR 7QUtUj. / 7 97*^49 — 4RR'^AL. 1 J^C — HDOJO
14 h11 5172. 94 I 25614-44941 2.0 5406. 39 I 22244-40736
10 h11 5174.18 I 25614-44936 1.0 5414. 67
2.5 cT qi /I /ID± 71. T "^1 c;'^'^ _ i;n7Qn 9 ^ c/ii 7 -zpDtX / . jO 99944 — 4nAQQCCc.^^ HUD77
—J
7 conn 1 7 T 91 Al Q — 4nR44X iCXDX7 — HUOHH- 1 4 R49A RQDHcO. O/ 1 A74R — "^m AQXO/HO — JDLOy

3.0 conn 74 T 1 R'^t;A — '^7'^7Q n 7 c/197 CC 9"^ AAR — 49nRR^JJODO — HtUOO
1.6 5210. 44 I 12346-31533 1.0 5431. 02 I 20951-39359
3. 0 5211. 86 I 20281-39463 3. 5 5435. 68 20130-38522
5 5219. 40 I 22244-41398 4 5437. 75 16785-35169
4 5231. 06 I 27342-46453 0.9 5439. 71
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Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
lencyth

in A
Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-

in A
Spec-
trum

Energy
T .PTrP»l Q1 '~ V C X o

in K

2. 5 5450. 51
\

21619-39961 3. 0 5634. 86 16693-34435
0. 9 5453. 03 23516-41850 14 5650. 13 J m 43-28837
2. 0 5456. 46 I 22244-40566 0. 7 565l! 87 I 30160-47848
1. 6 5460. 53 I 31300-49608 0 7 5664. 34 I 29842-47492
1. 4 5465. 57 I 5664. 38 I 27766-45415

0. 8 5473. 37
\

20157-38423 0. 8 5667. 30 27774-45415
2. 0 5475. 90 0. 6 5672. 07 J 35042 — 52667
0. 8 5488." 67 I 27342-45556 1. 4 5673*. 63 I 20281-37902
2. 0 5490. 28 I 20951-39160 3. 5 5674. 47 I 20350-37968
1.2 5492. 17 I 21619-39821 2. 5 5677. 89 I 16641-34248

1. 6 h 5493. 80
\

31655-49852 2. 0 5682. 89 20930-38522
0. 8 h 5496. 94 24096-42283 0. 6 5687 64 J 22244 — 39821
1. 6 5498. 49 I 23668-41850 28 5689. 14 I 11143-28715
3. 0 5501. 54 I 20350-38522 0. 6 5694. 39 I 23668-41224
1. 4 5501. 87 I 20951-39122 0. 8 5696. 03 I 30160-47711

1. 6 h 5503. 54 0. 7 5698. 27 29642-47186
480 5506. 49 J 10768-28924 1. 4 5699. 28 J 21619 — 39160

0. 7 5511. 49 I 23668-41807 0. 7 5702! 11 I 25997-43530
1 4 5520. 04 I 31485-49596 5 5705. 72 I 24823-42345
1. 6 5520. 64 I 27727-45836 1.4 5711. 80 I 21619-39122

0. 8 5521. 17 13 5722. 74 11454-28924
2. 5 5526 52 J 24096-42186 0. 7 5723 n J 29642 — 471 1 0

2. 5 5526. 97 I 22876-40964 1. 4 5728. 77 I 25795-43246
320 5533. 05 I 10768-28837 1. 6 d 5729. 45 I 20130-37579

2. 5 5539. 41 I 16692-34740 5729. 59 I

0. 8 5541. 65 25906-43946 0. 9 5729. 87 23516-40964
3. 0 5543. 12 J 20948-38983 1. 0 5734. 06 J 12346-29781
2. 5 5544! 49 I 27384-45415 0. 7 5739! 66 I 27342-44760
0. 6 5552. 19 I 21154-39160 0. 9 5741. 71 I 31510-48922
3. 5 5556. 28 I 16748-34740 1. 0 5747. 67 I 25906-43299

1. 6 5556. 72 24096-42088 38 5751. 40 11454-28837
0. 7 5562. 49 J 0. 6 5769. 75 J 23517-40844
1. 2 5564! 05 I 21154-39121 0. 6 5771! 05 I 19970-37293
2. 5 5568. 62 I 22876-40829 1. 4 5774. 55 I 11858-29171
1. 6 5569. 48 I 23534-41484 0. 6 5778. 19 I 25997-43299

150 5570. 45 10768-28715 2. 5 5779. 36 20281-37579
2. 0 5575. 19 J 19970-37902 0. 6 5780, 11 J 23668-40964
1. 2 5591.' 58 I 24466-42345 1. 4 h 5783*. 33 I 25456-42742
0. 6 5596. 32 I 23534-41398 0. 6 5785. 69 I

0.5 5598. 47 I 34S10-52667 32 5791. 85 I 11454-28715

0. 9 5601. 05 33904-51753 1. 4 h 5795. 77 34740-51990
2.5 5602 76 j 25456-43299 1. 6 5800 46 J 20130-37366
1. 4 5608. 62 I 26636-44461 2. 0 5802. 67 I 20350-37579
1.4 5609. 23 I 26189-44012 0.5 5803. 98 I 25821-43046
6 5610. 93 I 24466-42283 0. 6 5806. 19 I 22244-39463

1.4 5613. 07 20158-37968 1.0 5806. 69 26759-43975
1.2 5618. 45 } 16641-34435 0.6 5808. 23 { 11454-28667
0. 6 5618. 77 22244-40037 0. 5 5809. 03 34435-51644
1.4 5619. 38 27766-45556 0. 6 5813. 86 39521-56717

20 5632. 47 10966-28715 1. 0 5815. 52
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Molybdenum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levels
trum m K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Vj, D DOXD, IH T oqqpo _ ^71 70 n 7 OjCj, DH
- "^m An — 4£^QAQDUXDU — 4D707

u, o 5820. 69 I 23668-40844 2.5 6357. 22 I 18229-33955
1. ^ 5825. 20 I 20130-37293 1.0 6389.11

J

26636-42283
1.4 T 111 Cl'^ — 9R97Z11 XXXH^

—

CO£.IH n 7 A'^Ql 1 9OJ/X. x^

1.2 CQ-iq qq T 97'^/19 — ZIZ14A1 9 nc, u A4ni (1704UX. U /

1. <1
un X C.O 1 ld — HjOUO 1 AX. 0 A4nQ 1

1

04U7. XX
_

XODDO — JJ7DD
un 5849. 73 I 28715-45805 0.6 6412. 39 I

-5. U n 5851. 52 I 28715-45800 6 6424. 37 20158-35719
32 coco 07DODO, L. 1

T 11 R^Q — 9RQ9ilX XXOjy — ^oy^H 1 9-L. C.
A44A '^40440. jH 9'^4RA — 4nQA4^D4DO — 4U7D4

1.2 COZLI -JODdDl. JO T 9A1 RQ — Z1'^9ZIA 1 9J-* ^ A471 9nD4 / X. 9"^ l^'^4 — "^RQR"?CjDjH — ^07 OD

u. o DOUO, 10 T ?c;7n7 — Z19749X c.Di\}l — Hc-IHc. 1 9 A47'^ QQ04 / J). 77
- ocqnz, _ /II -2 zipiiDyUO — 4XD40

5869.33 I 27727-44760 0.6 6493.13 I 30160-45556
1 A1. o 5876. 59 I 20281-37293 1.4 6519. 84 30502-45836
n Au. o cppi C-J T 901 "^n — "^71 9R n 4u. 4 At;Qn qnOlJyU, yU 9 AA'^ Q — 41 R(17^OOD7 — 4XoU

/

n AU. D cppo 70 T 977AA — ZlZl7An1 £.1100 — HH/DU 11 AAl 1 9(1OOXX. C\J 91^7117 — 4nR9qCD l\} 1 — 4U0^7

DKJ
Cppp 'I'l

X IXojy

—

cOOJl 1 4X 4 AAl Q 1OOX 7, i-J 1 n7AR — 9c;R79xU/Do — CdO 1

C

n 7 h cpqi czf.DOvl., DO T 9RR'^7 — ZmRDAX COO^ /

—

HjOuO n Au. 0 AA94 ^1DD^4. D 1 9A7'iq — 41 Rc;nCO 1 D7 — 4XODU
X CDHDO — H^H^t U. J AA'^7 1 AOOJ* / . X 0 9A'^'^A — 41 "^QR^ODDO — 4XD yO

3.0 h cpq-i -ipD07^, JO T 9RR'^7 — AtiRfinX COOJI — tJOuU nH AARfl "^ROODU. jO 9^4^A — 4n4RR^D4DO — 4U400
1.2 jOyO. /O 1 nX, u AARQ AR0037. 00 9(11 qp- AQ^UXDO — DDXOy

cpqp po T 97nQ'^ — 44.(141

<j. J 11 AA7R RQDO / 0. 0 y 9qR79 — 4nR4(ltD0/^ 4U04U
5901. 47 I 18229-35169 0.4 6687. 87 I 26450-41398
5912.12 I 26336-43246 1.4 6690.47 18356-33299

0.6 h cqo-j 7q T 9RQ94 — 4'iRnn U. J AAQl (IR007X, UO 97^^49 — 499R'^C 1 JHC — HCCOd
2.5 h ^Q9A "^A T 9RQ94 — 4^7Q'^ n 7 A79R (140 / CO, U4 9^707 — 4(mAACD 1 \J 1 — 4UDOD

1 nX u XI
cqop ppDvCO, 00 T 9RQ94 — 4c;7RAX ^Oy^t — T-D / 00 p0 A7'^'^ QR0 / JJm 70 1 n7AR — 9qAl 4XU/Oo — tDOX4

J., u 5937. 91 I 25906-42742 1.6 6746. 08 I 18480-33299
n A 5965. 57 4 6746. 27 20350-35169
0.5 DyOO, Ho T 97774 — 44^9R 9 c; A7c;'^ q70

/

DJm 7

1

97'^R4 — 491 RAC 1 JOH 4tX 00
0.9 D7 1 H, C.O X L. 1 1 c. 1 — HfrOX X, u U-JCJX Cfl0

/

Oj, DU 9^^707 — 4n4RRCD 1 yj 1 4U400

1. u cqpo Q'x T 9A'^'^ A — 4"^ n4A u. ^ A7A4 Q9D / 04. 7C
_ 9qqp9 _ 447AnC77QC — 44/OU

5988.17 I 27767-44461 0.6 blQl. 98 I 26284-41012
X. u 5989. 47 I 33904-50596 0. 6 6788. 94 26759-41484
0. 6 DyvU, Ui. n Ru. 0 11 A7Qq RRD / 77, 00 9A7qQ — 41 "^QRCO 1 D7 — 4XD70
0.6 cqqi -ic;Dy vl. JD T 97774 — 444A1X CI 1 IH — HHtOX n Ru. 0 ARn9 A9OOU^. oc 9A'^'^A — 41 0*^9^ODDO — 4X yjjc

T 97'^R4 — 4'^Q7AX c. 1 JOH — HjvIO n R ARl 9 V\% 9A'?'^ A — 41 (11 9COjjO — 4XUX^
1 n1. u 6027. 27 I 22876-39463 1.0 6825. 63 I 30113-44760

ou 6030. 66 I 12346-28924 1.4 d 6828. 87 26759-41398
1.2 Anzi7 Q*^01)4 /. OJ T 9^707 — 499*^7X CD 1 \J 1

— HCCj 1 AR9Q rmOOty. UD 9A1 RQ — 4nR9Q^0x0 7 — 4UO^

y

1.2 T 1 R99C} — "^47401 i.oCC7 — JH 1 H\} J, u AR'^R RR00^0, 00 97797 — 49*^4'^CI 1 C 1 — 4^D4D

i. ^ An7Q c;bdu / 7. Do T 9'^cil A — "^QQAtlX ^^jXO — J770U 1 9 AR4R Q9004o. 7C 'yf^ll'y R — 41 (11 91 04X D — 4X UX^
n AU. D 6081. 27 I 25906-42345 1.6 6886. 28 I 27766-42283
0 R^. -) 6101. 87 I 18356-34740 1.2 6892. 36 I 25456-39960
0.6 AT "^n A*^ox^u. 0^ n Ru. 0 ARQR (11OOyO, UX •^1 "^nn — 4ti7Q'^DXDUU — 4D 1 7J
n AVJ. o AT 07 AA01 y / . 00 T '^9ARH — 4HR1Q1 jCOoo — 400X7 n RU. 0 ARQP qROOyO. yO

z 9c:qq7 — /in/ippCD7 7 1 — 4U4oO

1.2 A91 7 RQ T 1 R'^ c;A — '^44'^R X. u AQnR 9(1OyUO. C\J
_ 111 4"^ — 9RA1 4XXX4D — ^DOX4

0. 6 6264.27 I 33904-49864 2.5 6914. 01 I 20281-28924
1.0 A?A5 8R T 18480 — 34435 0 7 f>931 40 20350 — 34774
0.9 6290. 74 I 18356-34248 1.0 6934.10 11454-25872
0. 8 6301. 75 I 24096-39961 0.4 6946. 75 27093-41484
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Molybdenum — All Observed Lines

Intensity
and

Character

"Wave-
iengtn
in A

Spec-
trum

Energy-
Levels
m Is.

Intensity
and

Characte:r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

0. 8 6947. 39 20350-34740 1.2 7447. 34 31533-44957
L. ^ h11 74R? 9S

0. 8 6960. 64 I 26336-40698 0. 6 7475. 43 I 27363-40736
0. 6 6961. 48 I 25707-40068 13 7485. 74 I 26320-39675
1.2 6978. 71 I 26639-40964 0. 5 7501. 62 I 25795-39122

0. 6 6980. 37
J

27766-42088 1.2 7504. 47 26639-39960
AQ84 A7 P7774 — 47087 1 -J 1 Xm Z)J J onxui. _ 4nRAAL. I JXJJ HUIJOD

2. 0 6988. 94 I 20130-34435 1. 0 7572. 64 I 26759-39960
0.7 6991. 69 I 26189-40488 0. 6 7579. 58 I 27774-40964
0. 9 6999. 13 I 26415-40699 0. 6 7591. 66 I 20130-33299

0. 6 6999. 88 25707-39989 1. 0 h 7595. 16 25997-39160
L. £ Tfim AD/ UU J- . uu 1 0 7Am 84 7741 R _ 4nc;AA

0. 8 7016. 44 I 26450-40698 0. 6 7649. 52 I 27774-40844
0. 6 7018. 43 I 0. 5 7653. 26 I 26759-39821
0. 6 7025. 32 I 26336-40566 1.6 h 7656. 76 I 31913-44970

2. 0 7037. 98
J

26639-40844 1. 2 7679. 49 20281-33299
U. O 11 / U T -J . C-/

?AA-i9 _4nR?9 n 8 7709
2. 0 7060. 21 I 11454-25614 2. 5 7720. 77 I 20350-33299
1. 2 7063. 34 I 20281-34435 0. 8 7723. 63 I 27093-40037
1. 2 7081. 22 I 20130-34248 0. 8 7732. 49 I 19970-32899

0. 8 7102. 65
\

27774-41850 0.4 7752. 34 27093-39989
J. u 71 09 87 2561 4 — 39675 1 6 7R?9 65 ?m •^n -37899
0.7 7122. 65 I 27363-41398 1. 4 7854. 45 I 27093-39821
2. 5 7134. 08 I 11858-25872 0.7 7887. 74 I 27363-40037
0. 7 7240. 46 I 26759-40566 0. 5 7917. 62 I 27363-39989

14 7242. 50
J

25872-39675 1. 0 7923. 15
J

20281-32899
^. -J ?m RR — 339^0 n 8 7968 R5 0741 5 — 39960
2. 0 7267. 62 I 11858-25614 0.4 7984. 35 I 26639-39160
0.6 7281. 53 I 25906-39635 1. 4 7986. 60 I 25906-38423
1.6 7300. 19 I 0. 6 8027. 32 I 20158-32612

0. 7 7322. 25 26336-39989 0.4 8058. 22
{

45786-58193
n 7 T^y? 7Q n 5 81 n4 67O J. Ut« vJ /

0.7 7333. 71 I 26189-39821 0. 8 8153. 45 I

1.2 7348. 49 I 20350-33955 0.4 h 8192. 60 I 23516-35719
0. 5 7360. 38 I 25707-39290 2.0 h 8245. 06 I 28715-40840

1. 2 7361. 65 27384-40964 3.5 h 8328. 44 28836-40840
0. 9 h 7364. 41 0.8 8351. 15 25997-37968
0.7 7365. 25 4 h 8389. 32 28924-40840
3. 5 7391. 36 12346-25872 4 h 8483. 39

0.9 7434. 10 5 25997-39445
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NEODYMIUM
Nd

Nd, Z=60, M= 144.27, Katio ^=2.270

Nd I Normal state of valence electrons 4/6s=^ ^I* =0. I.P. «44000K
Nd II Normal state of valence electrons 4/*6si ^l3^=0.

References

Wavelengths

:

Below 5000 A:
A. S. King, Astrophys. J. 78, 9 (1933).

Supplemented by A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola
Vaticana, Vatican, 1945).

F. Exner and E. Haschek, Spektren der Elemente bei Normalen Druck (Franz Deuticke,
Leipzig and Vienna, 1911).

From 5000 to 6900 A:
A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).

Supplemented by C. C. Kiess, Sci. Papers BS 18, 201 (1922).

Above 6900 A:
C. C. Kiess, Sci. Papers BS 18, 201 (1922).

Supplemented by G. R. Harrison, Massachusetts Institute of Technology Wavelength
Tables (John Wiley & Sons, New York, 1939).

W. Albertson, G. R. Harrison, and J. R. McNally, Phys. Rev. 61, 167 (1942).

Classification

:

Nd I, F. W. Paul, Phys. Rev. 49, 156 (1936) (Spectrum assignment only).

P. F. A. Klinkenberg, Thesis, Univ. of Amsterdam (1955).

Nd I and Nd ii, A. S. King, Astrophys. J. 78, 9 (1933) (Spectrum assignment only).

Nd II, W. E. Albertson, G. R. Harrison, and J. R. McNally, Phys. Rev. 61, 167
(1942).

Relative intensity of neodymium lines observed in an arc of copper containing 0.1
atomic percent of neodymium

Strong lines of neodymium

Intensity Wavelength
A

Spectrum Energy levels

K

320
280

220 d

220

4303. 58
4061. 09

/ 3863. 33
1 3863. 40

4012. 25

0-23230
3802-28419

0-25877
0-25876

5086-30002

180
180
150
150
140

4040. 80
4156. 08
3805. 36
4109. 46
3784. 25

1470-26211
1470-25524

2585-26913

140 d

140
120
120

/ 3851. 66
\ 3851. 74

4177. 32
3900. 21
3911. 16

1470-27425
513-24445

120
120
120
100

100 d

3941. 51
3951. 16
4247. 38
3838. 98

/ 3848. 24
1 3848. 31

513-25877
1470-26772

0-23537
0-26041

1470-27449

100
90
85
80
80

3905. 89
3848. 52
3990. 10
3775. 50
3963. 12

3802-28857

3802-29027

80
80
80
75
75

4109. 08
4451. 57
5249. 59
3889. 93
3890. 58

513-24843
3067-25524
7869-26913

75
75
75
75
75

3890. 94
3901. 84
4232. 38
5130. 60
5293. 17

513-24134
10517-30002
6637-25524

Term combination

4/<6s a -

ifi&s a -

4/46s a -

4/i6s a "

4/46S a ^IsH

4/*6s a "IsH
4/*6s a "IsH

-4/^6p 2 «K|h
-4f6p 2 sK§H

-4/^6p y ''H^H
-4/46p 2 6K§^

-4/^6p 2 6K§^^

4/46s a 6l5j^

4/*6s a 6l4H

4/<6s a 6X4^

4/46s a
4/46s a 6l3H

4/<6s a «I3K.

4/<6s a ^l^y,

231^

-4f6p 2 «K|h

17Sh
2l5>^

-4/*6p 2 ^Sh
2604 15h

-4/^6/) y ^Wy,

4/<6s a "IvH —4/^6p y «I?h

4/*6s a «I7H -

4/<6s a 6I4H
4/^6s a -

4/<5d a'LsH-

290271^^

-4/^6p 2 «K§^^

-4/46p 2 6K?H

4/<6s a 6I4H—4/<6p z ^ISh
4/<5d a «L,„H—4/^6p 2 6K§h
4/*5(i a «L7H —4/<6p 2 ^Kgj^
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Neodym ium — All Observed Lines

Intensity
ana

Character

Wave-
iengtn
in A

Spec-
Energy

, Levels
trum . „

in is.

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

5 2702. 46 3. 0 3188.73
i;J 2704 54 3 n 3?on 6?

5 2764. 98 I 9 3203. 47 II
4 2785. 79 I 5 3211. 00 II
3.0 2863. 95 6 3217. 12 II

3.0 2921. 26 3. 0 3222. 62
}^ / • oo

4 2963. 58 II 3. 5 3234. 62
5 2993. 20 II 2.5 3237. 91 II
2.5 2994. 73 6 3254. 08 II

6 3007. 97 3.0 3256. 91
JJuo ^ U ± t . ±7 x^

6 3018.35 II 6 3260. 66 II
5 3026. 47 13 3265. 12 II
3. 0 3038. 98 II 3.0 3265. 38 II

3.0 3043. 29 10 3267. 25
J i. J. X A 3273 18 II

5 3052. 15 II 19 3275. 22 II
9 3056. 71 II 3. 0 3281. 49
8 3069. 73 II 3.0 3282.78 II 0-30453

4 d 3071. 43
J{

17 3285.10
JJ^071 A

LI 3286 6?

10 3075. 38 II 3.0 3289.52
6 3079. 38 II 6 3290. 65 II

6 3080. 94 II 4 3293. 84 II

6 3092. 73 4 3294. 68
\J/ Cm / C 4 3298 61

9 3098. 48 II 18 3300. 16 II

3.5 3099. 52 II 8 3300. 91 II
8 3105. 43 II 4 3304. 66 II

6 3106. 18
}J

5 3305. 33
4 J X uo, u

X

A 331 n 38

16 3115. 18 II 8 3310. 91 II

12 3116. 15 II 12 3312.75 II

3.0 3119. 75 II 6 3313. 16 II

10 3123. 06 6 3316. 02

JX^H. DO Xc.

17 3133. 60 II 4 h 3326. 26
13 3134. 90 II 3 3327. 69
6 3137.24 II 24 3328.28 II 0-30037

10 3141. 46 15 3331. 57
1 7 3334 48 1 470 — 31451

6 3144. 55 II 17 3339. 07 II 513-30453
6 3144. 82 II 5 3345. 71

6 3148. 51 II 5 3347. 56 II

6 3149. 29 6 3347. 89

6 3149. 51 n 10 3348.17 II

6 3162. 62 19 3353. 59

6 3175. 99 5 3354. 60 1650-31451
3. 0 3181. 54 12 3355. 93
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Neodymium — All Observed Lines

Intensity
and

r^hararter

Wave-
length
in A

_
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 3356. 55 7 3607. 72

10 3359.76 II 19 3609.79 II

16 3364.96 II 5 3612. 75

5 3375. 23
T T
II oo

£.C
'2 ^1 C OO T T

1 1 T z.c;n OQOQQibbU — drlcMo

4 3386. 29 1 oio •2^1 O^OiO. 7D T T
11

6 3386. 52
T T
II ii T T11

6 3388. 03 II 7 3626.18
4 3389. 33 7 3627. 41

4 3392. 31 b ibdrl, ov

17 3393. 63 II ID T T11

9 3410. 25
T T
II

T Oid 3D3i. U^:
T T
11

4 3412.39 4 3633. 47

3 3415.55 20 3634.30 II

11 3425. 22 II lU O Z. 1 /I O "7

3634. o /
T T
11

10 3428. 93
T T
II 4 3635. 11

6 3432. 99 14 363 /. UU T T
1 1

3 3435.43 14 3637.23 II

6 3443.32 II 11 3637. 79 II

3 3454. 38 II 4
'2 ^ O "7 r\363o. /U

3 3461. 83 14 3d4U. ii4
T T
11

7 3468. 42
T T
II 11 3641. 5U T T

1 1

7 3470. 86 II 1650-30453 4 3642.46
9 3481.44 II 11 3643. 63 II

7 h 3484. 88 I
/I

4 3645. 63

7 3510. 70 II 14 •2 Z. /I C "7 O3645. /o
T T
11

7 3522. 05 II 3067 — 31451 7 364 /. 93

12 3527. 53 II 20 3648.20 II

5 h 3531. 71 II 14 3649.46
10 3533. 59

T T
II

T /I14 3650. 4/1
T T
11

11 3541. 60 T T
II 3

*2 z. c n

17 3543. 35
T T
II 11 "2 Z. Cl C Q

4 3553. 99 7 3652.45
12 3555. 77 II 24 3653.15 II

24 3560. 75
T T
II 14 "2 z. c /I n z.

4 3561. 61 II
-7

/
'2 Z. C C n '2

36bb. 03
T T
11

20 3568. 87 II 7
'2 / C Q O /I3Db7. y4 T T

11

4 3576.16 7 3660. 97

11 3582. 63 28 3662. 26 II

6 3582. 88 jooj, 03

5 3586. 82 32
•2 Z. Z. C TO3665. io T T

11

28 3587. 51 II
Q7 ^ Z. ^ O "7Q

7 3588. 23 11 3669. 45
5 3592. 09 II 5 3669. 75

18 3592. 59 II 9
•2 z. "7 r\ no3670. 9z:

7 3595. 41 7 1 Z. "7T Z. Z.36/i. 66

7 3595. 91
^ Z. "70 *2 Z.5blc. 3o T T

11

20 3598. 02 II 34 3673. 54 II

4 3600. 12 6
o / "7 /I / r"

3674. 65

18 3600. 91 II 5 3677. 60

4 3606. 30 14 3678.18 II
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Neodymium — All Observed Lines

Intensity
and

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Wave-
1 <=» T-| 0'1"Vl

1 AX Ai -Ti.

Spec-
trum

Energy

111 JTv

6 3678. 88 15 3754. 83
5 3684. 29 22 3755. 60 II

70 3685. 80 II 6 3756. 83
7 3686. 07 30 3757. 82 II

26 3687. 30 II 55 3758. 95 II

24 3689. 69 II 18 3759. 79 II
18 3694. 81 II 8 3761. 58
7 3697. 17 5 3762. 09

24 3697. 56 II 55 3763. 47 II
6 3701. 75 7 3765. 34 II

14 3702. 84 7 3765. 92

7 3703. 88 18 3766. 59
14 3704. 95 6 3768. 71

12 3712. 81 30 3769. 65 II 1650-28170
28 3713. 70 II 8 3772. 40 I

22 3714. 20 8 3772. 93
38 d 3714. 73 11 3773. 18

3714. 81 II 513-27425 6 3774. 93

15 3715. 04 II 80 3775. 50 II

12 3715. 39 II 15 3776. 34

28 3715. 68 II 8 3777. 00

5 3716. 58 42 3779. 47 II

24 3718. 54 34 3780. 40 II 3802-30247
5 3719. 21 30 3781. 32 II

8 3720. 54 18 3783. 78

24 3721. 35 II 140 3784. 25 II

13 3722. 42 16 3784. 73

46 3723. 50 II 11 3784. 85 II

24 3724. 87 II 9 3785. 11 II

15 3726. 90 7 3785. 40

42 3728. 13 II 7 3788. 97

28 3730. 58 II 20 3791. 50 II

10 3731. 22 II 9 3792. 81

5 3731. 63 20 3795. 45 II

6 3732. 02 7 3796. 49

16 3732. 78 II 10 3799. 24

60 d 3735. 54 II 14 3799. 55

3735. 60 II 22 3801. 12

26 3737. 10 12 3801. 38 II

60 3738. 06 II 20 3802. 30

16 3741. 42 II 70 3803. 47 II

7 3742 59 12 3804. 10

8 3744. 24 150 3805. 36 II

9 3749. 10 20 3805. 55 II

12 3749. 85 II 28 3807. 23 II 513-26772

19 3750. 31 8 3808. 25

6 3750. 74 32 3808. 77 II

7 3752. 29 I 26 3809. 06 II

34 3752. 49 II 34 3810. 49 II

22 3752. 67 II 0-26640 14 3811. 06 II 3067-29298
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

lb ^011, / /
T T
i. I n — 0 A097 79JC. 7RR7 R7

J> oo / . o / T T i;i 7 _ 9 A997DxJ C OCC

1

12 3812. 53 22 h 3889. 66 II

42 3814. 73 II 75 3889. 93 II

ii jol /.
T T1 J.

1 n T T1 X
/
D ^OL o, 04 7^

/ D 7RQnJ?0 /U. _JO T T1 X

1 /I ClQl Q 7n
1 D T TX X

24 3822. 47 II 34 3891. 51 II

5 3823. 26 28 3892. 06 II

/ U •^QO^, AO T T
J. 1 D LJ — ^ODHU to T TX X

c;i 7 _9A1 R9^ X J cox o c
1 /I T T

J. 1
QO 7QQt; 77j'Oy:?. J 1

T TX X

T T 5
70QC Ql
J? 07_?. 7X

26 3829. 16 II 16 3896.13 II

30 3830. 47 II 26 3897. 63 II

O "^C^O 7A X ^ u 7Qnn 91 T TX X
/I /I ^O^O. D4 T T

J. I 7^
J? 7 UX. OH T TX X

on ^O^ /. 7l T T
JL JL

QO '^Qn9 mJWC, Jx.
TX

100 3838. 98 II 0-26041 7 3903. 51

20 3839. 51 II 6 3905. 56

^4 n jcmx, 7D 1 nnJ. u u
7Qnc OQ
J/\J Jm O 7 TTX X

D Qo 7QnA noJ V yj o. u 7 TTX X

o "^Qn? RnJ/\jI% D\J

11 3846. 71 12 3907. 64

6 3846. 97 30 3907. 84 II

lUU a 7 Q/I £5 OA^o4c5. ^4 T T
1 J.

1 Zl7n — 1 9nX u 7Q1 1 1 AJ?7XX. X D TTX X
T T
I 1

c;n ^Ql 9 9"^?7Xt., CJ TTX X

7U ^IQAQ c;0 T TI 1 9n 7Qn 7 /,Q-/7X.P. 07 TTX X

28 3850. 22 II 26 3915.13 II

140 d 3851. 66 II 36 3915. 95 II

^0_)1. /4 T T ^ u jy JL 1

9

on J 7XO. 7U

7
1

IQKQ AO 1 7x_> 7Q1 Q Q9
_? 7X 7, yc. T TX X

16 3860. 94 65 3920. 96 II

18 3862. 52 8 3924.49 II
o o n /^ n _ 0^fi77 c 7Q9Z1 QRjyCim 7

o

lowi A

n

^I U — CDO 1

O

c jycj, OJ

1 nlU ^OOD. 70 At 7Q9A A9jy CO, oc TTX X

14 3866. 52 n 30 3927.10 II

13 3866. 81 II 12 3929. 26 II
c; nD U 1 zi7n — 'PV'^nQJ-H/U — C. f JUv Q

/
7Q7A no7^ H. U 7 TTX J.

14 7071; 7AJO 10, /

4

7 A '^Q'^d R9J 7J H, Oc. TTX X

O Q 7H7C; Q7 7Q7A 11
J? 7^D. X X TTX X

65 3878. 58 8 3937. 00 I

60 3879. 55 II 4 3937. 57 II 0-25389
46 3ooU. JO jl 7nJ U 7Q7R RAJ 7 J O. OD T T

X X
"7 n IQQn 7Q^ooU, lo II R1 7 — 0A97ADLJ — c Oc. 1 T- o 7Q7Q CO

_? 7JJ y, DC TTX X

1 oIZ ^cSOi. jy 1 ?nX ^ u 7QA1 i;iJ7'tX, 3X T TX X
c;i 7 — 9i;R77^ 1. J C ^ \J 1 1

6 3883. 76 5 3942. 12 II

6 3884. 08 Q7 jyHC, be
T T
1 1

6 3884. 74 4 3946. 81

5 h 3886. 09 I 6 3947. 61 I

195



Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

9 3948. 32 II 32 4004 02 TT

4 3950. 42 6 4004. 26
120 3951. 16 II 1470-26772 24 4007. 43
48 3952. 20 II 0-25295 5 4008 75
19 3952. 87 II 6 4010. 45

TT

5 3953. 40 II 9 4011. 09 TT

19 3953. 52 II 220 4012. 25 II 5086-30002
6 3954. 41 32 4012. 70
3 5 3955. 09 8 h 4013. 25 jj

7 3955. 95 II 4 4015. 56

14 3957. 45 II 22 4018. 81 TT 513-25389
35 3958. 00 II 513-25772 7 4019. 79 II
30 3962. 21 II 5 4020. 05
80 3963. 12 II 3802-29027 60 4020. 87 \\ 2585-27449
16 3963. 90 II 60 4021. 34 J J 2585-27446

7 3967 06 II 60 4021. 78 TT

9 39bl. 75 II 70 4023. 03 II

10 3968. 88 20 4024. 78 513-25352
7 3969. 67 24 4030. 47 1470-26274

65 3973. 30 II 5086-30247 70 4031. 82 J J

44 3973. 69 II 2585-27744 7 4033. 50

9 3975. 20 6 4033. 90

7 3976. 09 I 4 4034. 01
w

513-25295
44 3976. 85 II 0-25138 16 4038. 12 1470-26227
6 3977. 33 180 4040. 80 J J 1470-26211

3 5 3977 99 12 4041. 06 T
J

4 3979. 03 5 4042. 51

44 3979. 49 II 1650-26772 5 4043. 05
3 5 3980 98 24 4043. 59 2585-27309
8 3981. 24 II 5 4044. 35 J J

19 3982. 36 II 3067-28170 24 4048. 81 J J

5 3983*. 41 II 50 4051. 15 II 3067-27744
4 3983. 58 5 4054. 86

\\28 3986. 25 II 5 4056. 83
3 5 3987. 25 50 4059. 96 J J 1650-26274

3 0 3987. 81 II 280 4061. 09 J J 3802-28419
4 3988. 82 II 5 4067. 73 I

85 3990. 10 II 3802-28857 65 4069. 28
\\

513-25081
60 399-1 74 II 0-25045 6 4071. 46

t; 3992 16 8 4074. 42 JJ

5 3992. 28 42 4075. 12 J J 1650-26182
10 3992! 60 II 28 4075. 28 II 513-25045
65 3994. 72 II 14 4077. 62
n 3995 26 II 28 4080. 23 JJ 513-25014
4 3997. 44 II 8 4082. 55 J J

4 3997. 78 14 4085. 82 J J 0-24468
10 3997. 93 4 4086. 82

—

'

4088 56

10 3998. 69 4 4089. 12

24 4000. 50 II 1650-26640 7 4089. 68
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

5 4091. 00 II 3. 5 4174. 46
8 4094. 62 II 48 4175. 61 II 5086-29027
5 4095. 43 II

T /I r*140 4177. 32 II
^ A A A ^513-24445

16 4096. 13 II 10 d 4178. 44 II
6 4096. 71 II 4178. 53 II

13 4098. 18 II 12 4178. 64 II
6 4098. 91 II 38 4179. 59 II 1470-25389

11 4100. 24 II 3067 — 27449 5 4182. 52 II

5 4101. 45 II 4 4183. 13 I

5 4102. 53 II 15 4184. 98 II

9 4104. 23 II 5 4185. 77
3. 0 4104. 54 II 8 4186. 04 II 1470-25352

12 4106. 59 II 4512-28857 4 4187. 11
7 4107. 44 II 4 4188. 26
7 4107. 96 II 2 4195. 03 II

80 4109. 08 II 513-24843 5 4198. 17 II
150 4109. 46 II 2585-26913 7 4199. 11 II 513-24321
30 4110. 48 II 0-24321 4 4200. 04 II
18 h 4113. 83 II 1470-25772 4 h 4203. 43 II
4 4116. 34 7 4205. 25 II

2. 0 4116. 77 II 28 4205. 60 II 5086-28857
5 4120. 66 II 5986-30247 28 4211.29 II 1650-25389
5 4121. 94 T T

II 4 4212. 75
T T
II

24 4123. 88 II 3067-27309 5 4213. 07 II
3. 0 4125.05 II 5 4213. 22 II

5 4128. 70 II 6 4214. 22 II
3.0 4129. 87 6 4214. 60 II

3. 0 4130. 72 II 7 4217. 28 II 3067-26772
5 4132. 56 II 4 4218. 55 II

28 4133. 36 II 2585-26772 4 4219. 56 II

5 4134. 72 II 17 4220.25 II 2585-26274
30 4135. 33 II 10 h 4221. 14 I

6 4136. 76 II 7 4223. 21 II
10 4144. 56 II 1650-25772 8 4224. 84 II
8 4146. 13 II 4 4226. 99 II

10 4151. 68 II 26 4227. 73 II 3802-27449
6 4153. 73 II 11 4228. 03 II 1650-25295

180 4156. 08 II 1470-25524 11 4228. 20 II 3802-27446
30 4156. 26 II 6 4229. 50 II
4 4157. 58 II 75 4232. 38 II 513-24134

8 4159. 57 II 6 4233. 15
20 4160. 57 II 15 4234. 19 II 1470-25081
3. 5 4164. 41 17 h 4235. 24 II

3. 5 4164. 85 J 17 4239. 84 II
9 4165. 04 II 8 4241. 21 II

24 4168. 00 5 4244. 56
4 4168. 76 II 5 4244. 96 II
6 4170. 46 II 7 4246. 88 II 513-24053
6 4170. 76 II 120 4247. 38 II 0-23537
6 4173. 38 II 513-24468 5 4248. 15
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
t r U.XY1

Energy
Levels
in K

50 4252. 44 II 4 4359. 25 J J 4512-27446
7 h 4252. 88 4 4360. 87 II
6 /loci O "7

4^53. o /
T T11 3 n 4361. 40

17 4254. 29 7 4364.14 II
4 4256. 24 II 1650-25138 14 4366.38 II

_ 6 4256. 47 I 20 4368. 64 II 513-23397
6 4256. 82 II 3.5 4372. 14 II

10 4257. 79 II 3.5 4372. 28 II
4 4259. 62 II 3.5 h 4372. 73 II

24 4261. 84 II 28 d 4374. 93 II 1470-24321
4375. 04 II 0-22851

9 4262. 24 II
9 4263. 44 II 3.0 4376. 45 II
9 h /I O / O C\'\4263. 91 3. 5 4377. 40

4264. 00 7 4382. 74 \\ 3067-25877
20 4266. 71 II 1650-25081 42 4385. 66 II 1650-24445

14 4270. 56 II 0-23410 15 4390. 66 II
20 4272. 79 II 0-23397 4 4391. 10 II 2585-25352
20 i\2.1b, 09 T T

II 2. 5 4392. 12
8 4277. 29 II 1470-24843 2.5 4394.18 II
4 4280. 17 2.5 4395. 50

28 4282. 44 II 2.5 4395. 89
14 4282. 57 II 513-23857 3.0 4398. 03

42 /I O O /I CO T T
II 50o6 — 2o419 2. 5 4399. bo

7 4290. 96 II 32 4400. 83 II 513-23230
5 h 4294. 19 7 4407. 08 II

4 4297. 36 II 30 4411. 06 II 1470-24134
16 4297. 80 II 8 4412. 27 II 513-23171
5 4299. 7i

T T
11 4 A A1 A A A T T

1 1 dLj — 23iDU
4 4301. 22 I 2367-25609 8 4416. 89 II

320 4303. 58 II 0-23230 3.0 d 4420. 11 I

20 4304. 45 II 2.5 4420. 52
4 4305. 48 II 2.0 4426. 83 II 1470-24053
7 4306. 75 11 3. 5 4432. 3U T T

11

12 4307. 78 II 3067-26274 5 4439. 00 II

6 4310. 51 II 1650-24843 2. 0 4444. 29 II

5 4311. 25 I 3.5 4444. 99 I 0-22491
5 4313. 36 II 34 4446. 39 II 1650-24134

10 4314. 38 T T
II

on80
/I /I r- 1 C "7

4451. 57 T T11 3L)6 / —25524
28 4314. 52 II 0-23171 12 4451. 99 II 0-22456
65 4325. 76 II 3802-26913 18 4456.40 II 5986-28419

30 4327. 93 II 10 4462. 42 II 1650-24053
32 4338. 70 II 5986-29027 44 4462. 99 II 4512-26913
8 4342. 07 II 513 — 23537 6

/I /I / r A -7

4465. L) /
T T
11 U — 22371)

4 4343. 50 I 0-23016 7 4465. 60 II 1470-23857
5 4349. 10 5 4467. 85 II

4 4350. 21 II 8 4469. 26 II

40 4351. 29 II 1470-24445 5 4470. 97 II 5086-27446
9 4356. 02 II 5 4471.41 II

50 4358. 17 II 2585-25524 2.5 4475. 57 II 513-22851
5 4358. 70 II 4512-27449 1.8 4475. 84 I 2367-24703
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

3.0 4477. 46 II 3.5 4631. 29 I

8 4477. 88 I 3.0 4632. 64 II 1650-23230
oo 44Rn Q7 T

J.
1 1 9R — 9^4'^RXXL.\J c.j^jo 4A^4 94J^m C*^ n — 91 c;79U CXJ 1

c

4 4481.90 I 1128-23434 3.5 4637. 20 I 0-21559
2.5 4485. 95 II 3067-25352 5 4638. 72 II

5 4493. 42 II 5 4639. 14 I 1128-22678
2.5 4497. 27 II 20 4641. 10
c., 0 T1 1 '^± _J 4A4R 77 T TX X

5 4497. 93 II 12 4646. 40
24 4501.82 II 1650-23857 18 4649. 67 I

12 4506. 59 II 513-22697 3.5 4652. 39 I

10 4513. 34 II 12 4654. 73 1128-22606
1

J

J. O, J>D
T T
X I 4 h 4AA4 4^ T T

1 1

4 4522. 84 II 11 4670. 56 II

2.5 4523. 58 II 4 4671.10 I 1128-22530

7 4527. 25 I 5049-27131 2.0 4673. 97 I 2367-23756
4 4529.94 I 5 4675. 52 3682-25064

^ u T T1 J. jyjui L.^\JOx 4ARn 74 T TX X J XJ CXO t X

5 4542. 06 I 0-22010 26 4683.45 0-21346
20 4542. 61 II 9 4684. 04 I 1128-22471

2.5 4544.26 II 1.2 4688.55 I

2.0 4545. 33 II 9 4690. 35
J

0-21314
T1 X \J 4AQA 44 JyJOC C^ /OO

2.5 4549. 02 II 11 4703. 57 II 3067-24321
2.0 4554. 97 II 3067-25014 40 4706. 54 II 0-21241

3 4555. 14 II 12 4706. 96 I 1128-22367
6 4556. 14 II 513-22456 16 4709. 71 II 1470-22697

T T1 1 1 47n — n X o 471 ^ ^9 T TX X XU^U CCO-}X

10 4559. 67 I 2367-24292 5 4717. 08 II

3.5 4560. 42 I 20 4719. 02 I

3.5 4561. 18 II 16 4724. 35 II

4 4561. 86 I 2.5 4726. 55
Jc u T T1 X 1 9 47"?! 77T / X. / /

1 1 9fi — 999c;aXX^O L.CL.-JyJ

5 4567. 61 II 1650-23537 3.0 4734. 90 I

12 4578. 89 II 1.6 4736. 20 II

12 4579. 32 II 2.5 4749. 03
2.5 4584. 04 II 2.5 4749.56 II
L.D T

X D 474Q 7^ 7 AR9 — 947'^n

3.5 4586. 96 I 4 4755. 85 I 3682-24703
5 4594. 45 II 1650-23410 2.0 4759. 10 I

12 4597. 02 II 1650-23397 1.8 4760. 45 I 1128-22129
6 4603. 82 I 5049-26764 4 4763. 62 II 3067-24053

T T
X X Zim 0 _ 9A91 1H-Jit — CO Cxi. 7 nik'K R7 T T

X X 1 470 — 994RAXH / U CCHDO
6 4609. 87 I 1128-22815 6 4770. 20
2.0 4612.47 II 513-22188 2.0 4771.73

18 4621. 94 I 2367-23996 1.6 4772. 26 I

5 4624. 21 I 3.5 4772. 88 II

5 4626. 50 I 1128-22737 3.5 4777. 72 II

6 4627. 98 I 2367-23968 1.2 4778. 40

3.5 4629. 91 II 10 4779. 46
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Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

L.o zivB"? onH / OJ. ou T T D AQ1 n nc;471 U. UD T1 n 9n'iAi

3.5 4786. 06 II 16 4913. 41 I

1.8 4787.40 I 1128-22010 14 4914. 37 II 3067-23410
1 A H / 07. Hi T T

1 1 9RCO AQ9n AP47<lU. 00 T T1

1

c;i 9 np'i n

1 niU H IT 1 , ID T T
1 1 n Z1Q91 1 AH7C1, 14 T

1 •?AP9 9'ZQQA^00^ djyyo

c /I7QQ A9 T T
1 1 n Z1Q99 AC,Hycc, HD T

1

3.5 4806. 62 I 1128-21927 40 4924. 53 I 0-20301
20 4811.34 II 513-21292 3.0 4930. 72 II 6637-26913

n HOi /. 1 /
T T n H7Hc, 7D T T1 1 (;QPA _9 A91 137OO — ^0^11

0 nc. u 7Q T T c ziQzi'^ onH7HJ. yU T T
1

1

1 Ac;n _ 91 P711 DDU — ClO

1

1

1 91. c. Holy. OH TT
1

1

99C.C. ZIQZIZI P'^H yHH. Oj T
1

HO^U. JH T T1

1

1 Aqn _99'?QnlODU C.L.J/\J 7 &QA7 09H7H / . yJc.
T T
1 X

1 91. ^ Ho^H, 1 O T T
1

1

Zim 9 — 9c;9'^ c;HO Lc. — Cjc-DD /IH H7Hy. \JJ

ZIR91; ZIP T T1

1

1 Z17n — 991 PRIH/U — ^^100 H /IQcn 9QHy_)U. ^7 T
1

on H^. u a AQOI c^7Ho^ 1,01 T1 n /IQCn A7 T
1

Hod / . / H T
1

AD ZIQ^9 ZlAHvDc., HO T1 1 1 9P — 91 "^1 Zl

4 4828. 58 II 32 4954.78 I 0-20177
11 4832. 28 II 6 4958.10 II 3067-23230

Ho^j, OD T
1 9"^ A7 — 9'^nzin /iqciq 1H737. U T T1

1

m — 90A7'^DLJ — CUO 1 J

o ZlP'^c; noHOjD, 70 T T n _ 9nA7'^ 1 A10 /iqAl "^QH7D1. /
T T
I I

CLnpA _9c;9'^c;DuOO — L.DC.JD

cD ZIP'^A A9HoJO. 0^ T
X

Q
y ZIQA"^ •a-iHyDJJ. JJ T

1

9 4849. 06 II 4 4969. 75 I

7 4853. 33 I 1128-21727 4 4970. 93 II 2585-22697
nJ. u HODD, Jl T1 1 1 9P — 91 71 R11^0 — c-i. / XO H Z1Q79 R9H7 / c., Oc.

AQ^Q 09 T T 9c;pc; —9*^1 An 9 H y / J, HU T
1

A QCQ CO4or)7. Do T
I 1 n1 u /iq7c; cn47 / DU T1

2.0 4861.77 I 3.0 4980. 88 I

4 4864. 78 8 4981.28 II

io T
I n 9ni;zi9U — C.\JDHC. AH AQQO pqH70^, 07 T

1
n AQU~l P/1'too /. O't

T T
I 1 1 Ac;n 991 PR1 ODU — ^:<l1 00 1 nlU ZIQR7 1 7H 7O / . 1 /

T T1

1

/I /IPAQ 97'too?, 1
T
1 AR9 _ 9/191 %JOOC. — c.HdLj AH ZIQPQ ZlAHy07. HO

3.0 4871. 44 I 28 4989. 94 II

3.0 4874.37 I 10 4998.55 II
/1R7C: 7'2 T

I
Q0 cinnn aaD\J\J U. HH T T

1 X

AQm QA T T11 AD 1 A7 J T1 X

9 n A Q7A 1

9

40 / D. 1/1
T T
1 1 Ac.^ 9 9c;ni a 7 cni A CLR T

X

4 4879. 79 I 2.0 5015.40
2.5 4882. 88 II 2.0 5022. 67 I

/I Q Q"2 Ql4oo^. ol T
1 1 n1 u ^n97 1 c;Due /. 13 T1

/I Hooo, Ui 1 7 cin97 R^Due 1 m OD T TX X ZlZl'^R — 9Zl'^91

1 9 /I PRO 1 nHOOy, lU T T1 1 1 n1 u 3 7. H3 TX 1 1 9P _9i nnc;

19 4890. 70 II 16 5033. 52 II 9166-29027
20 4891. 07 I 3.0 5039. 92 I

n
"i

/IRQ"? 9"? T
1 1 1 9P — 91 "^c^Q11^0 — dLDDy AD Rfizin 90D UH U. ^ U TX 1 1 9R — 909A3

9 /I 4070. 7^ T
1 11 9R _ 91 ciA"!IIZO — CXDHj c3 tiom OADVDX, UO TX

iU 47UI. T
1 1 n1 u t^O^A RQD\JDO, 07 TX n _i 9770U J. / / / L/

18 4901. 84 I 3.0 5060. 04 I

ZlQn9 (T^H7U^, \JJ
TT1

1

1 9 5063 73 TT

2.5 4907.26 I 2367-22739 4 5066. 85

2.5 4907. 78 I 2367-22737 7 5071. 87 I 1128-20839
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

4 5073. 87 I 3682-23385 40 5255. 51 II 1650 — 20673
4 5074. 52 I 2.5 5257. 35

40 5076. 59 II 4 5264. 22 I

8 5077. 16 II 3. 0 h 5265. 74
5079. 09 I 2. 5 h 5266 64 I

3 5 5081 89 13 5269. 48
16 h 5089. 84 II 1650-21292 10 5269. 78 II
40 5092. 80 II 3067-22697 6 5270. 09 I

7 5096. 52 II 4438-24053 6 5270. 69
20 5102. 39 II 5488-25081 3. 0 5272. 00

8 5103. 11 I 65 5273. 43 II 5488-24445
16 d 5105.21 II 16 5276. 88 II 6932-25877

5105. 35 I 6 5286. 68 I

40 5107. 59 II 6637-26211 4 5287. 13
3. 0 5114. 53 I 12 5291. 67 I

4 0 5119. 61 II 5488-25014 75 5293. 17 II 6637-25524
4. 0 5121. 30 2. 5 5298. 88 I

38 5123. 79 II 3. 0 5300. 58 I 1128-19989
75 5130. 60 II 10517-30002 18 5302. 28 II 11392-30247
19 5132. 33 II 3- 0 5302. 61 I

2 5 5134. 23 7 5303. 21 II
5 5136. 83 12 5306. 47 II 6932-25772
9 5143. 33 II 1470-20907 3. 0 5308. 28 I

5 5156. 01 3. 0 5308. 42 II 10195-29027
8 5161. 71 II 5 5310. 01

19 5165. 14 II 5488-24843 24 5311. 46 II 7950-26772
10 5167. 92 II 4512-23857 4 5314. 55
2. 5 5170. 91 6 5316. 60 II
9 5176. 79 II 5 5319. 11
2 0 5178. 75 I 1128-20432 55 5319. 82 II 4438-23230

3 5 5179. 78 II 3. 0 5320. 79 I

14 5181. 17 II 4 5324. 59 I

13 5182. 60 II 6005-25295 3. 0 5329. 11
2 0 5187. 05 I 2. 0 5329. 88 I

55 5191. 45 II 1650-20907 3. 0 5332. 43 I

70 5192. 62 II 9166-28419 3. 0 5334. 33 I 0-18741
6 5195. 60 I 2367-21608 10 5336. 55 II 4438-23171
6 5198. 07 I 1128-20361 5 5338. 01

36 5200. 12 II 1. 8 5343. 65 I

7 5204.' 38 I 0-19209 9 5345. 71 II 9043-27744

34 5212. 37 II 1650-20830 2. 5 5349. 26 I

17 5213. 23 I 2367-21543 4 5349. 58 I 1128-19816
10 5215. 65 II 20 5356. 98 II 10195-28857
7 5221. 57 II 5 5361. 17 II 4512-23160

14 5225. 05 II 6005-25138 32 5361. 47 II 5488-24134

14 5228. 43 II 3067-22188 4 5365. 12 II
50 5234. 20 II 4438-23537 1.6 5370. 16
28 5239. 79 II 17 5371. 94 II 11392-30002
80 5249. 59 II 7869-26913 4 5377. 79 I

22 5250. 82 II 6005-25045 2. 5 5378. 23 I
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Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T iP vpl s

in K

c-io-i oc T T
X 1 1 n T 9'JA7 9n^19cio 1 —cumc

1 o 5385. 90 II 6 5535. 27 II
^. i) 5388. 23 2.5 5537. 77 II
2.0 5^70, 1

C

X n CO T T
i 1 Anne 9/1 ncaoUUb — c'Wjdj

2.5 C;'2QQ 1 TD^77. 1^ T T
JL

1

7c;9c; _9AnAi 0 t^C.A'X OADDfJ. C'^
T
X

5. D TI
c,D 7i T T

1 1

3. U 5402. 90 I 6 5548. 47 II 4438-22456
r
b 5406. 17 II 3.0 5548. 68
2.0 DHi i, 7^ T

X
9-1^7 9riO'2Q
C.jKi 1 — L.\JOJ7 J, u t;c;t;n no T T11

3.5 c /in /l 7/1 TX A t;i:c:7 A9DD3 /

.

OC T T11

T
X 0 CLCAl 1 7Dbol. i /

T
1 n 1 7Q77U — i 17 11

oo 5416. 38 II 6932-25389 4 5569. 96 II
^. u 5420. 66 I 3. 0 5575. 50 I

9 T TX X Ann f; — Oaaa^ "K nD. U i;c;7A 7n T
1 '31AQ9 9 1 AnO^00^ — ^ioUo

2.0 T
X % nJ, u t;t;77 7n T

X

0 n^. u T
X

i;f;7Q AA
QO 5430. 79 I 3. 5 5581.60 II 6932-24843

io 5431. 53 II 9043-27449 3. 0 5587. 61 I

4 OHJC, JO T T
X X vVHj — c. 1 fro 9 n i;Qfl7 QADDo / . 7D T T1

1

4 Dnn±, DDOo. 7i

lU T T
X X DHOO — L.JOD 1

Rt;Q9 A7 T
X

J. u 5447. 28 I 26 5594. 43 II 9043-26913
n 5447. 56 II 8420-26772 2.0 5595. 81

6 DHtT. lit
T
X A0 CAm A'X T

X

12 T TX X
cD CAm Q930UX. yc.

T
X

QO T T
X X / 7DU — cot. 1 H nH t^Afl'? ARDDU^. Do T T

X X

3. D 5456. 56 3.0 5603. 65 II 3067-20907
5458. 60 4 5614. 30 II 8420-26227

4 c/17'2 ncD't / J, uo T TX X 9 n CAT c; "XK3013. JJ T
1

5 C,A~1A T T
X X

7Qc;n 9A91 1
/ 7DU — ^0/1 li n CAT 7 71DDI / . /I TTX X

3. L)
i;/17Q ATD't / 0. OL TX

c^T Q nnDDI 7. UU

2. U 5483. 12 II 7950-26182 24 5620. 54 I 0-17787
5 n 5485. 10 II 1.2 5623. 62 I

19 c /l pc 70 T T
X X 1 m Qc, _ 9Q/n Q A ciA'PCi 70DOCD, 1 C T T

X X / DCD — CDCyj
2.5 T T

X X QA9n _ 9 AAZin 7 c;a'^^ 7ADD^D. 10 T
X

4 c /I Q9 -J n T
1

cD DD^7. Dt T
X

1. 6 5493. 34 I 2. 0 5647. 98 I

7 5494. 01 II 4 5653. 57 I

2.0 C /I Q ^ /I 0 T
1

t;Ac;Q 7fi T TX X

1.4 c /] CI Q T
1

9 n c;aa9 /ia T
X

4 c c ni /1

7

T
X

n 1 CI 79 1 9 (;aac; 9ADDDD. /CD
T
X

2. 0 5507. 66 8 5668. 87 II 11392-29027
4 5508. 40 II 6932-25081 7 5669. 77 I

2.0 CCX L 9Qrbib. ii7
T
X

It; HID a c,c-]c, 07DD 1 D, y 1
T
X 1 1 9R_1 9.1A^

AU bb^U. bU u0 t;A7A '^'^DD / D,
T
X

1.4 c c;99 1 7 T
1 1. C CART T ADOOX, ID TX

2.0 5523. 94 I 24 5688. 53 II 7950-25524
5 5525 72 T 2 5 5689. 51 I

4 5528. 33 II 1.2 5695. 23 I

2.0 5529. 07 I 1128-19209 5 5698. 93 II 12460-30002
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Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

3 5 5701. 57 I 2. 5 5845. 95 I

14 5702. 24 II 6005-23537 1.8 5846. 36 II

9 5706. 21 II 7525-25045 1. 4 5847. 59 I

18 5708. 28 II 6932-24445 3. 5 5857. 52 II
9 5718. 12 II 11373-28857 6 5858. 91 I

3. 5 5719. 09 I 4 5865. 06 II 11373-28419
7 5726. 83 II 8420-25877 4 5867. 08 I

11 5729. 29 I 3. 5 5868. 90 I

1. 8 5731. 05 I 3. 0 5871. 04
2. 5 5734. 55 3. 0 5877. 83 II

5 5739. 96 II 3. 0 5882. 78 II
8 5740. 86 II 9358-26772 3.5 5883. 29 I

3. 0 5741. 28 2. 5 5886. 24 I

5 5742. 08 II 3. 5 5887. 91 I

3. 0 5742. 76 4 5891. 53 II 8420-25389

3. 5 5743. 20 II 10337-27744 2. 0 5899. 49 I

1.2 5744. 14 II 6005-23410 2.5 5900. 43 II 7525-24468
5 5744. 77 II 7950-25352 3. 0 5906. 65 II 6932-23857
3. 5 5748. 15 II 6005-23397 4 5909. 87 II
3. 0 5749. 06 1. 0 5914. 40 I

6 5749. 19 I 3. 0 5921. 22 I

3.0 5749. 66 I 1.0 5922. 79 I

3.0 5753. 53 II 3. 0 5934. 75 II 6005-22851
2 0 5760 00 3. 5 5943. 22 II

3. 5 5761. 70 II 8420-25772 1. 6 5949. 64 I

1 6 5762 08 I 3. 0 5955. 87 I

1.2 5764. 23 I 3682-21025 1.6 5961. 16 I

2.5 5767. 33 I 3.5 5989. 34 II 6005-22697
4 5769. 87 II 3. 5 5994. 76 I

5 5770. 50 II 8717-26041 3. 0 5996. 47 I

5 5776. 12 I 5 6007. 67 I

5 5784. 96 I 2367-19648 1.6 6009. 30 II

5 5788. 22 I 1. 0 6025. 54 I

3 0 5795. 17 II 4 6031. 27 II 10337-26913
5 5800 09 I 3. 0 6033. 29 I

18 5804. 02 II 6005-23230 5 6034. 24 II 12460-29027
5 5809. 25 I 6 6066. 03 I

9 5811. 57 II 6931-24134 3. 0 6071. 70 I

5 5813. 89 I 3. 5 6073. 97 I

1. 8 5815. 44 I 1. 6 6101. 75 I

3. 0 5820. 37 I 1128-18304 1. 6 6108. 41 II 9674-26041
5 d 5823. 37 II 2.5 d 6133. 47 I

3. 0 d 5823. 72 I 3. 0 6149. 28 I 0-16258
5824. 00 I 3. 0 6155. 06 I

8 5825. 87 II 8717-25877 1. 6 6156. 16 I

3- 5 5826. 74 I 3682-20839 4 6157. 83 II

1.8 5830. 72 I 2.5 6166. 67 II

9 584? 39 II 10337 — 27449 4 6170 49 II 9674 — 25877
1.8 5843. 23 5 6178. 59 I

3.5 5844. 66 I 3. 0 6183. 91 II 9358-25524
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Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 6201. 74 II 4 6485. 69 J 0-15414
1.4 6208. 01 1.8 6492. 35 II

3. 0 6208. 24 I 0. 8 6495. 59 II

1. 0 6210. 68 II 1.8 6500. 16
1. 4 6216. 69 I 0. 9 6504. 46 II 9675-25045

5 6223. 39 I 1.8 6514. 96 II
3.0 6226. 50 I 2367-18423 1. 4 6519. 86 II
2.5 6238. 50 II 8420-24445 0. 8 6523. 15 II 7525-22851
4 6244. 08 I 1.4 6539. 94 II 6005-21292
1. 4 6248. 28 II 1. 6 6549. 54 II

1. 0 6250. 43 II 1. 6 6550. 19 II

2.5 6257. 49 I 1. 4 6553. 07 II 6932-22188
3. 0 6258. 73 II 1.4 6558. 97 II
2. 0 6263. 23 II 0. 8 6568. 47
2. 0 6269. 42 I 1. 4 6572. 65 II

1. 4 6270. 27 I 2. 0 h 6580. 94 II

2.5 6277. 29 II 2. 0 6585. 71 II

2. 0 6282. 00 I 1. 8 6588. 03 II

3. 0 6285. 79 I 1.2 6591. 43 II

2. 5 6292. 84 II 1. o 6601. 76

2. 5 6297. 07 I 2.0 6611. 99 J

1.8 6298. 42 II 7525-23397 1.2 6615. 88 I

2. 0 h 6301. 97 I 1.8 c 6618. 53
\1. 2 6308. 26 I 2.0 6619. 35

6 6310. 49 I 2367-18209 cO 6630. 14 J 0-15078

2. 0 6319. 69 II 1.0 6636. 15

1.2 6321. 22 I 2.0 6637. 19 II

2. 0 6330. 17 II 4 6637. 96 II

3. 0 6341. 51 II 7 6650. 57 II

1. 0 6355. 95 I
c 6655. 67

2. 0 6361. 43 II 1.6 6669. 65 II 8420-23410
2.0 6362. 09 II 8420-24134 1.6 6670. 37 2367-17354
2. 0 6365. 55 II 7525-23230 1.8 6678. 52 II

1 2 6375. 97 I 3.0 6680. 14 II

2 5 6382. 07 II 1. u 6698. 65 II

7 6385. 20 I 1128-16785 1. 6 6712.27 J

2. 0 6390. 00 II 1.0 6714. 15

1.4 6403. 20 I 3.0 6727. 74 II

2 0 6425. 79 II 4 6737. 79 II

2 0 6428. 65 II 6 6740. 11 II

0 7 6429. 84 I 4 6742. 54 J

1.8 6432. 65 I 1. 6 6763. 01 I

1. 0 6445. 79 II 1.4 6763. 78

1 6J- • w 6451. 23 I 1.4 6764. 61

0. 8 6454. 80 I 5 6790. 41 II

1 4J. • • 6457. 13 I 1.8 6801. 34 J

1.6 6463*. 58 I 2.5 6803. 06

1 2 6465. 24 II 5 6804. 00 II

1.4 6480. 21 II 2. 0 h 6812.30 II

0.6 6482. 28 II 2.0 6816. 02 II 6005-20673
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Neodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Intensity
and

Character

Wave-
length
in A

Spec-
trum.

Energy
Levels
in K

1.4 6825. 35 I 5 7189. 42 I

2.5 6842. 66 II 4 7192. 01 I

4 6846. 72 II 2. 0 7198. 83 I

1.7 6846. 93 1.6 h 7227. 01

1. 7 6852. 23 I 3.0 7236. 52

1.5 6857. 00 I 1.4 h 7261. 64 II 8420-22188
1.5 6873. 07 1.8 7285. 29 II 9675-23397
2.2 6874. 62 II 1. 8 7288. 56 II 7525-21241
1.2 6876. 00 II 1.2 7291.38
1. 5 6886. 86 I 1.4 7298.77

2.2 6896. 68 I 2.5 7316.80
2.0 6897.29 1.4 h 7321. 43
6 6900. 43 II 1. 4 7323. 10
1.7 6901.33 1.2 7334. 56 I

2. 0 6906. 07 I 1.2 7357.16

3.5 6923. 86 I 1.2 7374. 04
2.5 6926. 87 II 1.4 7381. 81

1.4 6932. 16 I 1. 8 7401. 31 I

1.8 6936. 44 2.0 7406. 62

2. 5 6938. 67 1.2 7411.20

3.5 6940. 14 2.0 7418.18
5 6941. 39 II 1.8 7427. 41
2.5 d 6964. 64 I 1. 8 7448. 76
1.8 6982. 65 1.0 7481. 37 I

1. 4 n 6985. 25 I 2.5 7511.16

1.8 h 6995. 27 I 3.5 7513. 77 II 7525-20830
3.5 h 7010. 80 1.4 h 7514. 44
1.6 7018. 85 1. 4 7516. 01

3.5 7020. 92 1.8 7526. 49

3. 5 7024. 58 2.5 7529. 01

2. 0 7033. 21 2.0 7538. 27
7 7037.30 1.0 7540. 98
1.4 7052. 16 1. 4 7547. 00 I

1.4 7054. 72 1.0 7577. 54
T /I

1. 4 7061.48 - 1.4 7587. 66 II 9675-22851

8 7066. 89 1.2 7590.49
1.6 7082. 92 1.2 7603. 75 II 7525-20673
2.5 h 7089. 84 1. 0 7605. 94
2.5 h 7092. 09 1.0 7614. 69

2. 5 h 7092. 74 1.8 7639. 79

2.5 h 7092. 94 1.6 7645. 98

3. 5 h 7093. 98 I 1.2 7663.48
4 h 7095. 42 2. 5 7696. 61

6 7129. 35 1.2 7718.15
2.5 h 7142. 04 0.9 7743. 87

2.0 7143. 72 0.9 7749. 02

1.6 7151.03 2.0 7750. 97

1.2 7153. 09 1.2 7773. 03

1.2 h 7185. 01 1.4 7792. 24 II 9358-22188
2.0 7189. 02 1.2 7796. 42 II 10337-23160
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Neodym ium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
tr\im.

Energy
Levels
in K

1. 6 7797. 32 1. 6 8172. 49
1.0 7798. 40 1. 8 8179. 83
2. 0 7808. 50 1.8 8182. 41

1. 4 7818. 86 0. 8 8185. 63
i. U 7825. 20 II 12460-25235 1. H n 8205. 36

^ 2. 5 7862. 84 2. 0 8231. 47

1. 0 h 7872. 03 0. 8 8248. 77

1. 4 7886. 60 1. 0 h 8249. 70

0. 8 h 7896. 50 0.9 h 8262. 80
1 Qi. o 7900. 38 1 A1. *t n 8266. 71

1.0 h 7906. 03 0.9 8272. 75

2. 5 7917. 01 0.9 h 8302. 74
2. 0 7925. 03 2. 0

O '3 n "7

8307. 72

1.0 7947. 95 1. 2 8324. 51
o n
^. u 7949. 65 n QU. 7 8332. 01

1. 0 h 7955. 38 2. 5 8346. 35

2. 5 7958. 93 1.6 h 8375. 23

2.5 7965. 69 0.9 8394. 72

3. 0 7982. 09 II 8717-21241 1.4 8400. 79

2. 5 7982. 67 1 ni. U n 8456. 80

2. 5 8000. 75 0.9 8530. 44

1. 8 8007. 72 I 1.0 8582. 03

0. 8 h 8020. 08 1.0 8591. 43

1. 6 8026. 41 1. 4 8594. 84

2. 0 8043. 33 I 1128-13557 i. o c 8643. 48 II 9675-21241

1.6 8051. 30 1.0 8667. 00

1. 0 8064. 00 1.0 8677. 48

2. 0 8099. 09 1.2 8691. 30

2. 0 8120. 85 1.2 8695. 07

2.5 8122. 08 1.2 8712. 84

2.5 8141. 72 1.2 8715. 01

2. 5 8143. 29 3.5 8838. 96

1. 4 h 8164. 97 I
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NICKEL

Ni, Z=28, M=58.71, Ratio ^=0.924
Cu

Nil Normal state of valence electrons SdHs^W^ =0. I.P.= 61579 K
Niii Normal state of valence electrons 3d^ ^D2h=0. I.P.= 146408 K
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Relative intensity of nickel lines observed in an arc of copper containing 0.1 atomic
percent of nickel

Strong lines of nickel

Intensity Wavelength
A

Spectrum Energy levels

k
Term combination

750 3414. 76 1 205-29481 3d94s> a 3D3--3rf94pi z

750 3524. 54 1 205-28569 SdHs^ a 3D3--3dHpi z

600 3515. 05 1 880-29321 MHs' a 3D2--3dHp' z

600 3619. 39 I 3410-31031 SdHs^ a 'D2--3d94pi z

500 3492. 96 I 880-29501 3dHs^ a 'Ds--3^94^1 z
3po

460 3458. 47 I 1713-30619 3dHs^ a 3Di--3dHp^ z

460 3461. 65 I 205-29084 SdHs' a 3D3- z

460 3566. 37 I 3410-31442 MHs' a 'D2--MHp' z

440 3446. 26 I 880-29888 3dHs^ a 3D2--3d»4pi z

320 3002. 49 I 205-33501 3<i94s' a 3D3--3d84s>4pi y

300 3012. 00 I 3410-36601 MHs' a 1D2- y
300 3380. 57 I 3410-32982 SdHs' a 'D2--3dHp^ z

300 3392. 99 I 205-29669 3d94s> a 3D3--3dHp^ z

280 3050. 82 I 205-32973 3d94s' a 3D3--MHs'ip' y 3F|
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Nickel — All Observed Lines

Intensity

\'\ zi ^ r""^^ T'

Wave-
Lll

111 £\.

Spec-
trum

Energy
T .^"xr^l Q1 i vl- V C XO

JLIl X\.

Intensity
a n r1

1 O "V* ^ 4* ^""fc "v^v^ncLxtiCtC x

Wave-
icngLii

in A
Spec-
trum

Energy
Levels
m J^.

18 2289. 98 T 0-43655 280 3050 82 205 — 32973
8 2300. 78 I 205-43655 120 3054. 32 I 880-33611

30 2310. 96
\

0-43259 150 3057. 64 1713-34409
26 2312. 34 -L i— 1 1 ^ \J 40 3064 62 880 — 33501
22 2313* 66 T 38 3080 76 1 71 3 — 341 A3X / X^ ^TXU^

22 2313. 98 T 2217-45419 24 3097. 12
T 1332 — 3361

1

7 2316. 04 II 8394-51558 19 3099! 12 I 1332-33590
22 2317. 16 1332-44475 240 3101. 55 880-33112
44 2320 03 J 0-43090 120 3101 88.XXWX* 341 0 — 35639
30 2321. 38 J 2217-45281 20 3105 47 J 221 7 — 34409(— L—L r ^ F I Vy /

4 2322. 68 J 25 3114 12 J 880 — 32982
26 2325! 79 I 1332-44315 260 3134.11 I 1713-33611
17 2329. 96

J

2217-45122 5 3145.72 1332-33112
9 2337 49 0-42768 5 3181 74^ X U X « f

~ 1 561 0 — 47030
3 0 2337 82 J 1713-44475 9 3184 37 J 221 7 — 3361

1

26 2345 54 J 0-42621 5 3195 57 J 221 7 — 33501
4. 0 2346. 63 I 1332-43933 14 3197. 11 I

9 2347. 52 0-42585 5 3202. 14
4 2360 63 \ 2217-44565 16 3214. 06 25754-56858
5-J 2362 06 T 1332-43655 16 3217. 83 T 25754-56821

8 2386 58 J 880-42768 9 3221. 27
T 30923 — 61958

12 2394. 52 II 13550-55300 14 3221. 65 I 0-31031
10 2416. 14 II 14995-56371 19 3225. 02

\

3410-34409
12 2419. 31 1332-42654 100 3232. 96 0-30923
4 2421* 23 J 1332-42621 26 3234. 65 T 880-31786

4 2423 33 J 1332-42585 55 3243. 06 T 205-31031I— \J ^ A. \J ^ A-

4 2423. 66 I 2217-43464 9 3248. 46 I 205-30980
4 2424. 03 1713-42954 11 3250. 74 3410-34163
A 2437 89 11X X 13550-54557 9 3271 12 \ 880 -31442
A 2453 99 2217-42954 11 3282. 70 T 1332-31786

X X 2472. 06 J 2217-42656L— I— J- 1 1 f— \J ^ KJ 60 3315. 66 T 880-31031
6 2476! 87 I 0-40361 30 3320. 26 I

3. 0 2696. 49 3410-40484 28 3322. 31 3410-33501
1 2X £- 2798 65 J 880-36601 30 3361 56 880-30619
20 2821 29 J 205 — 35639 30 3365 77 T 3410-33112^ \ A- \J ^ ^ A- A, I—

4 2865 50 J 1713-36601XfX^ ^uuux 30 3366. 17 T 1332-31031J

—

y ^ I— ^ A. \J ^ A-

5 2907. 46 I 2217-36601 6 3366. 81 I

2. 0 2914. 01
J

1332-35639 6 3367. 89 205-29888
40 2943 91 205 — 341 63 260 3369 57 0-29669
46 2981 65 J 880 — 34409 36 3371 99 T 1332-30980

20 2984 13 J 0 —33501 24 3374 22 T 205-29833
40 2992. 60 I 205-33611 12 3374. 64 I 27261-56885
80 2994. 46 205-33590 300 3380. 57 3410-32982

320 3002 49 J 205 — 33501 22 3380 85 2217-31786
1 ROX VJw 3003 63 J 880 — 34163 120 3391 05 T 0-29481

300 3012 00 J 3410 — 36601 300 3392 99 T 205-29669
28 3019.14 0-33112 12 3409. 58

{

0-29321
10 3031.87 } 0-32973 30 3413. 48 1332-30619

140 3037. 94 205-33112 28542-57829
12 3045. 01 1332-34163 30 3413.94 880-30163
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Nickel — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7S0 3414. 76 T 205-29481 12 3973. 56 J 3410-28569
150 3423.* 71 I 1713-30913 12 4401. 55 I 25754-48467
240 3433. 56 205-29321 9 4459. 04

\

26666-49086
90 3437. 28 \ 0-29084 2. 0 4462. 46 27944-50346

440 3446. 26 J 880-29888 6 4470. 48 T 27415-49778

120J. C- ^ 3452. 89 T 880-29833 4 4592. 53 T 28578-50346
460 3458. 47 I 1713-30619 2.0 4600.37 I 29013-50745
460 3461. 65 205-29084 7 4605. 00 28068-49778
18 3467. 50 1332-30163 2. 0 4606. 23 29013-50717
22 3469. 49 T Tl\l-'h\^2>\^ f ^ -L. W a/ ^ 8 4648. 66 T 27580-49086

150 3472. 54 T 880-29669 2. 5 4686. 22 J 29013-50346
50 3483. 77 I 2217-30913 10 4714. 42 I 27261-48467
12 3485. 89 1713-30392 2. 0 4715. 78 28578-49778

500 3492. 96 880-29501 3. 0 4756. 52 28068-49086
60 3500 85 T 1332-29888 1 4 4763. 95 T 29481-50466

6 3502 60 T 0-28542 4 4786. 54 T 27580-48467
5 3507. 69 I 1332-29833 2.0 4807.00 I 29669-50466

240 3510. 34 1713-30192 2. 0 h 4829. 03 28569-49271
24 3513. 93 1713-30163 1. 8 4831. 18 29084-49778

600 3515. 05 T 880-29321 4 4855. 41 J 28569-49159

60 3519. 77 J 2217-30619 3. 0 4866. 27 J 28542-49086
750 3524. 54 I 205-28569 1.6 4873. 44 I 29833-50346
10 3527. 98 1332-29669 3. 5 4904. 41 28569-48953
30 3548. 18 2217-30392 2. 0 4918. 36 30980-51306
5 3551. 53 J 1332-29481 1. 2 4935. 83 T 31786-52040

6 3561. 75 T 0-28068 3. 5 4980- 16 T 29084-49158
460 3566. 37 I 3410-31442 3.5 4984. 13 I 30619-50678
90 3571. 87 1332-29321 1. 2 h 5000. 34 29321-49314
12 3587. 93 205-28068 1 4 5012. 46 29833-49778

120 3597. 70 T 1713-29501 4 5017. 59 T 28542-48467

120 3610 46 J 880-28569 8 5035. 37 T 29321-49175
48 3612. 74 I 2217-29888 1.2 5048. 85 I 31031-50832

600 3619. 39 3410-31031 8 5080. 52 29481-49158
12 3624. 73 0-27580 5 5081. 11 31031-50706
18J- %J 3664* 10 T 2217-29501 2 0 h 5084 08 J 29669-49333^ f \J\J f 1 r ^ ^

12 3669. 24 T 1332-28578 1. 4 5099. 32 J 29481-49086
16 3670. 43 I 1332-28569 2.0 h 5099.95 I 29669-49271
24 3674. 15 205-27415 1. 6 5115. 40 30923-50466
16 3688. 42 2217-29321 1. 4 h 5129. 38 29669-49159
8 3693 93 T 880-27944 1. 8 5137. 08 T 13521-32982

12 3722. 48 J 1713-28569 1. 8 h 5142. 77 T 29888-49328
15 3736. 81 I 3410-30163 3.0 h 5146. 48 I 29888-49314
6 3739. 23 1332-28068 3. 0 h 5155. 76 31442-50832

60 3775. 57 3410-29888 1. 2 5168 66 29833-49175
70 3783. 53

T 3410-29833 1- 0 5176. 56 J 31442-50754

70 3807. 14 J 3410-29669 0. 6 5435. 87 J 16017-34409
12 3831. 69 3410-29501 14 5476. 91 14729-32982

130 3858. 30 3410-29321 0. 5 5510. 00 J 31031-49175
3.5 3889. 67 1713-27415 0.5 5578. 73 13521-31442
4 3972. 17 3410-28578 0.7 5587. 86 15610-33501

209



Nickel — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 n
Z> _J (CO y X. u 71 Q9 nn ^UX7^ — HHi.L£.

0.7 5614. 79 I 33501-51306 0. 8 7197. 02 I 15610-29501
0.4 h 5625. 33 32982-50754 0. 8 7261. 93 15734-29501

"i^Al 1 — m "^DA n 7 79Q1 AR
/ ^ vX. M-3 XDDXU — C.7 JC.X.

n &U. H \Jc. ^AAfn —J/ODUX -JH^ZjX n Au. 0 9 91 n9 t; ^^-i Q

/ jy Jm DU 9qnRA — d9AnA^7UOH — H^DUD
0.6 5695. 00 I 32982-50537 2.5 7409. 35 I 30619-44112
1.8 5709. 56 13521-31031 0. 8 7414. 51 16017-29501
u. o 1 c; AT n — ^"^1 1 9 lAr>0 OR 9Q'^91 A97QnC7 JC.L — HC. I7U
n fiu. o J 1 X Dm U /

-iOQ7-i _ c;nAAA 1<^00 7A1 DCCm 10 ^73UX — /7U

D / DH. DO 1 ciAl n — "^PQR?X_^DXU JL.VOC. X. H / DCDm i-C
_ 9Q'i91 _Zl9AnA

0.6 5760. 85 I 33112-50466 3. 0 7555. 60 I 31031-44263
0. 8 5857. 76 33611-50678 1.2 7574. 05 30913-44112
n p 3 O 7^. oo 1 Am 7 — ^9QR?XOUX / J. J 7A1 7 nn

/ ox / . uu 9Q4R1 — Z19AnAt.7'TOX — H^OUD
u. o DXUO. LC. 1 "^qOI —OQRRR 1. H 7A1 Q 0^

1 0x7. 9QAAQ — Zl97Qn^70D7 — /7U

u, o AT 7A R1OX / D. Ol •^0077 _ ZIQI c;R 771 /I 'lO
1 1 XH, J c.

1 i; Al n — 9HRAQXIJDXU — ^0D07
0. 8 6191. 18 I 13521-29669 0. 8 h 7715. 58 I 29833-42790
1.0 6256. 36 13521-29501 3.0 7727. 61

J

29669-42606
u. o D^i H. DD 1 c; AT n — "^1 11A9. RQ

/ / HO. 07 9QRRR — AOIQOC.yOOO — / 7U
1. 0 1 c,'?! _ 9Rc;aQXJ-3^-X — tOlJDv 1 AX. 0 77RR

/ / 00. 7"+ 1 <^1'\IL — 9R^A(5

Cm 0 (-^1(^1 11O 1 O 1 . II XH/^y cvIjUX 77Q7 RQ
/ / 7 / . 37 "^1 dZ19 — Zl/19A'^

1.0 bill. 32 29501-44263 0.3 7917. 44 30163-42790
1.2 6914. 56 15734-30192 0.3 8809. 42 31442-42790
0.8 7110. 90 15610-29669 1.4 8862. 55 32982-44263
4 7122. 20 28569-42606
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NIOBIUM

Nb
Nb, Z=41, M=92.91, Ratio ^=1.462

Nb I Normal state of valence electrons 4(^*55^ «DoH=0. I.P.= 54600 K
Nb II Normal state of valence electrons 4o?* ^Dq =0. I.P.= 113000 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented by Humphreys' and Meggers' paper cited below.

Classification

:

Nb I and Nb ii, C. J. Humphreys and W. F. Meggers, J. Research NBS 34, 477 (1945).

Relative intensity of niobium lines observed in an arc of copper containing 0.1 atomic
percent of niobium

Strong lines of niobium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1700
1200
700
600
550

460
460
420
360
360

340
280
280
280
280

280

240

240
220

200
200
180
180
180

180
170
170
160
150

150
150
150
140
140

4058. 94
4079. 73
4100. 92
3580. 27
4123. 81

4152. 58
4163. 66
4164. 66
3791. 21
4168. 13

3713. 01
3726. 24
3739. 80
3798. 12
3802. 92

4139. 71

3535. 30

4137. 10
3094. 18

3349. 06
3358. 42
3130. 79
3575. 85
3742. 39

3787. 06
2927. 81
2950. 88
3697. 85
2697. 06

3341. 97
3343. 71
3537. 48
3163. 40
3790. 15

II

II

II

II

II

II

1050-25680
695-25200
392-24770
1050-28973
154-24397

695-24770
154-24165
392-24397
1050-27420

0-23985

1050-27975
154-26983
695-27427
392-26713
695-26983

1050-25200
0-28278

695-28973
0-24165

4146-36455

2154-32005
2805-32573
3542-35474
695-28653
0-26713

154-26552
4146-38291
4146-38024
392-27427
1225-38291

1143-31057
1587-31485
392-28653

3030-34632
1050-27427

5s a ^Di^-
5s a ^DjH-
5s a ^D2H-
5s a ^Diy,-

5s a ^DiH"

5s a ^D3H-
5s a ^Di>^-

5s a ^Da^-
5s a 'D4v^-

5s a 'DoH"

5s a °D4j^-

5s a ^Dii^-

5s a ^Ds)^-

5s a ^D2H-
5s a ^Diyr

5s a ^Di]4-

5s a ^DoH"
5s a ^Dsj^-

5s a 'Do^-
5s a -

5s2 a <F3H-
5s2 a *Fiy,-

5s a -

5s a«D3H-
5s a °DoH-

5s a ^Di)^-

5s a -

5s a 5F5 -

5s a
M'a^Di -

5s2 a «F,H-
5s2 a <F2H-
5s a ^D2H-
5s a 5F3 -

5s a *D4i^-

-5p y «FSh
-5p y «F|h
-5p y 8F!h
-5p y "P^H
-5p y "FlH

-5p y «F3H
-5p y «FfH
-5p y 6FiH
-5p y «D5h
-5p y 'F'oH

-5p y 6D|h
-5p X «D5h
-5p X «D|h
-5p X 6DfH
-5p X 6D1h

-5p y 8F|h
-5p y «PIh
-5p y «P5h
-bp y 6F!j^

-5p z 5G|

-5p X ^G|h
-5p X ^GIh
-5p 2

-5p y «P§H
-5p X *Diji

-5p X 6D8j^

-5p 2 *D|
-5p 2 5F|
-5p X ^D°3^

-bp 2 ^Dl

-5p X <G§H
-5p X <G§H
-5p 2/ «P2>i

-5p z 5G|
-5p X ^DsH

211



Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

5 2029. 32 II 14 2558. 94 I 1143-40210
5 2032. 99 II 3542-52715 24 2562. 41 II 6192-45207
8 2109. 42

{J
24 o r" / r* /IT

2565. 41 1587-40555
8 2125. 21 3030-50069 13 2567. 51 J 1143-40079
5 2126. 54 II 3542-50552 18 2569. 03 I 9329-48242

8 2131. 18 II 2629-49537 5 2570. 78 I 1587-40474
12 2295. 68 II 1225-44771 5 2571. 05 1587-40470
10 o o n o no2302. 08 801 —44227 20 2571. 33 T T

II 1225 — 40104
13 2376. 40 801-42869 13 2572. 10 1143-40010
10 2387. 09 II 10836-52715 8 2574. 84 II 159-38984

13 2387. 52 II 7901-49772 10 2576. 60 I 2154-40953
4 2388. 27 II 7901-49759 10 2578. 20 I 1587-40362

16 2398. 48 10247 — 51927 3d 2d1o. 74 2154 — 40921
6 2405. 34 }} 10653-52215 8 2580. 28 II 9510-48253
6 2405. 85 II 10836-52389 11 2583. 11 8827-47528

17 2412. 46 II 8320-49759 8 2583. 22 I 2154-40854
19 2416. 99 II 10919-52280 70 2583. 99 II 9813-48501
18 2418. 69 10604 — 51936 5 2589. 27
12 2433. 80 9510-50585 70 2590. 94 II 10186-48771
6 2435. 95 II 9813-50852 48 2592. 20 2805-41371

5 2436. 33 I 2154-43187 8 2594. 34 II 801-39335
7 2437. 42 II 7506-48520 17 2594. 74 II 7901-46429
6

/I /I O T ^2442. 14 10247 — 51182 8 2597. 14 1587 — 40079
5 2442. 68 16219-57145 13 2601. 29 II 10186-48617

12 2451. 87 II 12263-53036 6 2601. 84 I 1587-40010

12 2453. 95 II 13690-54429 5 2602. 01 I

10 2458. 09 II 14791-55461 4 2603. 31 I 2154-40555
12 2462. 89 2805—43396 5 n 1 n o o /I26Uo. o4 OTC/l /in/l~7/l2154 — 4U4 /4

6 2466. 73 \ 2805-43333 5 2608. 96 II 9813-48130
10 2469. 08 I 2154-42643 13 2610. 28 I 1587-39886

20 2477. 38 II 6192-46545 11 2612. 38 I 2154-40422
12 2478. 29 II 10247-50585 2.0 2613. 85 II 438-38685
12 2479. 94 T T

II 10186 — 50498 19 2616. 48 2154 — 4U362
6 2483. 88 II 10604-50852 12 2620. 45 II 7506-45656
5 2502. 49 II 10604-50552 2. 0 2622. 00 I 8827-46954

20 2504. 65 I 2805-42719 20 2623. 51 I 1143-39248
20 2511. 00 II 5562-45375 19 2627. 44 I 2805-40854
7 2520. 51 19 2628. 49 Ibo / — 3762U

20 2521. 40 II 9510-49158 14 2632. 52 II 8320-46296
5 2524. 99 1143-40735 6 2634. 71 I 1587-39530

16 2525. 81 II 10919-50498 5 2637. 98 II 10604-48501
10 2530. 97 II 14626-54125 14 2640. 92 2154-40009
5 2531. 25 II 14678 — 54173 4 2641. 06 II luyiv — 4o / /i

16 2540. 62 II 14661-54010 30 2642. 24 II 9510-47345
16 2541. 42 II 1225-40561 48 2646. 26 II 438-38216

70 2544. 80 II 7261-46545 50 2647. 50 I 1143-38903
5 2548. 63 II 13055-52280 36 2649. 52 2154-39886

20 2551. 38 II 6192-45375 13 2651. 12 II 10919-48627
10 2555. 63 II 9510-48627 5 2652. 94 8827-46510
24 2556. 94 II 7261-46359 14 2653. 38 2805-40482
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

truim

Ene r gy
Levels
in K

50 2654. 45 I 1587-39248 70 2721. 98 II 801-37528
6 2655. 70 I 8827-46471 4 2722. 31 I 1143-37865

46 2656. 08 II 159-37797 5 2723. 66 II 13055-49759
10 2656. 98 I 9329-46954 9 2723. 98 I 2154-38854
24 2657. 62 I 2805-40422 8 2726. 08 I 1143-37815

4 2658. 88 II 8320-45919 4 2727. 43 II 13119-49772
4 2660. 04 II 10919-48501 5 2728. 08 I 1587-38232
6 2661. 86 I 2805-40362 4 2729. 83 I 2805-39427
4 2663. 56 II 9813-47345 8 2730. 32 II 13119-49733

16 2665. 25 II 10247-47756 46 2733. 26 II 801-37377

17 2666. 59 II 801-38291 12 2733. 46 II 159-36732
6 2667. 15 II 8320-45802 3. 0 2734. 35 II 7506-44067

17 2667. 30 II 0-37480 16 2737. 09 II 438-36963
13 2667. 76 II 10604-48078 13 2740. 18 II 9813-46296
19 2668. 29 I 2154-39620 6 2741. 15 I 8827-45297

60 2671. 93 II 801-38216 4 2744. 96 II 10653-47073
30 2673. 57 II 15396-52788 9 2745. 30 II 4146-40561
30 2675. 94 II 438-37797 10 2745. 73 II 9510-45919
4 2677. 66 II 10919-48253 30 2746. 91 I 1143-37537

10 2678. 66 II 159-37480 30 2748. 85 I 1587-37955

14 2679. 01 I 1587-38903 28 2753. 01 I

7 2680. 06 II 8320-45622 11 2753. 14 II 15396-51707
4 2682. 13 I 2154-39427 4 2754. 07 I

10 2686. 39 II 18508-55722 10 2754. 52 II 438-36732
19 2687. 15 I 2805-40009 14 2755. 29 I 8827-45110

24 2691. 77 II 159-37298 12 2755. 64 I 1587-37865
14 2695. 04 I 2154-39248 9 2757. 26 II 12263-48520
6 2696. 05 I 2805-39886 42 2758. 61 I 2154-38393

150 2697. 06 II 1225-38291 4 2758. 78 II 10836-47073
48 2698. 86 II 438-37480 8 2761. 00 I

6 2700. 15 II 7901-44925 12 2763. 38 I 2805-38982
3. 0 2700. 56 II 3542-40561 8 2764. 56 II 801-36963

48 2702. 20 II 801-37797 10 2765. 28 II 1225-37377
22 2702. 52 II 1225-38216 5 2765. 93 II 7506-43649
6 h 2704. 26 II 13480-50447 2. 5 2766. 18 I 12102-48242

14 2706. 40 II 438-37377 36 2768. 13 II 438-36553
5 2707. 83 II 9510-46429 2. 5 2769. 57 II 10247-46343
3. 0 2714. 20 I 2805-39638 10 2771. 40 II 21073-57145
4 2715. 34 II 16219-53036 3. 0 2771. 65 II 13690-49759
4 2715. 50 I 2805-39620 46 2773. 20 I 2805-38854

4 2715. 69 I 1143-37955 8 2779. 36 I 1143-37112
6 2715. 88 II 13055-49864 10 2779. 72 I

10 2716. 10 I 1587-38393 40 2780. 24 II
A ^ A / A ^ n ^ A4146-40104

9 2716. 31 II 159-36963 20 2782. 36 I 9329-45259
70 2716. 62 II 1225-38024 4 2790. 57 II 10604-46429

5 2717. 33 II 12 2791. 74 II 9813-45622
4 2717. 63 II 9510-46296 17 2793. 05 II 3542-39335
4 2720. 02 I 5965-42719 4 2795. 14 II 13480-49246
4 2720. 26 II 3030-39780 3.0 2795. 86 I 1587-37344
6 2721. 63 II 0-36732 9 c 2797. 69 II 11340-47073
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 2798. 91 II 7901-43618 85 2883. 18 II 3542-38216
5 2799. 36 I 2154-37866 10 2884. 97 12503-47155
o tLo\J\J, DC T

I iDo 1 — i 1col 3. 5 2887. 69 14626-49246
3. 0 2802. 07 I 2154-37832 42 2888. 83 \\ 2357-36963
9 2803. 81 II 3030-38685 5 2889. 90 I 1587-36180

, 6 2808. 05 I 1587-37188 6 2894. 42 II 10836-45375
4 2809. 17 II 2629-38216 70 2897. 81 II 3030-37528

ii ^BiU. oi T T
11 O^CV —^JOO 1 bU O OQO O /I2o7V. 24 3542 — 38024

6 2811. 63 I 11525-47081 14 2903. 65
^\ 1587-36016

4 2816. 68 II 13666-49158 70 2908. 24 II 2357-36732

8 2819. 21 I 12 2908. 88 II 14791-49158
6 2820. 80 II 2357-37797 100 2910. 59 II 3030-37377
3. U

T
1 coUD — iocic lU 2911. 74 2629 — 36963

11 2825. 18 I 2154-37540 10 2917. 05 \\ 10653-44925
3.5 2825. 86 II 10919-46296 170 2927. 81 II 4146-38291

10 2826. 48 I 2154-37524 16 2931. 47 II 2629-36732
28 2827. 08 II 159-35521 5 h 2932. 66 11 10836-44925
D COL^. ID

T T
11 \.CCD — JODDJ 4 O Q O C O Q2935. 29 9510 —43568

14 2835. 12 II 3030-38291 5 2937. 33 }{ 10604-44639
22 2836. 24 I 14 2938. 07 I 2154-36180

16 2840. 94 I 2154-37344 130 2941. 54 II 3542-37528
38 2841. 15 II 3030-38216 16 h 2945. 88 II 10836-44771
3. 5 o o yi o no T

1 5^170-41)4/4 17 o n yi TO2946. 12 3030 — 36963
42 2842. 65 II 2629-37797 16 2946. 90 \l 2629-36553
4 2843. 64 II 10186-45342 170 2950. 88 II 4146-38024

4 2844. 44 II 14626-49772 3. 0 2954. 02 II 14678-48520
8 2845. 80 II 9510-44639 6 2954. 53 II 14791-48627

<:4
O O /I / O O T T

II cbbl

—

374oU 5 once AC2955. 45 10238 — 44063
3.5 2847. 24 II 14661-49772 6 2956. 89 II 7901-41710

10 2848. 30 II 14661-49759 3.0 2959. 97 I 2154-35928

11 2849. 56 II 438-35521 6 2963. 68 I 4998-38730
16 2851. 45 I 10238-45297 12 2965. 48 4998-38710
13 O O C T Q O T

1
1 on no yi 71 ccLc\\JC—'\ ILDD r

b a OQ7n A Cl27 /U. 4U 11 12263 — 4!37i7

10 2854. 17 I 2805-37832 2970. 47 II 13690-47345
7 2857. 29 I 5965-40953 60 2972. 57 II 11340-44971

6 2859. 04 II 10836-45802 48 2974. 10 II 10919-44532
14 2859. 96 I 2805-37761 32 2977. 68 II 10653-44227
36 ^o61. U9 T T

11 cib 1 — 5 1c^o n
7 0Q70 OAC7 /O. 74 T T

11 i /272 — bUoD2
15 2864. 32 I 8 2979. 88 II 21473-55021
15 2865. 61 II 0-34886 14 2980. 72 II 12263-45802

6 2866. 67 I 1143-36016 10 2981. 64 I 2805-36334
75 2868. 52 II 2629-37480 30 2982. 11 II 3030-36553
14 O O "7 /I C "7

^o74. 57
T
1 o OQOI 1 Acyoj. 14 1143 — 34bDD

120 2875. 39 II 8 2985. 05 II 13055-46545
40 2876. 95 II 3542-38291 13 2987. 29 I 5298-38763

80 2877. 03 II 2629-37377 10 d 2988. 69 I 9439-42889
10 2878. 74 II 159-34886 2988. 79 4998-38447
7 2879. 36 II 801-35521 50 2990. 26 II 11340-44771
7 2879. 49 I 2805-37524 12 2991. 95 II 10653-44067

15 2880. 72 II 10919-45622 70 2994. 73 II 4146-37528
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
triiin

Energy
Levels
in K

4 3000. 12 I 8 3152. 16 II 21073-52788
10 3002. 21 II 11340-44639 140 3163.40 II 3030-34632
5 3005. 14 I 1587-34854 5 3172. 51 I 1143-32654
8 3005. 77 II 17292-50552 9 3173. 20 II 14791-46296
5 3010.38 II 15949-49158 18 3175. 78 II 10653-42133

3175. 86 II 7506-38984
5 3010. 69 II 17292-50498
8 3020. 67 5298-38393 46 3180.29 II 7901-39335
8

o n o o "7/1
3022. 74 T T

II 17425 — 5U49o oo
•2 1 oi /in3iol. 40 T T

11 "70Z.1 '20/0C/2ol — 38685
17 3024. 74 II 10836-43887 9 3184. 22 II 15949-47345
42 3028. 44 II 3542-36553 9 3186. 54 I 4998-36371

4 3029. 74 II 12806-45802 24 3187. 49 I 2805-34169
36 3032. 77 II 10604-43568 9 3189.28 II 17425-48771
4 3039. 41

T T
II 2629 — 35521 O /36 3191. iU T T

II 4146 — 35474
8 3039. 68 5965-38854 18 3191. 43 II 17292-48617
5 3039. 82 II 11340-44227 120 3194. 98 II 2629-33919

12 3044. 76 II 13666-46500 8 3200. 53 I 2154-33390
18 3048.10 I 5965-38763 14 3203. 35 II 17292-48501
13 3053. 09 5965 — 3o /iO 36 32U6. 34 T T

II 7506 — 38685
12 3055. 52 II 16053-48771 9 3210. 29 I 9329-40470
9 3056. 62 I 46 3215. 60 II 3542-34632

4 3061. 11 J 9329-41987 11 3217.29 I 5298-36371
4 3061. 24 I 5298-37955 8 3217.86 I 1587-32654
9 3063. 79 13666 — 46296 9 3223. 32 T TII 8320 — 39335

26 3064. 53 11 10247-42869 95 3225. 48 II 2357-33351
9 3065. 26 II 10836-43450 17 3229. 56 II 7261-38216

4 3066. 10 II 13690-46296 48 3236. 40 II 3030-33919
13 3069. 68 n 13055-45622 5 3246. 78 I 1143-31934
12 o n ~7 n HA3070. 90 14791 —4/345 c'\

2 O /I "7 /IT3^4 /. 4 /
T T
11 /7Ui — ioboo

4 3071. 18 \\ 15949-48501 14 3248. 94 II 6192-36963
13 3071. 56 II 11340-43887 19 3249. 52 I 1143-31908

5 3072. 41 I 4998-37537 9 3251. 62 I 2154-32899
8 3072. 51 II 13119-45656 38 3254. 07 II 2629-33351

12 3073. 24 2357 — 34886 9 3260. 14 I 1143 — 31808
48 3076. 87 3030-35521 28 3260. 56 II 17470-48130
13 3080. 35 II 10836-43290 19 3263. 37 II 21073-51707

9 3087. 86 II 12263-44639 19 3264. 59 I 2805-33428
220 3094. 18 11 4146-36455 9 3267. 05 I 8827-39427

8 3096. 50 1587 — 33o72 14 '2 1 "7n /I *7
3270. 47

T
I

17 3099. 19 II 2629-34886 12 3270. 76 I 1143-31708
18 3111. 45 I 1587-33717 24 3272. 07 I 1587-32140

9 3116. 36 I 10238-42317 9 3272. 22 II 14791-45342
8 3122. 65 2154-34169 19 3277. 67 I 1587-32088

32 3127. 53
T T
II 17425 —49390 24 3283. 46 T T

II ioU53 — 4or)UU

4 3129. 64 II 10653-42597 28 3285. 66 I 1587-32013
180 3130. 79 II 3542-35474 24 3287. 59 I 1143-31551

9 3133. 08 I 8827-40735 19 3287. 92 I 5965-36371
9 3136. 97 1143-33011 10 3291. 06 II 3542-33919
9 3140. 50 II 12806-44639 19 3292. 02 II 15551-45919

46 3145. 40 II 8320-40104 10 3294. 36 II 15949-46296
17 3151. 87 2154-33872 38 3296. 01 I 2805-33136
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
t ru.in

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

19 3299. 61 2154-32452 10 3398. 25 T

14 3304. 83 I 13146-43396 14 3399. 40 I 2805-32214
14 3308. 05

\

1587-31808 10 3399. 71 II 14661-44067
14 3310. 47 2805-33004 10 3403. 02
10 3311. 34 12982-43173 28 3405. 41 J 9498-38854

^- 48 3312. 60 T 2154-32333 16 3406. 13
T 9043-38393

24 3315. 22 I 8827-38982 32 3408. 38 I 2154-31485
24 3318. 98 1587-31708 28 3408. 68 II 6192-35521
14 3319. 26 \ 2805-32924 22 3409. 19 II 5562-34886
14 3319. 58 II 12bl-?>1311f ^ § ^/ f f 9 3409. 91 11044 — 40362

5 3320. 81 II 15551-45656 28 3412. 94 II 7261-36553
29 3326. 62 9329-39381 11 3414. 07 2805-32088
20 3329. 36 8827-38854 22 3415. 97 9498-38763
13 3332. 16 \ 2154-32156 11 3417. 86 8705-37955
15 3341. 60 II 10186-40104 11 3420. 63 II 7506-36732

150 3341. 97 T 1143-31057 22 3423. 76 T 2805-32005
150 3343. 71 I 1587-31485 28 3425. 42 II 10919-40104
10 3343. 96 II 8320-38216 16 3425. 85 13012-42194
15 3346. 93 4998-34868 28 3426. 57 II 10604-39780

200 3349. 06 J 2154-32005 28 3427. 45 W ^ -L- / t ^

50 3349. 52 T 11525-41371 5 3428. 79 T 10923-40079
5 3352. 59 I 2154-31973 16 3429. 04 I 5965-35120

40 3354. 74 2805-32605 5 3432. 42 8411-37537
15 3357. 04 2154-31934 22 3432. 70 II 16219-45342

200 3358. 42 T 2805-32573 9 3433. 09 9329-38449

15 3365. 58 II 8320-38024 11 3436. 96 II 15551-44639
40 3366. 96 9329-39021 11 3439. 92 II 7901-36963
10 3367. 38 8705-38393 22 3440. 59 II 8320-37377
15 3369. 16 II 15949-45622 8 3442. 65 8827-37866
8 3369. 83 9043-38710 4 3442. 79 J 12102-41140

20 3371. 33
T 2154-31808 11 3445. 68 J 12358-41371

8 3372. 09 I 2805-32452 11 3452. 35 II 14661-43618
8 3372. 56 II 10919-40561 3452. 37 11525-40482
5 3374 25 II 7901-37528 9 3456. 54 J 9329-38251

42 3374 92 8827-38449 11 3457. 79 T 9043-37955

8 3376 34 T 12137-41746 9 3458. 95 T 5965-34868
10 3376 73 T 11248-40854 11 3459. 70 J 9498-38393
8 3380 05 T 2805-32382 6 3462. 65 T 2154-31026

3380 41 J 1143-30716XX~^ ^ \J 1 ^ \J 20 3463. 81 T 13012-41874
16 3380 86 T 5298-34868 22 3465. 86 J 1143-29987

3380 93 TTX X. 16053 — 45622
11 3467. 47 T 8705-37537

10 3383. 80 I 8411-37955 15 3469. 44 I 9329-38144
10 3384. 66 12018-41555 12 3471. 19 16919-45719

3386 24 TIX X 9813-39335 17 3473. 02 13146-41931
10 3387 75 5298-34808 6 3475. 58 J 12982-41746

10 3390 63 T 9498-38982 34 3478. 69 J 5965-34704
5 3391. 33 12137-41615 3478. 78 II 10247-38984

42 3392. 34 \ 1587-31057 24 3479. 56 II 10604-39335
5 3394. 98 II 12263-41710 6 3481. 05 4998-33717

20 3395. 93 1587-31026 12 3484. 05 II 6192-34886
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

6 3485. 93 T 13515-42194 60 3593. 97 T 392-28208
9 3489. 09 II 7901-36553 6 3597. 26 I 12288-40079

28 3491. 03 1143-29779 6 3598. 35
\

0-27783
6 3491. 48 1143-29776 18 3599. 28 13146-40921
9 3496. 03 T 12358-40953 18 3599. 63 J 1587-29360

24 3497. 81 J 60 3602. 56 J 695-28445
60 3498. 63 I 5298-33872 6 3604. 08 I 695-28434
12 3503. 20 9329-37866 18 3615. 50 12358-40009
6 3505. 81 9439-37955 11 3617. 71 17476-45110

55 3507. 96 J 154-28653 6 3618. 44 J 154-27783

24 3510. 26 II 16053-44532 11 3618. 90 J 4998-32623
10 3511.19 10238-38710 36 3619. 51 II 7901-35521
24 3515. 42 II 10247-38685 6 3619. 73 II 15949-43568

3516. 20 9329-37761 24 3621. 03 2154-29763ft— -—- —' 1 ft—• / • \^ ^

10 3516 86 J 9439-37865 17 3625. 17 J 10238-37815

24 3511. bl II 16219-44639 17 3625. 71 J 12982-40555
3517.76 5298-33717 18 3630. 62 I 12102-39638

24 3520. 06 1587-29987 12 3633. 00 12692-40210
10 3525. 23 13012-41371 11 3633. 31 II 16053-43568
12 3533. 66 J 154-28445 18 3633. 71 154-27666

6 3534. 12 J 5965-34253 12 3634. 44 J 8827-36334
240 3535.30 I 0-28278 12 3635. 32 I 12503-40003

695-28973 12 3636. 96 12358-39846
150 3537. 48 392-28653 12 3637. 54 12137-39620
12 3539. 65 J 9043-37287 18 3637. 83 J

30 3540. 96 II 8320-36553 12 3638. 79 J 2805-30279
12 3541. 90 13146-41371 24 3639. 33 I 13012-40482
6 3542. 56 2805-31026 18 3640. 64 154-27614

11 3542. 98 1143-29360 10 3643. 34 12982-40422
60 3544. 02 J 0-28208 10 3643. 72 J 15282-42719

30 3544. 65 T 5965-34169 12 3644. 94 J 9439-36867
12 3548. 13 I 1587-29763 6 3647.31 I 13012-40422
6 3549. 26 13405-41572 50 3649. 85 392-27783

36 3550. 45 392-28549 30 3650. 81 1050-28434
30 3554. 52 J 2154-30279 48 3651. 19 II 7506-34886

120 3554. 66 T 154-28278 12 3655. 98 J 154-27499
6 3559. 12 I 4998-33087 12 3657. 11 I 13146-40482

75 3563. 50 154-28208 24 3659. 61 II 15551-42869
75 3563. 62 392-28445 70 3660. 37 2805-30117
6 3568. 51 11 7506-35521 6 3661. 68 J 10238-37540

12 3568. 72 J 4998-33011 10 3662. 05 J 1143-28442
22 3569. 47 T 2154-30162 100 3664. 70 J 695-27975
6 3575. 13 J 12018-39981 6 3666. 53 J 11248-38514

180 3575. 85 T 695-28653 5 3667. 00 J 12358-39620
24 3577. 72 T 10238-38180 6 d 3667. 66 J 10923-38180

3667. 76 J

600 3580. 27 T 1050-28973
10 3582. 36 5965-33872 14 3668. 62 4998-32249
60 3584. 97 { 392-28278 24 3669. 01 5298-32546
90 3589. 11 695-28549 11 3669. 74 12288-39530
60 3589. 36 2805-30658 4 3671. 37 12018-39248
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Niobium — All Observed Lines

Intensity Wave-
J. C 11 ^ Lii

in A111 ji.

Spec-
trum

Energy
AjC V CI 0

in Kill x\.

Intensity
3.ncl

r\ ^ "[i /"> 4- -v*^ndrdcte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

6 he 3672. 44
{

392-27614 180 3742. 39 0-26713
3. 0 3673. 23 13146-40362 20 3744. 00 \ 10923-37625

30 3674. 78 I 392-21591 14 3746. 91 I

3. 0 3675. 17 18 3748. 55 I 8827-35496
10 3676. 31 12692-39886 7 3750. 63 I 1143-27797

10 3677. 08 11044-38232 26 3753. 18 695-27332
12 3677. 78 \ 9329-36511 4 3755. 28 \ 1587-28208
3. 0 3678. 72 I 15467-42643 22 3755. 77 I 11248-37866
9 3686. 56 2154-29272 14 3759. 55 I 392-26983
3. 0

o / m /I /I

3687. 44 12137-39248 4 3760. 64 11248-37832

12 3687. 97 II 17425-44532 18 3761. 13 11044-37625
9 3688. 18 II 10919-38024 4 3762. 45 }

12 3688. 70 695-27797 55 3763. 49 I 154-26718
9 3689. 04 11044-38144 16 3764. 12 154-26713

16 3693. 37 I 4998 — 32066 36 3765. 08 0-26552

16 3694. 67 11525-38583 26 3766. 13 392-26937
10 3695. 90 II 14661-41710 18 3769. 15 J 1143-27666
13 3697. 39 5965-33004 14 3769. 98 I 12503-39021

160 3697. 85 I 392-27427 8 3770. 71 11248-37761
10 3699. 93 14 3770. 87

13 3703. 16 13012-40008 55 3771. 85 392-26897
13 3703. 91 I 13012-40003 11 3773. 15 11044-37540
15 3704. 14 I 11525-38514 7 311^. 44 5965-32452
7 3707. 80 I 1587-28549 14 3775. 45 I 11044-37524

20 3709. 25 II 11340-38291 4 3776. 60 I 1143-27614
3709. 42 I 5298-32249

5 3777. 28 2805-29272
7 3710. 45 10923-37866 6 3777. 67 J 15282-41746

34 3711. 34 I 0-26937 90 3781. 01 I 392-26832
5 3711. 78 I 5965-32899 11 3781. 38 II 13666-40104

340 3713. 01 I 1050-27975 14 3183. 84 10923-37344

20 3713. 82 695-27614 14 3786. 22
J

2805-29209
9 3716. 21 { 695-27597 180 3787. 06 154-26552

50 3716. 99 I 11248-38144 7 3787. 48 I 2154-28549
3717. 06 II 13666-40561 7 3789. 50 2154-28535

14 3717. 54 I 10923-37815 140 3790. 15 1050-27427

9 3720. 46 II 13690-40561 360 3791. 21 1050 — 27420
7 3721. 52 12982-39846 9 3794. 47 \ 12102-38449

10 3722. 32 I 13146-40003 14 3795. 54 I

10 3722. 95 I 11 3796. 44 15282 — 41615
7 3725. 22 I 9498-36334 11 3796. 59 1587-27919

280 3726. 24 154-26983 11 3796. 85
J

13515—39846
14 3727. 23 { 11044-37866 280 3798.12 392-26713
10 3732. 03 I 11044-37832 18 3800. 94 I 9329-35631
7 3733. 32 I 18332-45110 28 3801. 30 11044 — 37344
7 3733. 62 I 1143-27919 280 3802. 92 695 — 26983

28 3738. 42 10238-36979 70 3803. 88 1050 — 27332
280 3739. 80 695-27427 55 3804. 74 11248-37524
70 3740. 73 II iiUbD ~ /oU T T

1 I 1 790"? — A'?t;AP1 1 L. t^DDo
3740. 84 695-27420 18 3806. 20 10923-37188

28 3741. 78 0-26718 6 3806. 63 14211-40474
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

70 3810. 49 I 11525-37761 5 3894. 03 J 11044-36717
55 3811. 03 I 154-26386 4 3894. 70 I 392-26061
o r"

3. 5 3813. 47 18 3895. 90 9439 — 35100
55 3815. 51 } 695-26897 11 3898. 28 II 13690-39335
7 3816.34 I 1587-27783 11 3898.56 2154-27797

22 3818. 86 II 12806-38984 7 3899.25 J 15282-40921
22 3819.15 4998-31175 12 3904. 18 I 12018-37625
3. 5 3821. 19 8705 — 34868 9 3906. 91 8827-34416

70 3824. 88 \ 695-26832 4 3908. 59 { 13405-38982
11 3827. 01 I 13515-39638 22 3908.97 I 1143-26718

3. 5 3828. 24 II 13666-39780 7 3909. 60 I 13012-38583
3.5 3830. 00 8705-34808 13 3913. 01 I 11318-36867

18 3831. 84 II 13690-39780 70 3914. 70 10923-36460
3.5 3833. 26 12503-38583 7 3919. 00 \ 9329-34838

36 3835. 18 J 0-26067 7 3919.16 I 12358-37866

26 3836. 45 J 9439-35497 3.5 3919.72 II 13480-38984
7 3837. 08 I 14899-40953 55 3920. 20 13012-38514

18 3841. 81 13405 — 39427 11 3922. 35 iono~7 oT/or"12137 — 37625
14 3842. 71 9329-35345 7 3924. 49 J 12358-37832
3. 5 3843. 93 I 5965-31973 18 3925. 00 I 695-26166

7 3844. 08 I 11248-37254 7 3926. 61 I 2154-27614
22 3845. 90 I 392-26386 13 3929. 29 I 2154-27597
11 3853. 38 10923—36867 3. 5 3931. 46 n/ion o/io/o9439 — 34868
3.5 3854. 70 { 11044-36979 3.5 3934.14 { 10923-36334
7 3855.15 I 11044-36976 10 3934.41 I 1143-26552

7 3855. 45 I 0-25930 9 3935. 45 J 12137-37540
30 3858. 95 I 154-26061 6 3936. 45 I 1587-26983
3. 5 3860. 86 12358 — 38251 70 o no ~7 A A3937. 44 1050 — 26440

14 d 3862. 93 \ 0-25880 10 3937. 96 J 12137-37524
3863. 05 II 12806-38685 18 3941. 27 I 695-26061

36 3863. 38 I 5298-31175 54 3943. 67 I 1587-26937
7 3865. 02 II 13119-38984 10 3947.53 I 12018-37344

3865. 04 13515 — 39381 7 d o n yi n o o3949. 33 n/ion 1 A'yc'i9439 — 34753
28 3867. 92 I 1050-26897 3949. 46 II 14791-40104
7 3871.19 I 9043-34868 6 3949. 94 I 1587-26897

3. 5 3875. 42 J 12018-37815 7 3952. 37 II 13690-38984
18 3875. 76 J 1143-26937 10 3953. 08 11044-36334
14 3876. 96 J 12358-38144 11 3955. 68 J 2154-27427
55 3877. 56 J 1050-26832 7 3959.36 I 12982-38232
90 3878. 82 J 392-26166 3.5 3960. 98 I 13012-38251

3878. 97 J 1587-27360
3.5 3964. 66 I 9439-34655

7 3879. 35 II 14791-40561 26 3965. 69 I 5965-31175
70 3883. 14 695 — 26440 95 d on// r\ n3966. 09

}

12137-37344
110 3885. 44 11525-37254 3966.25 2154-27360
70 3885. 68 I 11248-36976 7 3970. 65 I 2154-27332

22 3886. 07 I 154-25880 22 3971. 85 I 12018-37188
4 3889. 63 3971. 93 2805-27975
3 3889. 80 \ 2154-27855 18 3972. 52 { 12358-37524

60 3891. 30 695-26386 11 3973. 62 16829-41987
5 3893. 73 392-26067 13 3976. 67 15282-40422
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

C^.Vl V Pi C f T

Wave-
length
in A

Spec-
trum

Energy
T £i tr 1 G

i-n Kill xV

11 3977. 94
\

13012-38144 4 4061. 26 10238-34854
11 3978. 75 1587-26713 14 4061. 54 \ 2805-27420

—J
7 3979. 37 I 12692-37815 9 4064. 81 I 12692-37287
4 3980. 48 1050-26166 9 4066. 12 I 11044-35631
3. 5 3982. 06 I 13146-38251 18 4067. 16 I 12137-36717

3. 0 3984. 81 15467-40555 22 4068. 26 I 10923-35496
6 3985. 18 I 11248-36334 3. 0 4070. 04 I

11 3988. 16 I 16829-41896 14 4070. 96 I 12982-37540
3. 0 3990. 67 I 12137-37188 4 4072. 07 II 13666-38216

11 3991. 68 I 9 4073. 51 I 15439-39981
4073. 64 I 12982-37524

3. 0 3994. 43 11248-36276
15 3999. 18 \ 13146-38144 6 4076. 09 2805-27332
4 4000. 60 II 14791-39780 8 4077. 09 I 15461-39981
8 4001. 13 I 12358-37344 5 4078. 35 I 392-24905
3.0 4002. 26 I 4 4078. 60 I 13012-37524

4 d 4005. 93 1200 4079. 73 695-25200
14 4008. 28 \ 10238-35179 4 4083. 78 \ 1587-26067
14 4009. 71 I 12692-37625 9 4084. 18 I 5298-29776
7 4012. 06 I 1143-26061 28 4084. 86 I 1587-26061

20 4013. 27 I 16919-41829 9 4086. 63 I 9439-33902

3. 0 4014. 93 12288-37188 4 4087. 05 13405-37865
4 4016. 08 \ 14 4090. 16 \ 12018-36460

12 4017. 56 I 12982-37866 5 4095. 56 I 13405-37815
3. 0 4020. 24 I 4 h 4097. 64 I 17476-41874
3.0 4022. 39 I 13012-37866 5 4098. 22 I 13146-37540

16 4023. 14 12982-37832 18 4099. 07 154-24543
7 4027. 31 { 12288-37112 46 4100. 40 \ 392-24773
7 4027. 98 I 13012-37832 700 4100.92 I 392-24770
3. 0 4029. 22 I 8 4106. 18 9043-33390
4 h 4030. 35 I 3. 5 4106. 78 1587-25930

110 4032. 52 2805-27597 4 4109. 88 5298-29623
3. 0 4033. 20 J 1143-25930 14 4112. 13 { 16829-41140
7 4035. 10 I 13405-38180 5 4113.35 I 12982-37287
7 4035. 93 I 15439-40210 18 4113. 94 11044-35345
4 h 4038. 18 I 32 4116. 90 I 0-24283

9 4039. 10 11525-36276 9 4119. 28 II 21073-45342
26 4039. 53 \ 13012-37761 12 4122. 81 11248-35496
7 h 4040. 47 I 2154-26897 550 4123. 81 I 154-24397
9 4042. 57 I 12137-36867 8 4125. 25 I 10923-35157
9 4043. 16 I 15282-40009 5 4125. 58 I 2154-26386

17 4044. 10 13146-37866 5 4126. 90
\13 4044. 71 \ 13515-38232 9 4127. 45 16919-41140

18 4049. 76 I 13146-37832 70 4129. 43 I 695-24905
18 4051. 52 I 9329-34004 80 4129. 93 I

3.5 4056. 94 I 12982-37625 9 4131. 53 I 12137-36334

3.0 4057. 27 15439-40079 18 4134. 59
\

11318-35497
1700 c 4058. 94 \ 1050-25680 8 4135.42 12692-36867

22 4059. 51 10126-34753 240 4137. 10 0-24165
12 4060. 31 2805-27427 8 4137.59 12018-36180
36 4060. 79 154-24773 5 4138.30 18036-42194
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Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
m K

Intens ity

and
Char acte r

Wave-
length
in A

Spe c-

trum

Energy
Levels
m K

46 4139. 44
{

392-24543 36 4214. 73
J

1050-24770
cov Hljy, 1 1 1 n'^n — pfiSTinXUDU — CD^VU AAHH A'>'\ 7 QdHt X / . 7H

5 4142. 24 I 11044-35179 4 4222. 68 I 9329-33004
36 4143. 21 I 154-24283 8 4226. 22 I 8411-32066
5 4146. 00 I 11044-35157 4 4227. 51 I 9438-33087

17 4147. 19
J

11525-35631 44 4229. 15 9498-33136
q A^ CLP. in

i. o A?9Q fi"^ ORn^ — Of^AACiL.oyJD — ^DHHU
90 4150. 12 I 13 4230. 32 I 12288-35920
12 4152. 04 I 695-24773 18 4231. 95 I 392-24015

460 4152. 58 I 695-24770 8 4237. 81 I 11248-34838

3. 5 4156. 68 II 16053-40104 9 4241. 45
J

9329-32899
1 on "27 _ 7A1 on 1 9LC A7A'? A"^ 1 R"^"^"? — A^ RCJ

A

i.Oj J C — HX07D
5 4160. 80 I 2805-26832 13 4246. 30 I 8705-32249
8 4161. 25 I 13515-37540 3. 0 4248. 66 I 154-23684
5 4162. 81 I 10238-34253 13 4249. 46 I 0-23526

90 4163. 47 2154-26166 17 4252. 97 9498-33004
to u HI DJ>. DO 1-J A9R'^ 70 Q(\A'\ — "^O^Aky\JHj — ^iljHD

420 4164. 66 I 392-24397 13 4254. 69 I 8411-31908
9 4165. 85 I 12018-36016 26 4255. 44 I 10923-34416

360 4168. 13 I 0-23985 4 4255. 94 I

18 4169. 57
J

12358-36334 9 4258. 91
J

9329-32802
/ii 7-2 qc 1 Rn "^A — A'\ QR7lOU^O — HX70/ q7 A'?fy^ 71H/L ox . /X 7UHJ — JCDU

1

9 4174. 34 I 8705-32654 80 4262. 05 I 1050-24507
5 4177. 44 I 10238-34169 44 4266. 02 I 8705-32140
9 4179. 76 I 12358-36276 9 4268. 67 I 154-23574

9 4181. 34 11248-35157 30 4270. 69
J

9043-32452
Hi. OH, HH -iqo _ 9A9R'^^yc. ^H^OJ? He. 1 C, y 1 LuytLJ JHJ Ly

8 4186. 10 I 13405-37287 3. 0 4273. 36 I 12102-35496
6 4189. 99 I 18036-41896 8 4274. 69 I 8827-32214
9 4190. 65 I 9043-32899 13 4277. 50 I 154-23526

120 4190. 88
J

1050-24905 8 4279. 50 I 8705-32066
on H 1 7^. U /

AQc; — OA^A^OvZJ — ^H!jH^ AH AOIQ 71Hl. 17, 11 191 "27 _ "^crziq

A

6 4193. 83 I 8411-32249 17 4280. 60 I 5298-28653
90 4195. 09 I 154-23985 8 4286. 22 I 12692-36016

140 4195. 66 I 8827-32654 42 4286. 99 I 695-24015

5 4196. 95 11525-35345 20 4289. 44 5965-29272
c HI 7 / . Dl 1 AQ1 Q — An7'^ R H^ 7 X . X 7 RATI 7 OROHXX J L 1 UO

32 4198. 51 I 695-24507 8 4292. 04 I 392-23684
8 4198. 85 I 11044-34854 15 4292. 48 I 9043-32333
3.5 4200. 99 I 5965-29763 11 4295. 62 I 12358-35631

36 4201. 52 11044-34838 12 4296. 16
J7 Hc.\JJ, HI XjHUd — J 1 ioo An A7QQ AnH^ 7 7, DU ROqR _ OR^AqDc.y O — ^ODH7

7 4204. 32 I 8827-32605 60 4300. 99 I 5965-29209
90 4205. 31 I 392-24165 3. 0 4303. 88 I 8705-31934
9 4206. 13 I 12692-36460 8 4306. 28 I 9439-32654

16 4208. 16 154-23911 4 4308. 12 9043-32249
9 4212. 04 12982-36717 8 4308. 69 } 8705-31908
9 4212. 53 10923-34655 12 4309. 56 12982-36180
9 4213. 26 12288-36016 40 4311. 27 13146-36334
4 4213.46 16829-40555 4311. 39 13146-36334
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 Alii "7 r\4311. /U 1587 — 24 / /3 0 c
2. 5

A A 1 / A14416. 41 12018 — 34655
12 4312. 45 { 392-23574 20 4419. 44 5298-27919
4 4313. 88 I 16829-40003 6 4419. 83 I 2154-24773
4 4316. 4o l^Ulo — 3d1 fy A A n n AC4420. 45 ni c A n A ~i ~T

n

2154 — 24770
4 4318. Ul 10238 — 33390 10 A A n r\ t- A4420. 64 0 0 0 0 ~7

392 — 23007

3.

0

43^:3. 47 9329 — 324r)2 3. 0 >l /I 0 O 0 "7

4423. 87 16829 — 39427
36 4326. 33 \ 9498-32605 10 4426. 68 { 5965-28549
12 4327. 38 I 8705-31808 10 4429. 44 I 5965-28535
10

/I 0 0 0 A4328. 43 9043 — 32140 n A «24 C 4437. 22
n
8 43Z9. 73 154 —23244 2.

5

A A i~i nr\4437. 90 17476 — 40003

40 4331. 37 4998 — 280 17 0 n
2. 0 A A An A14440. 43 ^ nnon 1 c a n

/

12982 — 35496
3. 0 4337. 56 9498-32546 6 4441. 81 I 9498-32005
3. 0 4338. 70 I 12137-35179 6 4445. 85 I 1050-23537

14
101'2"7 1 CI CJ12137 — 3515

/

08 A A A L 1 ~1

4446. 17 13146 — 35631
10 4345. 32 U — 23UL) /

'2 r\30 A A A^ TO4447. 18 5965 — 28445

4 434d. 12 o~7nc '21 "7noo/U5 — 31 /uo 1 c15 A AC on4456. 8L)
TT/IO 0'2C"7/11143 — 23574

4 4347. 31 13515-36511 15 4457. 42 J 1587-24015
14 4348. 65 I 695-23684 6 4458. 12 I 13405-35829
11 4349. 03 12358 — 35345 5

A A t-(\ on4460. 20
4 A 1 c ci on4350. 30 ooo"7 '2nono882 / — 318U8 9 A A t-f\ yi 044dL). 42 iiCTc 1 con 013515 — 35928

30 4351. 57 ooo"7 11 0m882 / — 3I0UI 9 A A A T C4464. 15 oonc oconn28U5 — 252Uu
6 4353. 27 { 1050-24015 2. 5 4465. 92 } 10238-32623
3. 0 4354. 19 I 11044-34004 2.5 4466. 42 1143-23526
3. 0 4356. 85 12982 — 35928 r

D
A A LCi "2 04469. 32 rOQO OT^Z.^5298 — 2 /666

7 c 4359. 85 9043 — 31973 14 A A t-d "7T4469. /I
TOOOO 1 A C C12288 — 346b5

3. 5 4361. 65 Anno '^TrtTrt4998 — 27919 1 A14 ^ >l "7 T OQ4471. 29 QOOO ^ T Z. 0 09329 — 31688
4. 0 4367. 97 II 13666-36553 14 4472. 53 ; 2154-24507

22 4368. 43 9329-32214 3.0 4475. 28 I

2. 5 4369. 62 695 — 23574 3. 0 A A OT A A4481. 44 1^0*20 "2 0 C ^Iu238 — 32d46
6 4370. 36 2805 — 25680 2. 0 >l /I QO QZ.4492. 96 T T

1

1

21U4U — 4^29U

4 4374. 78 391 — 23244 5 A ACk A C "7
4494. 5 /

cQ^c ooonob965 — 282U8
3. 0 4375. 25 J 10238-33087 2.0 4497. 25 J 8827-31057

14 4377. 96 I 12018-34854 8 4499. 80 I 12102-34319
7 4379. 52 9329 — 32156 16 Acni n A43U3. U4 COQO 0"7/10Qb298 — 2 /499

4 4381. 13 13515 — 36334 2.

5

Acni /1

0

4bU3, 42 1 11 A ^ ICI Ad1J14D — iDJHD

2. 5 4382. 49 12288 — 35100 5
A cno /II4508. 41

\

TOOOO 1C1 C~712982 — iblb

/

3. 5 4382. 84 { 1587-24397 8 4511. 09 17476-39638
7 4384. 86 I 12358-35157 2. 0 4512. 13 I 9329-31485
7 4387. 74 Anna o~7~7no4998 — 27783 55 /I C 0 "2 A1'\bL5, 41 114^ — 2^244

13 4388. 36 5298 — 28079 8 /I C 0 /I TO4524. 12 1 CQ'7 0'2Z.0/1

17 4392. 69 9329 — 32088 n c
2. 5

yi c 0 "7 z. c452 /. 65
T T
11 TOOnZL '2>1QDZ.128U6 — ^4oo6

7 4397. 04 I 12102-34838 2.

5

4529. 42 11318-33390
3. 5 4400. 35 I 16919-39638 4 4542. 80 I 0-22007
6 4400. 83 12137 — 34854 AC A 004545. 82 1 CQ7 0'2C7/IIDO 1 — C^D /4

3. 5 4402. 05 2. 5 >1 C ^ "7 0 C454 /. 8b 9U4^ — 31U2D

3. 5 4406. 55 5965 — 28653 9 A CCI OA
'iODJ. 84 COCC 07Q1 Q07OD — 2 /919

34 4410.21 J 4998-27666 4 4556. 84 I 4998-26937
10 4411. 52 10238 — 32899 n n

2.

0

A c cn An4559. 42

2. 5 4412. 18 8827-31485 38 4564. 53 12102-34004
3.0 4414. 88 9043-31688 2.5 4570. 95 12982-34854
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

lb A c~j 1 no4573. Uo r ^ "7 '2 z. An
"i 1 ib, 49 1"7^"7Z. OOCC?17476 — 38583

2.0 4574. 33 I 11044-32899 cD 4740. 61 J 5298-26386
8 4574. 84 I 154-22007 cD 4743. 84 8705-29779
4 >1 C ~7 C 1 "7

4575. 37 in0'20 '20A00 6 A~J A A Z. O 12358 — 33428
2. 5 4579. 45 II 13690 — 355^:1 17 c A"! An "7 n4749. /O 11525 — 32573

50 4581. 62 12503 — 343^:3 cD >1 "7 C 1 /I O4/51. 42 16981 — 38021
8 4582. 29 \ 5965-27783 d. 4755. 32 13146-34169
2.5 4599. 48 I 9439-31175 c

3 4766. 81 I 17304-38277
10 4600. 21 12503 — 34235 2.5 yl "7 "7 T o c4771. 85 noon onoTn9329 — 30279
2. 0 4602. 86 Anno oz."7i o4998 — ^6/18 6 ^ "7 "7 "2 O C4 / /3. 25 9U43 — 29987

ion120 4606. / /
oonc o/icn"7^oU5 — ^4!3U / i. o A~l~l~l nocn'2 2'2/ioo12503 — 33428

2.5 4608. 58 } 13146-34838 "5 n 4785. 70 12982-33872
2.0 4610. 69 I 10923-32605 D 4789. 96 II 19690-40561
3. 0 4612. 12 11248 — 32924 2.0 /I OA O /I C4802. 45 695 — 21512

18 4616. 17 158 / — 23244 3.0 ^ on "7 n z.4oU /. Do LiLluc — 3^o99

2. 0
yt o "7 /I o
46<: /. 4o A

*f 4oU9. ^ /
TOT "27 aOQO^1^:13 / — icyc^

34 4630. 11 11525-33116 b c 4810. 60 J 9498-30279
5 4638. 10 I 11248-32802 QO 4816. 38 I 11248-32005
2. 0 4643. 31 2154 — 23684 4 ^ O T Q '2 04829. 30 17^31 — 38638
5 c 4643. 68 11U44 — 3<iD / 3 5 A 0*2 1 ^"7

4833. 3 /
TC^ 000*20154 — 20838

4 4646. 95 18332 — 39846 U A oin z.

o

483 /. 62 18435 — 39101
34 4648. 95 J 1143-22647 o n^. u 4837. 99 { 9498-30162
8 4649. 27 I

A 4842. 15 12358-33004
2. 5 4658. 18 5965 — 27427 4 AO AC 1 "7

4845. 1 / * 12503 — 33136
34 yi / / o 0*3

4663. 83 15o7 — 23023 8 c AO AO 1~7
4o4c). 3 / 9498 — 30117

2. 0 4665. 33 1228o — 3371/ z.o ^ O Z. O QO4868. 77 T007Z. m A nn18876 — 39409
26 4666. 24 11248-32672 1 4890. 75 { 11044-31485
18 4667. 22 I 2154-23574 A 4892. 50 12018-32452
2. 5 4669. 87 t n n A A 1^ A11044 — 32452 2. 0 A one CO4895. 58 CQZ.C O Z- "2 O Z.5965 — 26386

44 4672. 09 dOUD

—

^4^03 5 49L)U. /9 1 OT no '2 o c

m

1^:1U2 —32501

2. 5
yi / "7 o c n4673. 59 18036 — 3942 /

cD Ann A CI4904. 53 n o o "2 o yi0 — z:03o4

40 4675. 37 2154-23537 b 4910. 95 I 13515-33872
8 4678. 48 I 8411-29779 c.. 0 4928. 98 I 13146-33428
2. 0

yi / o o /4682. 66 n/z.'70 lonOT16672 — 38021 1.4 An Al CO4941. 52 12102 — 32333
24 A / oc 1 yi4685. 14 11044 — 32382 1.4 /I Q C "2 T "2

4953. 13 0^*20 00^0*29439 — d.^bi.D

5
A ^ Ci A C T4694. 51 16981 — 382 /7 c /I QZ. C "2 "74965. 3 /

1000*2 •210C7LxjyZj — 31U5 /

5 4695. 47 10923-32214 D c 4967. 78 13012-33136
7 4697. 47 I 8705-29987 o n;

c.. O 4971. 93 I 0-20107
10 c

A ~T n / 1 A4706. 14 5
yi n ~7 o 1/14973. 14 TOCOT OO/LOC12503 — 32605

20 A~i r\ o on4708. 29 2.5 /I O "7 C 1 A49 /5. 14 10'2C0 '20/1CO

2. 5
yi ~7 T o r\ c4713. 05 8411 —29623 Q7 >i n o o o~74988, 9 /

Z.QC 007*2/1d95 — l\) /34

11 4713. 50 { 2805-24015 3. U 4994. 30
5 4715. 83 I 16672-37871 3. 3 4997. 88 12137-32140
5

yi "7 T o no4718. 02 4 c nn n qc5000. 95 13i4D — 33i3D
4

yi ~7 O O OA4723. 80 17937 — 39101 ^. U
r A n O 1 c5002. 25 loino oooool^iU2 — 32l)oo

4
yi ~7 O "7 o o4727. 33 11525 — 32672 2.0 5013. 27 TOQoo oono/i12982 — 32924

5 4730. 31 I 11248-32382 11 5017. 75 I 392-20316
0

/I "7*5 1 ^ O4733. 48 392 — 2151^ 2. 0 cm Q c 1 ii:9o^ — 3<io97

8 c 4733. 89 9043-30162 7 5026. 36 12018-31908
4 4735. 33 11044-32156 2.0 5030. 13 13515-33390
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte i

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

10 5039. 04
\

154 — 19994 2. 5
r" /I A r\

5340. 80 11044-29763
2. 0 5047. 96 14899-34704 1. 2 5343. 58 \

8 5058. 01 I 0-19765 22 5344. 17 I 2805-21512
3. 0 5059. 35 12692-32452 16 5350. 74 I 2154-20838
6 5065. 25 /AC" AA^OA695 — 20432 A A

2. 0 5353. 28 20734-39409

2. 0
f" r\ T "7 /I r\

5077. 40
\

TAAtA OTTAA12018 — 31708 T A
1. 2 5355. 31 12358-31026

36 5078. 96 1050-20734 2. 0 5355. 70 \ 11525-30191
2. 0 c 5094. 41 I 0-19624 1.4 5359. 19 I 8705-27360

20 5095. 30 695-20316 0. 8 5362. 01 I 392-19037
8 5100. 16 OAA TAAAyi392 — 19994 n A

1. 8 5375. 27 11248-29846

oo 5120. 30 OAA TAATT392 — 19917 A A
2. 0

r" A A T A
5381. 34 5965-24543

/I 5121. 80 } 12982-32501 0. 8 5388. 30 { 9043-27597
4 5127. 66 I 10126-29623 1. 0 5395. 86 I 4998-23526
2. 0 5133. 34

/"AAA A/l~7~705298-24773 1. 4
P A A / OA
5396. 33 I 8411-26937

10 5134. 75 154 — 19624 1. 4
n /I T n A /I

5411. 24 TTAil/l AAr"TA11044-29519

3. 5 5140. 58 12692 — 32140 T A
1. 0

r" il T / OA
5416. 30 11318-29776

3. 5 5147. 54 15282-34704 3.0 5422. 44 \ 10923-29360
n o
1. 8 5150. 64 I 11248-30658 1. 0 5431. 26 I 1587-19994
3. 5 5152. 63 9043 -28445 5 5437. 27 fAAA AOXA/I5298-23684

12 5160. 33
OAA TA~7/r392 — 19765 n A

0. 9
r A n a on
5448. 31

T AAAO A A A "7 A10923 — 29272

11 5164. 38 2154-21512 0. 9 5456. 19
AAOn/ OA/OA20316-38638

11 5180. 31 695-19994 1. 8 5458. 04 J 9043-27360
5 5186. 98 I 154-19428 0.9 h 5468. 10 I 19994-38277
9

r" T A 0 A A
5189. 20 TAr*A AAOT/1050 -20316 n A

1. 8
r~ ^ A n A A
5481. 00

TAAO/ 0/A~7/18036 — 36276
8

r" T A 0 A A
5193. 08

nr~AT AAAOA1587 — 20838 A /
0. 6

r" >1 A 0 A A
5483. 09

7 5195. 84
nn/io AAoAfl1143-20384 A A

0. 9
r /I A 0 ^ A
5483. 49

ATAr A/AOT8705—26937
3. 0 5203. 22 J 8705-27919 0. 6 5491. 06 J 20432-38638
1. 6 5205. 13 I 9329-28535 0. 8 5499. 53 I 1587-19765
4 c 5219. 10 A/IAA AA/J~09498-28653 A A

2. 0 5504. 58
Anr"^ AAon/2154-20316

3 5225. 16 11525-30658 A A
0. 8 5509. 12 13405-31551

-7

7 5232. 81 9329-28434 1. 6 c 5512. 82
J4 c 5237. 43 J 8411-27499 0. 8 5517. 39

1. 4 5240. 39 I 8705-27783 2.5 5523. 57 I 9498-27597
7 d 5251. 62

A T A A 0 ~70-19037 1 A
1. 2 5541. 47

TAAOA AAA~7A10238-28278
5251. 81 392-19428 4 5551. 35

yiAAA AOAA"74998-23007

3. 5 5253. 03
TTA/IA oaata11248-30279 1. 4

r~ r~ / 0 A A
5563. 00

taaoa aaaaa10238-28208
4 5253. 93 \ 8827-27855 0. 8 c 5571. 44 18332-36276
2. 5 5269. 92 I 8827-27797 1. 6 c 5576. 16 I 2805-20734

13 5271. 53
Tnyio AAnA"71143-20107 1. 6

r* (~ "7 A AO
5578. 29 12358 — 30279

1. 2 bill. 48 8705-27666 A r"

2. 5
f" r* A / AT
5586. 97 1143 — 19037

6 c 5276. 20
A/IAA AA/l/ir~9498-28445 A A

0. 8 c
r" r" A A An5590. 95

\1. 4 c 5279. 43 { 9498-28434 0. 6 5594. 89 17476-35345
2. 5 5285. 26 I 0. 8 c 5599. 59 I 9043-26897
1.6 5296. 34 14211-33087 A A

2. 0
r~ / A 0 HA
5603. 52 1587 — 19428

2. 5 5315. 55 5965-24773 A /
0. 6

r~ / A 0 AO
5603. 93 2154 — 19994

0. 8 5317. 01
TTA/I/I AAA/l/11044-29846 T A

1. 2
l~ / A A A /
5628. 26 2154 — 19917

12 5318. 60 1587-20384 3.0 5629. 17 12358-30117
2. 5 5319. 49 8705-27499 1. 6 c 5635. 42

3.5 5334. 87 9043-27783 8 5642. 11 5965-23684
1. 2 5336. 81 695-19428 1.6 5645. 30 5298-23007
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Niobium — All Observed Lines

Intensity

and
Character

Wave-
iciigLn

in A

Spec-
trum

Energy

in K111 i\.

Intensity
and

Characte r

Wave-
±cng LIl

in £\

Spec-
trum

Energy

in is.

0. 8 5654. 14 10238-27919 2. 5 6031. 84 15439-32013
6 5664 71_^ U T« f i J 1143 — 18791 2. 5 6045 50 12982-29519
8 5665. 63 I 13012-30658 1. 2 6048. 72 I 17476-34004
0. 8 5666. 86 I 15282-32924 1. 4 6056. 65 I 15467-31973
3* cw 5671. 02 I 11345-28973 1.4 6107. 71 I 15439-31808

4 5671. 91 12137-29763 2. 0 6142. 51 14899-31175
1. 2 5677 47 J 5965-23574 2. 5 6148. 13 \ 13515-29776
1.2 5693. 09 I 5965-23526 2. 5 6164. 32 I

1 6 d 5697. 90 I 13629-31175 1. 4 6213. 06 I 15461-31551
5698. 03 I 10238-27783 3. 5 6221. 96 I 8705-24773

2. 0 5706. 16 15282-32802 2. 0 c 6251. 76
\

18332-34323
4 5706 48 \ 8411-25930 1. 0 6260 77 18036-34004
1. 4 5709. 33 I 13515-31026 4 c 6430. 46 I 5965-21512
0. 8 5715. 59 I 12288-29779 2. 5 c 6433. 22 I 5298-20838
3.0 5716. 35 I 12358-29846 0. 8 6497. 84 4998-20384

1. 2 5725. 66 18036-35496 3. 0 6544. 61
\

9498-24773
6 5729 19 J 1587-19037 0. 7 6574. 73 8705-23911
1. 0 I 0. 9 cw 659l! 00 I

0. 6 5738. 20 I 0. 9 6606. 16 I

4 5751. 44 I 12137-29519 0. 9 6607. 28 I 13405-28535

5 5760. 34 8705-26061 1. 6 6614. 15 8411-23526
3. 0 5764 99 \ 12018-29360 0. 9 6626 98 J 5298-20384
1. 4 5771. 08 I 15282-32605 10 cw 6660. 84 I 9498-24507
2. 5 5776. 07 I 11345-28653 7 cw 6677. 33 I 9043-24015
0. 8 5780. 34 I 12692-29987 3. 0 6701. 20 13515-28434

4 5787. 54 2154-19428 6 c 6723. 62 8705-23574
0. 8 5789 79 13012-30279 3. 5 6739 88 \ 8411-23244
2.5 519^. 24 I 12018-29272 1. 2 6795. 31 I

2 5 5804. 03 I 8705-25930 4 6828o 11 I 9043-23684
1.4 h 5815. 33 I 12018-29209 1.2 c 6849. 35 I 8411-23007

5 5819. 43 13012-30191 0. 9 6870. 92
\1. 6 5820 62 16829-34004 1. 8 6876 36 8705-23244

3.5 5834. 90 I 13146-30279 1. 2 c 6902. 89 I 9043-23526
1 2 5838. 15 I 11318-28442 1. 6 6908. 07 I 9439-23911
6 d 5838. 64 I 9043-26166 2. 0 6918. 32 I 13405-27855

2. 5 5842. 47 2805-19917 0. 8 6946. 07 13405-27797
0. 8 5846 09 J 11345-28445 0. 8 6972. 49 \ 14211 -28549
3. 0 5866. 47 I 5965-23007 1. 2 6986*. 09 I 14899-29209
1 6 5874. 70 I 9043-26061 4 6990. 32 I 8705-23007
0. 8 5877. 79 I 4998-22007 0. 8 c 6996. 11 I 13629-27919

2. 0 5893. 44 14211-31175 1. 0 7023. 48
\

14211-28445
9 cw 5900 62 J 9498-26440 0. 8 7038 04 12692-26897
2. 0 c 5903. 80 I 11345-28278 9 c 7046. 81 I 9498-23684
1.4 5927. 41 I 15467-32333 0.4 7066. 41 I 12018-26166
2. 0 c 5934. 16 I 17476-34323 0. 4 7075. 23 I 5298-19428

2.0 5957. 70 12982-29763 1. 8 c 7098. 94
{

12358-26440
7 5983. 22 { 5298-22007 0. 8 cw 7102. 01 9498-23574
3. 0 5986. 08 13146-29846 0.9 7119. 31 12018-26061
4 cw 5997. 93 9498-26166 0.7 7122. 95
2.5 6029. 75 12692-29272 1.6 7126. 17 12137-26166
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Niobium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T je veT s

in K

Intensity
and

Character

Wave-
J. Cli y Li i,

in A

Spec-
trum

Energy
XjCVci o

11-1 XCin IS.

0. 8 7130. 06 12692-26713 1. 2 7757. 31 25680-38568
6 7159. 43 9043-23007 0. 3 7787. 11 J

0. 8 7191. 37 I 0. 6 cw 7873. 41 I 14899-27597
0. 9 c 7208. 94 I 14211-28079 1. 6 7885. 31 I 11525-24203
2. 5 7252. 35 I 10126-23911 1.2 7938. 89 I 11318-23911

0. 7 7274. 81
J

15467-29209 0. 4 7954. 76 9439-22007
0. 6 7317. 03 24905-38568 1. 8 8135. 20 J 11248 — 23537
0. 8 c 7323. 92 I 14899-28549 0. 6 cw 8240. 00 I 8705-20838
1. 4 cw 7328. 38 I 12288-25930 1. 4 cw 8320. 93 I 9498-21512
3. 0 c 7353. 16 I 8411-22007 1.4 8346. 08 I 11044-23023

9 cw 7372. 50
J

11345-24905 0. 5 8350. 04 8411-20384
0. 6 7419. 83 12692-26166 0. 8 8439. 77 J 12358 — 24203
0. 7 7436. 02 I 0. 8 cw 8475. 98 I 9043-20838
0. 9 7478. 20 I 12692-26061 1. 2 8526. 99 I 10923-22647
3.0 7515. 93 I 8705-22007 0. 6 c 8547. 25 I 8411-20107

1.4 c 7519. 77 13146-26440 0. 8 c 8560. 54 8705-20384
8 c 7574. 58 11345-24543 0. 8 8575. 87 J 12358-24015
0. 8 c 7583. 21 I 12982-26166 1.0 c 8697. 55 I 13012-24507
0. 6 7639. 81 1.0 8740. 96 12137-23574
0. 6 7647. 71 24770-37842 1.0 8767. 97 8705-20107

1.2 7703. 33 25200-38178 1.4 cw 8815. 56 9498-20838
3.5 c 7726. 68 11345-24283 1.6 8905. 78 12018-23244
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OSMIUM

Os
Os, Z=76, M= 190.2, Ratio ^=2.993

Os I Normal state of valence electrons 5d%s^ =0. I.P.= 70450 K
Os II Normal state of valence electrons 5c^*6s^ ^041^=0.
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Relative intensity of osmium lines observed in an arc of copper containing 0.1 atomic
percent of osmium

Strong lines of osmium

Intensity Wavelength

A
Spectrum Energy levels

K
Term combination

900 2909. 06 I 0-34365 5d66s2 0 -5d«6si6pi 6Fg

900 3058. 66 I 0-32685 5d«6s2 a 'D4--5d«6si6pi 'Fl
800 3301. 56 I 0-30280 5d«6s2 a 'D4--5d«6s»6pi
480 2838. 63 I 5144-40362 5d76si 0 -5d66s»6pi 3F|
460 3018. 04 I 0-33124 5d66s2 a -5d66si6p' 'PI

440 4260. 85 I 0-23463 5d^&s^ a 6D4--5(i'6s'6p> z

440 4420. 47 I 0-22616 5(i«6s2 a 6D4--5d«6si6pi z

380 2488. 55 I 5144-45316 5d'6si a ^Fs--5d7 6p>

360 2637. 13 I 0-37909 5d«6s2 a 6D1--5d66si6p»
360 3752. 52 I 2740-29382 5d«6s2 a 6D2--5d:66s'6p»

320 3156. 25 I 5144-36818 5d'6si a -5rf66si6pi 6F|
320 3262. 29 I 4159-34804 5d«6s2 a ^Ds--5d«6s'6p» ^F|

320 3167. 94 I 0-30591 5d^Qs^ a 6D4--5rf*6s'6p'
300 3040. 90 I 2740-35616 5d66s2 a -5rf«6si6pi

280 2714. 64 I 0-36826 5d«6s2 a 6D4--5d«65i6p>

260 2806. 91 I 0-35616 5d66s2 a 5D4--5d«6si6pi
220 2498. 41 I 8743-48756 5d^6si a SF4- 487563
220 2844. 40 I 5144-40290 5d'6s' a ^Fs--5d86si6p'
220 4135. 78 I 4159-28332 5rf«6s2 a ^Dj--5d'6s26pi
200 2513. 25 I 5144-44921 5d'6si a ^Fs--5d7 6pi

200 2689. 82 I 5144-42310 5d'6si a 'F;--5d66s>6pi 'Gl
200 2912. 33 I 4159-38486 5d«6s2 a -5#6s^6p'
200 2919. 79 I 2740-36980 5d66s2 a 'Da--5(f66s'6p»
200 3232. 06 I 4159-35090 5d66s2 a 6D3--5d66s'6p'
200 3782. 20 I 415^30591 5d66s2 a 'D3--5d66s'6p» 'P|

180 2644. 11 I 0-37809 5d«6s2 a 6D4--5(i86s'6p> 6F|
180 2658. 60 I 5144-42747 5rf'6si a 6F5--5d7 6pi
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Osmium — All Observed Lines

Intensity
and

C^harartPT

TIT" , . „wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

(^.liararfp r

Wave-
length
in A

Spec-
trum

Energy
Levels

in K

5 2001. 45 I 0-49947 11 2283. 67 I 4159-47935
7 2003. 73 4159-54050 8 2289. 32 4159-47828
5 2004 78 A 2297 31 J 0 —4351 6

10 2010. 15 11 2308. 31 I

19 2018. 14 I 0-49534 3. 5 2313. 75 II 5592-48799

19 2020. 26 11 2320. 18 I
" 10 2022. 76

\

2740-52162 6 2323. 98
10 2028. 23 4159-53447 13X -/ 2324 24 J 0 — 4301

1

14 2034.' 44 I 0-49138 3. 5 2325. 51 I 5144-48132
24 2045. 36 7 2326. 99 I 6093-49054

7 2048. 28 I 2740-51546 7 2334. 56 I 2740-45562
7 2049. 42 4159-52938 17 2336. 80 II 3593-46374
Q c yj -J vj M \j / X X 2338 63 0 —42747

2058. 78 I 4159-52716 7 2340. 69 I 5144-47854
14 2061. 69 I 2740-51229 11 2343. 74 I 4159-46813

9 2067. 21 II 3593-51952 7 2345. 75 I 4159-46776
5 2070. 67 II 3929-52206 11 2347. 38 8743-51329
g 2076 95 0 -481 32 A 2350 23 TT

A. J.

9 2078. 09 1. 6 2351. 55 10166-52678
18 2079. 97 I 0-48062 1. 6 2351. 72 I 11378-53887

4 2082. 54 I 4159-52162 10 2352. 99 I 8743-51229
4 2089. 03 0-47854 3. 5 2355. 28 II 3929-46374
4 2089 21 J 2740-50589 7 2356. 92

9 2097. 60 I 5144-52802 7 2357! 25 I 8743-51152
9 2100. 63 I 2740-50330 10 2362. 41 I 0-42317

4 2117. 66 I 2740-49947 28 2362. 77 I 0-42310
9 2117. 96 0-47200 6 2363. 33 8743-51043

JL ^ 2119 79 16X "J 2367 35 3929-46157
4 2123. 84 I 4159-51229 10 2369. 24 8743-50937

13 2137. 11 I 4159-50937 17 2370. 70 I 4159-46328

7 2149. 97 17 2371. 18 I 8743-50903
8 2154. 59

\

2740-49138 3. 0 2374. 33 4159-46264
4 21 57 84 0 -46328 3 5 2374 51 J 11031-53131
4 2158. 53 I 2740-49054 3. 5 2375. 06 II

8 2161. 00 100 2377. 03 I 5144-47200

11 2166. 90 I 4159-50294 10 2377. 61 I 11378-53424
4 2167. 75 3. 5 2378. 14

J

5766-47802
p
(J 2171 65 2740 -48773 3 5 2378. 74 12774-54800
4 2184. 68 I 0-45759 34 2379'. 39 I 5144-47158
4 2194. 39 II 3593-49149 7 2379. 64 I 4159-46170

4 2202. 49 I 0-45389 7 2379. 84

4 2227. 98 I 0-44870 3. 5 2380. 82 I 2740-44730
8 2234. 61 I 2740-47477 7 2382. 46 I 11378-53338

12 2252. 15 I 8743-53131 10 2384. 62 I 2740-44663
19 2255. 85 I 2740-47052 70 2387. 29 I 0-41876

II 0-44315
15 2394. 29 I 11378-53131

15 2264. 60 4159-48303 13 2395. 39
\

2740-44475
4 2268. 28 \ 2740-46813 48 2395. 88 0-41726

11 2270. 17 2740-46776 10 2396. 78 12774-54484
18 2282. 26 II 0-43802 3. 0 2397. 61 11378-53073
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Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum.

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

5 2398. 18 J 11031-52716 6 2458. 76
48 2401. 13 I 8743-50377 9 2459. 84 I 5766-46407
13 2402. 23 4159-45775 150 2461. 42 5144-45759
10 2403. 54 \ 10166-51759 9 2464. 00

16 2403. 85 J 8743-50330 15 2464. 50 J 12774-53338

5 2405. 08 II 6 2465. 16
14 2405. 45 11378-52938 9 2468. 09 I 10166-50671
10 2405. 96 8743-50294 9 2468. 90 II 11460-51952
19 2408. 67 \ 11031-52535 5 2470. 82

13 2410. 98 J 13020-54484 24 2472. 28 J 5766-46202

5 2411. 90 24 2474. 78 J 8743-49138
5 2414. 10 I 8743-50154 9 2475. 69 I 11378-51759

16 2414. 52 2740-44144 75 2476. 84
\

0-40362
10 2415. 32 2. 5 2480. 71 11031-51329
32 2417. 99 J 4159-45503 15 2481. 79

5 2418. 35 J 11378-52716 30 2482. 43 J 2740-43011
32 2418. 53 I 2740-44075 3. 0 2484. 04 I 5144-45389
3. 0 2419. 63 5 2485. 32
6 2420. 02 II 13137-54445 44 2486. 24 II 3593-43802
3. 0 2421. 15 12774-54064 380 2488. 55 5144-45316

5 2421. 86 6 2489. 04 J 10166-50330
5 2421. 94 24 2491. 02 I 8743-48875

13 2423. 07 II 7892-49149 24 2491. 69 11031-51152
5 2424. 02 II 13204-54445 30 2492. 42 \ 6093-46202
3. 0 2424. 19 15 2493. 62

32 2424. 56 J 0-41232 5 2493. 83 J 0-40087
95 2424. 97 I 0-41225 6 2496. 45
4 2426. 19 8743-49947 5 2496. 61

16 2426. 81 \ 220 2498. 41 8743-48756
5 2427. 90 II 13204-54379 28 2499. 92 J 14339-54328

3. 0 2429. 67 J 10166-51311 8 2500. 72
26 2431. 19 5144-46264 8 2500. 91 I 14091-54064
26 2431. 61 11378-52491 5 2501. 84 14091-54050
10 2435. 51 { 5766-46813 28 2502. 29 11378-51329
10 2435. 65 J 13020-54064 3. 0 2503. 16

2. 0 2436. 51 J 13020-54050 8 2503. 67
5 2437. 73 42 2504. 39 I 2740-42658
3. 0 2440. 68 11378-52338 22 2504. 51 4159-44075
6 2442, 00 \ 13365-54302 7 2506. 38
6 2445. 88 J 12774-53647 7 2506. 66

28 2446. 02 J 2740-43611 3. 0 2507. 18 II 3929-43802
3. 0 2449. 88 14 2508. 61 11378-51229

75 2450. 74
\

8743-49534 6 2509. 71 II 17569-57403
6 2451. 19 11378-52162 14 2509. 94 12774-52604

44 2451. 73 J 2740-43516 55 2512. 87 J 8743-48526

5 2453. 29 J 5766-46515 200 2513. 25 J 5144-44921
44 2453. 90 8743-49483 55 2515. 04

J

5144-44893
9 2454. 91 II 3593-44315 3. 0 2517. 61 13365-53073

44 2456. 46 2740-43437 42 2517. 92 4159-43863
6 2457. 16 13365-54050 55 2518. 44 5144-44839

609065 O -62 - 16 229



Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
t r\iXTi

Energy
Levels
in K

17 2519. 29 J 2740-42422 12 2587. 49 13020-51656
28 2519. 79 I 4 2588. 26 I 14091-52716
6 2524. 79 4159-43755 8 2588. 44

14 2526. 01 \ 2740-42317 8 2589. 39 10166-48774
6 2526. 83 J 12774-52338 5 2589. 51 14848-53454

11 2527. 09 J 8743-48303 95 2590. 76 4159-42747
17 2532. 44 I 14852-54328 19 2591. 98 I 11378-49947
10 2534. 17 10166-49615 3. 0 2593. 90 16212-54753
65 2538. 00 II 0-39390 14 2594. 14 \ 12774-51311
20 2538. 10 12774-52162 16 2596. 00 II 24466-62974

11 2539. 73 J 14091-53454 2. 5 2596. 37 11031 -49534
14 2540. 14 I 4159-43516 14 2596. 69 I 4159-42658
15 2540. 74 11031-50377 14 2597. 20 2740-41232
6 2541. 65 \ 14091-53424 2597. 29 \ 14848-53338

85 2542. 51 J 8743-48062 12 2597. 58 0-38486

11 2543. 80 J

\

11031-50330 10 2599. 13 14339-52802
13 2546. 17 I 11031-50294 14 2599. 91 I 11031-49482
12 2547. 70 13365-52604 10 2600. 45 12774-51218
13 2548. 10 \ 14339-53572 6 2600. 75 {

2. 5 2548. 83 II 17569-56791 9 2602. 33 8743-47158

26 2554. 46 J 2740-41876 6 2603. 22
13 2555. 11 I 11378-50503 6 2603. 80 I 13365-51759
10 2555. 27 11031-50154 18 2604. 60 6093-44475
13 2555. 80 \ 14339-53454 4 2604. 96 \ 14339-52716
9 2556. 08 J 8743-47854 20 2609. 20 8743-47057

8 2557. 77 J 8743-47828 36 2609. 56 5766-44075
10 2558. 09 I 15223-54302 38 2610. 78 I 13365-51656
4 2560. 19 10 2611. 33 14848-53131
4 2560. 47 44 2612. 63 \ 0-38264

13 2562. 66 J 13365-52375 170 2613. 06 5144-43402

16 2563. 16 II 13204-52206 5 2614. 06 10166-48409
10 2564. 37 12774-51759 2. 5 2614. 50 I 11378-49615
11 2565. 17 10166-49138 6 2615. 96

\

12774-50990
5 2565. 72 J 5766-44730 5 2617. 18 13020-51218

50 2566. 49 T 11378-50330 5 2619. 28

24 2566. 88 J 10166-49112 75 2619. 94 4159-42317
40 2568. 83 I 11031-49947 22 2620. 62 I 2740-40888
7 2571. 14 12774-51656 50 2621. 82

\

0-38130
32 2571. 78 \ 8743-47615 6 2623. 61 11378-49482
7 2572. 48 6 2624. 57 16212-54302

7 2573. 09 J 4159-43011 36 2628. 48 8743-46776
4 2573. 48 I 14091-52938 2.5 2631. 22 II 24981-62974
2.5 2574. 74 15223-54050 10 2632. 89

{

13020-50990
8 2578. 16 \ 11378-50154 6 2634. 29 14852-52802

14 2578. 32 II 15606-54379 6 2634. 44 15391-53338

12 2580 03 II 13204-51952 360 2637. 13 0-37909
34 2581. 05 5144-43876 6 2637. 98

\

12774-50671
70 2581 96 5144-43863 2 5 2639. 98 14848-52716
10 2582. 62 5766-44475 6 2641. 17 15223-53073
12 2586. 08 16 2641.60 11031-48875
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Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

8 2643. 63 J 12774-50590 10 2718. 91

180 2644. 11 I 0-37809 120 2720. 04 I 2740-39494
32 2646. 89 10166-47935 80 2721. 86 4159-40888
36 2647. 73 j 2740-40498 6 2722. 60
36 2649. 34 J 11378-49112 14 2727. 94 J 10166-46813

2650. 68 T 15223-52938 11 2728. 27 T 2740-39383
14 2652. 98 I 15391-53073 55 2730. 61 I 5144-41754
14 2653. 78

{

5766-43437 4 2731. 36 II 15606-52206
6 2655. 19 13020-50671 55 2732. 80 5144-41726
5 2655. 78 J 14848-52491 8 2736. 39 J 5766-42300

46 2656. 68 J 5 2738. 33 J 13365-49873
180 2658. 60 I 5144-42747 6 2738.46 I 15391-51897
60 2659. 83

\

8743-46328 16 2740. 32 14848-51329
9 2660. 92 13020-50590 13 2740. 61

36 2661. 18 J 4159-41726 12 2740. 75 J 11378-47854

4 2661. 93 J 12774-50330 6 2741. 38 J 11378-47845
10 2662. 55 I 15391-52938 4 2742. 69 I 11378-47828
10 2663. 22 12774-50312 14 2747. 91 14848-51229
4 2664. 29 II 25452-62974 12 2748. 86 J 15391-51759

11 2665. 99 12 2749. 18 J 12774-49138

11 2666. 21 J 11031-48526 8 2751. 15 J 12774-49112
14 2669. 53 I 10166-47615 6 2753. 72 I 14848-51152
55 2674. 57 11378-48756 10 2755. 59 12774-49054
38 2674. 88 J 10166-47540 16 2757. 81 13365-49615
5 2679. 38 J 15391-52702 13 2758. 82 J 11378-47615

7 2679. 74 J 13365-50671 14 2761. 08 J 6093-42300
10 2682. 19 I 11031-48303 65 2761. 42 I 4159-40362
7 2684. 36 16212-53454 44 2763. 27

J

8743-44921
2684. 41 14 2763. 94 11031-47200

10 2688. 08 J 14852-52043 32 2765. 04 J 15391-51546

10 2689. 35 J 12774-49947 6 2765. 45 J 8743-44893
200 2689. 82 I 5144-42310 12 2767. 12 I 11031-47158
14 2692. 70 14091-51218 15 2769. 88 13020-49112
13 2694. 52 \ 11031-48132 10 2770. 10 14848-50937
6 2694. 75 J 12774-49873 90 2770. 71 J 5144-41225

4 2696. 61 J 4159-41232 4 2771. 04
8 2697. 24 11 2773. 07 I 14852-50903

48 2699. 59
}

2740-39772 11 2774. 02 14339-50377
10 2700. 75 8743-45759 10 2774. 38 J 13020-49054
7 2702. 83 J 13020-50007 10 2774. 90 J 11031-47057

7 2704. 45 T 13365-50330 28 2776. 91 T 2740-38741
55 2706. 70 I 2740-39675 4 2778. 57
17 2707. 42 11378-48302 70 2782. 55 4159-40087
10 2708. 18 4 2783 88 II 7892-43802
18 2709. 86 J 10166-47057 4 2785. 04

280 2714. 64 T 0-36826 60 2786. 31 J 5144-41023
55 2715. 36 5766-42583 12 2786. 80 2740-38614
14 2715. 64 } 14339-51152 6 2790. 90 { 15223-51043
6 2716. 80 11031-47828 22 2793. 99 11378-47158

10 2718. 71 15391-52162 22 2794. 19 14852-50630

231



Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 2796. 11 I 13020-48774 9 2874. 15 J 13020-47802
50 2796. 73 I 2740-38486 4 2874. 59 I 16212-50990
3. 5 2799. 53 34 2874. 96 8743-43516
9 2801. 93 J 11378-47057 18 2877. 35 \ 11031-45775

30 2804. 07 I 15391-51043 28 2878. 40 I 5766-40498

_ 260 2806. 91 J 0-35616 3. 5 2879. 39 II 11654-46374
4 2807. 48 I 10166-45775 3.0 2880. 20 II 17242-51952
4 2807. 80 3. 0

A A A O A yi

2883. 94 14091-48756
3. 0 2808. 24 J 15391-50990 8 2884. 41 J 8743-43402

44 2808. 94 J 2740-38331 2.0 2886. 06 J 19411-54050

2. 0 2811. 56 J 4 2886. 50 I 14848-49482
40 2813. 84 I 14848-50377 4 2890. 85 I 4159-38741
70 2814. 20 2740-38264 5

A A A T AO
2891. 83 25013-59583

4 2814. 84 \ 4159-39675 8 2892. 35 { 10166-44730
4 2815. 27 J 13365-48875 9 2895. 06 J 11031-45562

28 2815. 78 J 2740-38244 24 2896. 06 I 13020-47540
4 2817. 51 I 14848-50330 6 2901. 32 I 13020-47477

13 2820. 18 15223-50671 6
A A A O AT
2903. 07 taaaa r"oooA18902-53338

9 2820. 56 { 14091-49534 12 2903. 21 { 14091-48526
18 2821. 25 J 11378-46813 18 2905. 73 J 6093-40498

12 2824. 17 J 11378-46776 10 2905. 97
4 2824. 67 3. 0 2908. 03 I 16212-50590
2. 0 2829. 03

TAT// /ifcno10166 — 45503 n A A900 A O A n A /2909. 06
{

0 — 34365
40 2829. 27 { 4159-39494 10 2909. 67 11031-45389
2. 0 2831. 59 J 14848-50154 3. 5 2911. 34 I 19109-53447

12 2832. 24 I 11031-46328 200 2912. 33 I 4159-38486
22 2837. 42 I 11031-46264 13 2913. 84 I 10166-44475
44 2838. 17 4159-39383 7

A A T /I ~7 T2914. 71 TA/ITT r"ATT/18417-52716
480 2838. 63 I 5144-40362 50 2917. 26 \ 8743-43011
10 2840. 44 I 14339-49534 12 2917. 83 I 5144-39406

70 2841. 60 I 2740-37922 200 2919. 79 I 15223-49461
220 2844. 40 I 5144-40291 5 2921. 07 I 15391-49615

8
A /I /I /A

2844. 68 14339 — 49482 3. 5
A A A O T A
2923. 18

40 2846. 39 { 5766-40888 10 2924. 49 J 11378-45562
14 2846. 55 J 8743-43863 4 2925. 28 J 13365-47540

40 2848. 25 J 14848-49947 28 2925. 57 I 4159-38331
9 2849. 05 I 15223-50312 34 2929. 51 I 0-34126
4 2849. 30 10166-45252 T A10 A A O A T A2930. 19

140 2850. 76 { 2740-37809 11 2930. 57 J 22616-56729
12 2855. 34 J 8743-43755 48 2931. 28 J 4159-38264

5 2857. 54 J 18902-53887 4 2932. 45 I 15391-49482
10 2860. 06 I 16212-51166 4 2933. 98 I 18301-52375

140 2860. 96 5144-40087 A /I24 A A O /I / A2934. 64
\

2740 — 368U6
3. 5 2863. 37 II 11460-46374 2. 5 2936. 81 14091-48132
4 2864. 26 15391-50294 12 2936. 99 I 12774-46813

8 2865. 68 J 11378-46264 4 2938. 38 I 19109-53131
4 2867. 59 10 2942. 20

{

10166-44144
4 2869. 39 12774-47615 19 2942. 85 4159-38130

16 2872. 40 0-34804 100 h 2948. 23 5766-39675
16 2873. 42 11378-46170 130 2949. 53 2740-36634
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Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Li. Li. 1 .1

1

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
tr\j.m

Ene rgy
Levels
m K

20 d 2949. 81 J 11031-44921 6 3045. 32
2949. 90 I 15223-49112 10 3049. 04 I 12774-45562

12 2952. 34 11031-44893 24 3049. 46 6093-38876
8 2955. 00 J 15223-49054 22 3050. 39 22616-55389
9 2957. 08 12 3051. 17 5144-37909

5 2958. 34 J 14339-48132 10 3054. 97 J 11031-43755
28 2961. 01 I 4159-37922 16 3055. 21 I 14091-46813
50 2962. 15 4159-37909 900 3058. 66 0-32685
10 2962. 33 J 15391-49138 30 3060. 30 4159-36826
42 2964. 06 J 5766-39494 60 3062. 19 J 4159-36806

5 2964. 62 J 15391 -49112 8 3066. 12 J 15223-47828
3.5 2965. 10 22 3069. 94 I 5766-38331
3. 0 2968. 45 14848-48526 38 3074. 08 6093-38614
3. 5 2970. 69 \ 15223-48875 30 3074. 96 22616-55127

70 2970. 97 J 4159-37809 19 3077. 06 J 8743-41232

10 2972. 25 J , 25013-58648 30 3077. 44 J 11031-43516
12 2973. 06 I 18417-52043 120 3077. 72 I 8743-41225
10 2975. 34 38 3078. 11 5766-38244
42 2977. 64 8743-42317 24 3078. 38 4159-36634
10 2978. 21 J 8743-42310 16 3083. 74 J 22616-55034

9 2978. 53 J 21303-54868 6 3084. 60 J 13365-45775
8 2979. 43 I 12774-46328 6 3086. 27 I 15223-47615
7 2982. 56 24 3090. 08 14848-47200

48 2982. 90 11378-44893 15 3090. 30 2740-35090
32 2983. 49 12 3090. 49 J 14852-47200

12 2985. 61 J 15391-48875 6 3091. 25 J 17667-50007
6 2988. 26 I 14848-48303 28 3093. 59 I 18902-51218

10 2989. 13 19893-53338 32 3101. 53 13020-45253
14 2992. 11 J 13365-46776 10 3104. 98 \ 13365-45562
10 2993. 57 J 12774-46170 38 3105. 99 J 4159-36346

24 2997. 65 J 10166-43516 6 3107. 38 J 14091-46264
16 3003. 48 I 11378-44663 32 3108. 98 I 5766-37922
10 3007. 90 18902-52138 65 3109. 38 6093-38244
34 3013. 07 2740-35920 26 3111. 09 J 10166-42300
12 3015. 65 J 13365-46515 12 3114. 81 J 12774-44870

60 3017. 25 J 8743-41876 12 3116. 48 J 14091-46170
460 3018. 04 I 0-33124 10 3118. 12 I 22616-54677
50 3019. 38 5766-38876 32 3118. 33 11378-43437
10 3020. 86 13 3129. 23 \ 17667-49615

120 3030. 70 J 5144-38130 50 3131. 12 J 14848-46776

12 3031. 01 J 8743-41726 10 3140. 31 15223-47057
8 3031. 30 I 14848-47828 10 3152. 07 I 11031 -42747

10 3032. 81 13365-46328 26 3152. 67
J

10166-41876
300 3040. 90 J 2740-35616 30 3153. 61 12774-44475
12 3042. 74 II 11460-44315 320 3156. 25 J 5144-36818

22 3043. 50 J 5766-38614 26 3156. 78 J 23463-55132
12 3043. 64 10166-43011 14 3157. 24 23463-55127
6 3044. 07 16212-49054 13 3161. 44 19049-50671
6 3044. 41 13365-46202 12 3161.73 8743-40362

16 3044. 91 11031-43863 9 3164. 61 15223-46813
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Osmium — All Observed Lines

Intensity
3.nci

CW\ ri.V t T\^ X X CX X <-X \^ l>W J.

Wave-
length
in A

Spec-
trum

Energy
Tjevel s

in K

Intensity
cLnd

(" Vl 3 T" a C^f^ T

Wave-
1 f^T\ crt'Vi

IT* A

Spec-
truna

Energy
T O t r0 1 CJ_jt:Vc JL o

ill r\.

32 3166. 51
\

23463-55034 17 3372, 08 13365-43011
13 3168. 28 15223-46776 13 3378 68 J 19893-49482
13 3173. 20 I 13365-44870 32 3384. 00 I 12774-42317
19 3173. 93 II 7892-39390 9 3384. 60 I 14339-43876
44 3178. 06 I 4159-35616 20 3385. 94 I 12774-42300

11 3180. 12
J

19893-51329 9 3386. 14 14339-43863
24 3181. 88 14339-45758 65 3387. 84 J 10166-39675
18 3182. 57 I 14091-45503 7 3394. 59
24 3185. 33 I 2740-34126 10 3395. 72 I 15223-44663
32 3186. 98 I 11378-42747 13 3401. 17 I 23323-52716

6 3187. 34
\

13365-44730 65 3401. 86 8743-38130
32 3189. 46 8742-40087 26 3402. 51 \ 0-29382
32 3194. 23 I 14091-45389 10 3406. 28
20 3195. 38 I 11031-42317 10 3406. 67 I 14091-43437
13 3195. 97 I 11378-42658 13 3408. 76 I 10166-39494

16 3213. 31 II 13204-44315 13 3412. 74
200 3232. 06 4159-35090 13 3421. 69 \ 10166-39383
30 3238. 63 I 5766-36634 7 3427. 44 I 23323-52491
20 3241. 04 I 11031-41876 16 3427. 67 I 8743-37909
13 3248. 00 I 13365-44144 7 3435. 26 I 12774-41876

20 3254. 91 14848-45562 10 3439. 49 8743-37809
20 3256. 92 \ 11031-41726 26 3440 60 J 11031-40087^ ^ \J ^ Jk- 1 \J \J W f

20 3260. 30 I 8743-39406 13 3444. 46 I 14852-43876
320 3262. 29 I 4159-34804 17 3445. 55 I 14848-43863
40 3262. 75 I 8743-39383 32 3449. 20 I 11378-40362

320 3267. 94 0-30592 7 3455. 03 13365-42300
65 3269. 21 \ 5766-36346 13 3458. 38 \ 14848-43755
20 3272. 16 I 15223-45775 13 3465. 44 I 17667-46515
55 3275. 20 I 5766-36290 13 3478. 53 I 17667-46407
34 3277. 97 I 5766-36264 13 3482. 11 I 10166-38876

7 3280. 92 7 3482. 23
\

11378-40087
7 3286 67 13020-43437 7 3487. 25 14848-43516

20 3288. 84 I 28372-58769 13 3487. 46
130 3290. 26 I 2740-33124 13 3490. 33
800 3301. 56 I 0-30280 10 3491. 50 I 19893-48526

26 3306. 23 12774-43011 5 3495. 62
65 3310 91 J 11031-41225 17 3498. 54 10166-38741
13 3315. 42 I 5766-35920 26 3501. 16 I 14848-43402
10 3315. 69 I 13365-43516 65 3504. 66 I 4159-32685
10 3316. 69 46 3512. 99 I 12774-41232

26 3324. 33 13365-43437 10 3513. 86
\

16212-44663
32 3327 42 J 14848-44893 7 3516. 63 19049-47477

100 3336. 15 I 4159-34126 32 3518. 72

11 3351. 74 I 6093-35920 12 3520. 00

13 3353. 91 50 3523. 64 I 0-28372

24 3357. 97 14091-43863 13 3526. 04
\

11031-39383
26 3361. 15 \ 8743-38486 130 3528. 60 0-28332
20 3364. 12 2740-32457 24 3530. 06 10166-38486
13 3370. 20 14091-43755 24 3532. 80 4159-32457

100 3370. 59 5144-34804 13 3533. 41 15223-43516
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Osmium — All Observed Lines

Intensity
3.ncl

1 1»» »1 1^—1 j-^ 4- J-tv^ndXcLcter

Wave-
lengLn
in A

Spec-
trum

Energy
i-iGVeis
m is.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 3541. 91 14091-42317 60 3790. 14
\

14848-41225
24 3542. 71 J 14091-42310 17 3790. 73 14852-41225
10 3555. 97 I 12774-40888 36 3793. 91 I 18902-45252

100 3559. 79 I 8743-36826 4 3794. 66 28332-54677
130 3560. 86 I 8743-36818 8 3795. 67 I 24292-50630

13 3562. 34 8743-36806 8 3827. 14 22616-48737
32 3569. 78 J 11378-39383 24 3836. 06 \ 8743-34804
13 3574. 08 I 14339-42310 13 3840. 30 I 29099-55132
7 3586. 51 I 18902-46776 13 3841. 29 I 25013-51039

13 3587. 32 13020-40888 7 3843. 66 I 15223-41232

7 3592. 32 23323-51152 17 3849. 94 12774-38741
65 3598. 11 2740-30525 20 3857. 09 } 4159-30078
20 3601. 83 I 10166-37922 20 3865. 47 I 25275-51138
10 3604. 48 II 11654-39390 65 3876. 77 I 11031-36818
7 3609. 15 22 3881. 86 I 10166-35920

26 3616. 57 10166-37809 3. 5 3886. 75
{

13020-38741
13 3619. 43 \ 15391-43011 3. 5 3895. 18 15223-40888
7 3629. 95 I 5144-32685 12 3900. 39 I 2740-28372

44 3640. 33 I 14848-42310 17 3901. 71 I 8743-34365
5 3648. 81 I 19760-47158 3. 0 3907. 65 I 14091-39675

22 3654. 49 15391-42747 3. 0 3911. 81 12774-38331
32 3656. 90 2740-30078 3. 0 3918. 97 { 27954-53464
12 3666. 31 I 18902-46170 3.0 3922. 03 I 12774-38264
46 3670. 89 I 11031-38264 3. 0 3925. 10 I 12774-38244
12 3675. 45 I 15223-42422 3. 0 3926. 77 I 18417-43876

8 3681. 57 19109-46264 4 3928. 41
J

11378-36826
24 3689. 06 \ 11031-38130 4 3928. 54 5144-30592
3. 5 3698. 83 I 14848-41876 9 3930. 00 I 14852-40291

18 3703. 25 I 17667-44663 7 3931. 52 I 11378-36806
12 3706. 56 I 23323-50294 22 3938. 59 I 8743-34126

12 3709. 14 11378-38331 8 3939. 57 13365-38741
8 3712. 84 15391-42317 9 3949. 78 J 13020-38331

22 3713. 73 I 15391-42310 5 3952. 77 I 14091-39383
8 3718. 34 I 11378-38264 4 3955. 37 I 15223-40498

20 3719. 52 I 14848-41726 8 3960. 51 I 24292-49534

22 3720. 13 8743-35616 18 3961. 02
\

14848-40087
3. 5 3721. 96 \ 24292-51152 90 3963. 63 4159-29382
6 3729. 22 I 17667-44475 9 3964.96 I 2740-27954
8 3730. 73 I 14091-40888 13 3969. 67 I 14852-40036

17 3746. 47 I 14339-41023 10 h 3975. 44 I 12774-37922

360 3752. 52
\

2740-29382 65 3977. 23
{

5144-30280
10 3757. 12 12774-39383 4 3979. 36 30280-55403
13 3766. 30 I 11378-37922 9 3988. 18 I 14339-39406
12 3768. 14 I 11378-37909 3. 5 3988. 62 I 19411-44475
12 3774. 40 I 18902-45389 3. 5 3991. 49 I 2740-27787

11 3774. 62 15391-41876 4 3994. 93 21303-46328
12 3776. 25 } 13020-39494 3.5 3996. 80 0-25013
28 3776. 99 1U166 — 36634 b 3990. 93 19o93 — 44893

200 3782. 20 4159-30592 13 4003. 48 15391-40362
8 3789. 11 14848-41232 9 4004. 02 11378-36346
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Osmium — All Observed Lines

Intensity
CL±X*~L

Via f c ^ ^

Wave-
1 fi'n rrt" nXC 11 g LI 1

in Aill xA.

Spec-
trum

Energy
T t rf^ 1 GXjC. V C X O

111 JTV

Intensity
a.nd

Ch3.ra.cter

Wave-
length
in A

Spec-
trum

Energy
J_,e veis
m K

13 4005. 16
J

18902-43863 9 4338. 75 15223-38264
6 h 4015. 04 13365-38264 9 4351 53 J

1 sgn? —41 87A
14 4018. 26 I 13365-38244 6 h 4354. 46 I 10166-33124
5 h 4029. 32 I 30592-55403 4 4357. 98 I 15391-38331
8 4032. 92 I 23985-48773 6 4358. 14 I 30525-53464

-
9 4037. 84

\

5766-30525 19 4365. 67 13020-35920
5 4038 64 1 91 09-43863 10 4370 66 J X —' ^ /X _/tJt.U"

25 4041. 92 I 19411-44144 4 4376. 90 I 37809-60649
14 4048. 05 I 15391-40087 8 4391. 08 I 19109-41876
5 4051. 43 I 16212-40888 46 4394. 86 I 11378-34126

85 4066. 69
J

22616-47199 14 4397. 26 14091-36826
22 4070 86 14848-39406 5 4400 58 32685 — 55403
17 4071. 56 I 14852-39406 14 4402. 74 I 28332-51039
20 4074. 68 I 14848-39383 5 4404. 21 I 15223-37922
6 4088. 44 I 15223-39675 3.5 4411.13 I 16212-38876

44 4091. 82 6093-30525 440 4420. 47 0-22616
5 4098 10 J 14091-38486 9 4432. 41 \ 13365-35920

11 4100. 30 I 81A3-33U4 26 4436. 32 I 2740-25275
5 4103. 62 I 27787-52149 4. 5 4437. 09 I 15391-37922

110 4112. 02 I 5766-30078 9 4439. 64 I 15391-37909

16 4124. 60 11378-35616 3. 5 4445. 69 14339-36826
16 4128. 96 \ 4159-28372 20 4447. 35 \ 14339-36818

220 4135. 78 I 4159-28332 7 d 4459. 53 I 15391-37809
13 4137. 84 I 15223-39383 3. 0 4462. 29 I 21034-43437
6 4158. 78 I 14091-38130 3.0 4465. 94 I 38264-60649

6 4159. 96 12774-36806 8 4479. 81
\

12774-35090
16 4172. 57 J 10166-34126 11 4484. 76 10166-32457

110 4173.' 23 I 5144-29099 3.5 4488! 60 I 2740-25013
55 4175. 63 I 8743-32685 3. 0 4518. 89 I 19109-41232
11 4184. 13 I 18417-42310 3.0 4520. 32 I 19109-41225

28 4189. 91 12774-36634 6 4524. 87 11031-33124
5 4195 14 J 14091-37922 6 4529. 67 J 13020-35090

16 4201. 45 I 4159-27954 2.5 4537*. 62 I 16212-38244
22 4202. 06 I 14339-38130 6 4539. 92 I 25594-47615

110 4211. 86 I 23463-47199 10 4548. 66 I 14848-36826

11 4213. 86 25013-48737 48 4550. 41
\

14848-36818
9 4215 16 J 14091 — 37809 12 4551. 30 14852-36818
5 4226. 53 I 15223-38876 3. 0 4579.* 04 I 19893-41726

15 4233. 46 I 13020-36634 8 4595. 04 I 29382-51138
440 4260. 85 I 0-23463 8 4597. 16 I 11378-33124

9 4264. 75 13365-36806 2.5 4605. 04
\

16212-37922
4?fi9 61 J 1 8902—42317 15 4616 78 11031-32685

5 Mil. 15 I 19049-42422 15 4631. 83 I 15223-36806
9 4285. 90 I 13020-36346 3. 0 4634. 77 I 23323-44893

50 4293. 95 I 14848-38130 3.0 4641. 83 I 8743-30280

6 4296. 22 13365-36634 12 4663. 82
{

15391-36826
5 4308. 88 { 19109-42310 2. 5 4682. 31 12774-34126

50 4311. 40 5144-28332 6 4692. 06 11378-32685
10 4326. 25 15223-38331 2.5 4732. 80 15223-36346
30 4328. 68 11031-34126 2.0 4738. 04 25070-46170
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Osmium — All Observed Lines

Intensity

Chcir acte r

Wave-

in x\

Spec-
trum

Energy
1 J C; V c ± o

111 xV

Intensity Wave-
J-CIi y Lll

in /\

Spec-
trum

Energy
T O t 1 C

in "k"m jx

4 4738. 35 1. 0 5447. 76 11031-29382
AH H / HJ, O 7 1/DD/ J>0/H1 1, o _)HH /, J> ;

1 4"^ "^Q — "^PARc;IHJJ)? — ^^iDOD

2.5 4752. 16 I 34365-55403 1.8 5453. 40 I 23985-42317
3.0 4763. 10 I 38613-59602 2. 0 5457. 30 I 5144-23463

60 4793. 99 I 4159-25013 2.5 5470. 00 I 14848-33124

2. 0 4813. 80 14848-35616 1.2 5474. 58 25602-43863
0 nU Hoi !3, 3 U 1 7

1 Dm i-J

4 4815. 96 I 30280-51039 0. 8 5477. 27 I 17667-35920
2. 0 4826. 66 I 14091-34804 1.4 5481. 85 I 19893-38130
2. 0 4843. 87 I 8743-29382 2.0 5509. 33 I 30592-48737

10 4865. 60 30592-51138 0. 8 5516. 01 28140-46263
AH Hoy/. 0p-i70 _ Afi7^7uOjjc. HO / J? / ?4 DDc-J, DP oanqQ —471 QQ

6 4912. 60 I 12774-33124 2. 0 5546. 82 I 34125-52149
2.5 4935. 81 I 17667-37922 0. 8 5549. 79 I 33124-51138
2.5 4942. 94 I 15391-35616 1.2 5552. 88 I 11378-29382

3.5 4979. 32
J

16212-36290 1.0 5560. 62
J

35616-53595
cJ _3U_J1. 1. H ^c;pn AADDO\Jm OO J J Ll.H — DL\JJy
4 5039. 12 I 18902-38741 7 5584. 44 I 15223-33124
3.0 5072. 88 I 16212-35920 0. 7 5600. 50 I 36826-54677
3.0 5074. 77 I 15391-35090 3.0 5620. 08 I 10166-27954

3. 0 5079. 09 12774-32457 0. 8 5637. 41 15391-33124
po ?nA% — 79,'K'\7 7 n tiAZl9 ^A 1 qi flQ — '^AR9AJ.7XU7 — ^DOcO
5 5110. 81 I 11031-30592 2. 5 5645. 25 I 19109-36818
2. 0 5122.23 I 14848-34365 0. 6 5648. 98 I 19109-36806
2.0 5145. 54 I 18902-38331 0. 8 5660. 21

12 5149. 74 15391-34804 0. 6 5674. 38 18301-35920
API p — ^U77'\ 7 ^ -JOOU. oo "^4804 — R94n9

2.5 5168. 98 I 38486-57827 1. 0 5709. 37 I 37909-55419
3.5 5193. 52 I 11031-30280 15 5721. 93 I 5144-22616

24 5202. 63 I 10166-29382 0.7 5737. 89 I 17667-35090

3.0 5203. 23 11378-30592 0.7 5739. 72 25594-43011
i. o DC.DV, HO 7 n D 1 OD, \JD 1 1 V\'i,^ _ 98-^79XX u^x cop 1 L.

4 5255. 82 I 19109-38130 15 5780. 82 I 15391-32685
5 5265. 15 I 23323-42310 3.5 5800. 60 I 15223-32457
1.8 5283. 89 I 19411-38331 0.7 5842. 49 I 22564-39675

1. 8 5295. 65 I 16212-35090 10 5857. 76
J

15391-32457
Dc.yo, 1 o 79,'K'K7 —471 QQ 7 ^ '^RAn A4IJODU, OH

1.2 5302. 58 I 19411-38264 1. 0 5882. 92 I 11378-28372
1.6 5336. 23 I 15391-34126 1. 0 5903. 98 I 19893-36826
1.0 5346. 03 I 11378-30078 1.0 5906. 84 I 19893-36818

1.2 5352. 25 I 17667-36346 0. 6 5908. 95 30280-47199
DJ 1 O, / 7 IHUyl — jCOQD U. O cqpT -ZA 1 RQn9 — "^c, AT AXovUc — JDO i.O

1. 4 5403. 43 I 1.0 5983. 22 I 25602-42310
1.2 5412. 14 I 21033-39505 6 5996. 00 I 34365-51039

11 5416.34 I 30280-48737 1.8 6015.79 I 21303-37922

4 5416. 69 4159-22616 0. 6 6054. 63
\

27351-43863
2. 5 5417. 51 32685-51138 1. 8 6144. 53 8743-25013
1.4 5441. 82 19893-38264 1. 0 6158. 03 34804-51039
5 5443. 31 14091-32457 3. 0 6227. 70 32685-48737
2.0 5446. 93 32685-51039 0. 6 6241. 70 13365-29382
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Osmium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 6269. 41 ][ 43012 -58957 1. 2 6956. 02 ][ 34365 -48737
1. 0 6274. 94 40291 -56222 0. 8 6984. 95 16212 -30525
1.0 6286. 83 ][ 18902 -34804 2.0 7060. 67 ][ 15223 -29382
0. 8 6398. 86 ][ 25602 -41225 3. 0 7145. 54 ][ 15391 -29382
2. 0 6403. 15 ][ 33124 -48737 1. 4 7149. 89 ][ 11031 -25013

0. 8 6448. 13 ][ 41225 -56729 0. 6 7184.10 ][ 38486 -52402
0 5 6520. 85 21303 -36634 1.

4

7206. 33 8743 -22616
0.6 6528. 87 ][ 21034 -36346 0.7 7209. 96 ][ 16212 -30078
0. 6 6533. 14 ][ 15223 -30525 1. 2 7251. 16 ][ 21303 -35090
1. 0 6538. 30 ][ 14091 -29382 0. 8 7253. 49 ][ 18902 -32685

1. 0 6576. 83 ][ 15391 -30592 0. 8 7375. 07 ][ 18902 -32457
0.7 6614. 56 ][ 24292 -39406 1.2 7407. 95 ][ 23323 -36818
n AU. H r 4n?91 _J H U ^

0. 6 6661. 81 ][ 13365 -28372 0.6 7701. 46 ][ 15391 -28372
3.0 6729. 56 ][ 15223 -30078 1.0 7789. 96 ][ 34365 -47199

2.0 6791. 53 ][ 8743 -23463 1.0 7852. 17 ][ 15223 -27954
1. 6 6806. 61 ][ 15391 -30078 0.8 7981. 20 ][ 24292 -36818
0.6 6878. 70 ][ 14848 -29382 0.9 8041. 29 ][ 11031 -23463
0.5 6901. 58 ][ 25602 -40087
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PALLADIUM

Pd, Z=46, M= 106.4, Ratio ^=1.674

Pd I Normal state of valence electrons 4d^°^8o =0. I.P.= 67236 K
Pdii Normal state of valence electrons ^D2k.=0. I.P.= 156700 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Pdi, A. G. Shenstone, Phys. Rev. 36, 669 (.1930).

Pdii, A. G. Shenstone, Phys. Rev. 33, 30 (1928).

Relative intensity of palladium lines observed in an arc of copper containing 0.1 atomic
percent of palladium

Strong lines of palladium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

2600
2200
2200
1400
1300

3404. 58
3609. 55
3634. 70
3421. 24
3516. 94

I

I

I

I

I

6564-35928
7755-35451
6564-34069
7755-36976
7755-36181

5s> 3D3—5p'
5s' 3D2—5pi 3F|
5si 3D3—5p»
5si 3D2—5pi 3D 5

5s' 3D2—5p' 3Pf

1300
1200
1100

3553. 08
3242. 70
3481. 15

I

I

I

11722-39858
6564-37394
10094-38812

5s» 'D2—5p' 'F|

5s' 3D3—5p' 3D|
5s' 3D,—5p' 3F5
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Pal ladium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

65 2447. 91 0-40839 280 4212. 95 11722-35451
1 nnJ. uu 20 AAj-x c.q J 1

1

100 _ "^/i nAQ

3.0 2486. 53 II 27094-67299 6 h 4788. 18 I 34069-54948
8 2488. 92 II 25081-65247 5 h 4817. 51 I 34069-54821
3.5 2498. 78 II 32278-72285 4 4875. 43 I 34069-54574

160 2763. 09 0-36181 6 5110. 81 35451-55012
^ O J H. O T T

C- C 1 O \J 1 L./ / 8 m 1 7 n?

44 2922. 49 6564-40771 17 5163. 84 I 35451-54811
55 3002. 65 I 6564-39858 5234. 86 I 35928-55025
4 3009. 78 I 25101-58317 13 5295. 63 I 35928-54806

130 3027. 91 7755-40771 2. 0 5312. 57 36181-54998
^ U D IJ, ^ X 77RR — 4n'^AQ11-)-} HuJ/O/ 1. 6 JvODO DODOl.

220 3114. 04 I 7755-39858 4 5395. 24 I 39858-58388
30 3142. 81 I 25101-56911 6 5542. 80 I 36976-55012

1200 3242. 70 I 6564-37394 4 5547. 02 I 36976-54998

300 3251. 64
{

10094-40839 3. 0 5619. 44
{

40771-58562
J? o u J? ^ o. / o 1 nnQ4 — 4n77i 1. 7

50 3287. 25 I 6564-36976 1.5 5655. 42 I 40771-58448
400 3302. 13 I 10094-40369 8 5670. 07 I 37394-55025
550 3373. 00 I 7755-37394 1.2 5690. 14 I 40839-58408

2600 3404. 58 6564-35928 6 h 5695. 09
{

37394-54948
771; t; _-2L,q-jL 2.0 -J / J/O. ox

550 3433. 45 I 11722-40839 2.5 6774. 54 I 25101-39858
700 3441. 40 I 11722-40771 7 6784. 52 I 34069-48804
850 3460. 77 I 6564-35451 0.4 h 6833. 42 I 40369-54998

1100 3481. 15
J

10094-38812 1.2 7016. 44 38088-52336
^4RQ 77 1 1 790 _ 4n'^AQ 1.4 h 7'^^ n nA

1300 3516. 94 I 7755-36181 8 7368. 12 I 35451-49020
1300 3553. 08 I 11722-39858 3 0 7391. 92 I 38812-52336
500 3571. 16 I 10094-38088 1.8 7486. 90 I 35451-48804

2200 3609. 55 I 7755-35451 13 7764. 03
J

35928-48804
^ UU ARA4 — '^4n AQ 3.0 77RA A7

/ / OD. 0 / ^Ai R1 — 4Qn?n
600 3690. 34 I 11722-38812 5 7915.80 I 39858-52488
150 3718. 91 I 10094-36976 2.0 7961. 08 I 28214-40771
160 3799. 19 I 7755-34069 6 8132. 82 I 25101-37394

160 3832. 29 10094-36181 5 8300. 83 36976-49020
240 3894. 20 11722-37394 1. 0 h 8353. 58 40369-52336
160 3958. 64 11722-36976 2. 0 h 8532. 74 40771-52488
32 4087. 34 11722-36181 1.8 h 8599. 10

I

37394-49020
10 4169, 84 { 10094-34069 7 8761. 35 37394-48804
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PHOSPHORUS

P, Z=15, M=30.975, Ratio ^=0.487

Pi Normal state of valence electrons 3s^3p^ *&ly=0. I.P.= 84580 K
Pii Normal state of valence electrons Ss^Sp^To =0. I.P.= 159100 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

P I, C. C. Kiess, J. Research NBS 8, 393 (1932) RP425.
Pi and P ii, W. C. Martin, J. Opt. Soc. Am. 49, 1071 (1959).

Relative intensity of phosphorus lines observed in an arc of copper containing 0.1

atomic percent of phosphorus

Strong lines of phosphorus

Intensity Wavelength Spectrum Energy levels Term combination
A K

60 2535. 65 I 18748-58174

Phosphorus — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
_ Levels

in K

1.0 2135. 47 11362-58174 22 2534. 01 I 18722-58174
10 2136. 20 11376-58174 60 2535. 65 I 18748-58174
9 2149.11 11362-57877 38 2553. 28 I 18722-57877
1. 0 2152. 95 18722-65157 15 2554. 93 I 18748-57877
2.0 2154. 08 18748-65157
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PLATINUM

Pt
Pt, Z=78, M= 195.09, Ratio ^=3.070

Pti Normal state of valence electrons 5(Z»6s''D3 =0. I.P.= 72300 K
Ptii Normal state of valence electrons 5d^ ^02^=0. I.P.= 149700 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Pti, A. C. Haussman, Astrophys. J. 66, 333 (1927).

J. J. Livingood, Phys. Rev. 34, 185 (1929).

Ptii, A. G. Shenstone, Phil. Trans. Roy. Soc. (London) [A]237, 453 (1938).

Relative intensity of platinum lines observed in an arc of copper containing 0.1 atomic
percent of platinum

Strong lines of platinum

Intensity Wavelength Spectrum Energy levels Term combination
A K

320 3064. 71 I 0-32620 5d96si a 'D3—5<i96pi U
280 2659. 45 I 0-37591 5d96s' a 3D3—5d»6p> 7|

200 2702. 40 I 776-37769 5d«6s' a 3D2—5d«6pi 8§

180 2733. 96 I 776-37342 5d96s» 0 3D2— 61

180 2997. 97 I 776-34122 5d«6s> a 'D2—5</«6pi 3|

170 2929. 79 I 0-34122 5d«6s> a 3D3—5d»6p' 3|
160 2705. 89 I 824-37769 5d86s2 a 3F4—5d96p' 8§

140 2830. 30 I 0-35322 5d96s' a 3D3—5d'6s'6pi4|
130 2719. 04 I 824-37591 5rf86s2 a 3F4—5d96p' 7j

110 2628. 03 I 776-38816 5d«6si a 3D3— 10|

242



Platinum — All Observed Lines

Intensity
3.nd

Wave-
iengin
in A

Spec-
trum

Energy
T A V T^ 1 O

m Jx

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

3. 0 2030. 63 14 2524. 30 6568-46170
4 2032. 41 \ 4 2529. 41 \ 13496-53019
6 2049. 37 I 0-48779 5 2536. 49 I 10132-49545
2. 0 2067. 50 I 0-48352 16 2539. 20 I 824-40194
5 2084. 59 I 824-48779 1. 8 2549. 46 I 13496-52708

2. 0 2103. 33 824-48352 5 2552. 25 10117-49286
2 5 2128. 61 \ 776-47741 5 2596. 00 \ 15502-54011
6 2144. 23 I 0-46622 7 2603. 14 I 10132-48536

II 4787-51408 5 2619. 57 I 6568-44730
2. 5 2165. 17 I 0-46170 110 2628. 03 I 776-38816

7 2174. 67 13 2639. 35 6568-44444
2. 5 2202. 22 \ 776-46170 100 2646. 89 J 0-37769
2.5 2222. 61 I 6568-51546 50 2650. 86 I 824-38536
1. 6 2249. 30 I 0-44444 2. 0 2658. 17 I 10132-47741
2. 5 2268. 84 I 280 2659. 45 I 0-37591

4 2274. 38 776-44730 4 2674. 57 6568-43946
2. 5 2289. 27 } 776-44444 44 2677. 15 \ 0-37342
2.5 2292. 40 I 824-44433 20 2698. 43 I 6140-43188
5 2308. 04 I 6568-49881 200 2702. 40 I

2.0 2315. 50 I 160 2705. 89 I 824-37769

5 2318. 29 824-43946 6 2713. 13 10117-46965
2 5 2326. 10 J 6568-49545 130 2719. 04 \ 824-37591
5 2340. 18 I 6568-49286 13 2729. 92 I 6568-43188

10 2357. 10 I 776-43188 180 2733. 96 I 776-37342
7 2368. 28 I 6568-48779 7 2738. 48 I 10117-46623

6 2383. 64 10132-52072 7 2747. 61
\

13496-49881
2 0 2386 81 J 776-42660 8 2753. 86 10132-46434
6 2389. 53 I 824-42660 20 2754. 92 I 10132-46420
2. 0 2396. 17 I 13496-55217 3. 0 2769. 84 I 6568-42660
4 2401. 87 I 10132-51752 50 2771. 67 I 776-36845

12 2403. 09 6140-47741 4 2773. 24 13496-49545
7 2418. 06 \ 13496-54839 2. 0 2774. 00 \ 10132-46170
6 2428. 04 I 6568-47741 5 2793. 27 I 13496-49286
4 2428. 20 I 10117-51287 1. 6 2794. 21 II 13311-49089
2. 0 2429. 10 I 10132-51287 14 2803. 24 I 6140-41803

15 2436. 69 776-41803 1. 0 2808. 51 15502-51098
60 2440. 06 \ 0-40970 5 2818. 25 \ 824-36296
6 2450. 97 I 0-40788 140 2830. 30 I 0-35322

44 2467. 44 I 0-40516 7 2834. 71 I 10132-45398
3. 5 2471. 01 I 13496-53953 1. 6 2853. 11 I 13496-48536

100 2487. 17 0-40194 2. 5 2888. 20 10117-44730
2 5 2488. 74 II 2. 5 2893. 22 J 15502-50055

20 2490. 12 824-40970 60 2893. 86 I 776-35322
16 2495. 82 I 6568-46623 30 2897. 87 I 824-35322
24 2498. 50 I 776-40788 6 2905. 90 I 6568-40970

5 2505. 93 12 2912. 26 10117-44444
12 2508. 50 { 6568-46420 12 2913. 54 10132-44444
5 2514. 07 10117-49881 7 2919. 34 13496-47741
6 2515. 03 10132-49881 3.0 2921. 38 6568-40788

24 2515. 58 776-40516 170 2929. 79 0-34122
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Platinum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trxim

Energy
Levels
in K

3.0 2942. 76 I 30157-64129 8 3818. 69 I 10117-36296
3.0 2944. 75 I 6568-40516 4 3900. 73 I 34122-59751
I. b

\

lDD\JtL — H7^0D 11 b^cc. 96 30157 — 55641
6 2960. 75 3.5 3948. 40 \ 13496-38816

180 2997. 97 I 776-34122 10 3966. 36 I 10117-35322

22 3002. 27 I 824-34122 2.0 3996. 57 15502-40516
3. 0 3017. 88 I 13496-46623 11 4118. 69 I 13496-37769

13 5\j5o. 45 i347D — 4d4^U oo 4164. 56 1(1117 — 34122
80 3042. 64 { 824-33681 4 4192. 43 \ 13496-37342

320 3064. 71 I 0-32620 1.8 4327. 06 I 33680-56784

3.0 3071. 94 I 10117-42660 1.8 4391. 83 I 21967-44730
13 3100. 04 I 6568-38816 8 4442. 55 I 10117-32620

/ lb — id.bL\j 1. 4 /I /I /I c c c4445. 55 1U132 — 3262U
14 3156. 56 J 10132-41803 2.5 4498. 76 \ 30157-52379
12 3200. 71 I 13496-44730 1.2 4520. 90 I 37769-59882

32 3204. 04 I 6568-37769 3.5 4552. 42 I 33680-55641
3. 0 3230. 29 I 13496-44444 1.2 4879. 53 I 36296-56784
2. 0 3233. 42 — 4d4^U 1. 4 c n /I /I n /I5U44. U4 155(12 — 35322
2. 0 3250. 36 { 3.0 5059. 48 { 32620-52379
4 3251. 98 I 10132-40874 3.5 5227. 66 I 13496-32620

16 3255. 92 I 6140-36845 4 5301. 02 I 36782-55641
2. 5 3268. 42 I 1.2 5368. 99 I 15502-34122
2. 5

o O O T Q "7

33Doi — D4i4i 1. 2 537U. /7 i'W.cL — bcoo 1

12 3290. 22 } 10132-40516 1.4 5475. 77 { 34122-52379
50 3301. 86 I 6568-36845 1.4 5478. 50 I 38536-56784

6 3315. 05 I 0-30157 0.6 5763. 57 I 35322-52667
3.5 3323. 80 I 10117-40194 2.0 5840. 12 I 15502-32620

O /I34 34L)o. 13 824- 3Ulb/ n o
U. o C O /I /I O /I5o44. o4 3o536 — 55641

3.5 3427. 93 { 13496-42660 0. 6 6026. 04 { 40194-56784
6 3483. 43 I 10117-38816 0.7 6318. 37 36845-52667

16 3485. 27 I 10132-38816 0. 8 6326. 58 I 21967-37769
12 3628. 11 I 6568-34122 0.9 6523. 45 I 37342-52667
7 3638. /9 lUil / — 3 /b91 1. u O /lU. 4^ 3 / / D7 — b^DD

/

7 3643. 17 \ 18567-46007 2.0 6760. 02 37591-52379
3.5 3699. 91 13496-40516 6 6842. 60 37769-52379

1.8 3706. 53 I 2.0 7113. 73 18566-32620
2.0 3801. 05 1.0 8224. 74 21967-34122
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POTASSIUM

K, Z=19, M=39.100, Ratio 7^=0.615
Cu

Ki Normal state of valence electrons 3p*4s^%K2=0. I.P.= 35010 K
K II Normal state of valence electrons 3^" ^So =0. I.P.= 256637 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

K I, A. Fowler, Report on Series in Line Spectra, p. 101 (Fleetway Press, London, 1922).

Intensities

:

A. Filippov, Phys. Z. Sowjetunion 5, 1 (1934).

E. F. M. van der Held and J. H. Heierman, Physica 3, 31 (1936).

Relative intensity of potassium lines observed in an arc of copper containing 0.1 atomic
percent of potassium

Strong lines of potassium

Intensity Wavelength Spectrum Energy levels Term combination
A K

1800 7664. 91 I 0-13043 3p64si 2SoK—3p64pi ^PiH
900 7698. 98 I 0-12985 3p64si 2So>^3p«4pi 2PSj^

Potassium — All Observed Lines

Intensity Wave- Energy
and length ^ Levels

.
°. trum „Character m A in K

Intensity Wave- Energy
and length ,

^ Levels
A trumCharacter m A m K

32 4044. 14 I 0-24720
16 4047. 20 I 0-24701
1. 0 1 5782. 60 I 12985-30274
1. 4 1 5801. 96 I 13043-30274

2.5 hi 6911. 30 I 12985-27451
5 hi 6938. 98 I 13043-27451

1800 7664. 91 I 0-13043
900 7698. 98 I 0-12985

609065 O -62 -17 245



PRASEODYMIUM

Pr, Z=59, M= 140.91, Ratio g^=2.218

Pr I Normal state of valence electrons 4f 6s^ %v,=0. I.P. ==^45000 K
Pr II Normal state of valence electrons 4/^ 6s^ =0.

References
Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).
Supplemented by the following

:

F. Exner and E. Haschek, Spektren der Elemente bei Normalen Druck (Franz Deuticke,
Leipzig and Vienna, 1911).

A. S. King, Astrophys. J. 68, 194 (1928).

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

N. Rosen, G. R. Harrison, and J. R. McNally, Phys. Rev. 60, 722 (1941).

Numerous lines were measured on the plates of this investigation.

Classification

:

Pr I and Pr 11, (Spectrum assignment only)

A. S. King, Astrophys, J. 68, 194 (1928).

R. Zalubas, unpublished material (1961).

Pr II, N. Rosen, G. R. Harrison, and J. R. McNally, Phys. Rev. 60, 722 (1941).

Molecular Spectra

:

PrO, W. W. Watson, Phys. Rev. 53, 639 (1938).

Relative intensity of praseodymium lines observed in an arc of copper containing 0.1

atomic percent of praseodymium

Strong lines of praseodymium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

460 4179. 42 1649-25569 4/36s a 5I§—4/36p z ^K;
340 4222. 98 442-24115 4/36s a SJI—4/36p 2 ^Ks
340 4225. 33 0-23660 4/36s a 4/36J9 2

320 3908. 43 2998-28578 4/36s a «If—4/3639 2

300 4062. 82 3403-28010 4/36s a 4/36p z 'Ky

260 c 4100. 75 4437-28816 4/36s a 4/36p 2 'Kg
240 4143. 14 2998-27128 4/36s a 51?—4/36p 2 ^Kg
220 4189. 52 2998-26861 4/36s a 51?—4/36p 2 ^I;

220 c 4206. 74 4437-28202 4/36s a 5I§—4/36p 2 ^Ig

200 4054. 85 1744-26398 4/36s a 311— 226

200 4056. 54 5079-29724 4/36sa3If—4/36p 2 'Kg
190 c 3982. 06 3403-28509 4/36s a 3Ig—4/36p 2 ^Hs
180 c 3877. 23
170 4008. 71 5079-30018 4/36s a 3If—4/36p 2 ^H,
150 c 4118. 48 442-24716 4/36s a 5Ig—4/36p 2 5I5

150 c 4164. 19 1649-25657 4/36s a 5I|—4/36p 2 ^I,

150 4408. 84 0-22675 4/36s a 5I|—4/36p 2 'Kj
140 3816. 17
140 c 3964. 83 442-25657 4/36s a 4/36p 2

140 3994. 83 442-25468 4/36s a 5I|—4/36p 2

130 c 3918. 86 2998-28509 4/36s a 51?—4/36p 2 'He
130 c 4141. 26 4437-28578 4/36s a 5I§—4/36io 2 31^

130 4305. 76 442-23660 4/36s a 5IS—4/36p z

120 c 3850. 83
120 3989. 72 442-25500 4/36s a 5IS— I65

120 4333. 91 1649-24716 4/36s a 5I§—4/36p 2 %
110 4368. 33 0-22886 4/36s a 5I|— 55

100 3830. 72
100 3852. 81
100 3925. 46 0-25468 4/36s a 5l5—4/36p 2 5H4

100 c 3965. 26 1649-26861 4/36s a 5Ig—4/36p 2 51,

100 4297. 76 0-23261 4/36s a 5I|— 75

100 4351. 85 1744-24716 4/36s a 5I|—4/36p 2
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Praseodymium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
Energy

, Levelstrum m K

Intensity
and

Char acte r

Wave-
length
in A

„ Energy
Spec-
^ Levelstrum m K

2. 0 2558. 55 II 4 d 2971. 40 II

2.0 2578. 32
o ri "7 1 /If"2971. 45

2.5 2579. 30 5 2985. 02 II

3. U n 2598. 05 3.0 2986. 19 II

2.0 2608. 89 3. 0 2990. 22 II

2.0 2615. 75 II 8 3013. 46 II

2.0 2648. 47 5 3029. 28 T TII

2.5 2654. 75 2.5 3032. 69

2. U 2666. 67 5 3045. 21 II

1.6 2672. 48 4 3046. 77

2.5 2685. 18 II 2.0 3049. 21

3.5 2685. 70 oO 3053. 26
\\5 2698. 92 4 3062. 06

6 2700.35 8 3063. 66 11

3.0 2702. 22 3.5 3068. 68

10 h 2707. 35 II 6 3069. 24 II

2.0 2714.18 II 2. 5 3074. 56
6 2720. 18 II 3.5 3078. 99

3. U 2721. 87 II 11 3082. 11 II

5 2726. 49 II 3.0 3084. 90 II
3085. 03 II

1.2 2731. 77 II

2.5 2733. 13 II 5 3085. 86
5 2734.30 II 3.5 3091. 34
2.5 2737. 85 II 5 3097. 78 II

4 2742.10 II 8 3098. 50 II

2.5 2744. 66 II 4 d 3101. 27 II

2.0 2746. 24 II 2. 0 3103. 10 II

6 2760. 39 II 4 3105. 40 II
r
b 2769. 60 II 4 3109. 76 II

5 d 2775. 93 II 4 3110. 58 II
2776. 05 II

10 3111.34 II

4 2778. 82 II 3. 0 3114. 14
115 2783. 32 II 3. 0 3119. 03

3. U 2789. 08 II 14 3121. 57 II

3.5 2792. 50 II 4 3123. 00 II

5 2802. 06 II 10 3129. 20 II

2.0 2823. 11
T T
II 3. 0 3135. 35

Yi2.0 2824. 10 II 5 3136. 79

2. U 2828. 32 II 6 3146. 47 II

2.0 2843. 01 I 7 3151. 54 II

2.0 2844. 03 II 7 3153.20 II

2.0 2850. 64 I 6 3153. 83
{{2.5 2854. 02 II 10 3158. 65

3. 0 2865. 65 16 3163.74 II

5 2881. 62 I 9 3164. 82 II

3.0 2882. 33 II 32 3168. 24

3.0 2884. 90 II 3. 0 3169. 37

3.0 2943. 95 II 2. 5 3171. 23

3.0 2967. 58 19 3172. 31

3. 0 2971.11 II 10 3182. 45
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T^evels
in K

Intensity
and

Character

Wave-

in A

Spec-
trum

Energy

in \Cill xV

13 3191. 41 3. 0 3460. 66
8 3191. 69 13 3465. 76 II

24 d 3196. 04 II 5 3466. 75
13 3199. 05 II 4 3467. 04 II

3.5 3204. 81 II 8 3473. 85 II

12 3207. 89 6 3487. 57
6 3213. 58 JJ 3. 0 3491. 53
4 3214. 40 II 3. 0 3491. 94 II

22 3219. 55 II 3. 0 3494. 30 II
4 3230. 22 II 7 3499. 09 II

12 3234. 22 6 3499. 57
JJ3. 0 3235. 43 JJ 8 3503. 06

5 3238. 87 II 6 3504. 27 II

12 3245. 46 II 6 3508. 21 II

6 3276. 67 II 3.0 3537. 31 II

9 3295. 53 6 n
*—1 |— ^ /—v /—

\

3539. 92

3. 0 3296. 39 4 3542. 39

3. 0 3303. 19 II 3. 0 3548. 09 II

5 3314. 38 II 3. 0 3549. 53 II

5 3324. 55 II 6 d 3551. 41 I

2. 5 3341. 47 3. 0 3551. 96
{J5 3350. 28 5 3555. 20

16 3355. 67 II 3. 0 3557. 70 II

2. 5 3359. 27 II 5 3562. 22 II

5 h 3363. 25 II 5 3562. 55 II

5 d 3370. 30 3. 0 3568. 67
{J5 3372. 51 {j 6 3569. 56

5 3376. 66 II 3. 0 3570. 56 I

5 3379. 76 II 6 3574. 96 II

4 3383. 38 II 3.0 3575. 54

5 3383. 73 9 d 3577. 47
5 3388. 04 5j 3. 0 h 3579. 09

13 3394. 61 II 6 h 3579. 95 II

2. 5 3403. 57 II 6 h 3582. 25 II

8 3415. 71 I 24 3584. 26 II

8 3418. 47 5 d 3587. 87
{J4 3419. 24 3. 0 3588. 60

2. 5 3421. 11 II 6 3589. 47 II

5 3427. 59 II 3. 0 h 3593. 04 II

10 3430. 28 II 9 3596. 19 II

5 3430. 51 9 3600. 75
J{2. 5 3431. 62 jj 11 3605. 05

10 h 3433. 55 II 6 3605. 96

3. 5 3434. 76 II 3.0 h 3607. 82 II

3.5 3442. 76 II 15 3611. 94 II

4 h 3447. 84 3.0 3612. 72

5 3448. 21 i{ 6 3615. 16 n
5 3449. 83 9 3616. 68

3.0 3451. 48 3. 0 3618. 08

6 3455. 97 3.0 3619. 10 II
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Praseodymium — All Observed Lines

Intensity Wave-

1 Tl A

Spec-
trum

Energy
T jf*vpl s

in K

Intensity
and

Wave-
1 p -n fyfVlJl. ^w* XX pL OX X

in A
Spec-
trum

Energy
Levels
in KJ- JLl X V

6 3621. 09 II D
T T
I 1

8 h 3622. 38 II 6 3713.28 II

3.0 h 3622. 74 30 3714. 06 II

20 3630. 97 II o ^ / ib. Oil
T
i

3. 0 3634. 47 lU ^ / lb.
T T11

11 3635. 28 II 6 m "7 Q/i T T
1 1

5 3637. 65 II 6 3718. 02

3.0 3638. 58 II 6 3719.44 II

11 3641. 62 II 3. U J /ZD. T T
1 1

8 3643. 32 II 3. U J 1 LC, U /
T T
1 1

3. 0 3644. 54 II
A

P / il^. bd T
1

12 3645. 54 II 8 3725. 03 II

30 3645. 66 II 5 3726. 31 II

30 3646. 30 II 3. b i> 1 cri, 11 T T
1 1

12 3648. 30 II
r
b /I

n

i / dr), 4U T T
1 1

8 3650. 18 II 0 — 27388 V c ^ / pU. bo T T
1 1

6 3651. 04 II 5 3731. 50 II

4 3652.38 II 12 c 3733. 03 II

6 3657. 42 II ci. c ^ / 41 T T
1 1

6 3658. 21 II o
T T
1 1

9 3659. 04 II J 1 JO, 1 b T T
1 1

5 3660. 08 II 20 3736.50 II

18 c 3660. 38 II 42 3739.19 II

12 3661. 62 II ^ /41. Ul T T
1 1

5 3662. 46 I 1/1
17/11 QQ T T

1 1

5 3664. 64 I 3. b 17/17 07J I'M , CI

3 3667. 14 II 4 II

11 3667. 67 II 3.0 3748.50 II

44 3668. 83 II o 17/1 Q QOi /4o. o^i

5 3669. 52
oo i7c;n 1

1

p /bU. 1

J

T T
1 1

5 3670. 26 II
oo i7c; n /I

Q

T T
1 1

5 3671. 92 II 20 3751. 00 II

6 3674.14 II 5 c 3751. 60 II

2.5 3674. 88 I b
17CO on
J IOC, CV T T

1 1

6 3679. 99 D i7n;i 1QD lOJ, DO T T
1 1

6 h 3681. 86 II
r
b i7c;/i /n^/b4. 41

3 3685. 27 II 9 c 3754. 98 II

30 3687. 04 II 5 3756. 81

18 3687. 20 II
1 /I D 1 or), bl T T1 1

12 3689. 71 II
i7An no
!> 1 bU. Uo T T1

1

6 3691. 48 /U 17^,1 Q7D

1

bl. o /
T T

6 3693. 36 I 3.5 II

6 3693. 49 II 3.0 3762. 56 I

3 3696. 66
/
D 17^.1 ni

16 3698. 07 II 3. U i 1 b4. U7 T T
1 1

6 3699. 51 I 24 17^,/! Q1i

1

b4. ol T T11

10 3701. 81 II 3.0 3765. 99 I

4 i /U't. T T A
(J 3766 48 IT

24 II 24 3768. 93 II
442-2696218 c 3711.10 II 442-27380 10 3769. 70 II
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

y y X u u T T

18 d 3772. 76 II 6 3831. 76
3772. 84

{J
8 3833. 04

18 00
8 y xt -20-2/1 go T T

6 c "^777 1 n y y -20/11 m y y

14 3777. 63 II 28 3842. 36 II
6 3778. 75 6 3843. 39 II
9 "^730 97^ / OU. L. 1 D

18 J? / o u. u

o

y y X 0 -2D/1/1 y y

3 0 "^7^1 Q"^J 1 ox. 7J? y y An 3RdA AT.JOHD. OX y y

5 3782. 35 II 10 3846. 91 II
5 3783. 40 120 3850. 83 II
3.5 ^7R7 RA 7^ J ODX,

'^7R'^ QQJ 1 OJ, 7 y y y 3 ^ •2QCO 1 njODc., X X

15 y y X uu ^RR? R1j?o_jc. ox y y

4 3785. 97 II 10 3855. 88 11
16 3786. 88 10 c 3857. 00 II
2.5 ^ 0_3 / . XX
4 y y X ^ "^RRR 9A^ 0-30. L. 0 y y

22 y y 1

1

XX J OD 7. X H y y

5 3792. 93 I 8 3861. 31 II
3793. 42 8 3862. 05 II

20 R ^RA4 nA

5 '^7QR 77J 1 7-3. / /
^RA^^ /lA y y

4 J 1 / D. J/ U '^RA7 'i'^J? 00 / . y y

70 3800. 30 II 7 3868. 58 II 0-25842
10 3801. 35 8 3869. 16 II

3 1 nX u 30^0 Q-]
^ 0 U 7 . 7 X

30 •iDnzi ffc:JOVH, OD y y Q0 3R7n "^"^JO / U. JD y y

w J5 OU D. X J y y 77 ^R7n 7'^JO / U. / J y y

14 3809.16 II 4 3872. 72 I
A 3809. 96 5 3873. 02 II

40 "^Rll Ri^J OX X. OU jot J. HU
4 •201 -2 OQ^01^. 07 y y 1 nX u 3R7ZIJO 1 *T_> y y

•201 A 1 7JOX D. X / y y '^R7A 1 RJ 0 / 0. X 0 y y

1 7 3817. 63 180 C 3877. 23 II

J. w 3817. 87 10 3878.31 II 1649-27425
70 •20T 0 OO^0X0, c. 0 79,c 0 3R7Q 71JO 1 7. c. X

4 ^oi 0. /

1

7n 3RRn 47JOG U. H / y y

-iQi q 07^Ox 7. U / y y Q0 3RRn 7RJ 00 u. / 0 y y

32 3821. 82 II 9 3882. 32 II

6 3822. 80 4 h 3884. 04 II 1649-27388
16 c JOCJ, io 4A 3RRt; 1 QJOO_J. X 7 1 A49 — ?73Rn
4

-200-2 c:7 3RRR OA y y

10 '?R?4 07 yy 5 3888 29 J J

10 c 3826. 29 II 46 c 3889.33 II 442-26146
12 -^RPA 71 3QQ3 _30ni 8 3889. 42

4 3828. 71 2.5 h 3889. 97

3. 5 c 3829. 35 12 c 3891. 70 II
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
t i. U.1 1 i

Energy
Levels
in K

5 3892. 52 3. 0 3936. 69 J J

3. 0 3894. 14 II 3.0 3937. 03 II

3 3894. 94 26 3938. 31
5 3895. 08 10 c 3940. 15 \\
4 3896. 84 3. 0 3941. 51

7 3897. 04 12 3942.26 J J

20 3897. 28 II 5 3942.92 I

4 3897. 72 5 c 3943. 37
j522 3898. 84 6 3943. 75

9 c 3899. 56 1744-27380 oO 3944. 05

26 3902. 47 3.0 3944. 62
7 3903. 91 II 6 3944. 90 II

3.5 3904. 80 6 3945. 42

7 3906. 09 jj 10 3945. 66
3. 0 3907. 30 16 3946. 95

80 c 3908. 03 ij 4437-30018 65 c 3947. 63 1649-26974
320 3908. 43 II 80 c 3949.44 II 1649-26962
11 3909. 62 4 c 3950. 66
4 3911. 31 6 3951. 18
3. 5 3911. 80 3. 0 3951. 84 J

4 3911. 99 6 3952. 02

5 3912.27 II 4 3952. 36 II

7 3912. 61 80 c 3953. 52 4437-29724
65 3912. 90 1649-27198 3.5 3955. 00

32 3913. 56 5 3955. 42

22 3914. 76 5 he 3956. 52
18 3915.47 II 34 3956.76 II

2.5 3916. 80 5 3957. 68
10 3917. 23 6 3958.19
8 c 3917. 92 6 3958. 50

130 c 3918. 86 2998-28509 17 3959.41 II
44 3919. 62 II 3959. 52
26 3920. 52 0-25500 4 3959. 78
7 3922. 25 8 c 3960. 60 II

10 3923. 56 5 3961.28

13 3924. 14 T
J 42 3962. 45 1744-26974

5 3925. 00 14 c 3963.15 II

100 3925. 46 0-25468 4 3963. 71
50 3927. 45 {J 1744-27198 50 3964.26 1744-26962
12 3927. 71 J J 140 c 3964. 83 442-25657

9 3928. 62 T
J 100 c 3965. 26 1649-26861

7 3928. 91 II 4 3965. 62 I

38 3929. 26 50 c 3966. 57
}j

2998-28202
9 3929. 88 14 3967. 13

3.5 3930. 62 14 3968. 16

3.0 3932. 13 5 3970. 07

13 3932. 98 II 44 3971.16 3403-28578
5 3934. 26 II 28 3971. 69

11 c 3935. 13 II 55 c 3972. 16 442-25610
38 3935. 82 II 442-25842 5 3973. 12
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
iciigiri

in A.

Spec-
trum

Ene r gy
j_ieveis
m IS.

Intensity
and

Char acte ]

Wave-
length
in A

Spec-
trum

Energy
L.eveis

m K

5 c 3973. 90 8 4022. 20 II

8 c 3974 37 IT 42 4022. 74 II

28 3974. 86 II 10 4024. 41 II

5 3976. 29 6 4025. 19 I

7 3976. 56 II 32 4025. 55 II

9 3976. 83 II 20 4026. 84 II

5 3977 4? 20 4029. 04 II

3.5 h 3977. 71 I 32 c 4029. 73 II

3 5 3979. 69 6 4030. 46

8 3980. 23 II 13 4031. 09 II

8 3980. 88 65 c 4031. 76 II 1649-26445
6 h 3981 20 ITX X 20 4032. 49 II

190 c 3982. 06 II 3403-28509 13 4032. 97 II

9 h 3982. 50 II 85 4033. 86 II 2998-27782
8 h 3983. 58 20 4034. 30 II 1744-26524

8 3984. 27 II 6 c 4036. 54

8 c 3985 66 IIX X 6 4037. 22

6 3986. 17 II 20 4038. 19 II

11 3987. 37 65 4038. 47 II 0-24755
8 3988. 02 II 5 4038. 90

120 c 3989. 72 II 442-25500 42 4039. 36 II 1649-26398
4 3991 26 IIX X 120 4044. 82 II 0-24716

20 3991. 89 II 20 4045. 71 II

30 3992. 18 II 20 4046. 64 II

6 h 3992. 92 II 30 4047. 10 II

4 c 3993. 19 16 4048. 14 II

8 3994 ni 40 4051. 15 II

140 3994. 83 II 442-25468 8 4052. 58 II

24 3995. 85 II 200 4054. 85 II 1744-26398
50 c 3997. 05 II 2998-28010 200 4056. 54 II 5079-29724

20 3997. 96 II 12 4058. 19 II

28 TTX ± 40 4058. 78 II

55 c 4000. 19 II 1649-26641 10 4059. 37 II

10 4000. 48 II 10 h 4061. 34 II 5108-29724
8 c 4000. 91 20 4062. 23 II

6 4001. 47 I 300 4062. 82 II 3403-28010
4 4003 75 19 4068. 80 II

65 4004. 71 II 15 4070. 26 II

4006. 70 II 17 4072. 52 II

6 4007. 78 II 8 4074. 84 II

170 4008. 71 II 5079-30018 5 4076. 21

8 HUU 7. TT 44 c 4079. 79 II

6 4009. 97 I 44 c 4081. 02 II 1649-26146

55 4010. 64 II 70 4081. 90 II

8 4013. 23 44 4083. 34 II

10 4013. 43 II 9 c 4084. 74 II

8 4014. 35 9 4085. 13 II

65 4015. 39 II 1744-26641 5 4085. 34 II

2. 5 4016.75 II 5 4086. 24 II

55 4020. 99 II 6 4086. 75
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spc c—

tmm
Energy
Levels
in K

18 c 4087.21 II 240 4143.14 II 2998-27128
3.5 4088. 87 A C

2. 5
/I T yi /I AO4144. 23 T T

II
3.5 4089. 07 24 C 4146. 54 II
c
0 4089. 47 II 2.5 4147.14
5 4089. 87 II 4 4147. 55

7 4090. 74 II 24 4148.46 II 1744-25842
7 h 4092. 63 II 3. 5

yi T /I A OA
4149. 32 T T

II
3.5 4092. 85 7 4150. 04 II
Qo c 4094. 97 II 3.5 4151. 01 II
7 4095.97 II 2.5 4151.74 II

7 4096.34 II 8 4154. 05 II
50 4096. 82 T TII 1744 — 26146 lo yiT rr / £- A4156. 52 T T

II
34 4098. 41 II 3 4156. 90
cD 4098. 65 5 4157. 77 II

14 4100. 22 II 2998-27380 3.5 4159. 47

260 c 4100. 75 II 4437-28816 2.5 4159. 83

3.0 4104. 86 II 4 41dU. 47
10 4105. 73 II 150 C 4164.19 \\ 1649-25657

4107.11 24 4168. 08 J J 3403-27388
3.0 4107. 50 20 4169. 46 J J 3403-27380

8 4107. 75 II 55 4171. 82 II 2998-26962
6 4108. 34 T T

II 65 4i7<i. d I 1649 — 25610
3.0 4109. 09 3.5 4173. 70 \\
1 nu 4109.41 22 4175. 30 II
2.5 h 4110.11 II 22 4175. 64 II

5 4110. 47 II 9 4176.33 II
4

/I T T A AO4110. 92 18 417o. d4
\\13 c 4111. 87 II 442-24755 460 4179. 42 1649-25569

n 4112. 74 3.5 4180.40 II

24 c 4113. 89 II 6 4180. 68 II 1744-25657

5 4114.84 3.5 4182.33 II
4 4115. 83 II 3. 5 /IT OO / "7

4182, 67
\\150 c 4118.48 II 442-24716 5 4182. 92

/I 4119.37 10 4184. 24 II

8 4119. 80 II 3.5 4184. 62 II

3 h 4120. 00 I 12 4185.15 II
2.5

/I T A A /
4120. 96 /I

4
y| T A I" AA
4185. 82

8 4124. 06 5 4186. 40
Qo 4124. 35 II 6 4187. 79 II
8 4125. 06 II 220 4189. 52 II 2998-26861

5 h 4126.15 II 4 4190. 64 II
22 /I T A A T C4129. 15 II 5U c /IT m /A4191. 62
30 4130. 77 II 4 c 4192. 50 \\
15 c 4132.23 II 1649-25842 5 4194. 62 II
18 4133. 62 II 5 c 4195.52 II

3.0 4137.16 5 4195. 96
3.0 4138.19 10 4196. 79
2.5 h 4140.32 3.0 4197.10

130 c 4141. 26 II 4437-28578 2.0 4197. 29
6 4142. 00 II 26 4201.18
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

SpG C —

trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

10 c 4201. 53 II 11 4276.19 II
220 c 4206. 74 4437-28202 11 4278. 04
11 4207. 81 8 4278. 99 II
44 4208. 31 1744-25500 42 c 4280. 11 TT

28 4211. 86 70 c 4282. 44 TT 4437-277821 1 ^ 1 £—11 \J Cm

4 4213. 26 II 4 4285. 54
16 4213. 57 4 4286. 98
5 4213. 96 1744-25468 4 c 4288 46

11 he 4216. 04 JT 7 4289. 42 TT

7 4217. 19 TT 11 4289. 89 TT

28 4217. 81 II 5 4290. 40 II
14 4219. 65 5 4290. 99 1649-24947

340 4222. 98 442-24115 7 h 4291. 63
8 4223. 51 J J 10 c 4293. 14 JT

340 4225. 33 J J 0-23660 12 4293. 58 J J

14 h 4225. 54 I 14 c 4294. 70 II
8 c 4228. 50 8 4295. 11
8 c 4229. 10 Yi 100 4297. 76 n 0-23261
6 4229. 80 /I n40 c 4298. 92 J J

8 4230. 67 9 c 4302. 10 J J 3403-26641

28 4233. 13 II 26 4303. 59 II

28 c 4236. 21 1649-25249 130 4305. 76 442-23660
12 4236. 64 {J 10 4306. 08
6 4237. 01 4 4307. 67 J J

6 4238. 35 9 c 4308. 89 jj

24 4240. 03 II 7 4311. 10 II

85 4241. 02 4437-28010 4 4311. 92

15 c 4241. 30 \\ 7 4315. 52

30 4243. 53 3403-26962 7 4316. 06 J J

6 4245. 46 JT 4 4317. 05 J J

6 4246. 15 II 8 4317. 84 II

75 c 4247. 66 442-23978 10 4319. 00
JJ8 4249. 08 5 h 4320. 17

8 4249. 48 TT 2998-26524 19 4323. 55 J J 5079-28202
17 4250. 40 TT

5 4328. 20

14 c 4251. 49 II 16 4328. 42 II

6 4253. 03 14 4328. 99
JJ44 4254. 42 5079-28578 24 4329. 42 1744-24835

12 c 4261* 80 TT 3403-26861 5 4330. 44
17 4262. 31 TT 5 4331. 29 JJ

8 4262. 80 II 5 4333.15 II

8 4263. 15 120 4333. 91
JJ

1649-24716
24 c 4263. 81 \\ 2998-26445 8 4334. 62

9 4267. 78 TT 18 4335. 75 J J

28 4269. 10 II 32 4338. 69 JJ 3403-26445

14 4271. 76 n 6 4339. 68
JJ70 c 7 c 4342 81

8 c 4275. 17 4 4343. 89

4275. 32 55 cw 4344. 33

8 4275. 82 4 4346. 89
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P raseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

bpec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

^ c 4347.49 II 3403-26398 10 4432.34 II

J u 4350. 40 2 0 4434. 85
100 n'lc.-s ocH^JX. 03 1 744 — 9471 A 8 447« 1

B

40 'ijDH, vx
:i

5 c HHt-'t. UX y y

/i-inc; 19t JDU. X7 A jy

*T 4357. 50 II 8 4446.99 II

4359.11 65 4449. 87 II 1649-24115
36 c -3 7. O U 7 c HH_^U. t.X

4 HjJDX. /lO 12 44'il 9RHtlJX. 7ZJ y y

4 4'^AIH-^DX, 44^4 "^fi y y 449 — 9988A

9 4362. 98 II 12 4454. 70 II

9 4363. 22 8 h 4458.34 II 4437-26861
110 6 h 44A1 99T""UX « C /

8 4'^7n fin 9 4465 98 TT
4'^71 AT1 X. ox ,y 85 44A8 71 y y 1 744 — 941

1

7 4373. 82 II 2 0 4469. 66
1

1

J. X 4374. 41 5 4472. 93 II

J» -J
4-^79 "xnHJ 1 /. 5 447"^ 84 5079 — 97495

10 12 c 4477 9A y y 1 A49 — 9'?978

1 4 4'^R9 49 3 0 448*? 49 y y

t;
-J 4 0 448^; ^4•t*tO_3. ^H

1 nX u 4'^P4 1 4H J? OH. X H 2 5 44137 89 y y 442 — 9971 8

7 Qf)H^OH. OU 6 4488 17 y y

3.5 d 5 c 44Q? 4"^ y y •^403 — 9^A57
4"^^!^ 4fiHJOU. to 3 0 d 44QP Q'^ y

*T*T 7 ^« X ^ y y 9998 — 9^949t.770 L.JL.^/

4*t 4391. 51 II
4395. 01 3 0 4493. 71 II

16 A^QC, 79 ^40'^ — 9A1 4A 3.0 4494 1

9

•Tt /H. X 7

24 95 44gA 4"^ y y AAO _99A7R
/I. 3 :|| 3 5 4c;ni 8*^HJ UX . 0^ y y '^40'^ — 9'nAl 0

-J 4398. 27 II 4504.59 II

± D 4399. 33 70 4510. 16 II 3403-25569
8 44nn fT^ 2.0 4R1 A 4A

7 18 c 4R1 7 AnH_JX / . OU y y 449 — 99';71

u HHU^, i-O 5 4^9n 78H\JL. U. / O y y

4403. 61 II 5079-27782 4531. 09 II

9 4405. 15
JJ

30 4534. 15 II 5079-27128
38 44rm 44*^7 —971 9R 30 4C'2C 90 0 — 9904(1

6 44nA A7 5 h AK-iO 99 J J

X _^ u 44nB R4 TT n — 99A7^U — ceo 1

D

A 4R49 R4 y y

7 h 4412.16 II 2998-25657 2 5 4543. 97 II

^ D 4413.77 1744-24394 7 4548. 54 II

7 441 4 4n
id

3.5 4t;49 84

14 4417. UD 2. 5 4RRn DA y y i;99A_97i 98

17 Z141 Q A7HHi 7. D / 3.0 4R^n Rft*T u« 00 y y 1 A49 — 9'?A1 7

14 c 4421. 23 2998-25610 6 4552. 26 jl

2.0 4474 18 18 4563. 13
14 4424. 60 2.0 h 4568. 55 5079-26962

110 c 4429. 24 2998-25569 6 h 4570. 57 1744-23616
2.0 4431. 89 2.5 4571. 61
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spc c —

tru.rn

Energy
Levels
m K

2.0 4572.13 I 6 d 4755. 98
6 h 4576. 3^:

T T
II 34U3 —Zbd^y 4756. 13 T T

II
5 h 4578.14 II 2998-24835 7 c 4757.94 II 6414-27425

4592.15 II 9 4762. 73 II 3403-24394
2. 5 4593. 93 II 6 c 4765. 22 II 2998-23978

2.5 4595. 87 II 5108-26860 1.8 c 4775.17 I

6 4596. 95 T TII 2. 5 c H/i'i. 20 T T
II 7660 — 28578

2.0 4598. 95 I 10 4783.35 II 2998-23898
^. u 4600.39 II 1.4 4788. 28 I

2.0 4603. 81 I 1.2 4799. 94 II 1744-22571

3.5 h 4606. 45 II 8 4801. 15 II 3893-24716
12 4612. 07 T T

II 0 — 21676 2. 5
/I o n o in4o0o. 19 I

2.0 4617. 73 I 4 4814.34 II 8958-29724
4618. 01 II 8 4822. 98 II

3.0 4627.05 II 3893-25500 3.0 4827. 25 I

24 c 4628.75 II 442-22040 3.5 c 4832. 07 II

12 4632. 28 I 4 c A oil Ci A4o3 /. U4 T TII

12 4635. 69 I 3.5 4839. 54 II 4098-24755
lb 4639. 56 I 2.5 4840. 74 I

7 4640. 21 I 1.0 4845. 97 I

10 c 4643. 51 II 3.5 c 4848. 55 II
12 4646. 06 T T

II 1744 — 23261 3. 0 4o53. 6o I

5 4646.99 I 2.0 4857.37 I

1

0

c 4651. 52 II 1649-23141 1.4 4858. 59 I

2.5 4658. 09 II 2.5 4859. 04 II 3403-23978

3.0 4658. 73 I 5 4865. 24 II 6414-26962
5 h 4660. 92 I 2. U 4o6y. 33

T
1

12 4664. 65 II 3403-24835 3.0 4876.26 II 5108-25610
c 4672. 08 II 1744-23141 8 c 4877. 82 II 3403-23898

5 4678.17 II 4098-25468 1.0 c 4879.12 II 5079-25569

3.5 4679.11 II 5079-26445 2.5 4882. 25 I

5 c 4684. 94 II 1. 2 A OO A A T
I

16 4687. 81 I 2.5 4886. 05 II 5108-25569
4695. 77 I 5 4890. 26 II

5 4707. 54 II 1649-22886 4 4896.14 I

6 4707. 94 II 442-21676 2.5 4901.48 II 7806-28202
6 4708. 16 T T

II lU /I on ^ Q o T
I

12 4709. 52 I 5 4912. 63 II 7660-28010
QO 4713.10 I 12 4914.03 I

8 4714.15 I 2.0 4915.42 I

5 4728. 63 II 1744-22886 18 4924. 59 I

16 4730. 69 I 2. U 47^13. 3^ T
I

2.0 4733. 75 I 2.5 4925. 63 II 1744-22040
4 c 4734.18 II 2998-24115 2.5 4932.17 I

22 4736. 69 I 12 4936. 00 I

2.5 4741. 50 I 3.5 4938. 90 I

9 4744. 16 I 28 4939. 74 I

8 4744. 93 II 1649-22718 14 4940. 30 I

13 4746. 93 II 5226-26287 2.5 4943. 74 II 3893-24115
34 4951. 36 I
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length,

in A
Spec-
trum

Energy
IjCveis

Intensity
and

Character

Wave-
length
in A

Spec-
trunn

Energy
Levels
m K

2.5 4956. 06 I 18 5195.31 II 6414-25657
7 c 49Sf) 65 IT 5079 — 25249 7 5195 48 TX

5 4960. 26 I 32 5206. 56 II 7660-26861
7 5 4967. 89 I 13X ^ 5207. 90 II 6414-25610
2.5 4970. 92 I 4 5216. 76 II

7 4974. 92 I 32 5219. 05 II 6414-25569
10 497"^ 75 TX 50 5220 11 TTX X A41 Q_2RRAQ
7 4976. 40 I 10 5228. 01 I
ao 4989. 27 II 2 0 o 5230. 27 I

8 5002. 45 II 6414-26398 2.0 c 5242. 67 I

4 5004. 58 II 7806-27782 1.8 5243. 69 II
2.5 5015 54 TT

X. X 1744 — 21676 2.0 S249 84 TX

11 5018. 58 I 6 c 5251. 74 II 5079-24115
5019.76 I 60 5259. 74 II 5108-24115

18 5026. 97 I 16 5263. 88 II 3893-22886

3.0 5031.98 II 1.4 5272. 72 II
9 5033 38 1X 2. 0 c 5277 32 ITX X

24 5034. 42 II 8958-28816 8 5285. 63 I

5037. 46 II 4 5289. 35 I

10 5043. 83 I 30 c 5292.10 II 5079-23970

28 5045.53 I 30 5292. 63 II 5226-24115
14 5053 40 I 20 5298. 11 II 5108 — 23978
3.5 5063. 39 I 2. 0 5308.* 96 II 6418-25249
2 5 5064. 84 II 3403-23141 8 5311.12 II 8958-27782
2.5 c 5070. 01 I 6 cw 5312.33 II 5079-23898

4 c 5075. 68 II 2. 5 5313.39 II
16 5087 11 TX 1.4 5316 61 IX

32 5110. 38 II 4098-23660 8 5321. 09 II 4098-22886
5110. 77 II 9255-28816 3 5 5321. 81 II 7660-26445

3.5 5117.27 I 38 5322. 78 II 3893-22675

2.0 c 5118. 02 II 4437-23970 6 5331. 48 II 5226-23978
36 5129 5? TT

J. J. 5226 — 24716 1.4 cw 5341 6-/ ^"X « \J
TX

24 5133.42 I 1.8 5342. 55 II
?4 5135.13 II 7660-27128 5 5343. 86 II
9 5139. 80 I 18 5352. 40 II 3893-22571

2.5 5147.46 I 3.0 5358. 99 I

2.5 5149 87 TX 1.6 5372 37 IX

9 c II 1.6 5374. 24 I

7 5156. 49 II 1 2X* C- 5377. 44 II
18 5161. 74 II 3893-23261 1.6 5381. 26 II 4098-22675

2.5 5168.31 I 1.6 5381. 70 II
55 51 73 90 T TX X 780^ — 27128 2.5 c 5395 89 IX

7 5175. 19 II 1.2 5400.95 I

4 c 5175. 83 II 3403-22718 2.5 5402. 59 I

4 5177.37 I 1. 6 5404. 81 II

4 5183. 85 II 5108-24394 4 cw 5410. 60 II

2.0 5188. 24 II 5 5411. 56 II 4098-22571
18 5191. 34 II 7 cw 5413. 19 II
11 5194. 41 I 2.5 5422. 42.

13 5195.11 II 8958-28202 1.6 5427. 27 I
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

X. o _)H^O, uu T T
c, u DD74. 7^ TX

c.. 0 5432. 07 II 0 nt, u 5597. 29 II
i. o 5432. 64 II 1 7X. c 5601. 31 II

1.6 T
1 8 oo\jo, oh T T

X X

2.5 c OHJ 1 , J 1
T
X 1.2 c^LDA AR3DUD. DO

1. H h c^AA^ A'X T
X 9 ^ c;AnR QRJ DUO. 70 T T

X X

±. D 5457. 06 I
C.D 5610. 22 II 9379-27198

C, 0 5460. 25 I 1 n 5620. 07 II

1.0 t;ZlAQ 71 T
X 1.8 OOl. U, ii3

T
X

2. 0 DH07. yc.
T
X 4 c ^A91 R^IJO^^X. OD T TX X "isM^ — 91 A7A3073tXD/D

n 1 D, O 1
T T
X X

T TX X

-J. -3 5479. 73 I 5624. 43 II

-L. H 5481. 76 I 1 0 h11 5633. 02 I

1.4 T
X 2.0 tiA'^A 4A_30.?0. HO T TX X

1.4 CARA ATDHOD, OJ.
T
X 5 c c^A'^R 7QJDJ/O, /7 T T

X X

/I AU c;ZlR7 ZllDtO /, nX T
X 1 4X, H RA4n "^4DOH\Jm JH TX

5487. 58 I X. H \^w 5643. 20 I

i. H 5488. 93 I 7 0 5645. 39 II

1.4 c;AQn i^A T
X 3.0 t^ACi4iJDjt, t

J

T T
X X

2.5 c., J 1
T T
X X 5 ciAi^iQ R4_JD37. 0*T T TX X

i. t C ^AQl OA T
X hIX ^AAl "^A30DX. DO TX

1 Ai. T 5501. 47 I 1 4X. H 5662. 19 II 8490-26146
5508. 79 II A 5668. 45 I

6
T T
X X J07J — C.d\JH\J 4 3DD7, 33 T T

X X

1.4 C c;c;i 1 AA 3.0 cA7n r\73D / U. T T
X X

c doLj. do T T
X X 1 4X. H 3D / H. X^ T T

X X

5515. 11 II 1 4X, H 5677. 04 II 5108-22718
i. 5519. 38 II 11611-29724 5 5681. 90 II 9379-26974
1.8 C c;c;i Q £3/1 1.2 t^ARt; A13D03. DX T TX X 7D 1 7 tD7D^
4 c DDCd, oU T

X 1.4 •^ARA c;n3DOD. 3U TX

'I. 3 c TX 7 nt, u h11 c>Afi7 1 Q3 DO / . X 7 T T
X X 4nqR — 91 A7A*tU70 ^XD/O

c 5525. 90 II AD 5688. 46 II
1 Zli. 't c 5527. 88 7 n 5689. 18 II 11005-28578
1.2 ci^'in 1 QDDjV), 17 TX 5 d 3D7U. 73 IT L\J

4
T
X ciAQl 043D/X. \jH

T TX X

CC-SC 1 Qio T T
X X ? n 3D73. 7J?

T TX X QA47 — 971 QR7 OH f L. 1 J. / 0

5538. 37 I 7 nc, u 5704. 39 I

i. o 5538. 77 II Au 5707. 61 I

5 ccAc, mODHD, Ui T T
X X 3.5 <^l^ 1 At;3 / XX. D3 T TX X 1 1 nfiR — 98'^n9

1.8 T TX X 2.0 ti71 R"^3 / X J. 0^ TX

1. u T TX X 1 4 c;7i A flR

5561. 46 II 4 5719. 09 II 6418-23898
c 5562. 06 I 4 A 5719. 63

1.2 DDOD, DH TX ^71 <5 RlD 1 i. 7. OX

X. ^
T T
X X 1 0 '^TS'R "^A3 / i-O, DO TX

4 c;i^71 QA53 /i. OH T TX X nUyO — C.C.KJHU 3.5 ^7-^1 R73 / J? X. 0 /
TTX X

1.0 5574. 60 II 1.8 5747. 14 II

1.0 CC70 pT00 1 0, OX T
X 2.0 c 5747 R8

1.2 5582. 40 II 8490-26398 2.0 5753. 02 II

1.0 5584. 01 II 8 5756. 17 II
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Praseodymium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

1 El1. t Jt -> R99n 76 y

9 n 5760. 21 I 3.5 5930. 67 I

L, U 5769. 15 1.4 5936. 31

1.4 t;7AQ 7Q3 / D7. / 0 1 4 -'/-//. /X T TX X

4 Dili, ii I D TTX X

D 1 1 i,VD 9 n ^941

1 n 5775. 92 II 7447-24755 3.0 5947. 20

1. H 5777. 29 II 2.0 c 5949. 79

8 D / / 7. ^17 3 c;qc;-i oo
-/ / X . c. o T TX ±

6 c I X. o "1951 7R/ ^ X. / u T TX X

0 D / OO, iCS
Qo R9^A A9 TTX X

i. H n 5788.30 I 1.2 5959. 31

i. "t 5788. 92 II 1.8 5962. 21 I

1.4 3 / 7U. O / ^I 9 '^^. 3 R9A'^ 093 7 U^.

4 C7Q1 "2 0 II T J 1 7 — ^ DD'+± 1 nX u c;qA7 R4 T T1 ± qA47 — 9A39f!

c, u D /7i:. 7b 1 9 RQ7A QA3 7/ O. 7 O

^. -> 5810. 62 II 11611-28816 1.2 5978. 88 I

1 Zl1. 5813.59 II 11005-28202 6 5981. 21 II

14 d CD! t; 1 QdoLd, io II ^. 3 c;Q!3A 1 4J y O u. X T
c;c!i c; "^7

I
A
*t

c;qq7 1 t; J

c DoiO. 3 /
1 9X. c J

t:
y^ J 5820. 62 I 1.2 c 5994. 92 I

1. "t 11 5821. 35 I 1.0 5996. 05 I

5 DOLL, OJ 9 A Ann9 4'i

8 DOCJ, 1 C

Ij
C
CJ J J

/I CQ-in Q7 1 9X. ^ AOOR 61 J

5835. 13 I 5 6016. 49 II

J, u g% 5844. 64 II 13 6017. 80 II

3.5 9 ^ AO! 9 90

6 X ^ 6095 7? J J 11611-28202.L .L W -L J. t— \J \J I—

D c nJ, u A049 9,1 J J

/I 5852. 63 II 5 6046. 68 II
1 n1. u 5854. 43 I 3.0 6049. 26 I

4 30D0. Uo 9 ^^. 3 AORO 0"^

5 303D. 7^ II X, VJ U<J _J U« (JO J

oo D037, D7
_

1 9 6055 13 J

7 5868. 83 II 1.2 6067. 24 II

5873. 87 II 1.2 6085. 85

3.0 conn Ti
I 9̂. 3 AOfiA 1

5

3.0 30 / O. ii u UUO / • y J

rQ7Q n7DO / 7. U / X. o J J

1 5879. 25 II 11005-28010 2.5 6093. 04 I

c 5884. 70 1.6 6096. 35 I

5
CQQOD07Z. ^1^

T T
I I liOJ.1 — LoD 1 O 9 n/I. u 61 OA 7A

2. 0 C QQ /I O QD07't. LV I X, o OX U / m V/U J

3.5 D7UP. T T11 o ox X *T« "tU J J

4 5904.45 II 2.0 c 6118. 02 I

3.5 5908. 67 T TII 9 n c AT 99 OAOi-LL, Lh

1.0 5915. 31 3.0 6141. 51 9379-25657
1.0 5915. 98 6 6148. 25
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
iciigLn

in A.

Spec-
trum

Energy

in ss.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 6157. 80 II 1. 4 c 6453. 44
1. 2 6159. 09 II 9379-25610 0. 8 6454. 87 II 8490-23978

17 6161. 19 II 8490-24716 0. 8 6456. 20
1. 6 6165. 26 I 0. 8 h 6460. 30 I

24 6165. 95 II 7447-23660 1.6 6467. 76

5 6182. 34 II 11611-27782 0. 8 h 6475. 29 II 7447-22886
1. 2 6187. 98 I 3. 0 cw 6478. 03 II
3. 0 6197. 46 II 4 6486. 56
3. 0 6200. 79 II 11005-27128 0. 8 h 6486. 95 II
1.2 6205. 65 II 3.5 h 6491. 76 I

1. 2 6210. 59 I 0. 8 6493. 49
2. 0 6212. 73 I 1. 0 6494. 90 \

1. 6 6218. 08 I 2. 0 c 6497. 18 I

1. 8 h 6236. 83 I 1. 6 6498. 94 II
1.8 h 6241. 11 I 2.0 6500. 73 I

4 6244. 34 II 9647-25657 A A
0. 8 6504. 10

3. 0 6255. 10 II
A ~T
0. 7 6517. 15 \

3. 5 6262. 54 II 9647-25610 T fx

1. 4 6518. 81 II

1. 6 6264. 60 0.7 6534. 64 I

2.0 c 6274. 74 1.4 6540. 48 I

3. 5 6278. 68 II 9647-25569 A /
0. 6 h 6553. 30

10 6281. 31 II
A A
2. 0 6564. 63 II 7447-22675

1. 6 c 6289. 03 I 4 6566. 75 II

1. 0 c 6297. 99 0. 6 6571. 04 I

1.0 6302. 02 0.5 6578. 00 I

3. 0 6302. 36 A f~

0. 5 6584. 59 II

1. 4 6304. 03 \
A n
0. 8 n 6593. 69

3. 0 6305. 26 II 11005-26861 1. 2 6595. 47 I

1. 0 h 6318. 12 I 1.6 6609. 85 I

4 c 6322. 37 I 6 6616. 65 I

2. 0 h 6343. 94
T A
1. 2 6618. 42

2. 5 6347. 13 II 0. 7 n 6631.

1

1. 6 c 6350. 98 T /I

1. 4 n 6632. 04 I

2. 0 c 6357. 24 I 1.5 6647. 12 I

5 c 6359. 04 I 8 6656. 83 II

1. 0 h 6363. 59 II 6 6673. 41 II

1. 4 6377. 62 8 6673. 78 II

1. 4 6378. 62 I
A C
0. 5 n 6687.

6

II

1. 0 6389. 59 I 0.4 h 6699. 32 I

1.6 c 6392. 10 I 1.4 6736. 89 I

3. 5 6393. 19 4 c 6747. 17
\4 6398. 00 II 8490-24115 A A

2. 0 c 6749. 28
0. 9 h 6410. 66

A A
0. 8 c 6785. 12

5 6411. 30 I 6 cw 6798. 68 I

3. 5 6413. 70 II 1. 2 6811. 88 II

0.9 6415. 53 1.8 cw 6812. 91

4 6429. 65 II 1.4 6814. 10 II

4 6431. 86 II 1.0 6817. 70

0. 6 h 6442. 81 3.5 cw 6827. 70 II

0. 8 h 6443.94 II 2.0 6830. 57 II
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Praseodymium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
m is.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

1.0 6844. 48 0.9 cw 7324.36 I

1.0 h T T 0.9 1 JL.Q, H 1

1.0 6846. 72 0.9 7344. 86
i. o n

\^ 6850. 55 II 7447-22040 7407. 60

1.2 6852. 90 I 2.5 c 7451. 71

1.2 C 6870. 55 I 1.4 h 7495. 62

0.9 0004. I L. 0.8 h 7dQQ At;
/ 477. HD T T

J. J.

1.0 6892. 76 I 1.8 7541. 02 II
1 n1. u 11 6970. 38 0 7 7574. 92 I

1.0 c 6980. 18 I 2.5 7645. 67 II

5 7021. 54 II 9379-23617 0.9 7704. 96 II

1.2 1 yjcH, D

7

2.0 7791 R1
/ / CL, Ox T

J.

1.6 7042. 54 I 0.7 h 7786.11 I
1 ni. u 7044. 60 II VJ. o 7841. 02
0.9 7051. 06 I 1.8 7871. 65 II

1.2 7080. 02 I 0.7 7880. 95
1.4 c 1 U7_). ^o 0.7 CW 7000 /\r\

1 000. HU
2.5 7114. 55 I 0.7 7915. 07 II
1 91. c h11 7116. 88 I 0 7 8031. 80 II

1.4 7118.19 0.7 8055. 32 I

0.9 7137.28 II 1.8 8067.31
1.2 h 71 c;Q P7

/ 1D7. o / 1.2 CW SI 99 kl

0.9 llbl.lb II 1.4 8141. 05 I

n 9U, 7 11 7189. 96 I 0 6 8181.21 II

1.2 c 7208. 81 II 0. 6 c 8211.90 I

3.0 7227. 71
J

0.7 8289. 84 I

1.6 1 £.Jl, Hv 0.7 R'^79 77oj 1 7. / /

0.9 c 7243.24 0.7 h 8427. 79 I

0.9 c 7259. 22 0.7 h 8605. 20 II

0.9 c 7287. 71 1.2 8714. 43

0.9 h 7289.14 I

609065 O - 62 - 1 261



RHENIUM

Re, Z=75, M= 186.22, Ratio ^=2.931
Cu

Re I Normal state of valence electrons 5c?^ Gs^ ^82^=0. I.P.= 63530 K
Re II Normal state of valence electrons 6s^ ^83 =0.

References
Wavelengths

:

W. F. Meggers, J. Research NB8 49, 187 (1952).

Classification

:

Re I, P. F. A. Klinkenberg, W. F. Meggers, R. Velasco, and M. A. Catalan, J. Research
NB8 59, 319 (1957).

Re II, W. F. Meggers, M. A. Catalan, and M. Sales, J. Research NBS 61, 441 (1958).

Relative intensity of rhenium lines observed in an arc of copper containing 0.1 atomic
percent of rhenium

Strong lines of rhenium

Tntpnsitv SpGctrum levels Term combination
A K

5500 c 3460. 46 I 0- 28890 5d66s2 a «S2H—5rf^6si6p' z «P§H
4000 c 3464. 73 I 0--28854 5d«6s2 a %H—5c^'6si6pi z «P5h
1600 c 3451. 88 I 0--28962 5d66s2 a «S2H—5d«6si6p» z «PfH
800 3424. 62 I 11754--40946 5d66si a 5d66si6p> y 'DIh
500 2999. 60 I 11754--45083 5d86si a "04^4—5d«6p' y 'Fl^

400 3399. 30 I 11754--41164 5d86s' a 41164IH
400 3725. 76 I 23632--50464 5(i66s'6pi z sPSn—5ds6s'6di e ^Dsh
360 c 4227. 46 I 18950--42598 5d56si6p' z sp^H—5d*6s'7si e ^Szh
260 2887. 68 I 11754--46374 5d56s» a 5rf«6pi y »F3h
260 4513. 31 I 20448--4259.8 5ds6si6pi z sPlH—5d'6si7s' e

220 cw 4889. 14 I 0--20448 5d56s2 a «S2H—5d56s'6pi z 8P§^
200 3338. 18 I 20448--50396 5d56si6pi z 8P5h—5d56s>6d' e 8D4H
180 4136. 45 I 11754--35923 5d«6Ai a «D4H— 5rf^6s26p' z 6D|h
160 2428. 58 I 0--41164 5d66s2 a 8S2K— 41164IH
160 2992. 36 I 0--33409 5d'6s2 a «S2H—5d<6s26pi 2 «DiH

160 3067. 40 I 0--32592 5d66s2 a 6S2H—5rf<6s26p> 2 'DfH
160 3342. 24 I 20448--50359 5d56si6p» z 8P|>5—5d'6s'6di fiSDsH

160 cw 5275. 56 I 0--18950 5rf56s2 a 6S2H—5rf56si6pi 2 ^P2H
150 c 2508. 99 I 0--39845 5d56s2 a 6S2>^5d66si6pi X «P|h
150 c 3691. 48 I 16327--43409 5rf86s' a 8Di^ 43409!>^

140 2965. 76 I 11754--45463 5d«6si a «D4H— 454631m
130 5270. 95 I 23632--42598 5d66si6pi z 8P|j4—5ds6si7si e

120 2715. 47 I 11754--48570 5d«6si a 'Ttty— 48570SH
110 3184. 76 I 18950--50341 5d56si6pi z ^Ply—5d^6sW e 8D2H
110 3185. 57 I 18950--50333 5d66s>6pi z ^P°2y—5d^QsW e 8D1M
110 c 3204. 25 I 16307--47507 5rf66s2 a *G,y— 47507iH
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
IjG vg 1 s

in K111 XV

Lj 2003. 53 n /t Q o o c 6 2365. 32
^ niU 2017. 87 } 0-49541 36 2365. 90 J 0-42254

2049. 08 I 0-48786 18 2367. 68 15058-57281
5 2074. 70 A /I O 1 O /I0-48184 6 2368. 53 II 14930-57139
5 2083. 92 0 — 4/9/1 17 2369. 27 11755 — 53949

T AIH 2085. 59 0—4 /932 7 2370. 76
T TII 14883 — 57050

-7

1 2092. 41 II 7 2371. 52 11584-53738
1 A 2097. 12 I 0-47669 5 2373. 48 II 14930-57050
5 2109. 22 11 2375. 07 14217-56308
9 2139. 04 T T

II 5 2375. 82 11584-53662

/I n /I O "7/1
2142. 74 T T

II 3. 5
n 0 ~7 ~7 002377. 33

2142. 97 0-46649 2.5 2378. 53 II 27746-69776
ii 2156. 67 I 0-46353 14 2379. 77 I

17 2167. 94 0 —46112 -7

7
n 0 0 A n n2380. 22 16619 — 58619

13 O T "7 Z O 1
2.11b. 21 0 — 4593 / 2. 5

noon on2380. 89 16307 — 58295

OA c 2214. 26 T TII n /I c 1 /I o0 — 45148
-7

7 n '3 0 1 T /I2381. 14 11754 — 53738
2214. 58 7 2383. 46 ] 14217-56160
2226. 42 I 0-44901 7 2386. 90 II 20976-62859

7 2235. 44 0 — 44720 3. 5
n 0 0 "7 A /23o7. 46 16307 — 58180

4 2255. 73 11584 — 55902 14 0 O 0 0 C ~7

2388. 57

d
oo c / in2256. 19

rt /I yi '2 n Q0 —44309
-7

7 0 0 on 112389. 11 A /I n 0 /I /I

0 —41844
<1 u 2264. 39 0-44148 7 2390. 43 {
OA 2274. 62 0-43950 3. 5 2391. 28 I 11584-53390

c
O O "7 C O C T T

II n yi ^ n '2 o
U — 43930 10 2393. 65 noon/ cccAA13826 — 55590

on n /lime 14 nm yi i~72394. 37 11584 — 53336

/in 2287. 51 n yi o "7 n o
0 — 43702 15 n 0 A "70

2396. 79 11584 — 53294
o o o /I /in2294. 49 n /I '2 c z. n0—43569 9 n 0 n "7 0 T2397. 31 inn// c/o//15166 — 56866

o
o o n o no2298. 09 II 27628 — 71128 3. 5

n 0 0 0 ~7T2398. 71 16619 — 58295
6

o o n n "7 "7

2299. / / 11 /55 — 55224 3. 5
o 0 n 0 on2398. 89

10 2302. 99 0 — 43408 10 d 2400. 72 15058 — 56699
o /I n n on2400. 89

ii 2306. 54
n >I '5 o /I O0 — 43342

2312. 97 15058-58280 10 2401. 68 I 11754-53379
2313. 34 I 7 2402. 60

4 2319. 19 16307 — 59412 3. 5
n /I A 0 r\ A2403. 04 T T

II 23341 -64942
7 2320. 16 16307 — 59394 7

n /I A /i 0 /I2404. 34

it) 2322. 49 0 —43044 70 2405. 06 11754-53321
D 2328. 66 11584-54514 36 2405. 60 { 0-41557
D 2334. 33 I 11584-54410 16 2406. 70 I

6 2335. 73 11754 — 54554 1 A14 n /I T A 0 ~7

2410. 37 11584 — 53059
5 2336. 10 I 16619 — 59412 0 n >i 1 A nn2410. 99

/:
o 2337. 95 11754 — 54514 10 0 /i T 0 on2413. 22

cc 2344. 78 J 7 2414. 59 15770-57173
3. b 2345. 28 I 13826-56452 7 2416. 30 I

3.5
o o /I ~7 n /2347. 06 11584 — 54177

-7

7 n /I T / /I /I2416. 44 11584 — 52954
D

o o /I n on2349. 39 14621 — 57173
-7
7 >1 1 "7 / /2417. 66 16307 — 57657

6 d 2350. 46 3. 5
n /I T 0 n A2418. 20 T T

II 25988 — 67328
18 2352. 07 I 11584-54087 10 2419. 40 15770-57090
6 d 2353. 95 70 n yi n n ot2419. 81 0—41313

2354. 08 11754-54221 10 2421. 38 15166-56452
7 2356. 50 11754-54177 17 2421. 73 14621-55901
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
1 p n cxtVi

in A.

Spec-
trum

Energy
T Q trf^'l C

in Kill Xv

17 2421. 88
{

32 2485. 81 16307-56523
3. 5 2423. 50 15058-56308 10 2486. 78 J 11754-51955
3. 5 2423. 84 II 5 2486. 97 I

3.5 2425. 38 I 80 2487. 33 I 11755-51946
6 2426. 64 I 16328-57524 6 2490. 16 II 30982-71128

161) 2428. 58
\

0-41164 16 2492. 84 13826-53929
-7

7 2429. 65 16307-57453 12 2495. 26 J 11584-51648
34 2431. 54 I

0 A
30 2496. 04 I 14217-54268

28 2432. 18 11754-52857 3.0 2496. 70 I 17331-57372
10 2432. 70 I 15166-56260 16 2498. 22 I 13826-53843

2433. 28 16307-57391 9 2498. 86 11584-51590
-7

7 2433. 61 6 2500. 31 J 22160-62143
/ 2436. 05 I 16619-57657 11 2500. 57 I 23956-63935

14 2438. 46 I 13826-54823 30 2501. 72 I 14217-54177
10 2439. 06 I 11754-52741 46 2502. 35 II 20976-60927

cD 2440. 41 2504. 60 II 17224-57139
5 2440. 58 6 2505. 43

c 2441. 47 I 0-40946 2505. 94 I 11754-51648
17 2442. 51 15770-56699 12 2507. 40 I 14217-54087
7 2444. 09 I 150 c 2508. 99 I 0-39845

2U 2444. 94 11584-52472 6 2512. 55 14621-54410
50 2446. 98 \ 15058-55912 6 c 2514. 51 J

10 2448. 20 I 5 2515. 47 I

7 2449. 03 II 18846-59666 10 2516. 12 I 11754-51486
7 2449. 52 II 26237-67049 4 2517. 08 I

50 2449. 71
J

0-40809 46 2520. 01 0-39670
—

y

7 2450. 89 11584-52373 ^ /I44 2521. 50 \ 14621-54268
—

y

7 2453. 14 I 16619-57372 9 2525. 55 1

16 2455. 83 II 5 2526. 81 I 13826-53390
5 2455. 99 I 11 2529. 50 I 14217-53738

—

y

7 2460. 24 11584-52218 T A
12 2533. 31 13826-53288

32 2461. 20 11754-52373 12 2534. 10 II 14352-53802
65 c 2461. 84 II 0 A30 2534. 80 11754-51193
7 2462. 54 I 9 2539. 33 I 17331-56699
9 2463. 31 I 13826-54410 46 2540. 51 I 11584-50934

10 2465. 13 16619-57173 9 2543. 67 15166-54467
16 2467. 57 II 14930-55444 5 2543. 84 J 13826-53125
10 2467. 85 II 26768-67276 9 2544. 22 I 16619-55912
12 c 2469. 36 II 18846-59330 60 d 2544. 74 I 11584-50869
5 h 2470. 05 I 2544. 88

10 2470. 61 II 20463-60927 '3 A30 2545. 48 11754-51028
6 2471. 05 II 19140-59596 9 2548. 14 \ 13826-53059

12 2473. 72 II T A12 2548. 88 1 14621-53842
13 2474. 73 I 15058-55454 5 2549. 37 I 17238-56452
13 2475. 17 II 23894-64282 13 2550. 09 II 20463-59666

6 2476. 28 11584-51955 24 2552. 02
{

14217-53390
6 2477. 43 II 3. 0 2552. 73 14217-53379

16 2479. 02 17331-57657 12 c 2553. 59 II 17224-56372
15 2480. 82 14217-54514 6 2554. 18

100 2483. 92 11754-52001 30 2554. 63 II 20463-59596
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Characte]r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 2554. 93 I 13826-52954 8 2617. 44 I 16619-54813
85 ib 14^:1 1 —bli 1 i

12 2558. 06 \ 17331-56411 15 2620. 34 { 21775-59927
c u 2559. 08 I 0-39065 18 2622. 76 I

6 2559. 71 I 13826-52881 8 2623. 28 I 11754-49863

6 2559. 88 I 15770-54823 4 2625. 04 I 11584-49667
12 IbUbo — b4Uo

/

b C cbjyj, ID IbUbo — b30b9
12 2563. 01 { 8 2631. 57 I 11584-49573

2564. 19 I 11584-50571 4 2633. 01 I 15770-53738
6 2565. 84 I 21775-60737 12 2633. 61 I 15166-53125

3. 0 2566. 57 28 2635. 83 II 17224-55151
44 T T

11 bU /LOjo, b4 n '2"7Q1 cU — ^ /7lb
12 2571. 26 11584-50464 17 2637. 01 II 19140-57050

2571. 81 II 14930-53802 8 2641. 02 II 14824-52677
12 2573. 76 I 14217-53059 24 2642. 75 I 11754-49583

4 2574. 21 16619-55454 14 2647. 13 0-37766
6 / o. ic i ijjl — ^oLJ^ o ^b4o. 4b T T

11 1 /I Q 1 n ci47^U — otLol 1

4 { 24 2649. 05 14217-51955
J. ^ 2519. 01 I 15166-53929 4 2649. 58 I 17238-54969
8 2580. 31 I 15770-54514 60 2651. 90 I 0-37698

12 2581. 44 11584-50311 12 2652. 91 15058-52741
9 O C QO "7"7

JO Abb4. 1^ iibo4 — 4'7/:bU

6 2584. 77 15166-53842 4 2655. 18 { 13826-51477
2586. 79 I 11754-50401 4 2655. 84 I 16307-53949

6 2587. 00 I 13826-52469 6 2659. 02 I 14621-52218

6 2591. 13 I 17331-55912 6 2659. 79 26349-63935
16 /ibVl. b9 libo4 — bUib7 4 ^bbu. b4

{8 h 2592. 84 { 11755-50311 20 2663. 63 11755-49286
14 c 2594. 85 I 11584-50110 6 2664. 22 I 15770-53294
16 2595. 23 I 0-38521 6 2664. 81 I 16327-53842

10 2596. 40 I 6 2667. 13 I 17331-54813
14 o c n "7 o lb / /U — b^Zoo b ^b /U. ^4

{

libo4 — 47U^^
10 2596. 95 { 16327-54823 10 2670. 79 14217-51648
0 2597. 96 I 14 2671. 84 I 11754-49171

26 2599. 86 I 13826-52278 7 2672. 77 I

6 2600. 87 I 14621-53059 85 2674. 34 I 0-37381
8 ^ovl, O / 1630/ — b4/^U 14 /LO 1 1 . \)i

{5 2602. 55 } 12 2677. 76 14621-51955
oo 2602. 93 I 15770-54177 12 2679. 10 I 15058-52373

12 2603. 46 I 14 2679. 91 I 22160-59464

26 2603. 89 I 12 2683. 56 22160-59412
5 b cooo, JL

{60 2608. 50 II 14352-52677 20 2688. 53 15770-52954
55 d 2611. 54 I 10 h 2690. 25 I 16307-53467

2611. 60 I 11584-49863 4 h 2690. 79 I

10 2613. 74 15770-54018 7 2694. 39 11754-48858
14 2614. 56 \ 14621-52857 14 2695. 56 15770-52857
5 2615. 68 8 2697. 26 0-37064

14 c 2616. 72 II 18846-57050 4 2698. 79 16619-53662
9 2617. 11 3. 0 2699. 58 11754-48786
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
m is.

Intensity
and

Char acte

:

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 2702. 67
J

50 2783. 57 11754-47669
12 2704. 37 16327-53294 1 4 2785 21 J 1 421 7 — ^ni 1 n

4 2706! 06 I 15058-52001 5 2786. 14 I 21775-57657
3. 0 2707. 40 I 11 2786. 56 I 15058-50934
4 2710. 22 I 8 c 2789. 27 I 13826-49667

6 2712.48 14621-51477 13 2790. 94 15770-51590
8 2713 02 16619-53467 20 2791 29 J 1 6307 — 521 22

6 2713.16 I 17331-54177 4 2793. 66 I

120 2715. 47 I 11754-48570 9 2798. 10 I 17331-53059
16 2715. 77 I 14217-51028 13 h 2800. 75 I

6 2716. 75
{

16327-53125 5 h 2802. 25
4 2719 54 X X 2803 28 TTX X 1 3777—49439

16 2722. 21 I 9 2807. 86 11754-47358
17 2722. 70 I 14217-50934 5 2812. 07 I 17331-52881
9 2723. 84 I 15770-52472 7 2812. 36 I 16328-51874

10 2727. 55
J

14217-50869 5 2813. 11 14621-50159
4 2728 63 1 3826 — 50464 X 2813 96 1 7331 _ c;2857

X/-^-^X ^ Ckj ^ 1

6 2729. 64 I 16327-52952 20 2814. 68 I 11584-47102
4 2730. 83 I 14621-51230 15 2816. 32 I 22160-57657

18 2731. 56 II 18846-55444 9 2816. 96 I 14621-50110

20 2732. 21 15058-51648 7 2819. 78 II 17224-52677
55 ?7'^'? 04 IT 1 7224 — 53802 80 2819 95 1 1 754 — 47206XX/-^" 'T/t.'JU

5 2734. 31 14621-51183 10 2822. 12 I 13826-49250
8 2738. 32 I 15770-52278 10 2824. 25 I 21775-57173

11 2739. 94 1 9 2825. 46 I 16619-52001

6 2741. 97 22160-58619 10 2827. 52 14217-49573
6 d ?742 74 J 5 2830 35 J

2742. 86 I 15770-52218 28 2834. 08 I 14621-49896
8 2743. 87 I 16307-52741 18 2837. 55 I 22160-57391

13 2747. 44 I 11584-47971 18 2840. 35 I 13826-49023

7 2752. 85 11584-47899 20 2843. 00 15770-50934
12 2753 05 J 1 4621 —50934 g 2844 16 11584 — 46133
10 h 2753. 64 II 19140-55444 9 2846. 97 I

5 2755. 21 I 13826-50110 24 2850. 98 I 11584-46649
5 2757. 49 I 8 2852. 84 I 17331-52373

20 2758. 00 14621-50869 5 2860. 07
J

14217-49171
5 2758 71 5 2860 25 14621-49573

10 2761. 93 I 11584-47780 5 2864. 56 I 27244-62143
8 2763. 30 I 11754-47932 22 2867. 19 I 16619-51486

19 2763. 79 I 15058-51230 14 2871. 82 I 14217-49028

18 2766. 39 27130-63268 5 2872. 30 15058-49863
28 27A7 74 1 1 584 — 47704 4 2872 67 15770-50571
20 2768. 85 I 11754-47860 18 2Q15. 28 I 11584-46353
20 2769.32 I 6 2879. 27 I 16307-51028
32 2770.42 I 11584-47669 18 2883. 44 I 17331-52001

15 2773. 11 17238-53288 6 2884. 04
{

23956-58619
7 2777. 71 { 17331-53321 10 2884. 64

8 2778. 09 6 2887. 31 17331-51955
7 2778. 50 14218-50197 260 2887. 68 11754-46374

16 2781. 43 14217-50159 12 c 2888. 06 II 14824-49439
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Rhenium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy
J_jcVtil a

Intensity
drxu

Wave-
ic lig LIl

in i\

Spec-
trum

Energy
T T r i—i 1 CXjeveis

m xs.

8 2889. 45 11754-46353 20 2982. 19
J9 1 07 X, HO J XOUX7 -)XX7J' u ?9R4 75 X7*TjO Dl-Z^L.

16 2891. 88 I 14217-48786 20 2988. 47 I 14217-47669
14 2892. 63 I 19458-54018 160 2992. 36 I 0-33409
10 2894. 32 I 15770-50311 6 2992. 82 I

4 2895. 65 15058-49583 15 2995. 40
J

30560-63935
44 J _J u u C// 7. OU X X / -JH H-_JUOJ?

3. 0 2898. 79 I 20482-54969 32 3001. 14 I 14621-47932
75 2902. 48 I 18950-53392 20 3004. 14 I 14621-47899
19 2905. 58 I 14621-49028 6 3004. 34 I 13826-47102

16 2906. 02
{

14621-49023 18 3006. 42
J

15770-49023
9 X ^ ^ux X. yc 1 1 l^A—AAQAf^

50 2909. 82 I 16307-50663 19 3013. 14 I 13826-47004
5 2910. 08 I 11584-45937 50 3016. 02 I 11754-44901
6 2913. 15 I 17331-51648 30 3016.49 I 14217-47358

6 h 2916. 73 II 25321-59596 4 3016. 97 11584-44720
6 £. V XO. OO X 7n?i 88 1 46?1 —47704
9 2919. 41 I 16327-50571 6 3022. 99 I 17331-50401

14 2924. 60 I 11754-45937 38 3030. 45 I 14217-47206
11 2925. 20 I 26661-60837 6 3031. 27 I 23155-56134

6 2926. 93
J

17331-51486 6 3032. 79
J

16619-49583
75 c pQ?7 AO 1 1 754 — 45904 3034 55

16 2929. 53 I 15770-49895 6 3036. 55 I 16327-49250
24 2930. 61 I 15058-49171 10 3037. 96 I 13826-46733
6 2932. 31 I 15770-49863 13 3040. 03 I 14217-47102

12 2936. 50
J

16619-50663 10 3041. 00
J

15058-47932
4 t 7HX » DO ?n4R7 — 544(^7 uu •^041 99X. 7 7 XU-/U/ 'T7X#X

40 2943. 14 I 14217-48184 6 3042. 29
6 2944. 32 I 13826-47780 10 3044. 08 I 15058-47899
6 2946. 57 I 20482-54410 24 3047. 25 I 28030-60837

11 2949. 09
J

17331-51230 10 3053. 63 21775-54514
6 OQAQ 88 X ^ "^054 9n 1 1 1^84 —44*^09XXJOn *tH^U7

12 2950. 83 I 11584-45463 9 3057. 66 I 16327-49023
11 2954. 34 I 13826-47665 20 3058. 78 I 13826-46509
12 h 2957. 91 II 23341-57139 13 3060. 32 I 16619-49286

13 2961. 74
{

14217-47971 10 3061. 61
J

22160-54813
24 CyXjC., c. 1 XX-JOH ^\JJJC 7 1 7?'^8 — 498^0
6 2962. 87 I 22160-55901 160 3067. 40 I 0-32592

65 2965. 11 I 14217-47932 32 3069. 94 I 11584-44148
140 2965. 76 I 11754-45463 26 3071. 16 I 16619-49171

8 2967. 25 16619-50311 20 3072. 96 17331-49863
16 9QA8 ndt 7 OO. UH J 1 AO-\ 7 _ 47QQQXH^X/ H/077 9 307^ 14

8 2968. 98 II 10 3078. 86 I 11754-44225
7 2975. 02 I 17331-50934 55 3082. 43 I 14217-46649

11 2975. 25 I 19458-53059 18 3084. 21 I 15770-48184

28 2976. 29 0-33589 9 3087. 15
{

14621-47004
6 2977. 30 I 16619-50197 34 3088. 76 11584-43950

19 2978. 15 16327-49895 11 3089. 94 22160-54514
20 2980. 82 11584-45122 20 3093. 64 13826-46141
6 2981. 01 19758-53294 20 3095. 06 15058-47358
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

anqc; 70 -
1 A91 7 — AACiflQIH^l / — HODUV 1 9 791 A 113^14, 11 9A7/IQ C"7/l C7<!:0347 — 3 /f33

10 3096. 41 I 13826-46112 15 3227. 46 I 15166-46141
70 3100. 67 16327-48569 7 3228. 73 I 15770-46733
1 A •11 n-i nAJ i. \)J, UD T T

1

1

1 100 d — AQA'^Q ^0 JC.JD, 7H 1 7Q9 A /I /I 79 0

1 H •in n-j 9Z, 1 c;13 "^9*^7 c;i3^3 /. 3l 13U30 — H373

/

^ ± t 1 ^770 — 47071 00 '^9A1 A73tHl. H /
1 AA91 /I A A7IHO^l — H3H03

70 3108. 81 I 14217-46374 8 3248. 55 16327-47102
34 3110.86 14217-46353 15 3252. 26

J

15770-46509
1 d ^llJ-. DO 13 / / U HlOyv Anou 3t3o. 03 1 A797 A700A103^ / — H / UUH
JH C

11 1 0 noJL\.0, 1 7 11 #3H — H^013 Anou 3t37, 3D 1 1 t^QA A99t:A113oH — H^^34

1 AA91 — AAAAQIHOtl — HOOHV 9n 19A1 c:a3^01. 30 1 CI AA /I CQl 7iDlDO — 430i /

7 3123. 16 I 15770-47780 12 3262. 77 J 17331-47971
7 3125. 52 11584-43569 12 3266. 85 I 17331-47932

9P ctd 1 AAl Q — Aflc;z,QIDOI7 — M-0307 1 1;13 •^9An AB3c0o. Ho 1 AAl Q A790AiDOlv — H 1 C\Jt3
'^^ "id 09 1 c;77n — A7AAQ13 / / U — H / DO

7

"^nj\i 3^00. 07 1 c;770 A A7 c;713 / /U — HD333

7 -
1 7'^'^1 _ AQl 71
i. 1 JJL — H7l 1

1

1

A

10 7977 71JC. II, 11 1 AA91 Am 99IHO^l —HOlCC
7 3139. 94 I 15166-47004 16 3285. 64 I 17238-47665

25 3141. 38 11584-43408 8 3287. 13 I 27244-57657
%^ AO Ai; 9nL U 79QA Q73t7H, 03 1 c;770 AAl 1 913 / /U — HOll^

7 ^131. 10 1 QA^fl — t^l 1 0"^1 7H3 0 — DLLOj 9Q 79QA 7n3t70. /U 1 SQCO AQ97Clo73U — Hyc 10

1 A91 7 — AC;Q'^7 9fi 79QA QQ3t70, 77 1 A797 AUi^AQlOjC 1 — HDDH7
33 3153. 79 I 11754-43453 8 3300. 97 I 15058-45343
36 c 3158.31 11754-43408 28 3301. 60 I 14621-44901

"^1 AA c;9 1 c;rmfl — AAAAQ 9A^H 7709 9733U^, CJ 1 COCB AC779I3U30 — '^OjjC
z.D 71 A7 1 A 1 AAl Q —Am OA10017 — HOI OH "^9JC 7707 9133U3. Cl T T lABfi7 Ad Afl1HOC53 — H31HO

/ u ^1 AB "317 1 A"? 07 _ A7QAnlO^U / — H / ODU 9Q 7707 7C;JJVJ, 10 1 1 CBA Al BAAllDoH — HloHH
14 3173. 09 I 13826-45332 8 3307. 01 I 27161-57391
22 3174. 61 14621-46112 8 3308. 25

J1 A "^1 lA in 971 "^n — c;RA1 Q
L. 1 Lj\i — 30017 Q0 771 9 9Q 1 A797 — AACOQlD3t / — H03U7

77 71Jill. 1

L

1 1 CiOA — d'KCidd1130H — H^UHH 9A^H 771 7 qc3313, 73 1 C770 — At;Q7713 IIU — HD73

/

Jl 1 0, 01 13U30 — HD3U7 1 AID 771 R A73310, 0 / 130tO — H373U
7 3182. 66 I 19458-50869 60 3322. 48 I 11754-41844

60 3182. 87 18950-50359 7 3324. 93 16307-46374
TiniiU "^1 RA 7AJlOt. /O I073U — 3U^H1 on 7771 C,0JJjl, DC 1 A91 7 — AA99CIH^l / — HHt^3
Tin "^1 Qc; m^1 oD, D 1 1073U — Dujjj 1 A1

0

777c 7A3333, 30 1 1 CBA — Al CC71130H — H133/

1 9 -Jl 06. 9Q 979AA — c;ftAl QL. 1 tHH — 3001 7 9nn 7770 TO3330. 10
- 9nAAfi — Cn7QAtUHHO — 3U370

15 3190.17 I 16328-47665 14 3339. 68 I 17238-47173
26 3190. 78 17238-48569 160 3342. 24 20448-50359
9A •^1 09 "^Ajlyc, JO 1 AA91 — A^Q'KlIHOcl — H37^

/

snou 77AA 7933HH. jC 9nAAfi — c;n7Al^ UHHO — 3U3H1
1 A 991 AD _ c;'^AA7^^lOU — 33HO/ ^9

j£. 77AA 9n33HO, C\) 1 7B9A — A77n9130t0 — H3 1 \jC

9n "ii QA t;n IDUDo — H0^3^ 11^ 77C7 913333. CI 1 A797 — AAl Al103^ / — HOIHI
22 3198. 58 I 14621-45876 16 3355, 29 I 22423-52218
7 3199.49 14217-45463 24 d 3356. 33 I 22160-51946

Id j^vjv, Uf 1 AAl Q A7QAnIOOI7 — H / OOU 77c;A aa333O, HO 1 A797 _ AAl 1

9

103^ / — HDllt
iU -jonn 79 1 c;77n A7nnA13 / /U H /UUH 9n 77t;Q 093330, KJC 1 7771 _ A71 091 / 331 — H / IKiC

Tin r«iiU C i9n/i 9n; 1 A'in7 A7t;n7lO^U / — H / 3U

/

1 A10 77c;Q 99JJjy, CC 97A79 — c;7 7Q9CjOjC — OjJyC
7 3205.42 I 24724-55912 16 3361, 14 I 13826-43569

14 3211. 75 14217-45343 20 3362. 74 11584-41313
12 3212. 94 14217-45332 16 d 3365. 73 23155-52857
7 3213.49 3365. 84 21775-51477
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Rhenium — All Observed Lines

Intensity
3.ncl

Wave-
A.C XI LI 1

in A

Spec-
trum

Energy
T ,p vf^l ^

in KXXX XV

Intensity

l" ri ^ y* ^ e^'v

Wave-
J-C 11 y LIT

ill r\.

Spec-
trum

Energy
ijCveis
m JN.

24 3377. 74 16307-45904 12 3534. 82 16619-44901
32 3379. 06 II 14352-43938 32 3537. 46 \ 11584-39845
32 3379. 70 11584-41164 16 3539.33 I 19458-47704
16 3384. 45 I 27161-56699 6 3539. 94 I 22160-50401
20 3385. 76 I 14621-44148 24 3549. 89 I 11754-39916

24 3389. 43 17238-46733 16 3551. 29 22160-50311
20 3390. 25 \ 22160-51648 16 3553. 65 \ 17331-45463
8 3394. 12 I 21775-51230 16 3558. 94 I 11754-39845
8 3397. 21 I 26349-55777 8 3564. 73 I 15770-43815

400 3399. 30 I 11754-41164 16 3568. 23 I 24724-52741

8 3401. 17 24 3570. 26
\

17331-45332
65 3404. 72 11584-40946 36 3579. 12 15770-43702
65 3405. 89 I 14217-43569 80 c 3580. 15 II 17224-45148
24 3408. 67 I 14621-43950 65 3580. 97 I 16307-44225
32 3409. 83 I 17331-46649 80 3583. 02 I 11754-39656

8 3413. 74 16619-45904 7 3590. 88
J

22423-50263
32 3417. 77 \ 15058-44309 8 3595. 16 21775-49583
80 3419.41 I 14217-43453 16 3596. 39 I 11754-39552
16 3420. 75 I 11584-40809 8 3598. 77 I 23155-50934

800 3424. 62 I 11754-40946 8 3604. 39 I 22423-50159

40 3426. 19
\

17331-46509 16 3610. 49
\

16307-43996
30 3427. 61 15058-44225 32 3617. 08 15770-43409
32 3437. 71 I 14621-43702 8 3617.25 I 15770-43408
8 3441. 25 I 16 3621. 46 I 16619-44225
6 3442. 97 I 16307-45343 16 3625. 91 I 15770-43342

40 3449. 37 15166-44148 6 3629. 20
\

19458-47004
1600 c 3451. 88 \ 0-28962 14 3637. 06 13826-41313

8 3453. 28 I 15770-44720 80 3637. 84 I 11584-39065
24 3453. 50 I 14621-43569 3. 5 3642. 99 I 11754-39197
16 3458. 88 I 17238-46141 8 3651. 66 I 16619-43996

5500 c 3460. 46 0-28890 44 3651. 97 16327-43702
4000 c 3464. 73 \ 0-28854 8 3653. 62 \ 23632-50994

40 3467. 96 I 20448-49275 6 3660. 52 I 27244-54554
16 3472. 72 I 14621-43409 4 3662. 13 I 27514-54813
24 3476. 44 I 15058-43815 12 3669. 78 I 16327-43569

8 3477.14 27161-55912 8 3670. 36
\

23956-51193
40 3480 38 \ 16619-45343 32 3670. 53 14217-41453
32 3480. 85 I 14621-43342 8 3672.41 I 14621-41844
24 3482. 23 I 22160-50869 6 3676. 00 I 16619-43815
11 3490. 86 I 17238-45876 3.5 3680. 21 I 24425-51590

8 3494. 72 17331-45937 3.5 3681. 28
\

26132-53288
13 c 3495. 90 \ 85 c 3689. 50 14217-41313
8 3502. 73 I 20482-49023 150 c 3691.48 I 16327-43409

56 3503. 06 I 15770-44309 10 3697. 71 I 27141-54177
10 c 3512.28 I 16619-45083 3. 5 3700. 37 I

32 3516. 65 13826-42254 52 3703. 24
}

13826-40822
32 3517. 33 { 14621-43044 7 3704. 45
8 c 3520. 72 15058-43453 6 3704. 84 13826-40810
8 3524. 54 10 3705. 02 13826-40809
6 3529. 21 16619-44946 24 3709. 93 14217-41164
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

J/ / X 1 7?'^8 — 441 48 •jqo-j qiJ70^. 7X y

J o 3717. 28 I 17331-44225 4 3984. 25 I
zinnH U U 3725. 76 23632-50464 3. 5 3991. 03 14621-39670
14 fi7 1 A^i q _4'^4n8XDDX7 HJ?HUO 1 nX u 4nn4 Q"^HU UH. 7J 1 q7c;B — 4A79ni 7 / 30 — HH 1 CU
14 y 1 RriRB —41 844 D 4ni 9 9A y iCDDDl — DXD 1 O

J 1 jd, ux y 1 1 7t;4 — "^fi^Pi D 4ni 8 4ntUXO, HU y 010 AA — 1^91 99
fin 3735. 31 I 23632-50396 14 4022. 96 I 18950-43801
4 3736. 84 24724-51477 10 4023. 31 14217-39065

90 J 1 ^ U. X u 1 491 7 — 4nq4A o 4098 ^'KHUtO. Dj 9-^1 t;c; _/l7q7iCj i.DD — H/7/1
14 ^ / t U. HX y XX c 4n9Q A"^ 1 '^89A — "^fiA'^c;

T T± X 1 7994 — 4'?9^8 4n'^'^ "^1 y 1 "in^B — '^Q84'iXDU_30 370H_3

J u W 3745. 44 14621-41313 11 4037. 49 I 15166-39927
Co 3755. 62

J

17331-43950 20 4048. 99 16307-40998 *

14 ^TAA 48^ / DO. HO 1 4^91 — 41 1 A4 D 40A1 8AH U ux . O D 1 i^ni^a — '^QA7nXjUZJO J>70/U

12 / IJO. ^ o y 94 4081 4*^HUOX. H

J

y 1 A'^97 — 40899

^777 AA y 1 79-^0 _ 4^709 408"^ "^AHUO^. J\J y 1 A'^97 — 4081 0XD^^ / HUOXU
/ u 3787. 52 I 15058-41453 5 4083. 58 I 16327-40809

3796. 59
{

11584-37916 4 4089. 92 14621-39065
16 ^7Q7 1 4A91 — 4nQ4A 1 4Xt 41 04 49HX UH. He. 1 94^8 — 4'^81 ^X7H30 H^OXj
19 "^807 74 y 1 mms — 41 "^1X_3U_30 HXJ'XJ/ 94 f» 41 1 0 8QHX X U. 07 y 1 79'^8 — 41 '^'^1L 1 CJO HLDD

1

"^81 AAJ? ox _J. DO y 1 4A91 —40899 5 411^ 40H X X H u y 1 491 7 — "^8^91

3836. 30 I 14434-40494 19 4121. 64 I 20448-44703
3869. 94 16307-42140 5 4132. 28 13826-38019

24 "^87^ 9A 1 1 ^84 — "^7"^ 81XX30H JiJO± 94 nyuCH t.W 41 "K"^ 49HX ^-3. HC 1 A'^07 — 404Q4XO^U/ H\jHyH

24 '^fi7A 8A
/ D, OD y 1 R77n — 41 '^^1 1 anX OU 41 "^A 4"^HX J O, HD y 1 1 7ti4 — '^i;q9'^XX 1 DH jDiC-J

oo "^887 4Q y 971 41 — ^98^17 5 41 AOHX ^ / • ou y 91 77'=i — 4tiQ'^7CL 1 1 D HD/ J 1

oo 3887. 95 I 17331-43044 70 4144.36 I 17331-41453
7
1 3889. 96 22160-47860 14 4149. 96 13826-37916
8 BQA 1 1J070, XX 90489 — 4A1 41 7 41 t;9 9QHX 3 1 . c.y

^^ "iBQ — ti7AA'iJjDOy D 1 ODD
8 y 1 491 7 — "^984^XHtX /

— J70HD cD 41 ti9 A'^ y 1 c;770 — ^Q84c;LD 1 /U jyOHD

/I J 7 ux. U 7 y 1 1 7^4 — ^7'^81 9 AT cq qoHX Z3 7. J

C

y Oil A1 —mi Q"^C 1 LOL DLL/D
xu 3908. 21 I 27161-52741 16 4170. 40 I 27514-51486

3913. 92 15770-41313 22 4182. 90 15770-39670
38 c ^Ql 7 97^71 1 . C 1

1 AAI Q —491 4(1XODX7 — H^XHU 99 41 8"^ OAHX \DJ, UD 1 4A91 — "^8^91XHO^X DODC.L

6 c ^7^U, OJ y 97944 — ti9741^ 1 L.HH — JC. / tX q7 41 Q4 A7H X 7H. O / y 1 7'^'^1 — 41 1 A4X / J/^X HXXDH

7
1 c y 1 491 7 — '^qA7n Q 4904 W?H t. UH. Jt y 991 AO — 4R9'^7

3929. 85 I 14217-39656 7 4213.27 I 27141-50869
O 3931. 20 21775-47206 65 4221. 08 11584-35268

14 ^7^D. 7U 1 c;77n — 41 1 A4X3 ( (U — HXXD't -3. D 499^^ 18HuL-J^ XO
6 ^041 c;4 y 1 97^8 —4m 99X7 1 DO — HDJ.Cc. "^An n 4997 4AH^t / • HD y 1 89^10-49^98

±1 ^Q44 10JvHn, 1 L. y 97c;i 4 — R98R7 49*^9 9A y 1 7A9^ — 41 31 3

lo 3945. 91 I 14217-39552 4 4236. 24 I 16327-39927
7
1 3950. 64 14621-39927 3.0 4238. 59

{

18950-42536
3.5 •^0^4 4"^ 9949"^ -47704 q 4941 1 AH^HX. XD 1 79*^8-4081 0

iC o •^QAI (14 y 1 "^89 A — "^QnAi^ 1 ^ 4941 "^QHtHX. jy y 1 79'?8 — 40809

35 c jyo/L, mi y 1 k'^Ol — 41 c;'^7XD^^ / — H 3lDD 1
7 AOAk 89HtHO. O^ y

6 3963. 27 16619-41844 4 4255. 75 17331-40822
3.0 '^QA4 81J? 7 0*T. OX 9-iq^A _4qi 71 26 r 4257 60 14217-37698
7 3967. 39 22160-47358 12 c 4291. 17 16619-39916
3.5 3975. 65 16307-41453 8 4291. 65 14621-37916

270



Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3. 0 4299. 92 23956 — 4 /i:U6
/I A L /I Q 138/i6 — 35268

4304.40 I 16619-39845 b 4682.32 J 19458-40809
3. 0 4314.58 I 21775-44946 b 4687. 86 I 27244-48570
8 4318. 58 27514 — 50663 2.5 c /i / 0 /I nn4694. 99 T C"7*7A 11f\/ A15770 — 37064
4 4319. 53 14621 — i 1 lob 4 /I ~7n n /I /I4 /OO. 44 01'7"7C yi'2Ayi/I21 /75 — 43044

zo 4332. 25 14621 — 37698 b 4 /Ob. 04 001Z.A yioyiAO22160 — 43408
A
4 4357. 98 II ^. b 4725. 93 J 23155-44309

38 4358. 69 I 11584-34520 0 4727.60 I 16619-37766
19 Al /.I CO43d /. bo 6 Al AO "2 04 /4o. 3o 163^ / — 3 /3ol
14 4391. 34 11 /b4 — 34Di:0 2.5 /I "7 /I Q n '2

H /Hy. U3 nyi01"7 OCOZ.O14Z17 — 3b2oo

7 cw 4392. 45
\

14621 — 37381 /I4 /I "7 C 0 004758. 83
\

11584 — 32592
36 cw 4394.38 15770-38521 2. 0 4763. 67 17238-38225
6 4396. 80 I 16327-39065 1 Qi V c 4791.42 I 15058-35923
8 4402. 60 ICnCO "^ll L.15058 — 37766 220 cw /I 0 0 n T /I4889. 14 A 0 A yi yi 0

0 — 20448
11 cw 4406. 40 16307 — 38995 5

Amu no4915. 02 TOOCl OOCOO12251 —32592

lo /I /I T C 004415. 82 15058 — 3 /69o 00cc 4923. 90 14217 — 34520
o 4440. 44 { 17331-39845 Q0 4946. 72 J 15058-35268
3. 0 c 4453. 92 I 35923-58369 r

b 4956. 76 I 23632-43801
3.0 4454. 62 14621 —3/064 8 /I n 0 c no4985. 98 17331 —37381
3.0 A A / '7 CO4463. 53 35260 — 5 /665 4 5058. 56 138^:6 — 33589

3. U
A A / "7 C /I4467. 54 24/24 — 47102 / 5096. bU 16307 — 35923

QO 4467. 92 { 16619-38995 0 n^. U 5120. 32 { 24425-43950
1 r 4475. 08 17331-39670 d.. b 5161. 65 I 17695-37064
8 A A ~7~7 no44 / /. 77 i /33i — 37DDD 4 c bi /O. 07 ibbiy — ^b7<i3

12 yi /I "7 0 'J n4478. 39 15058—3 /3ol 2.0 m OT *7 /Ibi81. /4

2. b
A A nz. /1

1

4496. 43 19758 — 41991 3. b b234. 31 0'3TCC /IOOC/1231bb — 422b4
c 4507. 04 } 28854-51035 b 5248. 86 } 21775-40822

b 4508. 01 28854-51031 5270. 95 I 23632-42598
260 4513. 31 on/1/10 /lOCQO^U44o — 4^D70 160 cw bz /b. b6 n T OQ c nU — io7bU
26 4516. 64 0 0 0 c /I cnooo 10 C 0 "7 0 0/1b2 /8. 24 1/007 ICOZ-O1632 / — 3b268

oo 4519. 76 oooc/i cnmo28854 — 50973 3. U b30b. b6
50 4522. 73 28890-50994 2. 0 5317.28 I 26661-45463
12 4523. 88 I 28890-50988 3. b 5321. 28 I 14621-33409
8 4526. 01 on/1/10 /IOC'2/.2U44o — 42536 5 532 /. 46 i3oz:6 — icbvc.

7
/I c 0 0 n"74528. 97 28962 — 51035 2.0 5331. 90 ic77n 'j/iconlb / /O — 34b20

12 4529. 95 28962 — 51031 2. 0 5332. /6

{5 4530. 89 22160-44225 2. 0 5333. 85 27161-45904
/I

4 4541. 80 I 28962-50973 3. 5 5369. 48 I 24425-43044
10

A A n 1 "7

4545. 17 TCT7r\ 0~7"7//15770 — 37766 5 c
c 0 n OA5369. 80 1*700^. OO/l/l/l13826 — 32444

5 4559. 27 15770 — 37698 10 c
r~ 0 "7 "7 1 f\5377. 10 1 /331 — 35923

7 4559. 68 13826 — 35751 2. 5 5431. 90 39656 — 58061
5 c 4565. 30 \ 15166-37064 1 /I

1. 4 5437. 03 \ 22423-40810
12 4580. 68 I 11584-33409 1 /I

1. 4 5447. 92 I 15058-33409
2.5 4591. 68 on/ioo /looc/i20482 — 42254 2.5

n yi / n / /I5460. 64 in/ico L

12 4605. 73 14217 — 35923 T /I

1. 4 n C C 0 n AC5520. 05 oonon /i/i/n28030 — 46141

2.5 cw /I / T /I / /4614. 66 17331 —38995 2.5 c c 0 1 inbb21. 10 ooc/io ^/z./in28542 — 46649
10 4621.38 I 21775-43408 5 c 5532. 68 I 21775-39845
2.5 h 4625. 96 15770 — 37381 5 c

c r* / 0 0 yi5563. 24 14621 —32592
8 c 4630. 82 16327-37916 2.5 5573. 47 17331-35268
9 4652. 33 14434-35923 2.5 5584. 72 16619-34520
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Rhenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 0 h 5(=if)7 ?1 2751 4 — 45343 8 A35n 75 y 289^2 —44703
1 2 h 5612. 27 I 1 6X « w h 6382. 94 I 29800-45463

10 5667. 88 15770-33409 1 4X» T 6411.47 26661-42254
2.5 571 1 43# X X « 22423 — 39927 5 ft5n 47vJ X X* " / J 1 7238 — 32592
1.8 571^1 95 2f>661 —441 48 1.4 f)51 5 25 y 305^0 — 45904

11 c 575? 93 1 1 584 — 289f>2 1 2X • £-
A544 91 y 22423 — 37(^98

11X X 511b, 83 I 11584-28890 3 5 c 6577. 11 I 28854-44054
1 8X • u 5791. 60

J

16327-33589 4 rw 6592. 52 28890-44054
1.0 C 581 5 92 1 7331 — 34520 10 cw fi^505 19 1 382^1 — 289^2

55 5834 31 1 1754 — 28890 3.0 c 6^23 91^« y

X

y 289^^2-44054

1 0 5919 8^5^ /X / • \J\J P4425 — 41 31 3 1 0X « w ^^^^37 25 y

A 5943. 24 I 15770-32592 3 0 rw 6652. 39 I 13826-28854
1 0Xa U 5950. 21 28542-45343 1 6X • »J h 6683. 28 22423-37381
1.8 h J —43408 1.0 C ^71 1 30U / X X • J\} J 1 7A95 —32592
1.0 KQDQ QQ

_^ y o 7 « / / y 231 55 — 39845 3.5 y

h11 J 271 41 —4381 5 0 6 ATAI 1

Q

U / UX a X 7 y 20482 — 352Aa
3 0 6114. 22 I 17238-33589 20 6813.41 I 14217-28890
3 5 n

\^ 6145. 81
J

27141-43408 28 6829. 90 14217-28854
5 ^1 4^1 a? 1 A327 — 32592 10 AQ71 53 1 4A21 —289^2
1.8 ^)?n3 74 y 1 ^;327 — 32444 4 cw 700^1 f>3 y 1 4f)21 —28890

-J
A?i 7 Q7 J 1 7331 —33409 a ^ w 7024 1

5

y 1 4fi21 —28854
W 6229. 42 I 28854-44903 a PW 7246. 67 I 15058-28854

^ 5 OVJW 6243. 24 28890-44903 1 6X* u PW 7292. 72 28890-42598
3.5 d tJ O VJ« u ^ 5 CW 7578 73 1 5770 — 289^2

y 1.6 1 89/ ux X • tj y y 1 9458 — 32592

1.8 c A?71 37 y 289^i2 — 44903 0. 8 cw 7A20 25 y 1 5770 — 28890
1.8 6278. 76 I 21775-37698 6 cw 7640. 94 I 15770-28854
1.0 6286. 41 27141-43044 8 cw 7912.94 16327-28962
1.0 6303. 42 26132-41992 4 cw 7980. 77 16327-28854

20 6307. 70 28854-44703 5 8417.13 11754-23632

20 6321. 90 I 28890-44703 3.5 cw 8527. 73 I 17238-28962
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RHODIUM

Rh, Z=45, M= 102.91, Ratio 1.620

Rh I Normal state of valence electrons 4(i« 5s' *F4j4=0. I.P.= 60197 K
Rh II Normal state of valence electrons 4(^« =0. I.P.= 145800 K

References

Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

H. Kayser and R. Ritschl, Tabelle der Hauptlinien der Linienspektren aller Elemente
(Julius Springer, Berlin, 1939).

Classification

:

Rh I, J. P. Molnar and W. J. Hitchcock, J. Opt. Soc. Am. 30, 523 (1940).

Rh II, F. J. Sancho, Anales Real. Soc. Esp. Fis. y Quim. 54A, 41 (1958).

Relative intensity of rhodium lines observed in an arc of copper containing 0.1 atomic
percent of rhodium

Strong lines of rhodium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

800 3692. 36
750 3528. 02
700 3434. 89
700 3657. 99
650 3700. 91

500 3462. 04
500 3502. 52
500 3597. 15
500 3856. 52
480 3396. 85

420 3799. 31
400 3470. 66
400 3474. 78
400 3583. 10
400 3596. 19

360 3323. 09
360 4374. 80

0-27075
1530-29866

0-29105
1530-28860
1530-28543

2598-31474
0-28543

3310-31102
5691-31614

0-29431

5691-32004
3473-32277
3473-32243
1530-29431
2598-30397

1530-31614
5691-28543

5s a *Fii^—5p z ^D5>^

56 a *F3H—5p z *F|h
5s a *F^^—5p z *Gl^
5s a ^Fsj^

—

5p z ^Dj^
5s o ^Fs^—5p z *Gi>j

5s a ^FjH—5p z ^Y\y^

5s a <F4j^

—

hp z ^Glj^a

4^9 a 2D2H—5p 2 'GsH
5s a 2F3>^—5p z 2GSh
5s a ^F^y,—5p z *FSh

5s a 2F3H—5p 3 ^FsH
5s a <FiH—5p z *Fl^
5s a ^F\y,—hp z ^GjH
5s a <F3>i

—

hp z *F5^
5s a ^F2H—5p z *Dfi^

5s a *F3H—5p 2 2G|h
5s o ^Fs}^

—

hp z *Gl)^
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Rhodium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

1. o tLd lb.
T T
I 1

0PQ7I^ 71 7C;Q£.00JO — 1 LJOy o n2. U OAQO riA

1. 6 2288. 57 2598-46280 4 2483. 33 I 3473-43729
1. 6 2309. 82 I 3473-46753 12 2487. 47
1. u ^Pi.O, JO C /LQT /I QQl 1!3b7l — 4ool 1

Qo 0 /I Q n 77247U. / /
T T
I 1 Iboob — D /U21

i. o CAQl /1Q7QQ!3b7l — 4C3 / 7d o c2. D O/IQO 7n T
1

77in /I7/101jjlu —4^421

^ i. D 1 t;7n D n OAQA CI^474. Dl
6 2322. 58 J 0-43042 1. 2 2499. 02

2.5 2326. 47 3310-46280 3. 0 2500. 58
1 /Ii. 4 CjLO, 7701 c;n701

/ / 7l — _)U 1 C.L 1 nlu oc;no AA T
1 7A77 A7A01

yi
C!>J'\, 1 1

T T
I 1 1 AQQR c;Q7noIbooD — 37/U<i 1 01. ^ oc;n7 QA^DU^. 04 T T

1 1 OnAA7 AnC77<lUb4 / — bUD / J

i. c.
0/1£4 Oi^DA OQ

1. 4 2352. 47 I 0-42495 3. 0 2505. 10 II 19792-59699
1.4 2359. 18 1530-43905 12 2505. 67 I 2598-42495
Qo n /10 70 c; 0 Q oc;nQ 7n T

1
JCQQ A0A71

7/177 AI^ AQ7^ 4 / J — 4jbo^ 4 OR!

n

^Diu. bb T T
1 1 1 Qt;An c:Q7c;Q10D4U — OOjDO

iU 01Q0 QQcioc, (yi n /ii Qi;7U — 417DJ7 OA^4 OCLl 1 07

8 2383. 40 6 2513. 36
1.4 2384. 65 7791-49713 16 2515. 75 1 3310-43048

iU ^^ob. 14 lU ocon c;7 T T
1 1 1 AQQc; c;ac;a7IbOoD — Db_)4/

A4 c'\\i 1 , oo 1 t:7n /I7n/IQ 1 n1. u ococ; QQC.Dc.0. 77 T QOOl _ AQ7QQyddi — HO / 70

1.
o /I no 1 Q^:4Uo. l7 ICTn /17n/l013 — 4^U4^ 1 n1. u 0t;71 7A T1

c AQl At;! 7QDb7l — HDl 1

o

1.2 2410. 25 J 3310-44787 4 2532. 66
4 2415. 84 II 19793-61173 1.0 2533. 59

3. U ^41o. b4 4 0C7A n7
0 /n Q 7 c; 7/177 /1/17Q7^4 1 J — 44 / O

/

Q7 0C7A 71C-DjO, /I

^. b 0 /I o n 1 Qi:4^U. lo T T
1 1

77B/1C; 7t;i CO Q 0t;77 HACZ)J 1 , UH T T
1 I 7A0 A7 — I'K^HI^j'^c.HJ — / J OHO

3.5 2420. 98 II 20647-61940 2. 5 2539. 72

5 2423. 94 3. 0 2544. 22
n
4 242 /.II T T

1 1 1 QC/l n t;Q70Q
lt5l34U — D7 / ^7 OQL.O on^Ac; 7n^L)4_). /U

oo 242 /. bo OCQQ /17777^Dvo — 4^ / / /
1 n1. U C.DHO. bu

14 O /I O CO2427. 32 7/1 77 /I /I ^.Ol^4 / J — 44b21 A A44 o cc c; 7

A

T
1 771 n — A0A71

2.5 2431. 85 II 21180-62288 2.0 2558. 62

2. 5 2432. 66 I 5658-46753 4 2565. 79 I 5658-44621
i. ^ 0/17 7 no 77Q1 ZlQQl 1

/ / 7l — 4C30ll 7 t; T
1 JH 1 J HL.HJX

oO o /1 7 7 on243 /. oU 0 n oi;aa qo^Dbb. 7^ T T
1 1 7Q AQ7 _ 77A77^ODO / — /

/

Ojj

O /I24 244U. 34 ic7n /lo/iQC1d3U —42473 4 oc;a7 or^Db 1 , C.O

4 h 2444. 27 2. 0 2574. 66

5 2448. 84 2598-43421 2. 0 2575. 75 I 14788-53600
4 0 /I /I Q n/12447. U4 I3b7l — 4b3ll 1 n1. u Oc;7A 07

1 O, C.J

O o /I c n c ^24dU. bb 7 n o^ai OQ^DO 1 , dy T T
1 X 074'^Q — AADTR

2. 5
o /I c c 7n T T

1 1 2Ub4 / — OLJOo 0 i; Oc;qQ n7
<1 _3 7 O. U /

5 2458. 90 II 19792-60448 2. 5 2603. 32 II 32605-71006
7 2461. 04 II 18540-59161 6 2606. 44 II 41045-79399
2. 5 2463. 61

£.
D OA! 7 An^bi^. bu

6 O /I 7 n Q24 /U. 37 771 n /I 7777J^IU — 4^ / / /
1 '01^ OAOO cifi T

1
CACQ _ A7777

7 O >1 7 1 /I 724 /I. 4 /
OCQQ /17n/lQ2D70 — 4^U4o 1 Q10 OAOc; QQ T

1
CACO _ A770Q

2.5 2472. 51 8 2630. 42 I 2598-40603
1 niU 0/177 nQC.H 1 J. U 7 3 0

1.2 2475. 64 II 31130-72112 2.5 2638. 74 II 34243-72128
1.2 2477. 54 6 2643. 00
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Rhodium — All Observed Lines

Intensity
and

Character

"Wave-

in A
Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
len crth

in A
Spec-
trum

Ene rgy
Levels
in K

9 2647. 28 I 5658-43421 2. 0 2904. 81 14382-48798
32 2652. 66 I 2598-40285 13 2907. 21 J 2598-36985
2. 5 2659. 01 I 1530-39127 5 2910.17 II 25377-59729
2.5 2671. 06 I 3473-40900 6 2912. 62 I 5658-39981
5 2676. 11 I 5691-43048 7 2915. 42 I 5691-39981

2. 0 2680. 28 2. 5 2923. 10 9221-43421
8 2680. 63 I 3310-40603 14 2924. 02 J 2598-36787
2. 5 2681. 78 I 14788-52065 10 2929. 11 I 5658-39788
2.5 h 2686. 50 10 2931. 94 I 5691-39788
2.5 h 2686. 91 2. 5 2955. 41 I 9221-43048

4 2694. 31 3473-40577 18 2968. 66 3310-36985
32 2703. 73 J 3310-40285 2. 0 2974. 03 J 11006-44621
3. 0 2705. 63 II 25377-62326 13 2977. 68 I 5658-39231
3. 0 2707. 23 I 2598-39525 36 2986. 20 I 3310-36787
6 2714. 41 I 11968-48798 7 2986. 99 I 5658-39127

8 2715. 31 II 25377-62194 4 2987. 45 10313-43777
6 2717. 51 0-36787 9 3004. 46 J 9221-42495

14 2718. 54 I 5658-42431 4 3019. 54 I 10313-43421
5 2720. 14 10 3023. 91 I 5658-38718
2.5 2720. 52 I 13975-50721 4 3028. 43 I 5658-38669

13 2728. 94
J

2598-39231 2. 5 3045. 77
J

3310-36133
3. 0 2736. 76 2598-39127 2. 5 3046. 76 7791-40603
6 2741. 75 I 9221-45683 2.0 3057. 89 I 16119-48811
4 2767. 73 I 2598-38718 5 3067. 30 I 12723-45316
8 2771. 51 I 2598-38669 14 3083. 96 I 1530-33946

4 2778. 06 7791-43777 2. 5 3087. 42 5658-38038
6 2779. 54 J 10313-46280 6 3114. 91 { 3310-35404

10 2783. 03 I 3310-39231 12 3121. 76 I 3310-35334
2. 0 2791. 16 I 3310-39127 20 3123. 70 I 0-32004
6 2796. 63 I 11006-46753 3. 0 3130. 79 I 3473-35404

12 2826. 43 10313-45683 8 3137. 71 3473-35334
14 2826. 68 J 9221-44588 4 3151. 36 14788-46511
2. 5 2827. 31 I 3310-38669 4 3152. 60 I 5658-37369
6 2834. 12 I 11006-46280 11 3155. 78 9221-40900
3.5 2835. 44 I 1530-36787 6 3179. 73 I 7791-39231

6 2836. 69 5658-40900 7 3185. 59 9221 -40603
4 2856. 16 \ 3473-38474 12 3189. 05 \ 2598-33946
4 d 2860. 68 I 5658-40605 40 3191.19 I 5658-36985

2860. 76 I 5658-40603 16 3197. 13 I 2598-33867
22 2862. 94 I 5658-40577 6 3214. 32 I 0-31102

5 2864. 40 ^ 3310-38211 7 3237. 66
J

7791-38669
4 2871. 35 44 3263. 14 3310-33946
2. 5 2873. 62 44 3271. 61 I 3310-33867
9 2878. 66 I 3310-38038 200 3280. 55 1530-32004
6 2880. 76 I 3310-38013 9 3281. 70 I 11968-42431

11 2882. 37 9221-43905 200 3283. 57 2598-33044
6 2885. 97 { 7791-42431 24 3289.14 { 3473-33867
6 2889. 11 1530-36133 4 3289. 64 14788-45178
6 2889. 84 5691-40285 18 3294. 28 12723-43070
5 2899. 96 10313-44787 4 3296. 72 12723-43048
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Rhodium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Intens ity

and
Character

Wave-
length
in A

Spec-
*l"T*nLi. LLXIl

Energy
Levels
in K

22 3300. 46 I 10313-40603 750 3528. 02 J 1530-29866
360 3323. 09 I 1530-31614 75 d 3538. 14 I 5691-33946

5 3331. 09 I 5658 — 35670 3538. 26 14788-43042
4 3331. 24 I 9221-39231 24 3541. 91 { 11006-39231

28 3338. 54 I 1530-31474 100 3543. 95 J 5658-33867

6 3342. 90 I 9221-39127 150 3549. 54 J 3310-31474
7 3344. 20 I 11006-40900 20 3564.13 I 14382-42431
5 3359. 90 I 13975 — 43729 100 3570. 18 3473-31474

24 3360. 80 I 5658-35404 400 3583.10 J 1530-29431
5 3362.18 I 3310-33044 10 3583. 53 I 10313-38211

36 3368.38 I 2598-32277 400 3596.19 J 2598-30397
4 3369. 68 I 10313-39981 500 3597.15 I 3310-31102

95 3372. 25 I 2598 — 32243 26 O / A C A /
3605. 86 10313-38038

9 3377.14 I 12723-42325 260 3612.47 \ 3473-31147
7 3377. 71 I 11006-40603 20 3614. 78 I 16121-43777

9 3385. 78 I 13521-43048 17 3620. 46 J 7791-35404
480 3396. 85 I 0-29431 150 3626. 59 I 9221-36787
70 3399. 70 I 2598 — 32004 8

O / A ~7 A A3627. 80 11968 — 39525
14 3406. 55 I 14382-43729 26 3639. 51 \ 11006-38474
70 3412.27 I 16018-45316 30 3654. 87 I 5691-33044

5 3420. 16 I 12723-41953 700 3657. 99 I 1530-28860
28 3421. 20 24 3661. 86 I 16121-43421
10 d 3424. 38 I 7791—36985 110 3666. 22 2598-29866

700 3434. 89 I 0-29105 15 3666. 91 I 11968-39231
120 3440. 53 I 16121-45178 12 3674. 76 I 11006-38211

3 3442. 63 I 14382-43421 48 3681. 04 I 11968-39127
10 3447. 74 I 7791-36787 160 3690. 70 I 3310-30397
5 3448. 58 I 14788-43777 800 3692. 36 0-27075

10 3450. 29 I 13521-42495 5 3694. 95 \ 13521-40577
5 3451. 15 I 3310-32277 80 3695. 52 I 16018-43070

34 3455. 22 I 3310-32243 24 3698. 26 I 11006-38038
5 3455. 42 I 11968-40900 32 3698. 60 I 16018-43048

15 3457. 07 I 10313 — 39231 650 O ~7 A A AT3700. 91
\

1530 — 28543
19 3457. 93 I 13521-42431 80 3713.02 3473-30397

500 3462. 04 I 2598-31474 5 3713. 43 J 16121-43042

15 3469. 62 I 10313-39127 4 3714. 83 I 9221-36133
400 3470. 66 I 3473-32277 1.4 3724.94 I 11968-38807
10 3472. 25 I 9221—38013 55 3735. 28

{

13521 — 4U2o5
400 3474. 78 I 3473-32243 36 3737. 27 11968-38718
180 3478. 91 I 3310-32046 36 3744.17 I 11968-38669

8 3484. 04 I 3310-32004 100 3748. 22 I 10313-36985
7 3491. 07 I 11968-40605 20 3754.12 I 13975-40605
9 3494. 44 I 11968 — 40577 32 O "7 C /I A ~7

3754. 27
{

13975 — 4U6U3
100 3498. 73 I 3473-32046 42 3755. 58 5658-32277
500 3502. 52 I 0-28543 85 3760. 40 I 5658-32243

5 3505.41 I 11006-39525 200 3765. 08 I 5691-32243
240 3507. 32 I 2598-31102 42 3769. 97

I

14382-40900
5 3511. 78 I 16121-44588 6 3775. 72 16018-42495
5 3513.10 I 13975-42431 32 3778.13 13521-39981
5 3519. 54 I 10313-38718 85 3788. 47 5658-32046
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Rhodium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

110 3792. 18 11006-37369 180 4135. 27 5691-29866
JC.\J J 1 y J, L.C. 90 1 979'? "^^707

Lc. 1 C.J — JO 1 0 1

420 3799. 31 I 5691-32004 28 4196. 50 I 9221-33044
65 3805. 92 I 13521-39788 6 4206. 62 I 3310-27075

110 3806. 76 I 2598-28860 280 4211. 14 I 5691-29431

4 3809. 50 11968-38211 2.5 4230. 20 10313-33946
po •ipn o /It; xUjIj — JJOO I

40 3815.01 I 16121-42325 5 4273. 43 I 13975-37369
65 3816. 47 I 14382-40577 5 4278. 60 I 11968-35334

110 3818. 19 I 9221-35404 70 4288. 71 I 7791-31102

320 3822. 26
J

7791-33946 6 4296. 77
J

13521-36787
0 nnC UU ^O<io. to Q991 — 9 n A'iAO AAHjHc., HH Q991 _ ^99/1'^

170 3833. 89 I 7791-33867 4 4373. 04 I 11006-33867
4 3834. 75 I 11968-38038 360 4374. 80 I 5691-28543

500 3856. 52 I 5691-31614 8 4379. 92 I 9221-32046

42 3870. 01
{

16121-41953 2. 0 4433. 32
J

16119-38669
o JO 1 C, dAQ"? AlHHyC H 1

Q991 — "^1 Al A

32 3811.34 I 5691-31474 2.5 4503. 78 I 14788-36985
6 3888. 34 I 13521-39231 2. 0 4528. 72 I 7791-29866
2.5 3904. 22 I 13521-39127 1.4 4544. 27 I 14788-36787

2. 0 3912. 83
J

3310-28860 3.0 4548. 73
J

11968-33946
1 u JX 1 ti'^n —9707^ ARRI kAHDZJ ± . OH 1 — ^9977J i.j — JC.L. 1 1

20 3922. 19 I 5658-31147 1.6 4560. 89 I 16119-38038
170 3934. 23 I 5691-31102 1. 4 4565. 19 I 11968-33867

4 3934. 98 I 14382-39788 11 4569. 00 I 9221-31102

42 3935. 84 11968-37369 1.2 4571. 31
9 ^ dADfi 1

9

HDUO. Lc. XJ 7 1 D JDO

1

u

8 3958.24 I 13975-39231 1.2 4619. 91
320 3958. 86 I 7791-33044 2.0 4643. 18 I 16944-38474

4 3964. 54 13 4675. 03 I 5691-27075

32 3975. 31 13521-38669 1.6 4721. 00 9221-30397
^1

U

aqp/i /in AlA^ 1

1

77Q1 — 9fiRAn1171. — ^OoDU
20 3995. 61 I 10313-35334 1. 0 4755. 58 I 14382-35404
32 3996. 15 I 11968-36985 2. 0 4810. 49 I 27075-47857
10 4023. 14 I 14382-39231 1.8 4842. 43 I 9221-29866

5 4048. 41 13975-38669 4 4843. 99 27075-47714
2 HO-JX. Oj
3.5 4053. 44 I 11006-35670 5 4963. 71 I 11006-31147
2. 0 4056. 34 I 9221-33867 5 4977. 75 I 10313-30397
6 4077. 57 I 13521-38038 3. 5 4979. 18 I 11968-32046

48 4082. 78
J

7791-32277 1. 2 5085. 52
i. D /inp/i op 9c;qp — 9707^; D 7 U . Oj Q991 — 9RRAn7 L.LX ^OODU
4 4087. 79 I 16121-40577 2. 0 5120. 69 I 13521-33044
5 4088. 50 I 7791-32243 1. 6 5130. 76 I 14382-33867

12 4097. 52 I 11006-35404 5 5155. 54 I 11006-30397

4 4107. 49 14788-39127 1.2 5157. 09
{

28543-47928
6 4116. 33 14382-38669 3.5 5158. 69 28860-48239

10 4119. 68 16018-40285 5 5175. 97 28543-47857
90 4121. 68 7791-32046 1. 0 5177. 27 32046-51356

130 4128. 87 7791-32004 3. 0 5184. 19 7791-27075
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Rhodium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

8 5193. 14 I 28543-47793 0. 6 5907. 31 I 16121-33044
1.4 u. o i^QT P c:a 1 1 QAD OQDAniivDO — iiOObu
1.4 5211. 52 I 31102-50285 0. 6 5941. 46 I 31102-47928

5212. 73 I 11968-31147 11 5983. 60 I 12723-29431
1.4 5214. 79 I 28543-47714 0.8 5991. 19 I 14788-31474

1.6 5222. 66
J

32277-51419 3.0 6102. 72 I 12723-29105
1.6 U. 0 OilD. X_> l^Dill — /170DD
4 5237. 16 I 31102-50191 0.7 6128. 06 I 14788-31102
n R 5237. 80 0.7 6186. 89 I 16119-32277
1.2 5269. 27 I 28860-47832 1.2 6199. 99 I 16119-32243

0.9 h 5280. 12 I 31474-50408 1.4 6253. 72 16018-32004
1.2 DCyC It XL. 1 C.J — JLOXH n A OC. 1 0. DO 1 A1 1 Q •^O riAA

1.2 5314. 79 I 31474-50285 0.7 I 16121-32046
-> h11 5329. 74 I 29105-47862 0.5 6293. 38 I 16119-32004

1.2 h 5331. 08 I 29105-47857 2.5 6319. 53 I 12723-28543

0. 8 5349. 31 I 29105-47794 1.0 6414. 72
J

28860-44445
11 ^'i.^A zin J LOLH — DKJL.OD 1 A1. H /LCT n A^03J.U. HI 1 A1 1 Q _ "^1 A~7A

2.0 5356. 47 I 31614-50278 1.6 6519. 70 I 16944-32277
A 5379. 10 I 31614-50199 0. 8 6627. 80 I 16018-31102
8 5390. 44 I 10313-28860 1.6 6630. 16 I 14788-29866

2.0 h 5404. 73 29431-47928 5 6752. 35 I 27075-41881
5 h ^AOA 07 'yQA'^^ —AiRf^o X. t-

A7QA At;O / /D. OD
1.6 5424. 72 I 11968-30397 1. 6 6827. 33 I 14788-29431
J.. D li 5425. 45 I 29431-47857 1.4 6857. 68 I 29866-44445
1.0 5439. 52 I 12723-31102 2.5 6879. 94 I 16944-31474

1. 0 h 5441. 36 I 29866-48239 8 6965. 67
J

12723-27075
0. 8 h ^AAA "XO 1 n1. u D y 1 L., 7

X

"^1 AlA — /IRRI 9

3.0 h 5445.23 2. 0 6979.15 I 31147-45471
0 n^. u 11 5468. 11 I 29431-47714 2.0 7001. 58 I 16119-30397
3.0 h 5470. 85 I 32004-50278 1. 8 7038. 76 I 16944-31147

1. 0 5476. 12 I 14788-33044 3.0 7101. 64 I 30397-44475
1.0 C /I Ql /I 0 71 HA A^ 1 A7RR — 9RRAn±n / OO — ^OODU
1.4 5484. 23 I 32004-50233 1. 0 7142. 55 I 31474-45471
u, o 5504. 65 I 32046-50208 1.6 7219. 06 I 16018-29866
2.5 5535. 04 I 29866-47928 3.0 7268.18 I 14788-28543

1. 8 1 5544. 58 I 29866-47897 6 7270. 82 I 28543-42293
14 ID_)77. 'til ^ C.LL — c. I\j Id 7971

1 c. 1 L, vH 1 AT 1 Q — 9QRAAXOX±7 ^700D
0. 6 5607. 71 I 33946-16119 0. 8 7273. 03 I 16121-29866

5608. 35 I 16121-33946 1.6 7375. 57 I 13521-27075
0.4 5632. 77 I 16119-33867 0. 8 h 7386. 64 I 32277-45812

0. 8 5659. 62 I 14382-32046 1.6 7430. 80
J

16944-30397
3. 5 boob, io LddcL — ^iiU/i J. u n lAAO "XQ

0. 8 h 5702. 47 I 33946-51478 1.2 7446. 77 I 32046-45471
0.5 5727. 30 I 14788-32243 2.0 7475. 74 I 31102-44475
2. 5 5792. 77 I 14788-32046 2.0 7495. 24 I 28543-41881

0. 8 5795. 79 1. 4 7542. 02
{

36787-50043
0. 8 5803. 34 1.8 7557. 67 32243-45471
3.5 5806. 91 I 14788-32004 1.4 7577. 22 32277-45471
0.5 5821. 84 I 13975-31147 1.8 7690. 05 31474-44475
3.0 5831. 58 I 12723-29866 3.0 7772. 90 29431-42293

278



Rhodium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5

9

2.5
2.5
3.5

7791. 61
7824. 91
7830. 05
7846. 50
8029. 91

31614-44445
29105-41881

16119-28860
29431-41881

1.8 h 8036.11 I 32004-44445

5

1.2
2.5
1.2
0. 8

1.4

h
h

8045. 40
8063. 50
8136.20
8193. 63
8369. 55

8425. 51

29866-
32046-
14788-
32243-
33867

-42293
-44445
•27075
44445
45812

33946-45812

279



RUBIDIUM

Rb, Z=37, M=85.48, Ratio ^=1.345

Rb I Normal state of valence electrons 5s^ %^=0. I.P.= 33691 K
Rb II Normal state of valence electrons 4p^ 'Sq =0. I.P.=221852 K

References

Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Rb I, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Intensities

:

L. S. Ornstein and J. Key, Physica 1, 945 (1934).

G. Stephenson, Proc. Phys. Soc. (London) A44, 458 (1951).

Relative intensity of rubidium lines observed in an arc of copper containing 0.1 atomic
percent of rubidium

Strong lines of rubidium

Intensity Wavelength Spectrum Energy levels Term combination
A K

3000 7800. 23 I 0-12817 4p65s' 2SoM—4p«5pi 'PiH
1500 7947. 60 I 0-12579 4p«5si 2SoK—4p65pi ^PoH

Rubidium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

32 4201. 85 0-23793 5 7408. 17 12817-26311
16 4215. 56 0-23715 7 7618. 93 12579-25701
1. 2 h 5648. 10 12579-30280 11 hi 7757. 65 12817-25704
2, 0 1 5724. 45 12817-30282 2. 0 7759. 43 12817-25701
2. 5 6206. 31 12579-28687 3000 7800. 23 0-12817

4 h 6298. 33 12817-28689 1500 7947. 60 I 0-12579
3.5 hi 7280. 00 12579-26311
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RUTHENIUM
p..

Ku, Z=44, M=101.1, Ratio ^= 1.591

Ru I Normal state of valence electrons 4c^' 5s' =0. I.P.= 59410 K
Ru II Normal state of valence electrons ^d^ '^F^y=0. I.P.= 135200 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented by K. G. Kessler and W. F. Meggers, J. Research NBS 55, 97 (1955).

Classification

:

Ru I, K. G. Kessler, J. Research NBS 63A, 213 (1959).

Ru II, A. G. Shenstone and W. F. Meggers, J. Research NBS 61, 373 (1959).

Relative intensity of ruthenium lines observed in an arc of copper containing 0.1 atomic
percent of ruthenium ,

Strong lines of ruthenium

Intensity Wavelength
A

Spectrum Energy levels
K

Term combination

1000 3728. 03 I 0-26816 5si a ^Fs—5p' z 6F
850 3498. 94 I 0-28572 5si a sFs—Sp'
800 3726. 93 I 1191-28015 5si a 6F4—5p' z 5F
700 3593. 02 I 2713-30537 5si a 6F2—5p' 2

700 3798. 90 I 1191-27507 5si a 6F4—5p' z^D

700 3799. 35 I 0-26313 5si a 6F5—5p' z^D
700 4199. 90 I 6545-30348 5si a 3F4—5p' z 3F
650 3436. 74 I 1191-30280 5si a SF4—5p' Z 5G
650 3589. 22 I 3105-30959 5si a 6F,—5p' z

650 3596. 18 I 2092-29891 5s' a 6F3—5p' 2 =G

650 3730. 43 I 2092-28891 5si a 6F3—5p' 2

600 3661. 35 I 1191-28495 5si a 6F4—5pi 2 3G
550 3790. 51 I 2092-28466 5s' a ^F3—5p' 2 6D
550 4080. 60 I 6545-31044 5s' a 3F4— 5)0' y
500 3428. 31 I 0-29161 5si a 'Fs— 5)0' z 'F

500 4212. 06 I 6545-30280 5si a 'F4—5p' 2

500 4554. 51 I 6545-28495 5si a 3F4—5p' 2 3G
360 3786. 06 I 2713-29118 5s' a 6F2~5p' 26D
340 4297. 71 I 8084-31346 5s' a ^Fa—5)0' 2 3G
320 3417. 35 I 2092-31346 5s' a 5F3—5p' 2 3G

320 3742. 28 I 2713-29427 5si a 6F2—5p' 2 6F
300 3634. 93 I 2092-29595 5s' a ^Fa—5p' 2 'F
300 3925. 92 I 0-25465 5s' a ^F,,—5p' 2'D
260 3745. 59 I 12207-38898 5s' a 'Gs—5p' zm
220 4372. 21 I 7483-30348 5s2 a 6D4—5p' 2 3F
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Ene r gy
Levels
in K

4 2076. 43 I 0-48144 5 2494. 48 II 11304-51380
5 2083. 77

I

1191-49165 9 2495. 69 II 27545-67602
5 2090. 89 7 2496. 56 7483-47526
9 2255. 52 0-44322 15 2498. 42 II 11304-51317
4 2259. 53 0-44243 15 2498. 57 II 10852-50863

^
12 2272. 09 I 0-43999 9 2499. 78 I

4 2278. 19 1191-45071 3. 5 2500. 84 9073-49048
14 2279. 57 \ 8 2501. 48 \ 9073-49037
3. 0 2285. 38 0-43743 6 2501. 89 J 9184-49141
7 2302. 54 1191-44608 28 2507. 01 II 11304-51179

13 2317. 80 I 1191-44322 14 2508. 27 I 7483-47339
4 2322. 01 1191-44243 12 2509. 07 9121-48964
4 2334. 96 II 10151-52964 3. 5 2511. 56 {

8 2340. 69 2092-44801 12 2512. 81 J 8084-47868
7 h 2342. 85 II 10151-52820 12 2513. 32 II 11604-51380

7 2349. 34 I 1191-43743 7 2515. 28 I 8044-47789
12 2351. 33 2092-44608 12 2517. 32 II 11604-51317
7 2357. 91 II 9152-51549 6 2517. 62 9058-48766
6 2360. 56 2092-44442 3. 5 2519. 95 J

8 2370. 17 2713-44891 6 2521. 61 J 9121-48766

12 2375. 27 I 2713-44801 3.0 2525. 17 I 8575-48165
4 2375. 63 II 11604-53685 8 2526. 83 7483-47047

10 2392. 42 3105-44891 6 2528. 88 9073-48604
6 2396. 71 II 9152-50863 6 2530. 64 J 8044-47547

50 2402. 72 II 9152-50758 5 2533. 24 J 7483-46947

10 2407. 92 II 11304-52820 16 2535. 59 II 26911-66338
4 2410. 89 5 2541. 28 8771-48109
4 2414. 82 II 10151-51549 7 2543. 25 II 25952-65260

10 2420. 82 30 2544. 22 8575-47868
4 2422. 92 13 2546. 67 I 8084-47339

4 2429. 60 I 8575-49722 30 2549. 48 I 7483-46695
6 2432. 93 6545-47635 60 2549. 58 6545-45756
3. 5 2447. 45 \ 9492-50339 2. 5 2555. 86

3. 5 2450. 58 6545-47339 3. 5 2556. 00 I 9492-48604
7 2454. 92 8044-48766 4 2556. 31 J 9058-48165

20 2455. 53 II 10151-50863 5 2558. 54 I 8084-47157
16 2456. 44 II 10852-51549 14 2560. 26

\

8771-47818
40 2456. 57 II 10151-50845 13 2560. 83

7 h 2458. 62 7483-48144 12 2563. 15 I 8044-47047
6 2462. 94 8575-49165 3. 0 2564. 58 I 9184-48165

9 2464. 70 I 8044-48604 6 2566. 59 I 8575-47526
3. 5 2474. 04 9620-50028 17 2568. 77 7483-46401

12 2475. 41 7483-47868 3. 0 2569. 74 8044-46947
11 2476. 88 8044-48405 11 2570. 97 J

30 2478. 93 II 10852-51179 3. 0 2572. 28 J 8771-47635

3.0 2481. 11 II 29019-69311 6 2572. 41
\

8084-46947
3. 5 2489. 91 6545-46695 3. 0 h 2575. 24 6545-45365
2. 0 2491. 78 9184-49304 11 2578. 57 8575-47345
7 2493. 69 II 26109-66199 6 2578. 95 8575-47339
9 2494. 02 9058-49141 5 2579. 22 8044-46804
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Ruthenium — All Observed Lines

Intensity
3.n(l

Char acte r

Wave-
length
in A

Spec-
trum

Energy
ijCveis
m IS.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

11 2579. 53 8771-47526 1. 4 2656. 69 8771-46401
10 2580. 80 J 9073-47809 5 2658. 40 \ 9184-46789
8 2581. 14 I 9058-47789 44 2659. 62 I 7483-45071
7 2581. 91 I 8084-46804 2. 5 2661. 17 II 25952-63518
6 2583. 04 I 8044-46746 36 2661. 61 II 9152-46711

8 2584. 14 8575-47262 22 2664. 76 1191-38706
5 2585. 74 \ 8084-46746 3. 5 2667. 40 II 26109-63588

11 2589. 57 I 9184-47789 4 2667. 97 9058-46528
7 2590. 97 I 7483-46067 6 2673. 48 I 9073-46466

18 2591. 12 I 8575-47157 5 2673. 60 I 8084-45476

4 2591. 64 8771-47345 75 2678. 76 II 9152-46471
13 2592. 02 8771-47339 24 2686. 29 8575-45790
11 2593. 70 I 12817-51360 3. 0 2687. 50 II 26109-63308
12 2594. 85 I 6545-45071 3. 5 2688. 11 I 26118-63308
5 2597. 33 I 9058-47547 2688. 16 II

9 2601. 46 2. 0 2689. 90 10624-47789
8 2605. 35 \ 8575-46947 36 2692. 06 II 10151-47285
7 2605. 86 I 9184-47547 4 2693. 29 9073-46191

40 2609. 06 I 8084-46401 10 2699. 88 I 8044-45071
5 2609. 48 I 10624-48934 12 2701. 34 I 9184-46191

9 2611. 05 9058-47345 12 2702. 83 8084-45071
90 2612. 07 \ 7483-45756 4 2707. 97 \ 2092-39009
10 2614. 07 I 1191-39434 18 2709. 20 I 8575-45476
6 2614. 59 I 2713-40949 22 2712. 41 II 10852-47708

11 2615. 09 I 8575-46804 8 2713. 19 I 9620-46466

8 2617. 79 9620-47809 5 2717. 40 3105-39895
10 2619. 67 j 9184-47345 2. 5 2718. 83 J

9 2620. 61 I 8044-46191 75 2719. 52 I 7483-44243
3. 0 2623. 83 I 16191-54292 10 2721. 56 I 9058-45790
6 2627. 65 I 7483-45529 14 2722. 65 I 9073-45790

24 2631. 30 7483-45476 8 2724. 06 9492-46191
6 2631. 57 J 9058-47047 15 2725. 47 II 11304-47984
5 2632. 13 I 10624-48604 6 2728. 83 9121-45756
5 2632. 50 I 8771-46746 2. 5 2729. 46 I 8575-45202
3. 0 2633. 46 I 11447-49409 6 2730. 33 I 2092-38706

24 2635. 86 9620-47547 10 2730. 93
\

9183-45790
18 2636. 67 \ 12207-50122 5 2733. 59 9620-46191
10 2638. 51 I 9058-46947 34 2734. 35 II 10151-46711
8 2639. 12 I 9620-47501 200 2735. 72 I 0-36543

12 2640. 33 I 9184-47047 18 2739. 22 I 8575-45071

50 2642. 96 8575-46401 8 2743. 94
\

6545-42978
3 0 2646. 02 J 10624-48405 14 2744. 45 8771-45197

12 2647. 32 I 9184-46947 4 2747. 97 II 11604-47984
3. 5 2648. 45 I 8044-45790 8 2752. 45 II 10151-46471
3. 0 2648. 78 I 12207-49949 8 2752. 77 II 19379-55695

7 2649. 51 9058-46789 10 2753. 44
}12 2651. 29 { 8084-45790 4 2762. 31 8044-44235

36 2651. 84 6545-44243 28 2763. 42 1191-37367
3.0 2656. 25 II 25952-63588 4 2765. 44 II 20515-56665
1. 4 2656. 56 10 2768. 93 II 11604-47708
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
m Is.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

4 2774. 48 I 4 2913.17 I 11786-46103
11 2778. 38 II 11304-47285 4 2914.30 I 11753-46056

L.D C. 1 OD, OD £.71. O, CO ii7i — 3dh I i

12 2787. 83 II 10852-46711 3.0 2917. 77 I 8084-42347
4 2792. 64 I 8044-43842 16 2919. 61 I 3105-37347

15 2802. 81 I 8575-44243 3. 0 2927.12 I 14700-48854
4 2806. 74 II 21646-57263 4 2927. 54 II 20515-54663

J o COXU, \JJ L.\iyc. — J 1 OOO A 1 1 7fl A A t;7Qn11/ OD — '\0 I7\J

190 2810. 55 I 1191-36760 6 2940. 36 I 7483-41483
6 2812. 82 I 8 2943. 92 I 8575-42534

8 2817. 09 I 2713-38200 20 2945. 67 II 19379-53317
38 2818.36

J

0-35471 20 2946. 99 I 8084-42007
^ OX O. 7 J o / / 1 — HHCjD zintu C7H7, DU OD'iD — 'f<JHJ7

12 2822. 03 I 8084-43509 4 2952. 50 I 3105-36965
22 2827. 87 I 1191-36543 16 2954. 49 I 8043-41881

44 2829. 16 I 6545-41881 8 2958. 00 I 8084-41881
14 2834. 00

J

2092-37367 3.0 2959. 74 I 7483-41260
n oo 1 1 AA~7 A^OnO

16 2840. 54 I 6545-41739 2.0 2963. 40 II 21246-54981
4 2841. 68 II 20515-55695 6 2963. 72 I 6545-40277

8 2843. 17 I 9073-44235 60 2965. 16 I 2092-35807
4 2846. 32 9121-44244 18 2965. 55 II 20515-54225
g OO/IO CODO •^1 nc; — "^RonnJ i.\iD — jOC\)\J o 9QAR ZIR lUO^H — HHjUl.

70 2854. 07 I 2092-37119 9 2968. 95 I 8084-41756
20 2860. 02 I 2713-37668 4 2973. 99 I 9492-43108

46 2861. 41 I 6545-41483 3.0 2974. 34 I 10624-44235
60 2866. 64 I 2092-36965 15 2976. 59 II 19379-52964
9 2868.19 I 9121-43976 60 2976. 92 I 1191-34773

12 2868. 31 I 5 2977. 23 II 21646-55224
10 2871. 64 I 8 2979. 72 I 15054-48604

II 20515-54065
200 2874. 98 I 0-34773
24 2879. 76 6545-41260 8 2979. 96 II 21246-54794

9RQ1 OR J 1 UD — J 1 OUC D 971 — A9'^ Q

6 2882. 12 II 19379-54065 150 2988. 95 I 0-33447
14 2883. 60 I 2092-36760 4 2989. 66 I 8044-41483

7 2884. 51 I 9184-43842 4 2991. 62 II 21246-54663
80 2886. 54 I 2713-37347 12 2993. 27 8084-41483
oo C.OO0, uu 1 1 Q1 — ^c:Rn7i 1 7± — JDOU

1

OQon QACvyHm 'O CU7C JDH

1

X

4 2891. 65 I 15550-50122 6 2996. 90 I 9058-42416
20 2892. 56 I 3.0 2997. 43 I 10624-43976

8 2896. 53 I 3105-37620 10 2998.35 I

6 2898. 54 I 8044-42534 6 3001. 64
J

8575-41881
OUoH — Hl.Dj'^ ZIR 971 — RQAA

6 2902.10 I 10624-45071 4 3008. 26 I 9184-42416
2.0 2903. 08 I 9073-43509 6 3008. 80 I 9121-42347

15 2905. 65 I 2713-37119 6 3012. 92 I 8575-41756
7 2905. 83 6545-40949 6 3013.36

{

8084-41260
8 2906. 32 \ 7483-41881 36 3017.24 3105-36239

40 2908. 88 3105-37473 2.0 3019.37 8771-41881
3. 5 2909. 22 8575-42939 34 3020. 88 2713-35807
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Ruthenium — All Observed Lines

Intensity

Via T* 3 1" T*

Wave-

in A

Spec-
trum

Energy
T ,p -^rp 1 e
J_i^ V X 0

in K

Intensity
A n H

Wave-
1 Ti rrl"ViX C 11 td Uli

in A111 £\.

Spec-
trun^

Ene rgy
T 0 T r0 1 C
J_jC V C X 0

in K"111 XV

26 3033. 45 7483-40439 8 3254. 54 2713-33431
7 3034 06 J 9058-42007 6 3254. 71 J 9058-39774
6 3035. 47 I 9073-42007 28 3260! 35 I 1191-31853
6 3038. 18 I 8044-40949 12 d 3264. 55 I 3105-33729

20 3040. 31 I 1191-34072 3264. 66 I 8084-38706

22 3042. 48 3105-35964 12 3266. 44 10655-41260
A 3042 83 10655-43510 20 3268. 21 J 13646-44235

11 3045. 71 I 9184-42007 20 3273.' 08 I 8044-38587
6 3048. 50 I 7483-40277 20 3274. 71 I 10655-41183

11 3048. 78 I 2092-34882 10 3277. 57 I 14700-45202

15 3054. 94 8044-40768 50 3294. 11 0-30348
40 3064 84 \ 9121-41739 6 3296. 11 J 13646-43976
9 3068. 26 I 6 3297! 96 I 9121-39434
9 3073. 34 I 11447-43976 38 3301. 59 I 0-30280
9 3080. 90 I 11786-44235 22 3306. 17 I 8771-39009

6 3086. 07 I 11447-43842 6 3315. 05 I 8044-38200
17 3089. 14 I 9121-41483 30 3315. 23 I 1191-31346
12 3089. 80 I 8084-40439 30 3316. 39 I 10624-40768
6 3090. 23 I 17097-49448 6 3317. 89 I 8575-38706
6 3091.87 I 2713-35047 6 3318. 82 I 14700-44823

3318. 91 I 9620-39742
34 3096. 57 12207-44492
12 3097 60 10624-42897 10 3325. 00 3105-33172
85 3099. 28 I 1191-33447 4 3332. 05 I 31385-61388
75 3100. 84 I 1191-33431 12 3335. 69 I 11786-41756
9 3110. 55 I 9121-41260 95 3339. 55 I 8771-38706

6 3124.17 2092-34091 24 3341. 66
J

9121-39037
12 3125. 96 \ 2092-34072 6 3344. 53 0-29891
9 3132! 88 I 10624-42534 20 3361.15 I 17046-46789
9 3136. 56 I 8044-39917 6 3362. 00 I 11447-41183
9 3140. 97 I 9121-40949 38 3368. 45 I 2713-32392

9 3144.26 14700-46495 10 3371.86 9058-38706
A 3150 69 J 8044-39774 13 3374. 65 \ 8044-37668

12 3153. 82 I 8044-39742 12 3378. 02 I 0-29595
6 3158. 89 I 9121-40768 10 3379. 60 I 10655-40235

30 3159. 92 I 2092-33729 13 3380.18 I 8044-37620

20 3168. 52 11447-42998 13 3385. 14 12207-41739
A 3177 05 IT 1 0379-50845 13 3388. 71 J 11447-40949

18 3186. 04 2713-34091 10 3389. 50 I 2713-32208
24 3188.34 I 2092-33447 6 3391. 89 I 14828-44301
24 3189.98 I 2092-33431 38 3392. 54 I 0-29468

18 3196. 59 3105-34380 32 3401. 74 9620-39009
A 3212 97 9121-40235 32 3409. 28 \ 8044-37367
6 3216. 52 I 2092-33172 19 3411. 64 I 8044-37347

18 3223. 27 I 2713-33729 320 3417. 35 I 2092-31346
11 3226. 37 I 3105-34091 7 3420. 08 I 11786-41017

10 3227. 88 8771-39742 500 3428.31
{

0-29161
22 3228. 53 } 8044-39009 13 3428. 63 1191-30348
22 3238. 53 15054-45923 19 3429. 54 10624-39774
12 3241. 24 9073-39917 50 3430. 77 2713-31853
12 3243. 50 6545-37367 10 3432. 21 9073-38200
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec- f;^^fy
trum .m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

32 3432. 74 I 9121-38243 17 3631. 71 I 6545-34072
•2/1 -3-2 9^ g io5i. 7L 17097 — 44608

16 3435. 19 I 3105-32208 300 3634. 93 \ 2092-29595
650 3436. 74 I 1191-30280 12 3635. 52 I 9620-37119
26 3438. 37 I 8044-37119 20 3637. 47 I 13699-41183

22 3440. 20 I 7483-36543 4 3638. 02 I 15054-42534
lb "2/1/10 anJHHO. 73 T 1 1 A A~J /in/1'2'2

1 1144 / — HUH J

J

l7 •2 / /I n /I /I3b4U. b4 12817-40277
10 3452. 90 I 2092-31044 16 3646. 11 { 12817-40235
7 3456. 62 I 15054-43976 28 3650. 32 I 8084-35471
7 3463. 14 I 2092-30959 6 3652. 32 I 2713-30085

26 3473. 75 I 10655-39434 30 3654. 40 I 16240-43597
OA •2/iDi "in

1 C5U44 — ^b/oU ^bbU. oi ib24U — 43b47
13 3483. 16 I 1191-29892 600 3661. 35 { 1191-28495
13 3483. 29 I 1191-29891 80 3663. 37 I 7483-34773
13 3494. 25 I 9058-37668 60 3669. 49 I 12207-39451

13 3495. 97 I 8771-37367 22 3678. 32 I 2713-29892
JH70. 1 U — COD 1 d.

/I4 JOOD. 70 l^b4b — 4U / bo
1 3502. 42 I 8575-37119 24 3696. 59 I 10624-37668

65 3514. 49 I 2092-30537 10 3697. 76 I 8771-35807
34 3519. 64 I 1191-29595 12 3700. 99 I 17097-44109

20 3528. 68 I 2713-31044 2.5 3702. 24 I 8044-35047
1

J

JDjL. J7 1 7Ul)0 — J 1 JO 1 iU -271 o
1 /U4b —4^7 /

b

24 3532. 81 I 14700-42998 5 3715. 56 I 9058-35964
10 3535. 37 I 1191-29468 10 3716. 18 I 6545-33447
13 3535. 83 I 9073-37347 38 3717. 00 I 8575-35471

40 3537. 95 I 2092-30348 24 3719. 33 I 17097-43976
oU "XC 2Q "2 "7 T T71'2 '2riQC;Q ib -270/1 Q7^ / Z4, 7 1

Qfl/l A lA DQOoU44 — ^4oo2
20 3541. 63 I 6545-34773 5 3725. 49 I 11753-38587
13 3550. 27 I 2092-30250 50 3726. 10 I 12207-39037
13 3553. 85 I 11786-39917 800 3726. 93 I 1191-28015

10 3556. 63 I 11786-39895 1000 3728. 03 I 0-26816
2 C A /I C,L

1 7\J 1 J — 3 1 1.17 •27'2 n A

1

J 1 J\J. HJ OnQO OQQQl£.\J7C — C0071.

13 3567. 16 I 13982-42007 8 3732. 03 } 13646-40433
70 3570. 59 I 15550-43549 8 3733. 05 I 9184-35964
20 3574. 58 I 8575-36543 26 3737. 40 I 9058-35807

7 3579. 77 I 2092-30018 5 3737. 74 I 9492-36239
A n4U 1 c o"7 on

1 ib<d4U— 44iU7 /!

4 3 / 3o. d3 l^b77 — 4U4^7
650 3589. 22 I 3105-30959 10 3738. 91 { 16240-42978
700 3593. 02 I 2713-30537 38 3739. 46 I 13699-40433
650 3596. 18 I 2092-29891 320 3742. 28 I 2713-29427

130 3599. 76 I 8771-36543 80 3742. 78 I 15550-42261
13 1 7b^:U — J 1 JH 1 do •27/1/1 OOJ 1 44. cc

\

Q771 1C;/171o / /I — iOH

1

i

10 3608. 73 I 9058-36760 38 3744. 40 16240-42939
6 3616. 95 I 9121-36760 260 3745. 59 I 12207-38898

10 3619. 20 I 12817-40439 70 3753. 54 I 12817-39451

6 3620. 28 I 13646-41260 28 3755. 09
\

9184-35807
6 3623. 64 I 10655-38243 80 3755. 93 12817-39434

34 3625. 20 I 10624-38200 110 3759. 84 7483-34072
36 3626. 74 I 17097-44662 34 3760. 03 3105-29694
4 3627. 29 I 13699-41260 55 3761. 51 13699-40277
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Ruthenium — All Observed Lines

Intensity
ana

Character

Wave-
iengtn
in A

Spec-
trum

Energy
jujeveis
m IS.

Intensity
and

Wave-
length
in A

Spec-
trum

Energy
Levels
m ts.

55 3767. 35 13699-40235 3 3894. 24 11447-37119
1

7

J? / 1 J, X 1
Q
/ '?R97 ?4 y XL. X JH 1 1 J

140 3777. 59 I 3105-29570 9 3898. 36 I 8084-33729
14 3778. 70 I 12817-39273 14 3901. 24 I 1191-26816
42 3781. 18 I 20056-46495 12 3908. 76 I 14700-40277

55 3782. 74 27289-53718 70 3909. 08 13699-39273
U ^78^ DA

J? / OO. U

u

P71 _0Q1 1 Q 9 391 2 11^ / X t.. XX J 9499 — "^^047

550 3790. 51 I 2092-28466 14 3914. 85 I 8044-33580
22 3794. 92 I 16191-42534 24 3920. 92 I 8575-34072

I 9620-35964 140 3923. 47 I 12817-38297

8 3795. 18
J

10624-36965 6 3924. 63 20056-45529
/ u ^ X u «J cy^L-i ^ u u 3925 92 J

700 3798. 90 I 1191-27507 55 3931. 76 I 9620-35047
700 3799. 35 I 0-26313 I 12817-38243
28 3800. 26 I 8575-34882 28 3933. 55 I 2092-27507

8 3803. 20
J

20242-46528 11 3937. 90 8044-33431
C.Q ^ OU O. OO u ^941 6^ 8084 — ^'^447OUOt J7 /

55 3812. 72 I 12817-39037 8 3942. 06 I 3105-28466
14 3814. 86 I 15054-41260 6 3944. 19 I 8084-33431
70 3817. 27 I 15550-41739 70 3945. 57 I 16240-41578

70 3819. 03 2713-28891 3.5 3946. 31
J

11786-37119
"^81 Q 77 1 1 447 — '^7A?n Ao "^949 4? 1 1 447 — "^^7^0

60 3822. 09 I 16191-42347 11 3950. 04 I 20056-45365
50 3824. 93 I 10624-36760 42 3950. 21 I 6545-31853
12 3828. 71 I 8771-34882 14 3950. 41 I 9073-34380

70 3831. 80 12207-38297 6 3951. 21
J

8771-34072
c u 28 •^Qi;p A8^/ -J L.m OO 1 AT 91 —41 48"?XOX/X tXT^O^

28 3838. 07 I 8044-34091 3.5 3957. 45 I 9620-34882
85 3839. 70 I 12207-38243 42 3964. 90 I 0-25214
14 3840. 82 I 8044-34072 3.0 3969. 79 I 10624-35807

8 3843. 16 3105-29119 8 3974. 50 8575-33729
^RJA AftJJOtO. DO / \J^ O J 1

'^978 44^ y / o. t J 8044 — "^^l 72

70 3850. 43 I 7483-33447 55 3979. 42 I 1191-26313
12 3852. 14 I 17046-42998 80 3984. 86 I 8084-33172
44 3856. 46 I 2092-28015 2.5 3987. 80 I 16191-41260

120 3857. 55
J

14700-40616 5 3993. 53
J

9058-34091
^ u 1 ^0^4 — 40949 iggc go gn73 _74ngi

60 3862. 69 I 17097-42978 2. 5 3996. 51 I 9058-34072
12 3865. 40 I 9184-35047 13 4005. 64 I 8771-33729

120 3867. 84 I 6545-32392 8 4006. 60 I 9120-34073

24 3873. 52 9073-34882 5 4007. 54
J

14827-39774
1.J J O / o. uo J 1 "^QQO _ "^0774X^ yOt J7 1 1 'i

Qo 4008 27t UU O. C 1 1 "^646 — ^8^87
9 3882. 01 I 2713-28466 8 4013. 50 I 7483-32392

12 3884. 02 I 14700-40439 5 4021. 00 I 15054-39917
9 3884. 68 I 13699-39434 140 4022. 16 I 8575-33431

9 3887. 77 15054-40768 55 4023. 83
{

1191-26036
14 3890. 20 } 9184-34882 8 4031. 00 6545-31346
6 3891.41 16191-41881 14 4032. 20 2713-27507

60 3892. 21 8044-33729 3.5 4037. 74 96^0-34380
3 3892. 77 20242-45923 28 4039. 21 14700-39451
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
T -t/-*^ 1 CJ iC V i. 0

in K111

4040 4R 99c;i 9 — 479A9 1 4X H 41 9A R7HX y D. 0 / y

16 4045. 76 I 17046-41756 50 4197. 58 I 8575-32392
6 4049. 41

J

15054-39742 50 4198. 88 8044-31853
4(151 40 fi77i —^'^447 7(1(1 Al QQ onH X y y . yU

J. o ^ UJ t.. t.U y 1 40XHU 49nA (19 y Hnfl4 "ii Qc;'?

4(154 n^i y 0771 —
'^'^d'^l 1"7 4907 A4 y 1 4H9Q '^Qc;Q7X'+O/iO — ^03o/

5 4062. 85 I 20056-44662 500 4212. 06 I 6545-30280
11 4062. 99 13982-38587 70 4214. 44 13646-37367
1 n 4(164 1 f) RR 491 7 97

J t y RR7R — '^^1 79 ^4 4990 ARHii^U. Do i.J70C — J 1 DOo

J. o *tVJU / • ox y 1 Al Ql — 4n7ARXUX/X HU /DO 1 0X u 499c; 09 y 90949 4700"^

70 4068. 37 I 14700-39273 7 4226. 66 15054-38706
14 4071. 40 13646-38200 17 4229. 31 13982-37620
L O 4(17"^ nn 91 R4 — "^"^799 RO 49*^0 "^1 Rc;7c; _ '^990R

4(176 7"? y 1 4X *T
49*^9 "^9 y R771 _'^9'^q9

J J u 4(lRn 6(1 y Ai;4[; — -^i 044 1 0X u 49'^A A7 y 1 4700 — '^R997XH/UU — jOc.7 1

7 4082. 79 I 11753-36239 70 4241. 05 I 8111-323^3
28 4085. 43 16713-41183 70 4243. 06 7483-31044
1 n ^fiQi (lA 1 7n4A — 41 4R'^ 1 0X u 4944 R'^ 9A9 0 — "^"^l 79

X u 4nQ7 (1"^ y R771 —'^^1790//X J J 1 L. 1 7X / 494A "^"^ y 1 4700 — ^R94'^

dnQ7 7Q y 91 R4 — '^'^^RnVXOt ^^-/OU "^4-yt 494A 7"^ y 900RA — 4'^R97

7 4100. 37 I 2092-26473 3. 5 4248. 14 I 15054-38587
32 4101. 74 9058-33431 28 4258. 99 13646-37119
7 41 (1? ?RHX U^, uO 74R'^ — "^1 RR'^ 7 49A0 00 1 0A94 — "^4091XUD^t — ^tUyX

X ^ dl (17 fi4HX U / • y 1 47(1(1 — '^9n'^7Xt/UU JJ\JJt 49A'^ 40 y 1 0A94 — "^4079

dl (IQHX U y. 0_J y 91 9(1_':^'^447 7 49AR AlHe U _y. U X y 1 OARR _ -14091XUO-J_P J7HUyX

170 4112. 74 I 8084-32392 3. 0 4277. 26 I 14827-38200
15 4113. 38 16713-41017 3.5 4278. 69 13982-37347

nX XH. X

^

Rn44 — '^9'^4'^ 4 n 49R1 9"^ox. /J 1 i;c;c;o — '^RR9R

D H X X O. IP U y 1191 _ 9t;4A4XX /X ^-JnOH 7 y AR4R — 99R91

XD 41 9(1 QQHX 11 U, y y y RnR4 — '^9'^4'^OUCH J C

J

70 y 90c,R — '^9'^99

15 4123. 06 I 9184-33431 17 4287. 05 I 13646-36965
6 4123. 81 16191-40433 20 4293. 28 9058-32343

X X HX ^ / . HH 9099 — 9 A'^ 1 94 4994 79 RR7R — "^1 RR*^o_j / ^ X o_j J?

XX 41 97 R7HX /I / • O /
y 1 '^9R9 — '^R9nn RO-J u A99C; 9'i y 91 91 _ '^9'^99yX^X J C.J7C

g 41 ^^7 9"^HX ^ /

.

y Rn44 — '^99nR "^40 4997 71y / . /X y R0R4 — "^1 ^4A

180 4144. 16 I 8084-32208 85 4307. 60 I 9183-32392
60 4145. 74 9058-33172 3. 5 4309. 21 26036-49235

41 4A 77 9A9n — '^'^799yO^U J J 1 L.y 1 0X u 4"^! 4 "^0HJ^XH. JU 9R91 4 — 4R'^RA
oo 41 4R "^R y 9(17"^ — ^'^1 79 7 4'^1 A A4 y 91 R4 _ iOi.ArtyXOH J?L.J*^J

41 mi "^nHX D U, ^ U y 9499 — xi.c.on 4*^1 R d'\H^X 0. y

3. 0 4159. 17 I 16240-40277 50 4319. 87 I 8044-31186
12 4161. 66 13646-37668 3.5 4320. 58 17097-40235
X u 41 AA RRHX DO, OO 0 4'^91 ^OH^^X. ^U 907"^ — ^9908
an 41 A7 1^1tXo / . D X y 91 R4 — "^"^1 79 0 4'^99 9A y 9i;pni _4R'?97

X u 41 7(1 n R y 1 '^A4A — '^7A9n 1 AX D d'^7'=> 0'^^ J c. ^ ^ U_J y 1 ^646 — 36760
5 4175. 43 20056-43999 16 4326. 82 10624-33729

10 4182. 46 17046-40949 10 4327. 43 8084-31186
6 4182. 64 7483-31385 9 4331. 16 8771-31853
3. 0 4189. 46 7483-31346 3.5 4332. 50 23453-46528
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

c„^^ Energy
^P^^" Levels
^^^"^

in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

7 4336. 42 I 7483-30537 6 4530. 85 I 15054-37119
16 4337. 27 I 6545-29595 20934-42998

n d'^'^R Aft 9 R dqd'^ AQ Ql Rd — "^1 1 RAyXOH ^XXOD
zi nM-. u T 1 A9dn — '^Q97'^X XOttU J? yt / J 1 AX o dRd7 "^"K 7dR'^ — 9QdARIHOJ — t/HOO
% c:
J, 0 T 1 A71 — '^Q7d9X XO/X-' jy 1 He. 1 nX u dRd7 Rc; 1 '^QR9 — "^^i^QAdXJyO^ — JjyOH

50 4342. 07 I 9184-32208 2.5 4549. 43 I 8044-30018
10 4346.48 I 8044-31044 4 4549. 96

J

23393-45365
S> c. t^'T 7. / U T T^Qft9 — "^AQA"^ d dR'^9 11HjZjC, XX

DD X OUCH ^XUHH u tJJ'T. 3X A^dR — 9RdQt;

J. J H'Xc.A on T 1 nA9d — '^'^'iRn 1 nX u dCLCiQ QRtjjy. yO Ql 91 _ "^1 OddyXtX — ^XUHH

80 4361. 21 I 6545-29468 2.0 4562. 60 I 15054-36965
3. 0 4370. 42 I 8084-30959 3.5 4564. 69 9058-30959
D / i. X X / UHO JV/±t Ao d^lRn 07

u T-J / ^. ex. T 7dR'^ — '^fl'^dRX IHOJ jyjJHO 1 ADxou d^iRd dd RflRd — 9QRQ1OUOH — ^yOyX
-5. U d'^ftl 97 T 1 AT Ql — "^QnnQX XDXvX ^yUUy AH dRR7 1

n

HjO / . XU 1 1 7ftA — "^ClftnXX / OD — ^^jOU

9 4383. 36 I 10624-33431 10 4591. 10 I 9184-30959
80 4385. 39 I 7483-30280 14 4592. 52

J

10624-32392
X ^ u T Qnc;o _ -i-i oc-j

X /U^O ^XO-/^ Ao d^QA 71y D. / X 9 '^d^'^ — dRn99
g d'^fiA 97 T 1 ilR97 — '^7A9nX XHO^ / J? / OcU d^QQ nRHI? 7 y. UO 1 nARR _'^9'^Q9

T 9941 Q — /I'll Q7 dADl 7AHDUX. / D 1 1 dd7 — "^"^1 79XXHH/ J J X 1 c.

160 4390.44 I 8575-31346 3.5 4605. 66 I 15054-36760
8 4391. 03 I 7483-30250 2.0 4612.32 8575-30250

1 4X *t dA'^'^ AQ QA9n — "^1 1 RAyo^u j?xxoo
d'^Qi ftn T Ql 91 — "^1 RR"^X yX^X JXOjJ? 1 7X / dAdR HQHOHIJ. Uy 9nnqA — dl R7ft^lUUjD HX J / O

T QA9n — '^9'^d'^ ADOU dAd7 AlHOH / . OX ftDftd — 9Qc;qc;OUOH C/D/D

3.0 4404. 82 I 17046-39742 24 4654. 32 I 9058-30537
150 4410.03 I 9184-31853 2.0 4669. 14 14827-36239

o Zld9n RZlHH^ U. Ot- T R771 — "^1 "^R":;X 0//X J A. J o_j AD dAAQ QRHOOy. yO 7dR'^ _ 9RRQ1
/ HOJ — cOOyX

HH^ X. HO T Rc^7R — "^1 1 RAX OD 1 D ^XXOO RO dA7d At;HO / H. OD 1 1 7RA — "^l 79XX / OO — J J i. 1 L.

^. 3 4/19/1 7ft T 11 7RA — '^d'^RnX XX/OU ^H^OU 9d dARl 7QHOO X. / y Ql Rd — '^rm'^7yXOH jyJDJI

30 4428. 46 I 8771-31346 16 4684. 02 I 8084-29427
42 4439. 76 I 10655-33172 24 4690. 11 8575-29891
oo HHtn. jX 1 9nx^ u d7nQ dRH / U y. HO Ql 91 — (T^dR/X^X J5UJHO

AD T R'i7R _ "^1 fldd 9 c; d79n Q9H / ^ U. /

C

1 Al Ql — Xl^f^lXDXyX — J 1 jO

1

i UU d/iAD nd T R771 — ^1 1 RAX 0//X J L L OO 1 9X ^ d7'^l '^'^H / JX. JJ^ Ql 91 _ "^09^0yX^-X — juCDxj

2. 0 4467. 26 I 20242-42621 10 4733. 52 I 8771-29891
17 4473. 93 I 6545-28891 2. 5 4738. 40

J^. -3 HH / y. HX T 1 "^AdA — "^^QAdX X^Dt-O — ^JDyOt d7d'^ (19H / H J. U/1 99i;i Q _d'^RQ7CCjX.7 — HJJjy /

14 HHOU, HD T 1 ^fT^d —X XjUIJ't J I jO I 0 d7RA 9"^H / DO. L. J RCi7R — 9Q^Q'^OD ID — c.vDvD

J. u dZlft9 0*^ T 11 7ftA — "^dflQlX XX/OD — JHUyX d9 Al'^l RdH / D / . OH 7dR'^ — 9ftdQc;IHOS> — ^OHyj

8 4488. 39 I 8771-31044 1. 8 4764. 40 I 27507-48490
5 4490. 24 I 8084-30348 8 4769. 30 6545-27507
/I AftHH y X. OO T 1 ^Qft9 — '^A9'^QX X^yO^ jXjCjy 1 RX. o dlT^ 1 RH 1 1 J, LD 1 1 dd7 — '^9'^Q9XXHH/ JC.J7C

HHyO, XH T qi 91 _ -^1 -^dAX yX^X JJX^HO ^. u d77d nnH / / H. UU 9n9d9 — dl 1 9.%c.\iC.HC HXXOJ)

1

1

HjX U, XU T ftflftd — "^09^0X OUOt- — j\j L.D\J d d7Rd 97H / OH. ^ /
1 1 dd7 — '^9'^d'^XXHH / — J C-jHj

8 4511.20 I 13646-35807 3.0 4794. 38 I 8575-29427
20 4516. 89 I 11447 — 33580 3. 0 4795. 57 8044 — 28891
20 4517. 82 I 9058-31186 4 4798. 44 9058-29892

4520. 95 I 9073-31186 5 4804. 88 8084-28891
1.6 4806. 19
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Ruthenium — All Observed Lines

Intensity
3.nci

Cii3.r3.cter

Wave-
length
in A

Spec-
Energy
i_ieVeio

trum m

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

22 4815. 52 I 11447-32208 14 5195. 02 8771-28015
1 6 4817. 34 I 15054-35807 6 51 99 87 J pQl An — 4a38A
6 4833! 00 3. 5 5202. 12 I 20056-39273
4 4839. 01 I 26313-46972 3. 5 5213. 43 I 28495-47671
1.6 4839. 77 I 8771-29427 5 5223. 55 I 12207-31346

10 4844. 56 I 9058-29694 3. 0 5242. 38 10624-29694
2 0 4854. 56 I 26313-46906 4 52^1 kl J

7 4861.* 87 I 10624-31186 3. 0 5257. 07 I 30537-49554
46 4869. 15 I 7483-28015 3. 0 5266. 47 I 20934-39917
6 4895. 32 I 8044-28466 3. 0 5266. 83 I 20056-39037

12 4895. 60 I 10624-31044 3. 0 5280. 82 8575-27507
A 4899 25 I 11447 — 31853 10 S284 (18 J

36 4903. 05 I 10655-31044 3. 0 5291. 16 I 9121-28015
3. 0 4905. 02 I 8084-28466 6 5304. 86 I 9620-28466
9 4907. 89 I 9058-29427 20 5309. 27 I 7483-26313

20 4921. 07 I 8575-28891 1. 0 5315. 33
J

20934-39742
1 4J. T 49^8 43 T 9184 — 29427 3. 0 1 3A4A — 393Q9

7 4955. 26 I 26816-46991 3. 5 h 5334. 70 I

3.5 4959. 86 I 26816-46972 8 5335. 93 I 8771-27507
12 4968. 90 I 8771-28891 10 5361. 77 I

2.5 4974. 12 I 22162-42261 5 5377. 84 28495-47085
7 497A 20 T 2^181 ^ — 4^i90fS 5 ^"KP,^ 88 J 1 3^14^1 — 32208

12 4980. 35 I 9620-29694 8 h 5401. 04 I

4 4983. 45 I 9058-29119 3. 0 5401. 39 I 13699-32208
4 4987. 26 I 9073-29119 3. 0 5418. 86 I 9058-27507

9 4992. 74 I 7483-27507 4 5427. 59 28572-46991
-J u ± J., t. ^ 2. 0 1 ^439 21 J

7 5014. 95 I 9184-29119 1. 0 5452. 71 I 28572-46906
7 5026. 18 I 8575-28466 6 h 5454. 82 I 31186-49513
5 5028. 16 I 10655-30537 7 5456. 13 I 9184-27507

2. 5 5040. 35 I 20934-40768 1. 0 h 5475. 18
J

31346-49605
2 R ^040 74 T 9n'^8 — 28891 4 R479 40 31 346 — 49591
5 5047. 31 I 9620-29427 2. 0 5480. 30 I 30280-48522

34 5057. 33 I 6545-26313 6 5484. 32 I 8084-26313
1.6 5062. 64 I 13982-33729 1.4 5484. 64 I 12817-31044

7 5072. 97 I 9184-28891 2. 0 5496. 69
J

20056-38243
9 507^1 3? I 10655 — 30348 1. 0 5501 02 30348 — 48522

15 5093. 83 I 9492-29119 10 5510. 71 I 12207-30348
6 5107. 07 I 12817-32392 1. 5 5512. 37 I 30250-48386
1.8 5123. 73 I 11447-30959 0. 6 5517. 86 I 15054-33172

4 5127.26 I 9620-29119 0. 9 5521. 78
J

31186-49291
5 Oy T 13^99 — 33172 0. 9 R^3n 99 20934 — 39009

40 5136. 55 I 8044-27507 1. 8 5540. 66 I 12207-30250
13 5142. 76 I 8575-28015 0.9 5556. 52 I 8044-26036
19 5147. 24 I 8084-27507 7 5559. 75 I 7483-25465

8 5151. 07 I 9058-28466 0. 8 5569. 03
\

8084-26036
4 5153. 20 I 11786-31186 1.6 5578. 40

38 5155. 14 I 9073-28466 1.6 5603. 14 10624-28466
4 5160. 00 I 9121-28495 0. 6 5603. 55

70 5171. 03 I 7483-26816 1. 0 5606. 73 29160-46991
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Ruthenium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

u« o c;A9Q 7Q 99c;i Q _ An977 1 H1. T- D / 3U. t3 1 Al Ql "^1 nAAlolvl — 3IUHH
L.C. 5636. 24 I 8575-26313 0.7 6756. 54 I 32392-47188
u« o 5641. 66 I 12817-30537 2. 0 6766. 95

J

29119-43892
0.5 DOHv. Do Q1 91 _ 9A«1

A

71^1 — ilOOl 0 3. u UTIC. n90 / ID, yjc.
1 7007 _ "^1 RCL'^1 / U7 / — 3 1033

0.5 cLc:-! -2,0 :| 1 9907 _ 9qQQl 1 91. <i 0101, Cj 1 cc cn _ •jn9Rn1333U — 3U^0U

n ft 1 -JAQQ — "^1 jIA13077 — J IJHO n ft ART c:iD013, 31 9990*? —^AQAc;CC.C7 J — 3O7DD
1. c. 5679. 63 I 22293-39894 1.4 6823. 88 I 29694-44344

5699. 05 8771-26313 2. 0 6824. 17 28466-43116
1.0 J 1 ^H, Oc. 1 9m 7 _ '^n9f)nl^Ol / — jV/lOV n 7U. /

AR'^l c;9 9c;AA'?_An977^3DH3 — HU^ / /

1.0 D 1 CD, 1

J

03/3 — £.0\}jO 3. u AQl 1 ARO71 1. to 9QA97_A'^RQ9C7'\C 1 — H307^

CT/IC QQD 1 HO, 77 ^ AZIA — "^1 C\£iA13OHO — ^lUHH 1

9

1^ AQ9'^ o-i 9AR1 A — Al 9t^A^OOID — H1^30
X. ^ 5747. 47 I 21643-39037 3. 0 6982. 01 I 27507-41825
0 ft 5752. 02 8084-25465 3. 0 7027. 98 28891-43116
0.8 D / Do, 1 1 7^;"^ — 9Q1 1 QXi. 1 -)J — ^17117 1 n1. u 7nRA nA

/ U 00, UD 1 A9An _ '^n'^ARID^HU — 3U3H0
0. 8 3 / D / . 7^ 1 1 7RA — 9Q1 1 Q11/OD — t7ll7 1. H 7nR7

I Uo / . 33 1 99 07 — 9A'?1 %LccVi 1 — <iD313

1 ? DOUH, ^7 O'l'iQ'z _ /in AT AC.JJ7J — HUOlO U. H 71 /ll 79
/ 1 HI, /

_
1 70A A — "^1 OAA1 /UHD — 31UHH

i; 5814. 98 I 9121-26313 0.7 7219. 26 I 25603-39451
0 6 5828. 06 15054-32208 4.0 7238. 92 I 28015-41825
1.2 h 3U3'tO — H/HO/ n ft

1 C.OO, 70
4 CQI Q "inDvly, JH 03 / 3 — ^3't03 n Qu, 7 ( 3t3. 3D 1 A9A0 — 9QRQ1IDtHU — ^707l

A RQ91 0.^D 7^1 X. HD
-

1 nA9d — 97^07XUD^H L. 1 3U (
^ ft1. 0 / 3 7 3 . 73

_ OQcqc _ A'^l 1 AC7D7D — H31XO
X. D 5926. 87 I 16713-33580 2.0 7468. 91 I 30959-44344
? 0 5932. 38

J

9184-26036 1. 4 7475. 40
0.6 D7jD. OD •^0"^ Zlft — Z171 Sft3U3HO — H/loO n3. u 7ARC; 7Q

/ H03. / 7 Oc;'^7 — A'^RQ93U33 / — HJ07C
0. 6 D7DX. XD 13U3H — 31033 Q0 7/iqq 71;

/ H7 7. / 3 9RAQ^ — Al R9^CoHVO — H10c3

X. D D7 1 J, JO
_

3U3'tO — H/U03 n ftu, 0 7C'20 07 9 AQ9 7 — "^RO onc'^7 c 1 — 3O/1UU
n ft 5974. 17 I 20934-37668 3. 0 7559. 61 I 29891-43116
1 2X. c 5988. 67 8771-25465 0. 6 7612. 94 31044-44176
2.5 Z)77J, OD 1 1 7fiA _ 9QAAA11/oD — ^loHOO 9 n 7A91 c;n

/ Oil 1. 3U AAQ7031033 — HH7 /U

1.4 0110. / /
qi 91 _9^/lA^ 9 n 1100 R7

/ ICC, 01 1 cccn _ 9RAQC;1333U — COH7D

AT QQ A9Ol77, 1 7nAA — "^"^ 1 79 n AU. D 779Q Ql
/ 1 C7, 7l 'Z0Qc;Q_A'^RQ93U737 — H307^.

2 n 6225. 20 I 11447-27507 2.5 7791. 86 I 31346-44176
n 7 6284. 49 22293-38200 0.5 7797. 89 I

1.4 AOQc;0^173, ^il ^JJ7J J7C. 1 J U, 3 7HnA H9
/ oUO. Oc ^7"^ A7 _ c;01 7"^3/30/ — 3U1/3

1. 0 A77n A"?033U. D^l
9t;/lAC; _ Al 9 I^A u. 3 7H1 A'^

/ 013. h3 90Q'^A '^'^790ilU73H — J J 1 C7

n 7 b^^o. 1^: L.C.D i.7 — 30^7/ u. 3 7R9Q HI
/ OC7, 01 09 c;0 A'^ 01 Q

n 7 11 6363. 41 I 28466-44176 0. 6 h 7833. 39 I 32208-44970
n 7 6376. 45 12817-28495 0. 7 h 7841. 90 I 36543-49291
1.2 037U, C.JJ7J — 37U3 / 3. 3 IQAl Rn

/ OH / . OU '^09R0 A'^01 Q3U^-0U — H3Ul7
0.6 A/ll 7 c;7OHL 1,01 ^zi77'^ — c;n'^m3't / / 3 — 3U331 q7 7RR1 AQ

1 001. H7 9Rc;79 — Al 9c;ACOD 1 C — H LcDO

h AZlZl/1 PZl 97c;n7 — A'^m q
c. 1 OU 1 — '+3U17 ^ ft1. 0 7Rqn '^7

/ O7U, 3 /
"^0"^ AR — A'^01 Q3U3HO — H3U17

n ft 6496. 44 I 27507-42895 1.8 7924. 43 I 30280-42896
n ft 6528. 74 0. 6 7948. 15 32392-44970
0.3 C3DDU. HD 1. u 7QA7 RA

/ 7O / . OH '^0'^AR_A9RQt;3U3HO — HC07D
0 3 AciQ'i inoOyj, m 1 n1. u Rl 1 9 A7ol 1<:. H /

'^^ RC,-2 _ /I Al 7 A31033 — HHl/D

0.7 AA1 ft 9noolo. 1 A9An — "^1 "^AAID^HU — 313'tO 9 n R9AA QA0^ OH, 7O
_ 9qi Al — Al 9^A^-7lDl — H1^:3D

2.0 6663. 14 I 28015-43019 1.2 8348, 98 I 31044-43019
5 AAQD nn 9A'^1 — AT 9c;a^D3X3 4X^30 n 7 R'^^O QAOJDC, 7H '?990ft — AAl 7ADCCUO HHl /

D

1.0 6707. 52 23393-38297 0.4 8435. 77 31044-42895
1.4 6718. 30 28015-42895 1.2 8473. 64 33172-44970
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Ruthenium — All Observed Lines

Intensity Wave- Energy
and length ~ Levels

,

° trum
Character m A m K

Intensity Wave- Energy
and length ^

^ Levels
/-i-^ . . trum .Character m A m K

1. 2 8483. 56 I 32392-44176
2.5 8710. 84 I 30348-41825

1. 6 8724. 98 I 20934-32392
1. 0 8777. 36 I 33580-44970
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SAMARIUM

Sm, Z=62, M=150.35, Katio ^ 2.366

Sm I Normal state of valence electrons 4/ 6s^ To =0. I.P. =45000 K
Sm II Normal state of valence electrons 4/ 65' Tok,=0. I.P.= 92000 K

References
Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945)

,

below 2900 A.
A. S. King, Astrophys. J. 82, 140 (1935), above 2900 A.

Classification

:

Sm I, W. Albertson, Phys. Rev. 47, 370 (1935).

F. W. Paul, Phys. Rev. 49, 156 (1936) (Spectrum assignment only).

W. Albertson, Phys. Rev. 53, 644 (1937).

Sm II, W. Albertson, Astrophys. J. 84, 26 (1936).

Relative intensity of samarium lines observed in an arc of copper containing 0.1 atomic
percent of samarium

Strong lines of samarium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

350 3568. 27 jl 3910-31926 4f6fi<; Ci -Ten

350 3592. 60 Ij 3053-30880 4/<'6s a ^Gly^
280 3609. 49 II 2238-29935 4/^6s d
280 3634. 29 II 1489-28997 4/66s a »Gly,
280 3885. 29 II 3910-29641 4/66s a 8F6H—4/66p 1156K

r 3739. 12 jj

1 3739. 20 327-27063 4/66s a
200 3854. 21
200 4424. 34 3910-26506 4/66s a 56Ih
180 3661. 36 327-27631 4/«6s a

180 3670. 84 838-28073 4/66s a
170 3922. 40 3053-28540 4/66s a sFsK—4/«6p 98Sk
160 3731. 26 838-27631 4/«6s a 'GiH
150 4280. 79 3910-27263 4/668 a 8F6K—4/66p 75?k.
150 4467. 34 5318-27696 4/66s a 6F5H—4/66p 845h

140 3306. 39 3910-34145 4/66s a 1626H
140 3604. 28 3910-31646 4/66s a 12871^

140 3621. 23 838-28445 4p6s a ^F^K- 97§H
140 3760. 69 1489-28072 4/66s a
130 3928. 28 1489-26938 4/66s a 'F^y- 66§H

130 4118. 55 5318-29591 4/66s a 'F,y— 114|h
130 4318. 94 2238-25385 4/66s a 3851^

120 3728. 47 5318-32131 4/66s a 'F,y— 143gK
120 3735. 98 2238-28997 4/66s a 'F,y-
120 3793. 97 838-27188 4/66s a 8F2M—4/66p 733H

120 3797. 73
120 3826. 20 4386-30514 ifQs a ^F4H— 127|K
120 3843. 50 3499-29510 4/26s a '=F3H— 113|h
120 3896. 98 327-25980 4/66s a 8F1H—4/66p 47iH
120 4329. 02 1489-24583 4/66s a 8F3H—4/«6p 242M

120 4434. 32 3053-25598 4/66s a sFsH—4/66p 43|h
110 3788. 12 2003-28394 4/66s a ^F,H— 955^
110 4296. 74 I 4021-27288 4/«6s2 a 'Fs —4/66s6p z'Gf
110 4390. 86 1489-24257 4/66s a 8F3H—4/66p 21Ih
110 4433. 88 3499-26046 ip&s a 'Fiy^-AfGp 495h
110 4674. 60 1489-22875 4/668 a 8F3H—4/66p 123H
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Samarium — All Observed Lines

Intensity
and

Char acte r

Wave-
length
in A

Spec-
Energy

^ Levelstrum . ^j.m is.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2.5 2610. 07 I 10 3034. 84 II
5 2640.27 7 3039. 13 II
7 n ?649 17 ao 3n4A 93 T T

JL X

3.0 2657. 68 3. 0 3050. 80 II
5 2662. 42 I 6 3065. 78 II 327-32935

8 2675. 15 10 3067. 54
7 2688. 60 8 3071. 29 II
3 0 7 3nftA 4R T T

i. J.

9 2693.34 6 3096. 68 II 1489-33773
3.0 2693. 74 I 8 3096. 88 II

4 2696. 08 7 h 3102.30 II
6 2707. 96 17 3106. 52 II 2238-34419
J» -> ?73? 42 T

J. 3110 20 T TX i.

2.5 2739. 87 4 3115. 05 II 2238-34331
2.0 2762. 28 14 3117. 72 II

2.5 2764. 18 7 3134.18 II
6 2767. 85 22 3136.30 II

2774 77 T
J. 1 2 3139 97 TTX X

6 2776.11 7 3143.30 II
6 2779. 23 12 3147.19 II 2689-34454

6 2786. 64 15 3152.10 II 3053-34768
10 2789. 38 34 3152. 52 II

279A 7nCI/ D. / U 7 31 A2 ^^ T T1

1

CC.JO JjODj
6 2807. 36 12 3162.30 II

10 2809. 50 30 3169. 88 II 2238-33776

8 2810. 86 7 3170. 21 II 2238-33773
6 2817. 20 15 3178.12 II 1489-32945

2S2n 31 83 92 T T1 X

15 2830. 94 7 3186. 02 II

4 2840. 30 26 3187. 01 II 1489-32858

4 2847. 49 36 3187.22 II 3053-34419
4 2851. 35 30 3187. 79 II 2238-33599
QO 2fiAA n9 T1 7 31 88 72 TTX X OA89 — 34n4n
5 2868. 40 30 3193. 01 II
5 2881. 34 30 3196.18 II 3053-34331

6 2881. 68 I 12 3201. 80 II

4 2883. 09 12 3204. 90 II 2689-33882
3.0 2889. 06 30 3207. 18 II 0-31171
4 2891. 34 15 3208.17 II

6 d 2907. 88 50 3211.73 II

2907. 99
12 3214.12 II 2003-33107

9 2910. 28 II 22 3215.26 II 3053-34145
D 2937 48 TT

J. ± 44 321 6 85 TTX X 838-31916
5 2943. 49 II 50 3218. 61 II

10 2953. 19 II 12 3219. 43 II

6 2962. 74 II 22 3226. 86 II

11 2969. 02 II 15 3228. 50 II

7 2983.43 II 22 3228. 78 II 4386-35349
4 2991. 57 II 60 3230. 56 II 1489-32435
7 3021. 01 30 3231. 53 II 838-31775
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Samarium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

1 0Xc 9nn'^ _ ^90*? t; •7
.5.5X7, Do y

36 3233. 68 n 36 3320. 16 II 1489-31600
60 3236. 64 9 3320. 59
xc jLj 1 , 07 1 nnX UU .5.5^:1. 10 'inc.'! 'xn c,A^UD.5 — jjXdh

'^O'^Q AAjCj7, DO "^Ql n — '^47AR
J> yXU — JH 1 DO 9ftCo JJCJ, 1 1

y y

AA ^97 — "^1 1 71jC 1 JJXX / X 9RCo JJCD, CO y y

15 3241. 59 II 1518-32359 14 3325. 48 II
15 3242. 04

{J
28 3327. 88 II

^944 AQ 7 ^'^9Q A9J JCy , OC J7 XV — .5^7.)D
7 "KOA^ fin 1 4Qn — '^99Qn 7 JJJC, 1 u y y 9Aftq — "^9 AftACO07 — ^^uOD

-1049 7c; 1 4X H .yJ'J?-'. OH y y 47ftA — "^4"^ 7^

60 3250. 37 II 0-30757 7 3335. 03 II
30 3253. 40 14 3336. 12 II 2238-32204
cc JL.DJ, yH

11

"^OR"^ — '^'^77AJUJJ J J I/O 7n JJHV, JO "^97 _ 'xno^'xJC 1 — .5U^D.5
70
/ u J/t.J'r. JO "=^97 — "^1 04"=;JC 1 j± yjHj 7 '^'^A^ 4"^JJ.5HX. Hj y y ft-^ft _ n7c;70.50 — J\J 1 0 1

Q
/

y.
C.L.JO JCvHJ 9nc u -'.5HJ. H7 y y

7 3258. 25 II 2003-32686 9 3343. 64 II
30 3262. 28 2689-33333 20 3344. 35 II 3053-32945

^PAd Q4 99-10 _'i9ftc;R 7 -JJJHO, Jj ^"^1 ft — t;i q9JJXO — .5Di7c
xo '%97n 4Q 7 '^^4A Ql.5J/HO. yX y j

J L. 1 \Ju DO 1

4

xt "^"^47 "^n.5.5H 1 » JU y y "^Ql n — '^'^77A.571 U — .5.5 110
36 d 3272. 48 II 20 3348. 68 II

3272. 60 18 3350. 88 II
/ ^. ox •^nt;9 —Jyjjc JJjyv %A H '^'^^4 1ft->.5jH. XO OR"^ — '^9Rt^ftJ\jD J — JCoOQ

7 ^97"^ "^9
/ J, JC y y •>,AQQ _ 'i4n4n .5.5DH. JV y y

A 4fi
1 M-O yy 1 4XH 'i'i.c.A 79JJDH, ic y y

7 3275. 87 II 1489-32007 7 3361. 43 II
36 3276. 75

jj
3910-34419 7 3364. 80 II

£.C ^9Rn f!4 1 nnX UU .5.5DD. 00
XD "^9^"=; AAJL.OD, OD y y 1 4RQ — "^1 Ql AXHOy JXv XO 1

9

xc •^•1A7 97.5.50 1 , c 1 jy JyXV — .5.5D77

A =59fiA 9"^ yy JyX\J JHJJX 9R<.o ^-^Aft ^7 y y 99'^R _ 'il qi AcCjo — .5171D
7 3286. 54 II 2689-33107 7 3369. 04 II

60 d 3290. 28 28 3369. 46 II 2689-32359
"^AQQ — '^'^Rft9 1

4

XH JJ 1 U. D7 "^97 — 9qqftAJ C 1 — C770O
J. 3 ^9Qn A^ y| 9RCO '^'^71 91JJ 1 X, CX y y A'^Rf^ — '^4n4nH.500 — .5HUHU

^ u '!i9Q'^ "^7 y y cyjvj JC.JJV 1 9X C '^'^7A 4ftJJIO, HO y y "i/iqq _ -I'll n7.5H77 — .5.51U /

30 3295.44 II 6 3377. 81 II 2003-31600
36 3295. 81

jj
838-31171 100 3382. 40 II 1489-31045

Afl '^9QR in^ t / 0. xu 49He. ^"^04 AAJJOHt 00 '^nt;'^ — '^9^ftQJyJDJ — JCDOy
^^nn Qft yy 1 4ftQ — "^1 77c;XHOy JXI IJ 1 9XC '^'^RA RA.5.50H. 00

^^m Aft y y xq-\ n — "^41 ftq 5 .5J70ZJ. J7y y y 997ft _ 7ARCCJO — JJi 1 DO
28 3304. 52 II 0-30253 12 3387. 66 II
28 3305. 18 2689-32935 34 3389.32 II 4386-33882

itu JJUO, J7 "iQi n — "^41 4^^yXU JHX^J 1 9X^ .5.5 71. i i 1 ASiQ — "^nq AOIHO7 — .5U707
J. H ^^nA ATjjyJO, OX y y "^4

.3H '^'^QA 1 Q J>H77 — JCyJD

/ u '^^n7 n9 y y 1 9X^ 'l'iq7 7A.5.57 / . / D y y

28 3309. 52 II 838-31045 12 3399. 84 II
70 3310. 66 2238 — 32435 50 3402. 46 3053-32435
50 3312.42 1489-31670 17 3403. 09
34 3316.58 70 3408. 68
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Samarium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

-7
1 ^411, lu •2cc;o "^0333^. 3U T T11 0 OCT A1U — ^0143
7 3413. 90 II 2238-31522 20 3554. 15 II 2689-30817

22 3418.15 II 14 3556. 74 II 2238-30346
JO "2/1 1 Q m^41o. 31 rr

•201 n 'i'2i c/i37I U — 33134 14 333 /. 30 T T
1 1

•207 OQAOQ
1 /I -J /I n n 7-7

II AO 3337. lU T T
1 1

"3/1 0/1 70^4^4, to 7
/ 33bU. L. 1

T T11

14 3426. 20 II 14 3561. 59 II
7 3427. 97 II 18 3566. 84 II
Q •J /] on 7c; C^Q OQQQAo3o — dyyoo n33U ?c;aq 0733bO. 1

T T
1 1 1Q1 0 n QOA37IU — 3l7iib

1 n ^4^j. 00 II 00 33 / /. 17 T T
1 1 0 07QA0

c "J /i -J c 07 3310 — 34'tl7 7
/

?c:7Q A733 17, 0 1

12 3437. 10 II 2689-31775 32 3580. 94 II
14 3438. 06 II 3053-32131 7 3582. 67 II

^44U. dU II cn Q •2/1^27C331c5 — 343 /

3

OA^b •2CQ^2 -^Q3303. 37 T T
1 1 1 AQQ 0Q1DQ1407 — ^7300

-7 3/1/1/1 z,o^444. tiC II 1 /I14 mOA OA3304. CO T T
1 1 Q1Q 0Q710030 — CO 1 3U

/
D 2/1 /I Q C / OAQQ n A7n^bo7 — 31b / U 1 A14 •2c:qi: q-23303. 03
7 3452. 78 II 3053-32007 11 3587. 46 II

14 3453. 56 II 7 3589.50
-7
1

0 /I c /I Q 7 II 3477 — 3^:433 7
1

"^c^Ql 7A3371. /'t
T T
1 1 030 — ^Ob /^l

14 •2/1 cQ on II 7 c; n33U ^i^Q"? AO337il. bU T T
1 1 3U33 — 3U00U

lU -2/1 CQ /I 0J4D7. 4Z y •2I;Q^2 7*23373. /3 T T
1 1 A"!?}A OA430b — 3^^U4

20 3461. 14 II 28 3601. 69 II 1489-29246
7 3462. 69 II 5318-34189 140 3604. 28 II 3910-31646

lU 34d4. U / ^ou •^AOQ AQ3oU7. H7 T T
1 1 CCjQ — C77PD

D 2/1 Z,/I /I
-2

34b4. 43 II 1407 — 3U34b Q7 AT 0 A'i.JOLiL. 43 T T1

1

14 34D 1,01 3310 — 341M-3 In 3D13. 30 T T
1 1

11 3473. 96 II 3053-31830 11 3615. 24 II 2003-29656
11 3479. 53 II 2238-30969 14 3620. 10 II 327-27942
11 •2 /I QD OA 3D^U. 30 T T1

1

"^Ql 0 _ "^l c,00371 U — 313^t
14 1/1 on c

A

II IHU ^AOl 0"%3b^l. /i3 T T1

1

030 — <i0't43

1 /I14 •2/1Q7 /n340 / . 41 14 "Kf^OO c;030^^. 3U T T
1

1

"XOl — 0100 AJ C 1 — C 1 7CH
7 3492. 62 II 1489-30113 20 3623. 32 II 838-28429

14 3493. 61 II 70 3627. 01 II 2238-29801
c I/IQC QO 1 A14 "if^OI 07 T T

1 1 030 — COJ7H
lo •2/1 QQ Q/13477. o4 II 1 A14 'iA'^O A73b3U. D /

T T11

1 A14 3-)UU. 54 /I •2QA lOQZlc;H30D — 3t7H3 70 3031. 13 T T
1

1

10 3506. 85 II 3499-32007 280 3634. 29 II 1489-28997
10 3507. 09 II 20 3634. 93 II 327-27830
11 •2 c no in3bUV. lU II 1 01 u lAIA OA3b3b. Ub T T

1 I
0 0Zo •2 C 1 1 0 "2

3511. li II o3o — Z73IU 1/134 lA'iQ 773b30. / /
T T
1 1

14 u •2 C 1 0 0*23d1Z. V3 con Q '2Ci77A33I0 — 33 / /

b

1 A14 IAAO 7A304^. 10 T T
1 1 A^QA _ ?! B704300 — 3103U

3513. 06 II 30 3645. 29 II 1489-28914
7 3516. 30 25 3645. 39 II 2689-30113

11 •2 C 0 "2 TO3dZ3. IZ II 1 A14 lAAC; QO3b43. 7U T T11 1 CT 0 OBQ'^

Q

1310 — C07J7
-7
7

•2 C 0 C CI3b/ib. Dl II Zbo7 — 31U43 7 •2AA7 OQ304 /. C.7
T T
1 1

•2 c "2 n An 1407 — ^701)3 33 7AAQ C-l.3b47. 33 T T
1 1 3U33 — 3U44D

18 3532. 57 II 28 3650. 19 II 2003-29391
jdjd, 00 JH77 Ji. 1 1 J J703±. UU TTX X A-iBA _31 7AB

7 3536. 77 11 3654. 86 II 2238-29591
7 3542. 46 3910-32131 28 3656. 22 II
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Samarium — All Observed Lines

Intensity
and

Char acte r

Wave-
length,

in A
Spec-
trum

Energy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

14 3659. 62 3499-30817 14 3738. 27

J. o u 3^i61 36 II ^ 1 L. 1 \J ^ J. 220 3739 12

14 3662. 27 II 2689-29986 3739. 20 II 327-27063
18 3662. 69 II 60 3741. 29 II
14 3662. 90 II 3053-30346 90 3743. 87 II 2689-29391

28 3667. 93 2238-29494 70 3745. 46 1490-28181
C \J 3670 68 3745 60 J U i-\J\J / \J

180 3610. 84 II 838-28073 36 31^1. 62 II 2238-28914
14 3674. 07 II 0-27210 12 d 3748. 52 I 293-26962
28 3677. 79 II 3748. 63 II 2003-28672

11 3680. 98 3125-30284 6 3750. 66
?2 3681 73 12 3751 57 327 — 26974
7 3687. 10 II 1.6 3753. 09 II

22 3688. 42 II 838-27942 12 3754. 86 II 1518-28143
7 3690. 08 I 2273-29365 60 3755. 28 II 2689-29310

7 3690. 93 838-27924 60 3756. 41 812-27426
22 3692. 22 \\ 2238-29314 3499 _30-l 1 3

10 3692.* 76 II 22 3756. 53 II
85 3693. 99 II 0-27063 90 3757. 53 II

14 3694. 30 II 34 3758. 45 II 0-26599

22 3700. 60 3499-30514 50 3758. 97
JJ22 3700 92 26Lm \J 3760 04 3053 — 29641

8 3701. 56 II 2238-29246 140 3160. 69 II 1489-28072
36 3706. 75 II 3910-30880 50 3762. 59 II 2003-28513
36 3706. 98 II 85 3764. 37 II 2689-29246

8 3707. 17 2689-29656 10 3765. 43
3708 41 IT 327 — 27285 36 3767 36 391 0 — 3044^1

70 3708. 65 II 1489-28445 36 3767. 76 II

10 3709. 52 II 10 3770. 73 II 5318-31830
12 3710. 87 II 1489-28429 6 3771. 35 II

36 3711. 54 2003-28939 16 3772. 64
1 8J. \J 371 2 11 JJ 28 d 3773 33
26 3712. 76 II 2003-28930 3773. 42 II 1518-28012
70 3718. 88 II 3053-29935 22 3774. 29 II 2238-28726
10 3720. 57 II 14 3774. 68 II 0-26485

7 3721. 03 1490-28356 7 3777. 08
JJ70 3721 85 10 3777 84

3.0 3724. 02 II 85 3778. 14 II

32 3724. 90 II 327-27165 10 3779. 56 II 5318-31768
1.4 3726. 24 II 50 3780. 76 II

14 3726. 80
JJ

1489-28314 32 3780. 93 3053-29494
4 3727 38 2689-29510 7 3782. 42 4386-30817

120 3728. 47 II 5318-32131 3. 5 3782! 68 I

7 3728. 93 II 7 3783. 06 II 2003-28429
16 3729. 75 II 10 3783. 36 II 1518-27942

4 3730. 74 2273-29070 14 3785. 35
160 3731. 26 n 838-27631 24 3787. 20 327-26724
120 3735. 98 2238-28997 110 3788. 12 2003-28394
60 3737. 14 20 3791. 28
24 3737.48 3053-29801 20 3792. 02 327-26690
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Sam arium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

J 1 7J), 7 /
T T
1

1

R-^R _ 971 RRojo — c. 1 J.OO JRCO CO -
1 ZlQn _ 97"ZQQX47U — c 1 jyy

32 3797. 28 II 838-27165 30 3858. 74 I 2273-28181
120 3797. 73 II 50 3862. 05 II 838-26724
JO ^ / 77. T T

1

1

1 m R — 97R'^nXDXO — c. 1 OJ\J 9 A ^ODii. iip T T 9AflQ_9Rc;7'Zcooy — COD 1 J

C.K)
T T
1

1

"XAoq _9qRrmjHvv — ^70UIJ LH 11 JOOJ, HC T T
I JL

^ OU U. 07 TT
1 J.

99'^R _ 9RCiZin 1 1
J. X T T

X X

12 3803. 94 I 0-26281 24 3865. 24 II 327-26191
24 3805. 63 II 838-27108 6 3865. 69 II 3053-28914
c. u T T

1 1 AnDU '^R71 7fiJO 1 X, /

0

T T
1 X 1 ARQ — 97*^1 nX 407 — c. 1 JxU

1 H ^sriA Z17 T
1 A^\o^ — n9R/iH\Jc.X — jU^.OH 1 n •aR7-i 00JO 1 J, CC T T

X X -XAQQ _9Q'^1 njHyy — ^7jxu

i u -lonA 77 T T
1 i. JVDJ — c.yjXH 1 AX H ^ft7'^ AlJO 1 J, HI T T

X X

14 3807. 92 II 0-26254 2.0 3874.39 II

32 3808. 46 II 2689-28939 30 3875.19 II
OA jovy, ID T T

X X 9ARQ — 9RQ'^n AO '^R7R ^AJO 1 D, DH T TX X 1 4RQ _979R[;X H07 C 1 COD
9Zl j)OU7. OO T T

1 J.
R'?R_97n7R ^ 9X c '^R77 9nJO 1 / . ^ u T T

X X

T T
1

1

^ RX O JO 1 1 m H 7 A00^ — 9QRn'^H\Jcx cyo\jj

38 3812. 07 II 838-27063 60 3880. 77 II 838-26599
36 3813. 63 II 34 3881. 38 II 2689-28445
o0 "^Rl % R"^ T

X J H "^RRl 7Q-'OOX. / 7 T T
X X

T T
X X 99'iR_9RAZm OA '^RR9 ^n T TX X

J. -> J> OX O. JJ D T
X 1 ZlQfl — 97A71 9 n '^RR'^ Rn T TX X 9ARq _9R49qt.U07 COHC/

/ U Q •200n OOjOCVt Oc. 9Rn ^RRR 9<5 T TX X ^Ql n — 99A41^7XU C/OHX
zin •XQOA 1 R^ O^ H. 1 O T T

X X 1 dRQ — 97A'^1±HO / ^1 / OJX X o ^OO^. 7X TTX X *T.^OU ^ \J ± A. ^

l^U '^R9A 9n T T
X X

A'i.QL, _ -IflRI 4HJOO jyjjXH i;J JOO 1

9

XX TTX X

'?R9A c;A T T
1

1

13 u J7007. X O T TX X

^RRQ 99^007. CC T TX X

io ^O^:o. UD T T
I X

40 3830. 29 II 838-26938 46 3890. 08 II 1489-27188
85 3831. 50 II 3499-29591 24 3891. 21 II 1518-27210
QO '^R'^9 R1JOPC, Oi T

1 997^^ — 9R'^^A "^nJ u "^RQd nR^ O 7^. U J T TX X
-^nc;'! _9D79AJ\iJJ CO 1 CO

DOJP, OP T T
1 1 99'iR _9R'?1 A ^RQR nQjoy Dm U7 T TX X

'XQ.'XA AO. T
jL 9 "^RQ^ Z19 T TX X

42 3834. 60 II 120 3896.98 II 327-25980
28 3835. 72 II 1489-27553 3.5 3897. 26 II 5318-30969
1 o IQ'XQ QAJOJO. yH T T

X X 9AflQ 9R7'?nCOOy — CO 1 jU 9ncU "^Qnn RQjyvu, o7 T TX X 9nn'^ _ 97A'^iC\JKJJ CI OJ X
•2 Q/1 n AC. T T

1 1
'^97_9A'^c;R cD "XQCiO %0jyuc, jc T T

X X 14Rq_971 npX't07 CfXUO

b ^o4U. oi T T
I I innX u u 'iQCi'i, AOjyuj, Hc T T

X X

20 3842. 36 II 2238-28256 4 3906. 81 II 1489-27078
120 3843. 50 II 3499-29510 6 3909. 95 3125-28694

•IQA'i 77 T T
1 X 9 nrc^ _ 9Rm 9 Ao "^Qi n nQJyX U. U7 T TX X 9ARQ _9Q9[;a

o n T T
1 X 1 /IRQ — 974Q'^ ZQI n g9 T TX X

c.'ii 8 — 30880

c 1Q/1 A 9H^OHD. ^O T
J.

R T TX X 4386 — 29935
12 3846. 76 I 293-26281 8 3913.37 II

40 3847. 51 II 2689-28672 6 3913.62 II
A DHO 7QAR 7R T T1 X •ZQl A -ZAJ/X u. ^ u TTX X

9 ^Qm RRJODI, OO T TX X 99'^R — 9R1 Q9CC.JO — ^0±7t. 49 J / X 1 m "-TT
TT
J. A. 838-26358

T
X

•^1 9c; — 9Qn7njLc.0 — il7U / u X J?
•ZQifl A97X O. VJC.

T TX X 1 489 — 27001
200 3854. 21 II 3.5 3920.10 II

^ o TX 1490-27426 13 3922. 05 II 2003-27493
60 3855. 90 II 327-26254 170 3922. 40 II 3053-28540
36 3857. 91 II 2238-28151 6 3922. 70 II 1489-26974
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Samarium — All Observed Lines

Intensity
cind

Wave-
icngun
m A

Spec-
trum

Energy
T at T 1 o

in \Cin xS.

Intensity Wave-
length,

in A

Spec-
trum

Energy
Levels
m is.

20 3925. 22 I 812-26281 19 4003. 46 II 2003-26974
"^928 28 TT

J. J. 1 489 — 269'iR A 4fin^ 72 T TX X

2.5 3931. 16 II 3499-28930 3.5 4004. 26 II 1518-26485
6 3932. 97 II 4386-29805 13 4006. 60 II 838-25790

20 3933. 58 II 4386-29801 6 4006. 82 II 2238-27188

3.5 3935. 18 II 3910-29314 32 4007.48 II 3499-28445
^935 76 TT C-L-J\J C 1 \J ^ yJ 10X \J 4008 If) T TX X 9AQQ _P7A^1

20 3937. 06 II 10 4008. 33 II
2.0 3938.43 II 2689-28073 6 4011. 73 II 0-24920
3.5 3939. 64 II 838-26214 4 4015. 77 II 3499-28394

85 3941. 87 II 0-25361 8 4019. 84 II 2238-27108
"^943 ?4 TTX 1. \J^\J C\J±. /X 1 9X / 401 9 98 T TX X

34 3946. 51 II 1489-26821 6 4022. 73 II 327-25178
20 3947. 84 II 2689-28012 60 4023. 23 II 327-25175
50 3948.11 II 838-26160 10 4032. 98 II

3.5 3949. 85 I 2273-27583 50 4035. 11 II 2689-27464
J c ^ / -J J. . O /

T
i. 1 2X C TTX X

8 3954. 20 II 1489-26772 10 4038.10 II 3499-28256
2.0 3954. 97 40 4041. 68 II 1518-26254
3.5 3957. 52 II 50 4042. 72 II 327-25056

8 3958. 72 II 2689-27942 60 4042. 90 II 838-25566
-2QCQ C-2 T T

J. J. 1 6X \J 4044 1

1

T TX X

13 3961. 80 II 38 4045. 05 II 838-25553
6 3962. 13 I 30 4046. 16 II 838-25546
6 3962. 24 II 3499-28730 50 4047. 16 II 1489-26191

100 3963. 00 II 7 4047.35 II 2238-26938
TTX X 1 4 404R A2 TTX X

6 3966.34 II 4386-29591 5 4049. 58 II 2003-26690
32 3967. 68 II 5318-30514 40 4049. 81 II 0-24686
50 3970. 53 II 0-25178 30 4058. 87 II 3910-28540

100 3971. 40 II 3499-28672 38 4063. 54 II 327-24929
•^974 4^ T T

J. x. 19J- / 4064 3? TTX X

42 3974. 66 I 2273-27426 95 4064.58 II 2689-27285
11 3975. 22 II 2238-27387 55 4066. 74 II 2238-26821
65 II 838-25980 48 4068. 33 II 3499-28073

70 3976. 43 II 2689-27830 55 4075. 84 II 4386-28914
03 TTX X 1 9X / 4076 T TX X

3.5 3980. 88 II 6 4076. 86 II 327-24848
50 3983.14 II 3053-28151 7 4079. 83 I 2273-26777
10 3986. 00 II 1518-26599 16 4080. 56 II 2689-27188

2.0 3986. 21 II 9 4081. 97 II 1489-25980
50 3986. 68 II 1489-26566 28 4082. 60 II 5318-29805
10 3986. 90 II 6 4083. 24 II 5318-29801
25 3987. 43 II 2238-27310 19 4083. 58 II 2003-26485

100 3990. 00 II 0-25056 15 4084. 40 II 2689-27165
3990. 02 I 3125-28181

3.0 4086.16
10 3991. 02 I 2.0 4089. 48
50 3993. 31 II 327-25361 70 4092. 27 II 0-24430
6 3995. 59 II 3.5 4093. 04 II 3499-27924

13 3998. 35 I 20 4094. 05 II 2689-27108
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Samarium — All Observed Lines

Intensity
3-nci

Wave-
iengtn
in A

Spec-
trum

Energy
A-iKZVCIS

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
xn K

8 4098. 97 II 2689-27078 11 4192.16 II 838-24686
4 4099. 96 I 3. 0 4197.90 II 1489-25304

16 4104.13 II 327-24686 18 4199. 45 II 4386-28192
6 4106. 62 II 4386-28730 1.8 4201. 22 II 2689-26485

55 4107. 28 II 838-25178 44 4202. 92 II 3910-27696
4107. 39 II 4386-28726

75 4203. 05 II 3499-27285
4 4107 80 II 838-25175 3 5 4204 fi2 TT± X 30S3 — ?6fl?8

9 4108.32 II 3053-27387 11 4205. 78 I

28 4109. 40 II 2238-26566 45 4206. 13 II 3053-26821
19 4110. 19 II 5318-29641 18 4206. 62 II 4386-28151

28 4113. 90 II 1489-25790 45 4210. 35 II 838-24583
13 4116. 46 II 2689-26974 7 4213. 05 II 3910-27639

130 4118. 55 II 5318-29591 1.8 4213! 94 II
10 4119. 57 II 2238-26506 7 4218. 63 I

28 4121. 36 II 3053-27310 3.5 4219. 31 I 293-23986

8 4121. 54 II 327-24583 12 4220. 14 II 3499-27188
19 4122. 51 II 2003-26254 50 4220 66 II 4386-28072
48 4123. 96 II 3910-28151 10 4223. 70 II 2689-26358
4 4125. 23 I 3. 5 4224. 23 II 3499-27165
6 4125. 85 II 70 4225.33 II 1518-25178

2. 0 4128.12 10 4226. 18 I 812-24467
19 4129. 23 II 2003-26214 50 4229. 70 II 327-23962
7 4133. 19 II 2003-26191 3.5 4230. 73 I 0-23630

17 4135. 14 II 5318-29494 42 4234. 57 II 3499-27108
3.0 4135. 50 I 1490-25664 80 4236. 74 II 5318-28914

3.5 4138. 97 II 4386-28540 34 4237. 66 II 838-24430
5 4142. 81 II 3 0 4240. 45 I 1490-25065
5 4145! 24 I 42 4244. 70 II 2238-25790

11 4146. 75 II 1489-25598 8 4245. 18 II 2003-25553
22 4147. 71 II 327-24430 3.5 4247. 39 II 1518-25056

55 4149. 83 II 838-24929 14 4249. 55 II 2689-26214
80 4152 21 II 1489-25566X~l_J/ ^ -J ^ \J \J 17 4251. 78 II 3053-26566
36 4153. 33 II 5318-29388 4 4253! 72 II 3499-27001
38 4155. 22 II 4386-28445 140 4256. 39 II 3053-26540
9 4156.25 II 3499-27553 14 4258. 58 II 3499-26974

7 4159.40 II 1518-25553 3.5 4259. 39 II 2689-26160
7 4159 51 TT 2689-26724 85 4262 68 IIX X 3053-26506

11 4163. 14 II 34 4265. 08 II 1489-24930
7 4163. 72 II 838-24848 8 4266. 31 I 812-24245
3.0 4165. 54 II 2.5 4269. 77 II 2003-25417

3.5 4166. 34 II 3.5 4270. 73 II 1489-24898
55 4169.48 II 2003-25980 10 4270. 84 II 5318-28726
28 4171. 57 II 3499-27464 3. 5 4271. 86 I 2273-25676
13 4174.43 II 3053-27001 3.5 4272. 01 II 1518-24920
30 4178. 02 II 4386-28314 80 4279. 68 II 2238-25598

4279. 75 II 1489-24848
36 4181.10 II 2689-26599
14 4183.33 I 1490-25387 16 4279. 94 II 2003-25361
36 4183. 76 II 327-24222 6 4280. 32 II 838-24194
70 4188.13 II 4386-28256 150 4280. 79 II 3910-27263
28 4191. 93 II 13 4281. 01 II
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Samarium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

48 4282. 21
J

3125-26471 30 4373. 46 II 3499-26358
32 T T

1 J.
"^97 — 9*^1 77

16 4283. 50 I 812-24151 60 4378. 24 II 5318-28151
4284. 53 II 36 4380. 42 I 1490-24312

3.5 4285. 50 II 2238-25566 20 4384. 29 II 4386-27188

24 4286. 64 II 3499-26821 8 4386. 22 I 2273-25065
2.5 Hc.7 L, Oc.

T T
1 J. i. H HJ?00, y y

T T
1

1

24 4292. 18 II 2689-25980 110 4390. 86 II 1489-24257
4 4295. 74 II 3499-26772 1.4 4392. 60 II 0-22759

110 4296. 74 I 4021-27288 14 4393. 35 I 1490-24245

6 4299. 14 293-23547 20 4397. 34 I 812-23547
6 T T

1

1

HJOD — c. 1 Ojy D T T
1

1

A'^RA — 971 OR

3.0 4301. 28 812-24054 28 4401. 17 I 3125-25840
4304. 94 II 5318-28540 55 d 4403. 06 II 1489-24194

60 4309. 01 II 1489-24690 4403. 13 I 2273-24978

16 4312. 85 2273-25453 28 4403. 36 II 1518-24222
12 T T

1 1 c.\j\j J — c.z)i. 1 0 7 T T
X J.

5 d 4315. 35 II 4 4407. 52 II 2003-24686
4315. 38 II 4386-27553 35 4409. 33 II 2689-25361

130 4318. 94 II 2238-25385 20 4411. 58 I 1490-24151

32 4319. 53 1490-24634 8 4411. 83 r 2238-24898
40 T T

1 1 OjO — L.jyOc. c. O HHx 1 , DO T T1 J.

16 4324. 46 2273-25391 32 4419. 33 I 293-22914
3 n 4327. 51 II 2689-25790 100 4420. 53 II 2689-25304

120 4329. 02 II 1489-24583 65 4421. 14 II 3053-25665

30 4330. 02 293-23381 5 4423. 38 I 293-22893
8 AA7A "KA T T

1

1

n — 9 ACiriAJy lu — cDDUD
90 4334. 15 II 2238-25304 2.5 4426. 01 II
60 4336. 14 I 3125-26182 12 4427. 58 II 2003-24583
3.0 4336. 78 5 4427. 81 II 2238-24816

6 4338. 96
{

812-23852 32 4429. 66 I 812-23381
2.5 oo AA'X'X DR T

I OQ'X _ OORAAC.V J — C.C.OHH

2.5 h 4342. 38 II 110 4433. 88 II 3499-26046
38 4345. 86 II 838-23842 120 4434. 32 II 3053-25598
6 4346. 49 II 4386-27387 36 4441. 81 I 1490-23997

75 4347. 80
{J

3053-26046 30 4442. 28 I 812-23317
38 aqi n _ 9 abrq— COOOv y AAA7 m TT

J. 1

1.6 4350. 82 I 1490-24467 3.5 4443. 27 I 2273-24773
o 4352. 10 II 48 4444. 26 II

1.6 4357. 90 I 3125-26066 48 4445. 15 I 3125-25616

38 4360. 72 2003-24929 2.5 4445. 88
15 H^Di. U / TT Zl'^RA — 9771 nH^OD — c. 1 J lU Jm u AAAU QU T T

1

1

"XAQQ _ 9i;QRnjHyy — c.D70\J

55 4362. 04 II 3910-26828 90 4452. 73 II 2238-24690
30 4362. 91 I 0-22914 17 4452. 95 I 4021-26471
15 4363. 45 II 1518-24430 80 4454. 63 II 4386-26828

1.6 4364. 05 6 4456. 11 II 4386-26821
3.0 4365. 95 "l 812-23710 70 4458. 52 II 838-23261

34 4368. 03 3053-25940 17 4459. 29 I 812-23231
14 4369. 92 2689-25566 2. 0 4463. 90 I 2273-24669
3.0 4370. 48 5318-28192 150 4467. 34 II 5318-27696
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Intensity
and

Char acts r

Wave-
length
in A

Spec-
trum

Energy
Levels

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 4469. 66 II 20 4581. 58 I 812-22632
55 4470. 89 I 2273-24634 30 4581.73 I 4021-25840
32 4472 43 IT 1489 — 23842 38 4'i84 8"? TTX X

42 4473. 02 II 2238-24588 3. 0 4589. 43 II
5 4475.18 II 838-23177 20 4591. 82 II 1489-23261

3.5 4477. 50 I 3125-25453 26 4593.54 II 3053-24816
50 4478. 66 II 2.5 4594. 59 II
8 4480 32 T 0-22314 38 TTX X

2.0 4485. 57 II 16 4596. 74 I

1.8 4490. 02 I 3125-25391 6 4598. 35 II 2689-24430

1.6 4495.14 II 2689-24929 4 4603.12 II
25 4499.11 I 1490-23710 15 4604.18 II 327-22040
25 4499 48 IT 2003-24222 20 " U U _^ X TTX ±

4 4501. 38 II 2689-24898 3.0 4606. 88 II
16 4503. 38 I 293-22492 5 4611.25 I 812-22492

12 4505. 05 II 2003-24194 5 4613. 50 II 2689-24358
8 4511.33 I 4021-26182 20 4615. 44 II 4386-26046

38 4511 83 TT
J. J. 1 489 — ?3f)47 32 4A1 5 A9 TTX X 1 1^1 8 — P"^! 77

30 4515. 09 II 2. 0 4616.49 II 0-21655
2.0 4517. 27 II 1.0 4620. 25 II

60 4519. 63 II 4386-26506 1.6 4624. 97 II 10214-31830
4 4522. 55 I 1490-23595 2.0 4629. 43 I 4021-25616

30 45?3 04 TT
J. X. 10 4A3n 21 T TX X

4523.18 I 812-22914 6 4636. 26 II
44 4523. 91 II 3499-25598 60 4642. 24 II 3053-24588

4 4527. 42 I 812-22893 20 4645.40 I 293-21813
5 4532. 44 I 1490-23547 20 4646. 68 II 2238-23753

4533 fin T
J.

A 4A47 53 TTX X 1531 8 — 2A828
18 4536. 51 II 838-22875 16 4648.16 II 0-21508
48 4537. 95 II 3910-25940 26 4649.49 I 812-22314

10 4538. 53 II 10 4655. 13 II 3910-25385
20 4540. 19 II 2238-24257 20 4663. 56 I 2273-23710

4547 DfS" " t. » \J\J
TT
JL Jl 5 4f)A5 13 TTX X 34QQ _24929

55 4543. 95 II 2689-24690 50 4669.40 II 838-22248
7 4544. 83 II 2689-24686 42 4669. 65 II 2238-23647

2.0 4545. 81 II 5318-27310 32 d 4670. 75 I 1490-22894
3.0 4550. 03 I 2273-24245 4670. 83 I 1490-22893

28 4552. 66 II 2003-23962 110 4674. 60 II 1489-22875
18 4554. 45 II 838-22789 70 4676. 91 II 327-21702
6 d 4556. 54 II 22 4681. 55 I 1490-22844

4556. 63 I 3125-25065
8 4682. 69 II 3499-24848

16 4560. 43 II 327-22248 38 4687. 18 II 327-21655
J-. ^ 4'^Al 1 Q T T ^8 4A88 73 TX 2273 — 23595
4 4564.10 II 0-21904 4 4689. 57 II 327-21645

32 4566. 21 II 2689-24583 13 4693. 63 II 1489-22789

4 4566. 77 I 1490-23381 12 4699.34 II 2689-23962
2.5 4569. 58 I 2273-24151 55 4704.40 II 0-21251

40 4577. 69 II 2003-23842 6 4710. 64 II 5318-26540
3.0 4578. 72 II 28 4713. 06 II 4386-25598
5 4579. 09 II 8 4714. 62 II 3053-24257
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

13 4715. 26 II 838-22040 1 4X • 1 4914. 30 IIX X

75 4716.10 44 4918! 99 I 1490-21813
28 4717. 07 0-21194 8 4920. 38 II 8679-28997
22 4717. 72 II 3499-24690 6 4923. 83 IIX X 4386 — 24690

4718* 33 ITX. X 5318—26506 11 4924* 04 TX 4021 — ?43?4

3 0 4718. 64
T 3125-24312 3 0 4929. 56 IIX X 5318-25598

28 4719! 84 II 327-21508 6 4936! 03 II 3499-23753
3.5 4720. 12 II 4386-25566 16 4938. 10 II 2003-22248
3 0 4721 39 II 2003-23177yJ \J ^ L- ^ -L. 1 1 13 4946. 32 I 1490-21701

13 4726. 02 II 2689-23842 24 4948! 63 II 4386-24588

80 4728. 42 T 1490-22632 16 4952 37 II 2689-22875
5 474l! 72 II 3499-24583 6 4953. 03 II 1518-21702

48 4745. 68 II 838-21904 4 d 4955. 95 II
15 4750. 72 2273-23317 4956. 13 II 13604-33776
4 4755. 37 II 2238-23261 24 4961. 94 II 3499-23647\ / / fa. \j 1 /

75 4760. 27 T 812-21813 6 4964. 56 II 1518-21655
11 4770. 20 I 2273-23231 8 4972. 16 II 7525-27631
11 4774. 15 II 1489-22429 5 4973. 74 II 2689-22789

I 20 4777. 85 II 327-21251 24 4975. 98 I 0-20091
7 478l! 84 II 3910-24816 6 498l! 73 II 5318-25385

60 4783. 10 T 293-21194 4 4983. 38 II
36 4785.* 86 I 812-21701 5 4989. 44 II 2003-22040
16 4789. 96 3125-23997 10 4992. 02 II 8046-28072
24 4791. 58 838-21702^^ W JL. 1 V/ ^ 6 5001. 22 IIX X 1518-21508X^XW C— J- ^ \J w

1. 6 h 4804* 90 TT 838-21645w \J fa. J- ^ 1 —>• 6 5016* 61 II 7135-27063

44 4815. 81
TT 1489-22248 8 5023. 50 II 2003-21904

9 4816! 01 II 3499-24257 20 5028. 44 II 12045-31926
13 4829. 57 3053-23753 4 5031. 18 II 12045-31916
4 4833 32 jj 8046-28730 55 5044. 28 I 1490-21308
8 4834. 62

TT 3910-24588 6 5049. 51 I 293-20091

3 5 4836 67 TT 838-21508 28 5052. 76 II 11094-30880
4 4837. 65 II 10214-30880 9 5057! 74 II 8679-28445

100 4841. 70 4021-24669 8 5059. 85
32 4844. 21 2238-22875 10 5060 93 I 1490-21243
14 4847* 76 T

J 5318-25940 4 5064. 24 II 2689-22429

28 4848 32 T 2273-22893 3 0 5066 86 II 11791-31522
12 4854. 36 II 3053-23647 24 5069. 46 II 10214-29935
9 4859. 55 2689-23261 75 5071. 20 I

8 4869 98 jj 9407-29935 9 5076. 69
0. 8 4873 19 TT

8 5079 86 I

22C Cm 4883. 77
T 293-20763 4 5087 08 II 2003-21655

75 4883. 97 T 3125-23595 4 5087 65 II
1 2 489l! 94 TT

8 5088. 32 I 812-20459
8 4893 35 TT 4386-24816 3 0 5088 97 II 12790-32435
3 5 4894. 30

TT 2003-22429 24 5100. 22 II 12045-31646
5100. 39 I

4 4900. 73
T
J 8046-28445

2.5 490l! 90 9407-29801 36 5103. 09 II 9407-28997
18 4904. 97 812-21194 20 5104. 48 II 8046-27631
65 4910. 40 2273-22632 19 5116. 70 II 7525-27063
36 4913. 25 II 5318-25665 70 5117. 16 I
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trxzm

Energy
Levels
in K

48 5122. 14 I 3125-22643 5 h 5355. 88 I

7 5124. 86 II 3. 0 5364. 39 II
5

T
I d3do. 3d 4021 — 22643

5 5135. 86 I 2.0 5369. 18 II
ao 5154. 23 II 3.0 5370. 06 I

50 5155. 03 II 8679-28072 2. 0 h 5378. 09 I

8 5155. 86 I 5 5387. 97 I

9 DID 1 . \J 1
T T
1 1 iUVbU — iUPHO 3. U

r -2 OQ OCb3o7. OD
5157. 23 I 293-19677 3. 0 5392. 69 \

AH 5162. 86 4 5394. 48 II

3.0 5164. 62 13 5403. 70 I 1490-19990
11 5166. 06 II 11094-30446 18 5405. 23 I 293-18788
7 bl6o. 3b oo 5411. 39 3125 — 21600
7 5169. 57 II 5 5415. 98 II

1AJH 5172. 74 I 2273-21600 1.2 5419. 07 I

65 5175. 42 J 6 5421. 57 I 2273-20713
10 h 5178. 01 II 2.5 5425. 63 I

6
r 1 o "7 no518 /. U9 1490 — ^0 /63 2. 5 5433. 55

I6 5194. 73 2. 5 5433. 82 812-19210
jh 5200. 59 I 1490-20713 4 5436. 33 I

4 5201. 45 I 30 5453. 00 I 3125-21459
8 5202. 73 II 2689-21904 2.5 5461. 55 I

8 52U9. 19 a A L^. "70 i^VU — 17 / / /

8 5218. 40 3.5 5478. 29 II 10181-28429
An 5221. 12 I 9 5485. 42 I 0-18225

8 h 5228. 80 I 32 5493. 72 I 812-19010
6 h 5234. 18 II 11 5498. 21 I 293-18475
4 h C O '2 "7 CODCi 1 . DO /I bbii. U"^

\

007'J 0 ClA ^ 1

36 5251. 9? 2273-21308 11 5512. 10 812-18949
c
_) 5252. 77 II 8046-27078 32 5516. 09 I 2273-20397

3. 0 5253. 80 I 1.4 5525. 61 I

3.5 5265. 67 I 0-18986 4 5537. 07 II 13466-31522
55 c TTT /inbl 11. 4U Ol O 1 Q"7~7"7

OLC — 1 / 1 /
AO Q

c

DDHO. 7D
3.5 5272. 82 II 20 5550. 40 I 1490-19501

5282. 91 I 1490-20413 2.0 5561. 37 I 812-18788

3.5 h 5289. 94 I 6 5573. 42 I 3125-21063
5 5294. 65 I 4 5574. 89 293-18225
5 5303. 23

r
D c c D Q on ^2 1 ^ — 2Uib^

3.0 5309. 50 7 5600. 86 II 11791-29641
cD 5312. 23 II 2689-21508 7 5621. 79 I 293-18076

3. 0 5313. 76 I 10 5626. 01 I 0-17770
26 5320. 60 I 2273-21063 2.0 5637. 30 II

2.5 h COOT O O5321. 82 1^ bb^H. iU
{3. 0 hd 5324. 99 { 3. 0 5656. 34

2. 5 5332. 09 20 5659. 86 I 812-18475

15 5341. 29 I 293-19010 1.2 5661. 54 II

4 5348. 08 293-18986 3. 0 5663. 91

6 5348. 74 \ 4 5686. 84

5 5349. 14 812-19501 2.0 5686. 98 4021-21600
6 5350. 62 1.2 5692. 05
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

J. u c;3 t;QAn 7Q3O0U. /O "iioc oniQ'i31^13 — ^Ul03
Id 5696. 73 I 9 5867. 79 J 3125-20163

5706. 20 1490-19010 6 5868. 61 I 4021-21056
3.0 _) / Uo. / 3 3 c;Q71 OA30 /I. uo -21 oc om31^3 — ^Ul33
3.0 D 1 U7. / i 7 c;q7/i oi3O /4, ^1 D1 0 1 7Q'i1oLii —LI 03I

c D /iU. 7J)
1 01. ^ 30/3, 1

U

<i. u 5711. 45 I 2273-19777 1.8 5875. 92 J 1490-18503
5717. 92 I 1.8 5878. 11 II 10181-27188

2.0 D /i7, iCD 3. 3 c;pQi /ii307I. 41

4 5 / ^U. i7 PQ"? 1 7770^73 — i / / /

U

3. U 3O73, 10

A0 307 /. 37 T T
1 1 1 on/1 c: 0 QQQ7l<lU43 — ZIO77 /

1. O 5724. 45 I 7 5898. 96
iL. U 5729. 30 I 4 5902. 60 2273-19210
1.4 D / JV,

/I4 37U3, 3U T T
1 1

7 b /^il, 73 /I nOI 31 /I c;q4Uiil — ^1437 0
z:. 3 37UD. U3 1 /I on 1 D/i 1 7I47U — 1 o41

/

C-TO/, Q/1 3. U c;QnQ n/i37U7. U4
5738. 01 II 14504-31926 1.2 5910. 83 I

5740. 89 I 4 5912. 61 I

1.4 c;7/n 1 QD / 4i. i7 Oi.d — LOCCD 3. u 37I3. 3O
7

T T
1 1 1 /IT 1 c; 71 COO 0 n 37I3. 3b

1. D / ^3. 3U 0 n c;qi a "^a37l 0. 30 OQ'i 1 71 on^73 — 1 / I7U
n 5748. 09 I 3.0 5919. 33 II

.5. u 5757. 97 3.0 5921. 01

D 3 / 37. 3^1
T T
I 1 1 OQBQ "^(T^AA1^700 — J\JJ'^0 3. u c.QO'X "XAD7C.J, 34

/I 3

/

OJ, 7i 3. u c;qo/i aa37^14. 00

1 n £^77"^ 77 3. 3 D7JL., 10
oo 3 / / O. 33 3. 3 cQ-Jo onD7JC, 7U T T

1 I 1 07Qn OQA/111^ /7U — <i7041
L.O D 1 1 7, l't7U — lO / oo 3 3730. 7U T T

1 X 1 DCO ^4330
6 3 / Oi. 73 T T

1 1 n3. u 374/1. 33
10 d 3 / 00. 70 T T1 1 13DUH — 3UOoU 3. 3 CQAA "^73740. 3 /

0 1 O 1 1 13
-5. 3 n c^Qcc; QO3733. 0^ T T

1 1

0 n
z:. U 5787. 53 I 3.5 5956. 76
Qo 5788. 38 3125-20397 3.0 5957. 52 II 9410-26191
8 3oUU. 3^ 3. 3 PQAn no37bU, U7
2.0 3oui. "X3. 3 c^QA'i 0037b3. zi/:

T T
1 1 1 0070 0QQQ7Ldc.JC — C077 1

i. n 3oUi. bo T T
I 1 1 noAn OCT QOHJ7OU — £.017 c Q7 c;QAt; 7137b3. /I T T

1 1 1 nQ7/l 07A'11lUO 1 '\ — C. 1 O3I
Q7 5802. 84 2273-19501 5 h 5968. 82 II 11791-28540

5806. 77 1.8 5969. 49
6 30i^. 07 3, 3 37 / 7, 30 1 /ion 1 Q01 n147U — lO^lU
1.6 30iD. 34 c3 3704. ^7

1. o 1 Qi. 0 n CQQI QC3773, 03
5820. 68 II 3.5 5994. 64 II 11395-28072
5830. 51 I 4.0 5995. 09 2273-18949

6 con m 1 07Qn OQQIt;Lc lyU

—

^7733 3. u Anm Q/iOUUl. 74

3. U n con 7/1 1 /I Cn/I "11 A/1 A143U4 — 3lo40 3. u Ann/1 1 Q0UU4. 10 Ql 0 1 7/1 AOOl^ — 1 / 40/1

6 3o3d. 3 / oU4b — Z3l /3 3. 3 Ami 00OUll. d/i
T T
1 1 117QQ OQ/IOQ11 /77 — il04^7

3.0 5842. 60 II 8679-25790 1.6 6016. 80
3.0 C O /I 1 7 A3o43. lb 0 i;3 Am 7oui /. 37 T T

1 1 1 nOI A OAQOQ1U<114 — zlOO^O

3.0 5848. 67 12842-29935 3.5 6027. 16 3125-19712
2.0 5860. 42 7135-24194 6027. 52 1490-18076
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Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characteir

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2 5 o u J? ii

^

T TX J. 941 n — 7^9fln 9 A9ni 1O^UX. LP T
X

4 6041. 40 3.5 6203. 86 I

2 5 6042. 84 3. 0 6206. 87 I

7 An45 nn ?71'h — ^ 881 1C-C 1 .J xooxx 1 dX. H A9n7 1"^O^ u / . i.j
TX

6 out-/. ^ / A91 7 17O^ X / . X

/

1 2 h DU_3^. OO y 1 4X. H A99C; 4R
1 6 6067. 78 II 2.5 6226. 70 I 2273-18329
7 6070. 06 1490-17959 4 6237. 66 12045-28072
1.6 h An75 7? 9 5 A9'^R "^no^ J?0» J u

6 D U On. ± ^ y Rl P —

1

XI A944 91O^HH. tX yy RA7q — 94AqnOO / 7 — /CHD7U

1 6J. « w DUO 0« y A A94A 7A y y R^7Q — 94^R'^

5 h 6091. 40 I 2. 0 6248. 11 I

2 0 6096. 78 6 6256. 54
2.0 h pQ-^ _1 AAR? Ao A9'^A AAOC-JO. OD Q4n7 — 9^'^R^7HU / ^DjOZJ

2.5 O J. U J.. / D 1 4X H A9A7 9ROL. o / . ^o yy Q41 n — 9c;'^Al7HXU — CDJOJ.

3 0 D X U ^. J / 1 4X. H A97Q 4QXjL. 1 7. *t7

6110. 66 II 11791-28151 3. 5 6289. 90 II 9410-25304
1 6J. \J h 6112. 98 I 7 6291. 82 11395-27285
2.5 ox XH, 30 T TX 1 1 nQAn — ?7'^i n 9 n A9Q9 Q40^7iL. 7H
3. 0 ox xt. / ^ T 4 A9Q4 ARUL. 7t'. do

yi

2 5 7^ T1 n A'^ni 1 9O^U X. X t yy 1 ni Rl — 9An4AXUXOX t.DUHO

3 0 6123. 60 II 10214-26540 2.5 6302. 40 II 12567-28429
2 0 6124. 88 II 12988-29310 4 6303. 15
2.0 T1 1 RX. o A'^n^ iQ

1.6 AT n A? TX
t; A'?n7 nA y y R579 — 944'?no_? / 7 CHHjyj

3 0 O X OIJ TX 1 RX, o A"^! 7RO^ X / O y y

2 5 6138. 05 I 3.5 6321. 75 II
2 5 6139. 33 I 1.8 6322. 51

3.0 Ai4n An TX 9 5

2.5 AT 4"^ riQ TX X u A'?97 47 y y 1 ni Rl — 9'i9RnXUXOX ^_J/OU

1 6 Alox H^. D 7 TX 1 RX. o y

4 6149. 10 II 12988-29246 3.5 6340. 10 I

2 0 6156. 90 II 3. 0 6353. 54
2.0 h ^1 c;7 cc T TX X 1 1 '^qc; _ 97A'^1 1 RX. o

6 h OXD7. DO TX
An A'^c,7 1 RO^J / . X o

3 0 Al An AOOX OU. He. T TX X 1 nQAn —971 RRXU7DU ^/XOO 9 n A'^A7 41o ^ o / • n X y 1 490 — 1 71 9nXT/U X/X/U
1 6 6164. 51 II 3.0 6368. 28 II 12842-28540
2 5 6165. 84 I 0. 8 6371. 01

{

4021-19712
1.6 h AT AQOX Do. J J T T

X X 1 77Qn _9Rqq7 n 7 A'^^Rn

2. 5 OX

/

Jm 73 T
X 9 n A'^RA 77OJ/OO. / / y

2 5 Al 7d dc;OX / n. TX Ri 9 — 1 7nn'?OX^ X / uu^ 4 A'^RQ Ri; yy 941 0 — 95056
? 5 6174. 96 II 3.5 6390. 81 II

^. -J 6179.41 I 1.2 h 6403. 98

3.0 h Al 7q RS>OX / 7. 0<l
T T
X X XUXOX 1 AX. o 11 A4nA 94 1 OQAn — 26566

Al Rl nc; T T
X X 1 ^dAA — 9QA41 At A417 ^nDHX / . -?U y y RA7Q — 94257

4 h DlOil, 07 T T 1 1 nqA — 979 A'^ D A49A A4DH^O. OH y y ±*tUO_/ t. /OHX

3. 0 6188. 00 II 9410-25566 3.0 6428. 32 II

4 6192. 64 1. 4 D^ilO. 7't

2.5 6194. 39 I 3125-19265 3. 0 6431. 00 10960-26506
1. 4 6198. 14 II 1.4 6431. 96 11395-26938
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Samarium — All Observed Lines

Intensity
and

Character

Wave-
ieiigLii

in A
Spec-
trum

Energy
T ^ T 1 cJ_jC, V C X O

in xS.

Intensity
cLilU.

Wave-
±cng un

Spec-
trum

Ene rgy

1.4 6435. 34 I 10 6693. 55 II 13604-28540
1. 0 6447. 56 1 6 h 6694 69 II 12232 — 27165
1. 6 6452! 08 I 2.0 6703. 61 I 17655-32568
2. 0 6455. 60 II 11799-27285 3. 0 h 6707. 45 II 7525-22429
1.4 6456.25 II 2. 0 6712. 62 II 12045-26938

1.4 6457. 55 I 6 d 6723. 07 I

0. 6 6459. 36 I 6723. 26 I

2. 5 h 6470!46 II 10214-25665 4 6724. 73 I 16859-31726
1. 4 6471. 59 I 3. 0 6725. 88 I 0-14864
6 6472.34 II 11094-26540 17 d 6731. 84 II 9407-24257

5 6484. 52 II 10181-25598 10 d 6734. 06 II 11094-25940
4 6487 62 II 9407-24816 6 d 6734. 81 II 12045-26889
4 6490. 82 II 12790-28192 8 6741. 47 II 8046-22875
5 6498. 67 II 8579-23962 2.5 h 6754. 68 II 11799-26599
1.2 6502. 00 II 12567-27942 6754. 85 I

1. 8 h 6507. 70 2.5 6759. 25 I 4021-18811
4 hi 6509. 44 I 0 293-15651 2. 0 6766. 52 II 11791-26566
1. 8 h 6526.' 64 II 3.0 6778.19 II 11791-26540
2. 5 h 6528. 02 I 2273-17587 6 h 6778. 61 II 10181-24929
2.5 h 6529. 70 I 2.0 h 6780. 03 II

2. 5 h 6532. 25 I 812-16116 2.5 h 6781. 17 II 8046-22789
6533 96 I 812-16112 3 0 6782. 95 II

7 6542. 76 II 11799-27078 9 6790! 00 II 7525-22248
2 5 6544. 57 II 9410-24686 2.0 h 6792. 55 II 12567-27285
2.5 h 6549. 77 II 8579-23842 14 6794. 20 II 11791-26506

1.8 h 6551. 80 I 1490-16748 3.0 h 6802. 96 I 812-15507
20 6569 31 IT 12045-27263 6803.

1

I

5 h 6570. 67 II 8046-23261 1.4 6807.* 50 I

4 6574. 38 II 3.0 h 6808. 31 I 15507-30191
6 h 6585. 21 II 9407-24588 1.2 6813.

4

II

1. 0 h 6587. 54 I 2.0 h 6820. 91 I 14380-29037
4 6588. 91 I 3125-18298 4 6829 86 II 10960-25598

16 6589.* 72 II 10214-25385 2.5 6830. 54 I 14916-29552
1. 8 6591. 50 1.8 h 6837. 20
6 6601. 83 II 12045-27188 2.5 6838.33 I

14 6604. 56 II 14504-29640 1.4 h 6839. 64 II

1. 6 6617. 61 II 3.0 h 6841. 75 I 15579-30191
0. 9 6625. 28 II 8 6844. 71 II 10960-25566
3. 0 h 6628. 88 II 4 d 6846. 54 II 10214-24816
2.0 h 6630. 61 II 12232-27310 2.0 6848. 16 II 12567-27165

6848. 31 I

6 h 6632. 28 II 8679-23753
1. 8 h 6646 22 I 1 4 h 6853. 54 I

3. 0 h 6649. 02 II 2.0 h 6854. 50 II 11395-25980
3.0 6651. 61 II 11791-26821 11 6856. 03 II 8679-23261
4 6656. 19 II 9410-24430 1. 4 h 6858. 12 I 16345-30922

2.5 h 6667. 22 II 10181-25175 17 6860. 93 I 293-14864
7 6671. 51 I 4021-19006 6861. 10 II 11094-25665

10 6679. 21 II 8679-23647 6 6862. 82 II 7135-21702
2.5 h 6681. 53 II 11395-26358 1.2 6867. 11 I

2.5 h 6687. 79 II 4 h 6872. 43 II 13604-28151

307



Samarium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. 4 h 6875. 27 II 12567-27108 1. 6 7189. 57 II
1. 8 h 6877.10 II 1. 4 7210. 95 I

2. 0 6879. 50 I 17194-31726 3. 5 7213. 82 I 2273-16132
4 h 6885. 16 II 12790-27310 4 d 7218. 09 II 8579-22429
2. 5 h 6887. 42 II 2. 0 7220. 07 I 16345-30191

1. 4 6900. 28 II 10874-25361 2. 0 7237. 02 II 12232-26046
1. 4 6904. 51 II 9 7240. 90 II 11791-25598
2. 5 6906. 22 I 1. 4 7257. 11 II 12790-26566
2.0 6909. 81 II 12842-27310 1.4 d 7261. 45 II 9410-23177
2. 0 d 6918. 78 I 2. 0 7279. 25 I 3125-16859

6919. 03 I 18119-32568
4 7281. 47 II 10960-24690

2. 5 6927. 03 II 9410-23842 1. 2 7282. 21 I 17194-30922
1. 8 6929. 60 II 3. 0 7283. 33 II
2.5 6930. 41 II 10960-25385 2.5 7288. 92 II 12790-26506
2. 5 6941. 56 II 10181-24583 2. 0 7290. 23 I

1. 8 6949. 23 II 4 h 7300. 72 II
5 6950. 51 II 8046-22429 2. 0 7327." 08 II

18 6955. 29 II 10214-24588 2. 0 7332. 65 I 4021-17655
1.4 6958. 97 II 1.2 7338. 04 I

2. 5 6968. 65 II 9407-23753 4 7347. 30 I 18119-31726

2. 0 6984. 16 II 4 7376. 69 II 12045-25598
2. 0 6988. 36 I 2. 0 7393. 98 II
2. 0 6993. 40 II 5 7444. 56 I

14 7020. 44 II 9407-23647 4 7445. 41 I

2. 0 7036. 73 II 4 d 7453. 03 II 12567-25980

14 7039. 22 II 8046-22248 2. 0 7470. 76 I

14 7042. 24 II 8679-22875 4 7481. 99 II 13466-26828
2. 0 7049. 15 II 3. 5 h 7502. 39 II 8579-21904

14 7051. 52 II 7525-21702 1.6 h 7517. 00 II
2. 5 7054. 97 II 11395-25566 3. 5 h 7541. 42 II 12790-26046

3. 0 7074. 67 I 1. 4 7544. 74 I

14 7082. 37 II 7135-21251 1. 6 7546. 57 I

6 d 7085. 52 II 8679-22789 1. 8 h 7560. 15 II 13604-26828
4 7088. 30 I 812-14916 3.0 7562. 94 II
2. 5 7091. 16 I 4021-18119 3. 5 7570. 95 II 12842-26046

5 7095. 50 I 1490-15579 3. 5 7572. 29 II
2. 5 7096. 33 I 293-14380 3. 0 7578. 09 II 14504-27696
5 7104. 54 I 2273-16345 5 7585. 77 II 14085-27263
3.0 7106. 23 I 3125-17194 3.5 7588. 31 II
4 7115. 96 I 1. 6 7598. 01 I

3. 5 7117. 51 II 3. 5 d 7607 48 II
4 h 7119.* 81 II 7607. 74 I 15567-28708
1. 8 7122. 40 II 14115-28151 1. 8 7613. 94 II 11799-24929
3.5 h 7125. 11 II 12790-26821 1.6 h 7631. 77 II 11799-24898
2. 0 7131. 80 I 1490-15507 3. 5 7637. 94 II 10874-23962

1.6 7136. 01 I 7 7645. 09 II 8579-21655
1.8 7139.39 II 1.8 7645. 82 I

6 d 7143. 98 II 8046-22040 3.0 7648. 02 II 12232-25304
13 d 7149! 60 II 7525-21508 1.6 7655. 78 II 12988-26046
1.6 7172. 67 I 2273-16211 3.0 7667. 20 II 13466-26506
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Samarium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. 2 7672. 49 II

1. 6 h 7678. 79 II 9410 -22429
1. 6 h 7695. 78 I

3.5 7712. 04 II 14115 -27078
5 7728. 56 II 13604 -26540

5 7736. 26 II

5 11^3.3^ II 13604 -26506
3. 5 7755. 20 II 11799 -24690
1.6 7794. 50 I 16211 -29037
1. 6 7801. 54 I 19753 -32568

1. 2 h 7812. 75 II

2. 5 7820. 15 II 11799 -24583
1. 6 7831. 40 II

6 w 7835. 08 II 14504 -27263
4 7837. 27 II 12842 -25598

1. 6 7844. 82 II 14085 -26828
1. 0 7859. 53 I 19006 -31726
3. 0 7863. 65 II 14115 -26828
1.6 h 7880. 07 II 10960 -23647
2. 5 7895. 96 I 16891 -29552

4 7914. 96 II 11799 -24430
14 7928. 14 II 12988 -25598
1. 4 7931. 92 I 17587 -30191
3. 0 7937. 09 II 12790 -25385
2. 5 7948. 12 II 12988 -25566

3. 0 w 8001. 61 II 9410 -21904
3.0 w 8014. 92 II 13466 -25940
3.5 8025. 12 II 12232 -24690
3.5 w 8026. 32 II 14085 -26540
2.5 8032. 03 II 11395 -23842

6 8048. 70 II 14085 -26506
2.5 8065. 16 I

7 8068. 46 I. 14115 -26506
1. 4 w 8117. 16 I][ 12988 -25304
1. 4 8125.12 I][ 10874 -23177
4 8161.90 I][ 10181 -22429
3. 0 w 8195. 50 I][ 13466 -25665

1. 0 8206. 30 I.

4 w 8218. 76 I] 11799 -23962
1.4 8230. 33 ]

2.5 8240. 98 I] 13466 -25598
3. 0 w 8289. 26 I][ 13604 -25665

1. 6 8300. 88 I. 11799 -23842
6 w 8305. 79 I. 14504 -26540
1. 6 8315. 45 ]

3.0 w 8348. 68 I] 12842 -24816
3. 0 8383. 71 ]

3. 0 8387. 77 I. 13466 -25385
5 w 8432. 64 I][ 14085 -25940
3. 0 w 8473. 54 I][ 12790 -24588
7 w 8485. 99 I][ 13604 -25385
5 w 8510. 90 I] 12842 — 24588

3. 5 8543. 22 I. 12988 -24690
3. 5 w 8617. 03 I][ 12045 -23647
3. 5 w 8632. 82 I][ 14085 -25665
1. 8 w
2. 0 8706. 32 I][ 14115 -25598

7 w 8708. 43 I][ 11395 -22875
5 w 8717. 89 I][ 12790 -24257
5 w 8758. 28 I][ 12232 -23647
2.5 w 8780. 59
3.5 w 8788. 83 I][ 10874 -22248

4 8859. 76
15 8913. 66 I][ 12045 -23261
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SCANDIUM

Sc, Z=21, M=44.96, Ratio 1^=0.708
Cu

Sci Normal state of valence electrons Sd^ As^ ^'Dva=0. I.P.= 52920 K
Sen Normal state of valence electrons Sd^^s^^B^ =0. I.P.= 103240 K

References

Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden, (Specola Vaticana, Vatican, 1945),
below 7000 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939), above 7000 A.

The last five lines in the table are new.

Classification

:

Sci and Sen, H. N. Russell and W. F. Meggers, Sci. Papers NBS 22, 329 (1927).

Molecular Spectra:

ScO, W. F. Meggers and J. A. Wheeler, J. Research NBS 6, 239 (1931).

Intensities

:

Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroskopiya 3, 391 (1957).

Relative intensity of scandium lines observed in an arc of copper containing 0.1 atomic
percent of scandium

Strong lines of scandium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

2500 3613. 84 II 178-27841 3d>4s'a3D3 --3rfi4p'

2100 3911. 81 I 168-25725 3rfi4s2 a ^D^y,--MHsHp' y
1800 3630. 75 II 68-27602 MHs' a --3d'4pi

1800 3907. 49 I 0-25585 3rfi4s2 a 2D,H--3rfi4si4pi y 'ny.
1800 4020. 40 I 0-24866 3d'4s2 a 2Di>^--3rf'4si4p'

1800 4023. 69 I 168-25014 3rf'4s2 a 2D2K--3d'4si4p' y'^2y.
1400 4246. 83 II 2541-26081 3rf'4s'aiD2 --3dHpi z iDl
1200 3572. 53 II 178-28161 SdHs'a^Ds --3di4pi z'm
1200 3642. 79 II 0-27444 3d'4s»a3Di --3di4pi z

900 3353. 73 II 2541-32350 3rf'4s'aiD2 --3d'4pi 2 'F3

900 3576. 35 II 68-28021 3d'4s'a5D2 --3d'4pi z^m
700 3580. 94 II 0-27918 3di4s'a3Di --3d'4pi 2 3Df
600 3372. 15 II 178-29824 3rf'4s' a --3rf'4pi z

600 3558. 55 II 68-28161 3dHs' a 3D2 --3d'4pi Z'T>3

600 3645. 31 II 178-27602 3rfi4s'a5D3 --3rf'4pi z 3F|
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Scandium — All Observed Lines

Intensity
and

Character

Wave-

in j\

Spec-
trum

Energy
T c» TrO 1 G

in K"111 xV

Intensity
cLXlU.

Wave-

in r\

Spec-
trum

Energy
Levels
in vcm r\.

4 2429. 16 8 3439. 41 I 15757-44823
7 2438. 62 6 3440. 18

42 2545. 22 II 68-39345 6 3448. 49 I 16027-45016
220 2552. 37 II 178-39345 24 3457. 45 I 16211-45126
42 2555. 82 II 0-39114 16 3462. 19 I 16141-45016

170 2560. 25 II 68-39114 12 d 3469. 65 16010-44823
85 2563. 21 II 0-39002 10 3471. 13 J 16022-44823
3. 0 2611. 22 II 26081-64366 18 3498. 91 I 16027-44599
1. 4 2684. 23 II 39345-76588 240 3535. 73 II 2541-30816

10 2692. 78 I 0-37126 600 3558. 55 II 68-28161

5 2699. 11 III 25537-62576 550 3567. 70 0-28021
30 2706. 77 I 0-36934 1200 3572. 53 \\ 178-28161
17 2707. 95 I 168-37086 900 3576. 35 II 68-28021
48 2711. 35 I 168-37040 700 3580. 94 II 0-27918
2.5 2819. 54 II 27918-63374 360 3589. 64 II 68-27918

3. 0 2822. 15 II 28021-63444 360 3590. 48 178-28021
5 2826. 68 II 28161-63528 2500 3613. 84 \\ 178-27841

28 2965. 86 I 0-33707 10 3617. 43
100 2974. 01 I 0-33615 1800 3630. 75 II 68-27602
120 2980. 75 I 168-33707 1200 3642. 79 II 0-27444

28 2988. 95 I 168-33615 600 3645. 31 178-27602
180 3015. 36 I 0-33154 10 3646. 90
o o o220 3019. 34 I 168-33279 480 3651. 80 II 68-27444
30 1>^1>^. 76 I 168-33154 10 3664. 25 II 2541-29824
2.5 3039. 93 II 32350-65236 26 3666. 54 II 178-27444

6 3045. 72 II 27444-60267 5 3675. 26 2541-29742
—

7

7 3052. 93 II 27602-60348 3. 5 3678. 35 11 32350-59528
10 h 3056. 31 7 h 3717. 10
11 3065. 11 II 27841-60457 24 3833. 07 II 0-26081
4 3139. 75 II 28161-60002 55 3843. 03 II 68-26081

90 3251. 32 II 68-30816 8 3894. 97
140 3255. 69 I 0-30707 1800 3907. 49 0-25585
400 3269. 91 I 0-30573 2100 3911. 81 I 168-25725
500 3273. 63 I 168-30707 4 3923. 51 II 2541-28021
10 d 3343. 28 II 27841-57743 400 3933. 38 I 168-25585

24 3352. 05 II 0-29824 4 3952. 27
900 3353. 73 II 2541-32350 4 3989. 06 II 2541-27602

6 d 3357. 30 500 3996. 61 0-25014
180 3359. 68 II 68-29824 48 4014. 49 II 2541-27444
150 3361. 27 II 0-29742 1800 4020. 40 I 0-24866

150 3361. 94 II 0-29736 1800 4023. 69 168-25014
360 3368. 95 II 68-29742 20 4030. 67 { 16023-40826
600 3372. 15 II 178-29824 13 4031. 39 I 15757-40555

8 3416. 68 I 15757-45016 9 4034. 23 I 16022-40803
3418. 51 I 15882-45126 20 4043. 80 I 15882-40604

6 3419. 36 I 15673-44910 18
A ^ Jt y ft ^\

4046. 48 16097-40803
18 3429. 21 I 15757-44910 240 4047. 79 I 168-24866
18 3429. 48 T

I 156 / 3 — 44o^:3 ii A f\AQ Q C ioi^i — HVOdb
24 3431. 36 I 15882-45016 500 4054. 55 0-24657
48 3435. 56 I 16027-45126 20 4056. 59 16027-40671
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Scandium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte:

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

14 h 4074. 97 J 16022-40555 2. 5 4420. 66 II 4988-27602
14 4078. 57 I 16010-40521 4 4431. 36 II 4883-27444

550 4082. 40
\

168-24657 6 4542. 55 14926-36934
18 4086. 67 16141-40604 8 4544. 68 \ 15042-37040
36 4087. 16 J 16211-40671 11 h 4557. 24 J 21400-43337

3. 5 h 4093. 13 J 16097-40521 14 h 4573. 99 J 21480-43337
6 4094. 85 I 16141-40555 6 h 4592. 94 I 21400-43167
5 h 4098. 35 16211-40604 6 h 4598. 45 21480-43221
6 4100. 33 \ 15042-39424 5 h 4604. 72

40 h 4133. 00 J 15673-39861 4 4609. 53

48 h 4140. 30 J 15757-39903 4 4609. 95 J 21480-43167
6 h 4147. 40 I 15757-39861 36 4670. 40 II 10945-32350

65 4152. 36 15882-39958 4 h 4680. 49
5 h 4154. 72 5 4698. 29 II 4803-26081
8 hd 4161. 88 J 15882-39903 12 4706. 97 18516-39755

100 h 4165. 19 J 16027-40028 12 4709. 34 J 18571-39800
6 h 4171. 56 I 15757-39722 20 4728. 77 I 11610-32752
4 h 4186. 45 50 4729. 23 11558-32697
6 h 4187. 62 15882-39755 4 h 4732. 30 \ 16023-37148
7 4205. 20 J 16027-39800 60 4734. 10 J 11520-32637

6 4212. 34 J 16022-39755 6 4735. 08

4 4212. 49 I 16023-39755 70 4737. 65 I 11558-32659
7 h 4216. 10 16010-39722 80 4741. 02 11610-32697

10 h 4218. 26 \ 16022-39722 120 4743. 81 \ 11677-32752
10 h 4219. 73 J 16010-39701 20 4753. 16 J 0-21033

3. 5 4221. 88 J 16022-39701 22 4779. 35 J 168-21086
8 d 4225. 59 I 16141-39800 9 4791. 50 I 168-21033

16 4231. 93 10 4827. 28
\

17948-38658
18 4233. 61 16141-39755 10 4833. 67 17919-38602
9 4237. 82 17 4839. 44 J 18000-38658

36 4238. 05 J 16211-39800 4 4840. 47 J 17948-38602
8 4239. 57 I 16141-39722 8 4847. 68 I 17948-38571
9 4246. 12 16211-39755 8 4852. 68 18000 -38602

1400 4246. 83 II 2541-26081 14 Id 4857. 79 ScO
5 4283. 56 4858. 09 ScO

26 4294. 77 J J 4883-28161 8 4906. 67 J 16141-36516
32 4305. 71 II 4803-28021 9 4909. 76 I 16211-36573

380 4314. 09 4988-28161 10 ^922. 84 16023-36330
300 4320. 74 4883-28021 10 4934. 25 17919-38180
220 4325. 01 J J 4803-27918 5 4935. 74 J 16022-36277

2. 5 4348 53 T 15882-38872 8 4941. 33 J 17948-38180
16 4354. 61 II 4883-27841 19 4954. 06 I 18000-38180
10 4358. 64 16023-38959 14 4973. 66

\

170ii5 -37126
5 4359. 08 17 4980. 37 17013-37086
2. 5 4364. 92 9 4983. 45 J 17025-37086

180 4374. 46 II 4988-27841 16 4991. 92 J 17013-37040
12 4384. 81 II 4803-27602 9 5018. 39 17013-36934
4 h 4389. 60 I 16097-38872 8 5020. 14

100 4400. 37 II 4883-27602 9 5021. 51 17025-36934
80 4415. 56 II 4803-27444 60 5031. 02 II 10945-30816
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Scandium — All Observed Lines

Intensity
and

Character

Wave-
iengtn
in A

Spec-
trum

Energy
Levels

^ « "XT'

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

6 5032. 74 30 5446. 20
J

16211-34567
28 ^064 3?VJU'T. ^t. ^^k^\^ — ^^K^ 3S1 2. 0 1 4926 — ?'^279

9 5068. 86 II 16023-35746 13 5451. 34 I 16141-34480
60 5070. 23 I 11558-31275 3. 5 5455. 21 I 16097-34423
28 5075. 81 I 11520-31216 2.0 5465. 20 I 18856-37148

240 5081. 56
J

11677-31351 6 5468. 40 16141-34423
140 5083 7? 11 61 0 — 31 275 7 5472 19 J

120 5085. 55 I 11558-31216 2. 0 5474. 64
85 5086. 95 I 11520-31173 85 5481. 99 I 15042-33279
44 5087. 14 I 20237-39889 60 5484. 62 I 14926-33154

30 5089. 89 20240-39881 65 5514.22 14926-33056
5 5092 46 1. 8 551 5 39

44 5096. 73 I 11558-31173 75 5520. 50 I 15042-33151
70 5099. 23 I 11610-31216 5 5526. 06 I 15673-33764
42 5101. 12 I 11677-31275 75 5526. 82 II 14261-32350

20 5109. 06 6 5541. 04 15757-33799
17 5112 86 3. 5 5546 40 15882-33906
36 5116. 69 2. 0 5550. 40 I 18504-36516
8 b 5133. 68 ScO 0. 6 5552. 25 II 11736-29742
5 b 5171. 06 ScO 4 5553. 59 I 18571-36573

44 5210. 52 I 20237-39424 1. 8 5561. 10 18516-36493
5 5211 28 8 5564 86 j 15882 — 33847

32 5219. 67 I 20240-39392 2. 0 5571. 24 I 18571-36516
40 5239. 82 II 11736-30816 1. 6 5579. 76 I 15882-33799
32 5258. 33 I 20237-39249 12 5591. 33 I 16027-33906

4 5284. 97 20237-39153 4 h 5593. 38
J

21086-38959
24 ^285 76 J 20240 — 391 53 2. 5 5604 1

9

?i _ 3fifi72

4 5301. 94 I 0-18856 2. 5 5631. 02 I 16010-33764
2. 5 5318. 35 II 10945-29742 9 5640. 98 II 12101-29824
8 5331. 77 I 15673-34423 5.0 5646. 36 I 16141-33847

1.6 5334. 23 II 12074-30816 1. 8 5647. 60 16097-33799
11 5339 41 1 STSV — 344S0 6 5649 56 1 UTK 1 —33906X<^£-XX ^^ / \J\J

14 5341. 05 I 15673-34390 28 5657. 88 II 12154-29824
11 5342. 96 I 0-18711 7 5658. 34 II 12074-29742
40 5349. 30 I 14926-33615 6 5667. 16 II 12101-29742

13 5349. 71 168-18856 8 5669. 04 II 12101-29736
7 1 c;Rfl2 — 34567 170 5671 81 n A77 — 29304

24 5355. 75 I 15757-34423 11 5684. 20 II 12154-29742
60 5356. 10 I 15042-33707 140 5686. 84 I 11610-29190
1.6 5357. 19 II 12154-30816 120 5700. 21 I 11558-29096

30 5375. 35 15882-34480 22 5708. 61
\

11677-29190
42 5*^92 OR 1 6027 — 34567 100 5711 75 11520 — 29023
5 5416. 12 I 16022-34480 26 5717.28 I 11610-29096
5 5425. 57 I 16141-34567 20 5724. 08 I 11558-29023
5 5429. 41 I 16010-34423 6 bl 5736. 85 ScO

4 5432. 94 16022-34423 6 bl 5764. 45 ScO
6 5433. 23 \ 16023-34423 11 bl 5772. 74 ScO
5 5438. 22 16097-34480 6 bl 5775. 32 ScO
6 5439. 03 16010-34390 8 bl 5809. 84 ScO
6 h 5442. 60 16022-34390 8 bl 5811. 60 ScO
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Scandium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

ii Dl 5847. 73 Sc O D 6575. 85 ScO
QO Di 5849. 07 ScO 7

/ 6604. 60 II T A Q /I C1U74D T A 0

1

QO
I-
D 5887. 38 ScO 3. U V->1Dl 6609. 99 ScO

4 bl 5918. 04 ScO 2.0 bl 6617. 94 ScO
3.5 5919. 11 I 18856 -35746 2.0 bl

/ / /I I~ A A
6645. 08 ScO

1 Dl 5928. 10 ScO ^. 5 Dl
/ / f A /I A
6654. 42 ScO

n 5961. 49 I ziiUob
-3 7 Q n ^,— J / ODD "i n V-vlDl 6661. 01 ScO

-7

1 Di 5968. 25 ScO il. u D 6700. 48 ScO
4 5969. 19 I 21033 -37781 2. 0 b 6705. 93 ScO

10 5988. 42 I 17013 -33707 8 6737. 87 I

1 oio Dl 6017. 07 ScO /I4 6739. 40
/ 6026. 18 I — jjbiD 4 6817. 08 I

~IC\IV Dl 6036. 17 ScO D 6819. 52 I ^lUoD 1 C 7 /I ^— / 4b
55 bl 6064. 31 ScO 3. 5

/AAA r" /I

6829. 54 I 21033 -35671
50 bl 6072. 65 ScO 6

/ A o r" AO
6835. 03 I

7U bl 6079. 30 ScO r> 7U. / D
/ A / O T A6963. 12 ScO

36 bl 6101. 87 ScO U. / Dl 6990. 68 ScO
bl 6109. 93 ScO U. D Dl 7025. 72 ScO

42 bl 6115. 97 ScO 1. 0 b 7035. 77 ScO
20 b 6148. 70 ScO 0. 6 b 7072. 37 ScO

i / b 6153. 93 ScO U. o D
A A /I OA

7094. 38 ScO
T "7

1 /
v.D 6188. 09 ScO i. D

un 7138. 14 0 /I A^4oDb 2 Q 079
n "7

D 6192. 90 ScO i. o 7169. 13 I
0 QQ C Q

70 6210. 68 0 -16097 1. 6 7257. 57 31351 -45126
10

/ O O A /IT
6239. 41 0 -16023 1. 0 7275. 57 31275 -45016

3d
/ A O A T A
6239. 78 u — iDu^:^ U. 4 n

~7 0 A A /A7300. 62 ^i^ib — 4471

u

T /I14 6245. 63 II — <10iDi 1. D n 7524. 13 O c c £3 c 7QC79— JOQ 1 L.

1^: 6249. 96 iOD /

i

-2 /I C A"? i. o n 7553. 96 I
9t;7'5cCD 1 /ID — ^0737

28 6258. 96 168 -16141 2.0 h
~7 C ~7 A A A7574. 44 24657 -37856

7 6262. 25 18516 -34480 1. 4 7617. 45 24657 -37781

o 6276. 31 ioo 1 ^nQ7— ibUV

/

i. o n 7665. 72 9 0977 — ^ Jil / 7

b 6279. 76 II l^ilUi /I n4. U 7697. 73 7Qc;79~ JOD 1 C.

2. 0 6300. 70 II o om 1 ^. 4 7729. 72 I ^1) / ^D 7£!At;C3

85 6305. 67 I 168 -16023 7 h 7741. 17 20237 -33151
3. 0 6309. 90 II 12074 -27918 0. 7 h

"7T C A 0 "7

7750. 37 29023 -41922

1. 8 6320. 85 II l/ilOl T7m o— ^7918 n 7
U. /

T7 n A ~7A7752. 72
\

9 Q 1 Q n /1 9 no c:

3. 0 6344. 83 U 1 C 7 C 7— 15 /57 n o un 7771. 06 ooriQA^7UVb /n Q AT— 4i7bi
7 6378. 82 I U

T C ^ 71— 156/3 <i. u 7785. 17 I ilDUi4 — J 1 ODD

6 bl 6408. 41 ScO 1.0 T "7A /I /A7794. 68 29190 -42016
10 6413. 35 I 168 -15757 4

"7 A A A /I /I

7800. 44 20240 -33056

3. 0 b 6437. 08 ScO T /I
1. 4

~7 A A 7 / /I7821. 64
I

il7jU4 /i9 np c;— 4/1 UcSD

6 bl 6446. 24 ScO i. 4 n 8196. 98 •J77Q1

3.0 b 6457. 78 ScO 2. 0 8241. 13 I 25725 -37856
4 b 6485. 40 ScO 2.5 h A ~7 / T /I A8761. 40 24866 -36277
3. 0 b 6495. 90 ScO 1. 4 h ATT/! A

8774. 8

6 b 6525. 62 ScO 2. 0 h 8794. 72 29304 -40671
2.5 b 6535. 30 ScO 2. 0 h 8823.

8

5 b 6557. 84 ScO 4 h 8834. 45 25014 -36330
4 b 6566. 88 ScO
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SELENIUM

Se
Se, Z=34, M=78.96, Katio ^=1.243

Se I Normal state of valence electrons 45^4/)* =0. I.P.= 78658 K
Se II Normal state of valence electrons 4sHp^ *Si^=0. I.P.= 173557 K

References
Wavelengths and Classification:

Se I, J. E. Ruedy and R. C. Gibbs, Phys. Rev. 46, 880 (1934).

Relative intensity of selenium lines observed in an arc of copper containing 0.1 atomic
percent of selenium

Strong line of selenium

Intensity Wavelength Spectrum Energy levels Term combination
A K

40 2039. 85 I 1989-50997

Selenium — All Observed Lines

Intensity Wave- Energy
and length " Levels

/~u 4. A trum jj.Character m A m K

Intensity Wave- Energy
and length ^ " Levels

.
°. trum TV-Character m A m K

34 1960. 26 I 0-50997
40 2039. 85 I 1989-50997
15 2062. 79 I 2534-50997

3. 0 2074. 79 I 0-48182
5 8918. 80 I 48182-59391
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SILICON

Si, Z=14, M=28.09, Ratio ^^=0.442

Si I Normal state of valence electrons Ss^Sp^^Po =0. I.P.= 65743 K
Si II Normal state of valence electrons 3s^3p^ ^P8h=0. I.P.= 131818 K

References
Wavelengths

:

C. C. Kiess, J. Research, NBS 21, 185 (1938).

Classification

:

Si I, C. C. Kiess, ibid.

Intensities

:

P. Hey, Z. Physik 157, 79 (1959).

Relative intensity of silicon lines observed in an arc of copper containing 0.1 atomic
percent of silicon

Strong lines of silicon

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

360
260

2516. 11
2881. 60

I

I

223-39955
6299-40992

3s23p2 3pj,_3s23pl4sl spo

3s23p2 1D2—3s23pi4si iPf

Silicon — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 2124. 11 6299-53362 120 2519. 21 77-39760
2. 0 2207. 97 0-45276 240 2524. 11 77-39683
2. 0 2210. 88 77-45294 200 2528. 51 223-39760
3. 5 2216. 67 223-45322 24 2631. 28 15394-53387

26 2435. 16 6299-47352 260 2881. 60 6299-40992

170 2506. 90 77-39955 15 2987. 65 6299-39760
160 2514. 32 0-39760 11 3905. 53 15394-40992
360 2516. 11 223-39955
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SILVER

Ag, Z=47, M= 107.880, Ratio
gJ-=

1.698

Ag I Normal state of valence electrons 4c?'°5s' ^So!^=0. I.P.= 61106 K
Ag II Normal state of valence electrons 4c?'° ^So =0. I.P.= 173300 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Ag I, A. G. Shenstone, Phys. Rev. 57, 894 (1940).

Ag II, A. G. Shenstone, Phys. Rev. 31, 317 (1928).

Intensities

:

A. Filippov and I. Islamov, Z. Physik 85, 409 (1933).

J. Terpstra and J. A. Smit, Physica 34, 937 (1958).

Relative intensity of silver lines observed in an arc of copper containing 0.1 atomic
percent of silver

Strong lines of silver

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

5500
2800

3280. 68
3382. 89

I

I

0-30473
0-29552

4di»5si 2So>i—4dio5p> ^PiH
4di»5s' 2SoH—4d'»5pi ^PoM

Silver — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

2. 0 2331. 37 II 40741-83621 5 hi 4476. 08 29552-51887
10 2413. 18 II 40741-82168 6 hi 4668. 48 30473-51887
8 2437. 79 II 39164-80172 100 5209. 07 29552-48744
3. 0 2447. 93 II 46046-86884 100 5465. 49 30473-48764
6 2721. 77 I 30242-66972 10 5471. 55 30473-48744

5500 3280. 68 I 0-30473 32 7687. 78 29552-42556
2800 3382. 89 I 0-29552 50 8273. 52 30473-42556

9 hs 4210. 94 I 30473-54214
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SODIUM

Na, Z=ll, M=22.991, Ratio ^=0.3618

Na I Normal state of valence electrons 2p^Ss^ %;^=0. I.P.= 41450 K
Na II Normal state of valence electrons % =0. I.P.= 381528 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Na I, A. Fowler, Report on Series in Line Spectra (Fleetway Press, London, 1922).

Intensities

:

R. Minkowski, Z. Physik 36, 839 (1926).

A. Filippov and W. Prokofiev, Z. Physik 56, 458 (1929).

Relative intensity of sodium lines observed in an arc of copper containing 0.1 atomic
percent of sodium

Strong lines of sodium

Intensity Wavelength Spectrum Energy levels Term combination
A k

2000 5889. 95 I 0-16973 2p«3si 2SoH—2p«3pi 'Pm
1000 5895. 92 I 0-16956 2p«3s» 2SoK—2p«3pi 'P5h

Sodium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

30 3302. 32 0-30273 2000 5889. 95 0-16973
15 3302. 99 0-30267 1000 5895. 92 0-16956
1. 0 1 5149. 09 16956-36373 3. 0 1 6154.23 16956-33201
2. 0 1 5153. 64 16973-36373 6 1 6160. 76 16973-33201
7 1 5682. 66 16956-34549 110 8183. 27 16956-29173

14 1 5688. 22 I 16973-34549 220 8194. 81 I 16973-29173
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STRONTIUM
Sr

Sr, Z=38, M=:87.63, Ratio ^=1.379

Sr I Normal state of valence electrons 4:p^5s^ ^Sq =0. I.P.= 45926 K
Sr II Normal state of valence electrons 5s' %H=0. I.P.= 88964 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Sr I, F. J. Sullivan, Univ. of Pittsburgh Bull. 35, 1 (1938).

Sr II, F. A. Saunders, E. G. Schneider and E. Buckingham, Proc. Nat. Acad. Sci. U.S. 30,
291 (1934).

Intensities

:

J. W. Schuttevaer, M. J. de Bont, and T. H. van den Broek, Physica 10, 544 (1943).

A. Eberhagen, Z. Physik 143, 392 (1955).

Y. I. Ostrovskii, N. P. Penkin, and L. N. Shabanova, Doklady Akad. Nauk S.S.S.R. 130,
66 (1958).

Relative intensity of strontium lines observed in an arc of copper containing 0.1 atomic
percent of strontium

Strong lines of strontium

Intensity Wavelength Spectrum Energy levels Term combination
A K

4600 4077. 71 II 0-24517 4p«5s» 2SoH—4p«5jo> 'PiM
3200 4215. 52 II 0-23715 4p'!5si 2S(,^4p«5p' 2P5h
650 4607. 33 I 0-21698 4p65s2 ig^ —4p65si5pi ip|
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strontium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 2152. 84 II 14556-60992 20 5225. 11 J 18159-37292
6 2165. 96 II 14836-60992 20 5229. 27 I 18219-37336
1.2 o yi o o in

\

n /1 1 1 "70
28 C O '3 O C C

5^:38. 55 18219 — 37302
1.2 2569. 47 0-38907 48 5256. 90 { 18319-37336

2931. 83 I 0-34098 J. D n 5329. 82 I 20150-38907

3.0 3301. 73 I 14318-44596 15 5450. 84 I 18219-36560
3.0 3329. 99 I 14504-44526 70 5480. 84 I 18319-36560
4 3351. <:b

{

I/IOQQ /I/ITiH 11 C A O L 1 O5486. ic 18159 — 36382
3.0 3366. 33 14899-44596 35 5504. 17 \ 18219-36382

3380. 71 II 23715-53286 do 5521. 83 I 18159-36264

95 3464. 46 II 24517-53373 20 5534. 81 I 18319-36382
12 3474. 89 II 24517-53286 20 5540. 05 I 18219-36264
3.0 h o n /I r\ on3940. 8U mjio — jV6oD 2.5 h nn A 1 If5543. 36 oiz.no 1dinZ1698 — 39733
6 3969. 26 I 14504-39691 2. 0 h 5970. 10 \ 21698-38444

3970. 04 I 14504-39686 d. J n 6345. 75 I 18219-33973

13 4030. 38 I 14899-39703 2. 5 h 6363. 94 I 18159-33868
3. 0 4032. 38 14899-39691 3. 5 h 6369. 96 I 18159-33853

4600 /I n "7 "7 "71
40 / /. /i

T T n o /I ci "7

U -^1451 / 10 '2 o n "7c iol57 — Hod 1

20 4161. 80 II 23715-47737 9 h 6386. 50 { 18319-33973
Pii UU 4215. 52 II 0-23715 0 n 6388. 24 I 18219-33868

34 4305. 45 II 24517-47737 90 6408. 47 I 18319-33919
3. 5 h 4438. 04 I 14899-37425 2.5 6446. 68 I 18319-33827

650 460 /. 33 n o 1 Q o
2. 5 h L A i^C "7Q Ol ^QO •2"71

32 4722. 28 I 14504-35675 55 6504. 00 { 18219-33590
4741.92 I 14318-35400 lU 6546. 79 I 18319-33590

14 4784. 32 I 14504-35400 17 6550. 26 I 21698-36961
48 4811. 88 I 14899-35675 30 6617. 26 I 18159-33267
36

yi n o no4832. 08 14504 — 35194 8 L I- A 1 C Add43. 54 lodVi — i)icb 1

I 14318-35007 18 6791. 05 \ 14318-29039
4855. 04 I 18159-38750 A Q'to 6878. 38 I 14504-29039

6 4868. 70 I 18219-38752 12 6892. 59 I 0-14503
30 4872. 49 I 14504-35022 55 7070. 10 I 14899-29039
6 4876. 06 14504 — 3500 / 0. 6

"71 c "2 no/153. 09 ^IbVy

—

35d Id

20 4876. 32 { 14899-35400 2.5 h 7167. 24 { 20150-34098
10 4891. 98 I 18319-38755 2. 0 7232. 27 I 20150-33973

80 4962. 26 14899-35045 25 7309. 41 20150-33827
13 4967. 94 14899-35022 5 7621. 50 20150-33267
8 h 5156. 07 20150-39539 4 h 7673. 06 21698-34727

14 5222. 20 18159-37302
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TANTALUM
rn.

Ta, Z=73, M= 180.95, Ratio ^=2.848

Ta I Normal state of valence electrons 5d^6s^ *Fi^=0. I.P.= 63600 K
Ta II Normal state of valence electrons 5d^6s^ ®Fi =0.

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

C. C. Kiess, unpublished material.

Classification

:

Ta I, P. F. A. Klinkenberg, G. J. van den Berg, and J. C. van den Bosch, Physica 16, 861
(1950).

G. J. van den Berg, P. F. A. Klinkenberg, and J. C. van den Bosch, Physica 18, 221
(1952).

C. C. Kiess and H. K. Kiess, unpublished material.

Tan, C. C. Kiess, G. R. Harrison, and W. J. Hitchcock, J. Research NBS M, 245 (1950).
C. C. Kiess, J. Research NBS 66A, No. 2 (Mar.-Apr. 1962).

Relative intensity of tantalum lines observed in an arc of copper containing 0.1 atomic
percent of tantalum

Strong lines of tantalum

Intensity

300 2653. 27
300 2714. 67
280 2647. 47
240 3012. 54
220 2656. 61

220

200
180
180

180
170
160
140
140

140
140
140
140
130

120d

120
120
120

100
100
100
90
90

90
90
90
90

Wavelength
A

2850. 98

2933. 55
2661. 34
2685. 17

2963. 32
2850. 49
2608. 63
2400. 63

. 2635. 58

2710. 13
2748. 78
2940. 22
3311. 16
3626. 62

2526. 35
2526. 45
2559. 43
2698. 30
2758. 31

2636. 90
2749. 83
3607. 41
2675. 90
2775. 88

2891. 84
2965. 13
2965. 54
3318. 84

Spectrum

II

I

I

II

I

I

I

II

II

II

II

Energy levels

K

2010-39688
0-36826
0-37761

5331-38516
0-37630

5621-40686
14581-49647

0-34078
5621-43185
4125-41355

2010-35746

2010-40333
6187-47830
1031-38962

3964-40851
3964-40333

0-34001
5621-35813
3964-31530

2010-41581
3964-43533

0-39060
2010-39060
2010-38253

5621-43533
9705-46061
2010-29723
4416-41775

0-36014

2010-36580
0-33715

2010-35721
2010-32132

Term combination

5rf36s2 a *F2H-
5d36s2 a *Fi^-
5d36s2 a 'Fiy-
5d26s2 a -

5d36s2 a *Fiy,-

5d36s2 a 'Fm-
5d36s' b 'Fa —
5d36s2 a 'Fi^—
5d36s2 a 'Fiy—
5d26s2 a 3Po—

5d'6s2 a *F2y~

5rf36s2 a ^FjH—
5d36si a —
5d^6s^ a 5F2 —
5rf36s2 a ^Fan—
5d36s2 a *F3M—
5d36s2 a <Fi4—
5dW a *F4y~
5dW a 'Fiy—

5d36s2 a ^FzH-
5d36s2 a ^FsH-
5d'6s2 a 'Fiy,-

5d^6s^ a ^Fjj^-

5d36s2 a 4F2H-

5d36s2 a *Fi^-
5d^6s^ a 2G3H-
5(i36s2 a *F2^-
5d'6si a 5F4 -

5dW a ^FiH-

39688IH
-5d36s6p y *G°2y,

37761ly,

37630^}^

-5d36s6jO y ^GIh
496471

34078fH
43185S^i
41355!

35746§H

403335k

4085 11h
40333§k,
3400 l^H
358135)^

31530l>^

-5d*6p y 6F5h
43533§j^

390605H
39060iH
382531)^

435335H
4606 1§H
29723IH
417751

-5d'6s6p z ^GIh

Sd^Gs^ a *F2^-
5d36s' a 5Fi -

5d36s2 a 4F2H-
5d36s2 a *F2r^-

-5d^6s6p y ^Ff^
337151
35721!^^
321321>^
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T ant alum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3.5 2140.13 J J 4 2335. 75 II 12705-55505
5 2146. 87 II 1031-47596 9 2338. 28 II 6988-49741
2. 5 2150. 62 II 1031-47515 6 2340. 94 II 6831-49536
2.5 2165. 01 II 0-46175 6 2341. 61 II 12436-55128
3.5 2178. 03 II 3180-49080 4 2343. 64 II

6 2182. 71 II 1031-46831 3. 0 2346. 42 II
3.0 2193. 20 II 2642-48223 3.0 2351. 99 II
6 2193. 88

TT /TOT HTTnyi
II 6187-51754 6 2353. 86 II 5331 -47801

9 2196. 03 II 4416-49938 4 2355. 22 II
9 2199. 67 II 0-45447 6 2356. 05 II 9690-52121

3. 5 2207. 14 J J 5 2356. 90 II 4416-46831
9 d 2210. 03 II 0-45234 9 2357. 30 I 0-42408

2210. 19 II 4416-49647 6 2359. 16 II 9746-52121
3. 0 2215. 60 II 4416-49536 10 2361. 09 I 2010-44350

13 2239. 48 II 2642-47281 6 2362. 78 II

2. 5 2248. 48 II 9746-54207 5 2363.32 II
5 2249. 79 II 0-44435 24 2364. 24 II 6187-48470

13 2250. 76 II 1031-45447 2. 0 2367. 24 II 4416-46646
3. 0 2254. 86 II 3180-47515 6 2369. 32 II 2642-44835
5 2255. 77 II 12436-56753 12 2370. 76 II 5658-47825

4 2256. 51 II 9746-54048 13 2371. 58 I 3964-46117
6 2258. 71 II 0-44259 II 0-42153

10 2261. 42 II 0-44206 3. 0 2372. 80 II 6831-48963
3. 0 2261. 62 II 1031-45234 4 2373. 94 II 10713-52825

13 2262. 30 II 2642-46831 3. 0 2375. 91 I

3. 0 2269. 56 II 12705-56753 7 2378. 31 II 1031-43065
10 2271. 85 II 2642-46646 20 2381. 13 II 2642-44626
13 2272. 59 II 3180-47169 11 2381. 52 II 0-41977
3.0 2279. 85 8 2383. 72 II 5658-47596
5 2282. 19 II 1031-44835 11 2384. 28 II 1031-42960

2. 0 2285. 02 II 5331-49080 6 2'385. 73 I

12 2285. 25 II 2642-46387 70 2387. 06 II 4416-46295
9 2286. 59 II 9746-53466 4 2388. 37 II 5658-47515
4 2287. 27 II 12436-56142 8 2389. 11 II 9690-51534

16 2289. 16 II 3180-46851 4 2396.30 I 5621-47340

3. 0 2292. 54 II 0-43606 6 2399. 15 I

3.0 2295. 18 3.0 2399. 92 II 3180-44835
3. 0 2301. 47 II 12705-56142 140 2400. 63 II 6187-47830
9 2302. 24 II 5658-49080 8 2402.13 II 2642-44259
9 2302. 93 II 4416-47825 6 2403. 68 II 11875-53466

6 2303. 49 II 1031-44430 8 2406. 55 I 2010-43551
2.0 2308. 46 II 5658-48963 2.5 2407. 57 I 2010-43553
9 2312. 60 II 1031-44259 8 2408. 26 II 5658-47169
9 2315. 46 II 1031-44206 2. 5 d 2412. 53 II 14581-56019
6 2319. 16 II 12436-55543 2412. 67 I

2. 5 2331. 29 II 11767-54649 8 2414. 32 I 9253-50660
18 2331. 98 16 2415. 21 II 6831-48223

?33? 19 II 4416-47281 22 2416. 89 II 2642-44005
3.0 2334. 13 5 2417.* 33 II 0-41355
5 2334. 88 II 6831-49647 16 2417. 86 II
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T ant alum — All Observed Lines

Intensity
and

C^,]r\ PLC t €^ V

Wave-
X \^ X X CL U A X

in A
Spec-
trum

Energy-
Levels
in K

Intensity
and

Wave-
X^ 1 1 H LJ. J.

J. 1* r\.

Spec-
trum

Energy
T tfi -XTf^ 1 c
J_j t, V C J. D

in. x\.

11 2418. 77 II 50 0 yi 0 yi r\r
2484. 95

X
I 0-40230

10 2421. 03 I 3964-45256 12 2486. 70 I 3964-44166
11 2421. 85 II 14581-55859 60 2488. 70 II 4416-44585
13 2423. 48 II

OTnO A A A ^ t\3180-44430 50
^ A r\ f\ A /
2490. 46 I

10 2425. 91 II 12436 — 53645 5
0 yi / 0 yi

2496. 24
X
I 6069-46117

28 2427. 64 I 0 — 41180 7
0 yi 1^ / / yi

2496. 64 I

5 2428. 00 II 5658-46831 5 2497. 77 II 0-40024
28 2429. 71 II 0-41145 9 2498. 33 II 4416-44430
14 2431. 06 II 1031-42153 14 2501. 98

X X
II 9690-49647

5 2431. 66 I 10 2503. 01
X X
II

40 2432. 70 II 6187 — 47281 60 2504. 45 X
I

oo/yi yioooT3964-43881
11 2433. 59 II 3180-44259 10 2505. 32 II 5331-45234
11 2436. 51 II 12436-53466 60 2507. 45 I 2010-41879
9 2437. 07 I 10 2508. 92 X X

II 9690—49536
8 2437. 67 I 0 — 41010 10 2510. 71 II 15726-55544

10 2438. 64 X X
II 6831 —47825 5 d 2511. 69 X X

II
18 2439. 91 I 2010-42983 24 2512. 65 I 0-39787
12 2442. 39 I 5621-46552 10 2513. 10 II 3180-42960
10

1 /I /I /I no
2444. 13

X X
II 2642—43544 -7

7
^n 0 no
2513. 88 X T

II
TTT/T PTPOyi11767-51534

9 2444. 67
X X
II 10 OPTO ~7 02519. 78 X

I
/Oyio yiP~7oyi6049-45724

5 2445. 53
X X
II

T yi14 0 r 0 / 00
2526. 02

X X
II

p/po flpooyi5658-45234
10 2447.17 I 0-40852 120 d 2526. 35 I 2010-41581
8 2449. 44 II 6988-47801 2526. 45 I 3964-43533
8 2454, 21

X
I 5

0 P 0 T 00
2531. 29 I

P/OT yiPTTP5621-45115
10 2454. 48 I 3964 — 44693 60 0 P 0 0 TO

2532. 12 II 2642-42123

5 2454. 70 II 11767 — 52493 12
0 p 0 0 00
2533. 00

X
I

10 2458. 68 I 7 2534. 16 I

10 2460. 55 I 9253-49882 5 2534. 47 I 9705-49149
8 d 2461. 06

X X
II 10713 — 51334 12

0 p 0 yi 0 T
2534. 97

X
I

p/OT yipopo5621-45058
16 2463. 82

X X
II 12436-53011 16 0 p 0 "7 0 yi

2537. 94
X X
II

0/00 yioooo9690-49080

8 2465. 26
X
I 5621-46172 9 d 0 p yi 0 00

2542. 23
X
I

13 2466. 99 II 1031-41555 2542. 35 II 11875-51197
13 2467. 37 II 5658-46175 5 2544. 27 I

5
^ A / yi T
2468. 41 II 15851 -56351 0 p yi yi 0 T

2544. 37
T X
II

TOOOT POTOT12831 -52121
38 2470. 90

X X
II

/TOT A f / A f6187-46646 '1 yi

24
0 p yi p yi 0
2545. 49

X T
II

TOOT rtOOOP1031-40305

12 2471. 38
X
I

0 yi24 0 p /I / 00
2546. 80 X

I
0 0 p\ 0 p 00-39253

12 2472. 13 I 3964-44403 14 2549. 38 I 3964-43177
15 2473.13 I 3964-44386 46 d 2551. 07 I 2010-41198
12 2473. 31

X X
II 4416 — 44835 0 P P T TO

2551. 19 T
I

p/OT yiyioOT5621-44807
60

yi "7 yl / o
2474. 62

X
I 2010—42408 T yi14 0 P P T TO

2551. 73
X X
II

p/po yiyioop5658-44835

12 2475. 33
X
I 9759 — 50146 7

0 P P 0 TO
2553. 18 X X

II
20 2476. 67 II 3180-43544 46 2554. 62 II 2642-41775
15 2478. 22 I 0-40339 12 2554. 91 II 4416-43544
8 2479. 58 X X

II 2642 — 42960 0 yi24 0 P P P OP
2555. 05

X
I

oo/yi yioooo3964 — 43090
12

^ yi m o /
2481. 86 II 11875 — 52156 n yi14 0 P P / P T

2556. 51
X X
II

pooT rt^yioi"5331-44435

10 2482. 10 X
I 18 0 P P "7 "7 T

2557. 71
X X
II 9690-48776

10 2482. 58 II 120 2559. 43 I 0-39060
8 2483. 46 II 18 2560. 68 I

10 2484. 04 II 46 2562.10 I 3964-42983
8 2484.72 II 0-40234 8 2563. 33 I 2010-41010
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

14 2563. 70 J 0-38994 36 2615. 66 I 2010-40230
14 2569. 13 II 2642-41555 6 2620. 18 I

40 2571. 51
^\

5331 —44206 20 2624. 12 6049-44146
50 2573. 54 0-38845 10 2625. 46 \ 6069-44146
46 2573. 79 I 2010-40852 5 2627. 43 I

^ 18 2574. 38 I 9976-48809 8 2628. 85 II 18494-56522
18 2575. 47 I 9253-48070 9 2630. 53 II 6831-44835
70 2577. 37 11099 — 49887 12 2632. 27 II
40 2577. 78

^\ 5621-44403 10 2633. 79 II 18494-56451
8 2578. 24 J J 12705-51480 140 2635. 58 II 1031-38962

12 2579. 62 J 0-38754 8 2635. 93 I 2010-39936
24 2580. 16 I 2010-40756 6 2636. 37 I 9705-47625
4 2581. 60 9746 — 48470 55 2636. 67 3964-41879

40 2584. 03 100 2636. 90 \ 5621-43533
16 2584. 49 ij 13475-52156 6 2637. 93 II 0-37897

17 2584. 69 9253-47931 10 2638. 67 II 5658-43544
12 2585. 61 I 9705-48369 6 2639.19 II 11767-49647

/I

4 2588. 88 6831 —45447 20 2643. 89 6069 — 43880
9 2589. 81 {J 5658-44259 14 2644. 60 II 2642-40444
2.5 2590. 20 13560-52156 14 2645.10 II 6831-44626

8 d 2592. 44 60 2646.22 I

2592. 53 II 13560-52121 70 2646. 37 2010-39787
50 2593. 08 5621 —44174 18 d O / /I / "7/1

2646. 74 T T
II 11875 — 49647

48 2593. 66 4416-42960 2646. 89 II 11767-49536
36 2594. 25 0-38535 280 2647.47 I 0-37761

65 2595. 26 5621-44141 6 2650. 02 I

14 2595. 59 II 0-38516 8 2650. 28 9253-46974
10 2596. 12 0 — 38508 32 2651. 22 T T

II 4416 — 42123
36 1 2596. 45 2642-41145 5 2652. 32 9705-47397
7 2596. 61 2010-40510 300 2653. 27 I 2010-39688

12 2598. 21 2.5 2654. 01 I

5 2598. 75 I 6049-44518 4 2655. 68 I

26 2600. 14
r\ o o /I /I o
0 — 38448 5 2656. 08

}8 2600. 73 6187-44626 220 2656. 61 0-37630
16 2601. 06 I 6049-44484 8 2657. 30 I 3964-41585

10 2602. 38 I 6069-44484 6 2658.14 II

70 2603. 49 II 6187-44585 14 2658. 86 II 6831-44430
7 2603. 82 9976-48369 10 ^ / f r\ /in

2659. 41
T T
II 2642—40234

7 2605. 32 \ 9253-47625 4 2659. 66
8 2606. 43 15851-54206 180 2661. 34 I 5621-43185

14 2607. 84 18 2661. 89 I 5621-43177
6 2608. 20 I 2010-40339 15 2662.10

160 2608. 63 2010-40333 3. 0 2663. 88 T T
II 14628 — 52156

24 2609. 00 } 6069-44386 6 2664. 24 II 17982-55505
4 2610. 13 6049-44350 26 2665. 60 II 1031-38535

36 d 2611. 34 3964-42247 4 2665. 94 I

2611. 46 5 2667. 00 II 1031-38516
13 2612. 61 II 1031-39296 6 2667.17 6069-43551
8 2615. 25 9705-47931 26 2668. 07 5621-43090

40 2615.46 9705-47928 70 2668. 62 0-37461
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

1 Qio T T
1 1 0 A n7n Aon q Jm ->

0711 1AA / Di, ^4 T T
1 I 1 Qc;c: A cci 0

Q

1odd4 — ddIao
12 2671. 63 I 10950-48369 12 2735. 26 II 9746-46295
12 2672. 50 II 5658-43065 36 2736. 25 II
o CO Ih. io T T

1 I 1 C QCl C 101i lD03i — DJCDD OACH 071Q OAA / ^7. Ab T T
1 1

CAC^Q AOICIDbDO — 4AiD3
n
4 O U~I A AOCO IH, 47 T

I
1 n^,Qn /I Qn7n1 UbVU — 4oU /

U

J. 0 07A n 7nA /4U. /U
T T
I 1

1 71 AQ CI AA C1 / ibo — D^b4D

/ D. 7U T T
1 1

A A'\ C A'\44i b — 4i 110 T 71 /
07A1 1

7

A / 41. 1 /
T
1 QOCI A C70

A

VCOJ —"tO 1 C'\

6 2676. 48 II 10713-48064 3. 0 2742. 92 I

8 2678. 80 II 18186-55505 24 2743. 59 I 2010-38448
DC oAQn n^,ziboU. Ub T T

1 1 _5bl30 — 4^7bU Anbu 07AA AQA / 4b, bo T
1

C /LOT A 0 ni DDbAi — 4AUiO
cooU, bb T T

1 I /l/Il A /n 70044ib — 4i / U7 1 A14 07AA Q1A / 4b, OJ T T
1 1 1 t;70 A CO! OlId 1 CO — ocicL

/iboi. oj T
1 1 n1 u 01A1 OC.C m 1 , CO T

1

13 2681. 87 I 3.5 2747. 85 I 11244-47625
70 2684.28 I 2010-39253 140 2748. 78 I 3964-40333

ioU /ibbi). 1 /
T T
1 I Ai oc; AT ii;t;41^3 — 41^ 1 nn1 u u 07AQ Q1C 1 47, OJ T1 Q7nc; AAOAl7 / UD — 4bUbl

4 OABA "50^bob. T Q7i;Q — A^Q~Ia7 10 7 — Hby/H o 07c;n AT^ /3U, tl T T
1 1 1 1 Q7C AB001llo / D — 4oAAJ

OADQ OACooy, CH T T
1 1 bO^i — 44UUD io 07n;o inA / DA, T 1 n Aon A 7ni 1lUbvU — 4 lULJ

4 2690. 54 I 9253-46410 48 2752, 49 II 2642-38962
40 2691.31 I 0-37146 8 h 2757,26 II 12705-48963
o OAQi on^b7i. oU T T

1 1 44ib — 4i5!3D 1 onl^U A / Do, ^1 T
1 oni n iDociAuiU — POAD^

J n ouoo AnCoyc, 4U T
1 c; AO! _ A07c;o Qo 07n;Q nAA / D7, Ub T T1

1

AQ11 AinACbo^l — 4^UbD

c OAQO D1coyc, oj T T
1 1 n cn Amnc; n;n 07A1 AQA / bl, bo T T

1

1

1 nn 170111 ujL — J 1 cjL
11 2693. 34 I 6049-43167 7 2762, 05 II

6 2693. 50 I 5621-42737 13 2763. 37 II 0-36177
^:b74.

T T
1 I OAAO 1Q7AA^bt^l — 1 44 b 07AC noA / bo. U7 T T

1 1 n an iqoqa^loU — jycyo
1 / /ib74. /b T An _ An A7oub7 — t^ib

/

po 0771 BlA / / 1.
T T
1 1

C073, 54 T T
1 I 1 n7i 1 A7QmiU/1^— 4 / oUi 1 01 A 011A QBC 1 1 H, OO T

1 1 CIQl Cl Al BIDJ7I — DI4I0
3.0 2695. 71 II 9746-46831 15 2775. 11 II 5331-41355

28 2696. 81 I 9253-46323 4 2775. 35 II 18186-54207
Ton T

1 om n iQnAn^UiU — ^7UbU on7U 077t; QQC 1 10, OO T
I n 1Am AU — 3bUi4

/,o OTnn 7n
<i / UU. / U T

I icobb — 47O0C 1 n 0~l~l L 71Clio, 1 L
T T
1 1 1 7011 CIOIC1 / A^ 1 — D^ A^D

1 A14 o'jno on
zi / Uc, oU T T

1 1 n 1AQSCu — ^b700 b 0~1~1Q QOClio, OC T T
I 1 1 1 c An A QCI Al^DbU — 47D.?b

10 2703. 06 I 2010-38994 12 2779.10 I 3964-39936
10 2704.31 I 6 2779. 70 I 9759-45724

C IVO, 07 T
1 1 nAQn A 7 AO c;lUb7U — 4

/

oco 1 01a 07Qn 1AA /oU. j4 T T
1 I 1 nn 1AQQQlU^l — ^b7oo

3. D C lUO, 7C T
1 07Qn QQA / oU. 07

C 1 U7. ^ /
T T
I I 7 /4b — 4bbHb 1 01

A

07B1 17A / Ol. ^ /
T
1 Q7nC ACAAQ7 / UD — 4Db4o

140 2710.13 I 3964-40851 3.0 2781. 79 I 10950-46888
3.0 2710. 72 II 24226-61106 18 2784. 97 II 5658-41555

inn^UU c 1 Lh, o I
T
1 n 1AS0A 7

/
07QA 77A / ob, / /

T T
1 1 0 AA 0 IB CI AAb4A — ^oDlb

O Q C 1 i. 1 , io T
1 1QAA An7E;A^7b4 — 4U /5b A A4b 07B7 AQA /o /, b7 T

1 Q0C1 A CI 1 Cycoj — 4DliD

1 -7
i / C 1 LO, JO T

1 AOAQ AOQAi;bUb7 — 4<io4D ID 07BQ inA / OO, jy)
T
I

55 2720. 76 I 2010-38754 6 2789.15 II 17168-53011
20 2721. 83 I 6049-42779 6 2789. 77 I 12235-48070
i J 070 C /I O

^1 / ^D. 4zi
T T
1 I 1 o1 A 07Qn 71A / 7U. / 1

T
1 1QAA 1Q7Q7^7b4 — J7 lol

1 n 070^, IOC 1 CO, JC T
I om n 1BA7Q^uiu — ^ob /

7

1 Alb 07Q1 17A /7I, J 1
T T1 1 cm Al 1 A CD^^l — 4114D

OlOl AAC 1 c 1

,

44 T T
1 1 mn AT QSADJjl — 41 704 1 A14 07Q1 A7A /7I. b /

T
1 AnAQ Al Q7QbUbv — 410 /7

48 2727. 78 I 10690-47340 6 2793. 86 II 3180-38962
o 07in 71 T T

I 1
O on A A AA AC; 1^oU44 — b4bD^ b 07QC onA /7D. aU T T

1 1
107nC AQA7nlA Ivo — 4o4 lu

10 2732. 06 I 80 2796. 34 I 2010-37761
8 2732. 92 I 0-36580 9 2796. 56 I 9976-45724

609065 O -62 -22 325



T ant alum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
truin

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

80 2797. 76 1031-36764 26 7858 44 T T

22 2798.* 40 7 2860. 88 II 6831-41775
6 2800. 57

J

12235-47931 6 2861. 12 6069-41010
44 2802 07 3964 — 39641 42 2861 98^ U UX a 7 0 '57SQ — 44AR9
A 2804 76 6049 — 41693 1 8X KJ 2864 50

50 2806 30 6069-41693 9 2865 32 T T 1 7931 —1591 91± 1 C. y J. J L. JL L. A.

60 2806. 58 I 2010-37630 8 2866. 14
16 2810. 92 12235-47800 12 2867. 41 II 17982-52846
8 2811. 72 II 36 2868 65 3964 — 3881 3

12J. Lm 2814 31 II 6187-41709 55 2871 42 J 901 0 — 36896

X JL 2814 80 6069 — 41585 32 2873 36 0—34799
11 2815. 01 I 2010-37524 30 2873. 56 I 3964-38754
11 2815.12 6069-41581 24 2874. 17 6069-40852
30 2817 10 11X X 156158-41145 1 6X 2876 11 97159 _44c:-l 0

u 2817 50 1 0690 — 461 72 1 0X <J 2877 OSC\J 1 fa ^ _J
T T
JL J.

281 9 14 ITX X \ 0713 -46175 1 2X L. 2877 69 TTX X

11 2819.37 3964-39422 8 2879. 05 II 6831-41555
6 2821. 99 4 2879. 52 13352-48070

2824 81^ (J ^ 'T. ox 1 ??35 — 47625 1 4X 9879 74 J 3964 —38679
«O 2826 18 y 1 0950 —46323 44 2880 02C.\J\J Ua U ^ 5691 —40333

A 2826 42 J 1 0690 — 46061 4 2881 23 J 9705 — 44403
11 2827. 18 I 5621-40982 4 2882. 33 II 9746-44430
11 d 2827. 48 II 14581-49938 10 2885. 40 II 5658-40305

2827 60 TTX X 3-1 80 — 38535 X X 2889 38
1 ft 2828 58 TTX X 31 ?67 —66610 9 2890 25L. U / L/a ^ T TX X 9649 — 37931

4 ooog 79 T TX X 441 6 — 39744 10X \J 2891 04 J \ 3359 — 47931X_^^_^t. T / /^X

8 2832. 70 II 6831-42123 90 2891. 84 I 2010-36580
20 2833. 64 9976-45256 12 2894. 15 9976-44518
Ro ?fi34 41 J 9976 — 45246 16X \J 2895 10 J 12866-47397

2836 62£. vJ^ \J£-, J 0 — 35243 4 2896 41 J

u 2837 94 J 1 0950-461 77 4 2898 42 J 15391-49882
10 2838. 24 II 15851-51074 30 2899. 04 I 3964-38448
9 2840. 39 II 20 2900. 36 9705-44174

^ u 2842 82 1 1 ?44 — 46410 7 2900 75 IIX X 12705-47169
Qo 284"^ 51OT^a -'X T TX X

1 81 86 — 53344 15 2901 05 9705-44166/ 1 \J ^ t I X \J\J

J 6049-41 1 98\J\J^ / "XX / 65 2902 05 J 13352-47800
34 2844. 46 II 1031-36177 18 2904. 07 I 10690-45115
20 2844. 76

J

20 2905. 24 II 4125-38535
^ 0 *T > -J 56?1 —40756 20 2908 91C / \J \J % /X 10690-45058

AH 6069 — 41 1 98UUU / "rXX / 0 4 2913 32C / X ^a ^ C J 5621 -39936

Oo 9P!4A 7R 4 291 3 45^ / X ^ a I 11X X 6831 -41145
17 2848. 05 I 9705-44807 24 2914.12 10950-45256
65 2848. 52 3964-39060 3.0 2914. 94

\

10950-45246
± c ^ OH /. 0^ 1 1 944 — 46323 20 291 5 34

± / u ^RRfl 4Q y 36 pg-i c 49C / X ^a " / J 3964 — 38253

J 5621 —40686 4 2917 12L— /X / a X I—

T 6069-40339
II 14581-49647 4 2917. 56 II 13560-47825

7 2852. 36 II 18186-53235 11 2918. 96 II 17231-51480
8 2856. 69 II 12601-47596 4 2922. 11 II 15726-49938

12 2857. 28 II 9705-44693 8 2922. 84 II
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Tantalum — All Observed Lines

Intensity
and

Wave-
1 PTi crtVl

in A

Spec-
trum

Energy
T VP 1 s

in K

Intensity
^ Tt H

(~*\\ ^ v ^ ci"

y

Wave-
iCIl y LIT

Hi r\.

Spec-
trum

Ene rgy
Le vel

s

m rs.

48 2925. 19 6069 — 40245 6 3001. 54 12866-46172
4 2925. 66 { 9976-44146 4 3002. 98 II 13560-46851

12 2926.46 I 6069-40230 8 3004. 15 9705-42983
4 2930. 99 12866 — 46974 9 3004. 92 T T

II
ft/ftft /Iftft/O9690 — 42960

36 2932. 70 12235 — 46323 5 3006. 56

200 2933. 55
{

0 — 34078 14 3010. 84 T TII noon oftnor"5331 —38535
8 2934. 85 9705-43769 24 3011.12 13352-46552
4 2938. 00 II 18554-52580 28 3011.88 5621-38813
4 2938. 43 12866 — 46888 o /I n240 3012. 54 T T

II
nooT oor"T/5331—38516

18 2939. 28 11244 —45256 9 3016. 37 11244 — 44386

p- r-

55 2940. 06 10690 —44693 8 3019. 67 ilftfl/1 /i^or"ft11244 — 44350
140 2940. 22 { 0-34001 12 3024. 09 \ 5621-38679
18 2941.37 I 13352-47340 24 3025. 16 I 9705-42752
7 2941. 58 38 d 3027. 51 TftftOI" /IPftf"/12235-45256

28 2942. 14 3964 — 37943 o r\ "7 /I3027. 61 II 14495 — 47515

4
A ^ "7 "7

2943. 77 12 3028. 78 ftft"7/ /I ft ft O O9976 — 42983
4 2945. 69 12235 — 46172 14 3030. 29 /ft/ft OftOfft6069 — 39059

18 2946. 91 9253 —43177 14 3037. 50 T TII
/oon oftT/iyi6831—39744

4 2949. 92
T T
II 14581 —48470 5 3040. 70 T T

II
n/no oor"on5658-38535

60 2951. 92 2010 — 35877 10 O O /I O ft o3040. 98
T T
II 15726 — 49593

38
'5 ft /I ft ft /3042. 06 II

/ITftC O/ftOO4125 — 36988
12 2952. 99 II 9690-43544 14 3042. 44 II 11767-44626
40 2953. 56 10 3043. 92 I 10690-43533
12 c 2955. 32

T T
II 14 o ft yi i~ ft /

3045. 96 loonft "7ft13352 — 46172
14 c l^Sb. 84 II 15726 — 49536 24 "O ft /I O ft /3048. 86 ftftTO O^ftOO2010 — 34800

20 2957. 60 5621-39422 70 O ft /I ft c /3049. 56
\

ftftT ft O "7 ft ft2010-34792
4 2957. 88 II 9746-43544 14 3050. 10 6069-38845
4 2963. 06 10950-44689 10 3056. 62 II 17231-49938

180 2963. 32 2010 — 35746 1 /I14 O ft P" ~J ft ft

3057. 22 T TII TyiP"OT /i"7ftftn14581-47281
14 2963. 91 9253 — 42983 19

o ft r- ft / /I

3058. 64 /ft/ft omc/i6069 — 38754

90 2965. 13
T T
II 0 — 33715 19

•7 n / ft ft ft3060. 29
\

3964 — 36631
90 2965. 54 2010-35721 24 3063. 56 5621-38253
11 2965. 92 II 0-33706 5 3063. 88 I

4 2968. 28 T T
II 11767 — 45447 70 o n / ft /I3069. 24 Ift'^OC /l/TOft"712235 — 44807

40 29b9. 47 3964 — 37630 8 O ftT7 O ft
3073. 39

8 2969. 90 13352 — 47013 5
O ft ~7 / O O
3076. 38

J

/ft/ift oftr*yi/6049 — 38546
50 2975. 56 \ 3964-37561 48 3077. 24 10690-43177
10 2976. 10 9253-42845 19 3078. 23 I 6069-38546
10 2976. 26 II 12705-46295 1 A14 O ft "7 ft ft /3079. 96 Tftftor" yi/i/fto12235 — 44693
7 2976. 76 24 o n on o c3081, 85 /ft/ft oocno6069 — 38508

12 2978. 18 T T
II 18554 — 52121 22

•5 ft ft f- IT ^3085. 54 Tft/ftft /lOftftft10690 —43090
20 2978. 75 19 3087. 53 6069-38448
7 2981.19 I 9705-43239 8 3087. 76 II 9746-42123
7 2984. 36 9253 —42752 4

O ft ft ft ft /3092. 06 ftftno /innftf"9253—41585
14 2986. 81 II 2642 — 36113 O /I24 O ft ft ft A A3092. 44 ftftco yiir"OT9253 — 41581

22 2988. 58 10690 — 44141 5
o ft ft ft ft ft3092. 99 n/ftT OTftflO5621-37943

7 2989. 05 I 20 3093. 87 I 9705-42018
22 2989. 50 / ri A a on^nn6049 — 37490 24

o ft ft r Id3095. 39 13352 — 45648
12 2991. 25 6069-39490 10 3101. 03 II 11767-44005
8 2999.37 II 14495-47825 5 3101.72
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
L-L U.X11

Energy
Levels
in K

75 3103.25 J 0-32215 26 3213. 91 II 5658-36764
5 3104. 42 I 20 3216.93 6069-37146

10 3107. 21 9705-41879 10 3221. 32 9976-41010
5 3110. 82 II 40 3223. 83 \ 5621-36631

13 3113. 90 24 3227. 32 J 9253-40230

^ 10 3115. 86 J 2010-34095 30 3229. 24 J

20 3117. 44 I 2010-34078 11 3229. 88 II 14495-45447
10 3119. 59

J

10690-42737 16 3230. 86 12235-43177
5 3120. 92 10950-42983 11 3234. 69 \

50 3124. 97 J 2010-34001 5 3236. 40 J

20 3127. 76 II 9746-41709 9 3239. 99 J 12235-43090
8 3129.55 9253-41198 16 3240. 94 II 5331-36177

15 3129. 95
\

5621-37561 26 3242. 05
\

3964-34800
50 3130. 58 11244-43177 26 3242. 83 3964-34792
36 3132. 64 I 3964-35877 5 3248. 52 J 11244-42018

5 3133. 55 J 9976-41879 5 3250. 36 J 6069-36826
10 3133. 89 II 5331-37231 9 3260. 18 I 0-30665
24 3135. 89 9705-41585 28 3274. 95 II 3180-33706

II 12705-44585 11 3275. 68 II 5658-36177
8 3137. 44 II 9690-41555 9 3279. 29 9759-40245

8 3142. 96 II 9746-41555 9 3280. 87 J 9759-40230
10 c 3147.37 13352-45115 4 3292. 48 I 9976-40339
18 3148. 04 9253-41010 5 3293. 93

\5 3150. 85 9253-40982 18 3295. 33 11244-41581
5 3155. 25 II 6831-38516 16 3299. 77 J 6049-36346

5 3156. 76 II 11875-43544 9 3304. 38 J 9976-40230
10 3157. 96 II 5331-36988 10 3309. 78 I 2010-32215
5 3159. 05 12235-43881 140 3311. 16

\

5621-35813
10 3162. 72 \ 9976-41585 28 3317. 93 3964-34095
19 3163. 13 J 9976-41581 9 3318. 53 J 5621-35746

9 3163. 82 J 9253-40852 90 3318.84 I 2010-32132
10 3167. 53 I 6068-37630 44 d 3331. 00
9 3168. 18 II 15726-47281 3331. 01

{

12235-42247
42 3170. 29 12235-43769 11 3332. 41 9253-39253
10 3172. 87 J 11244-42752 9 3337. 80 J 2010-31961

36 3173. 59 J 0-31501 11 3338. 49 J 6069-36014
26 3176.29 I 6049-37524 17 3339. 91 II 6831-36764
19 3178. 16 5621-37077 4 3343. 47 11792-41693

3178. 27 \ 6069-37524 17 c 3349. 21 II 14581-44430
80 3180. 95 J 0-31428 12 3350. 96 13352-43185

14 3181. 69 J 9759-41180 17 3351. 51 J 9759-39588
15 3182. 57 I 6049-37461 30 3358. 47 I 11244-41010
32 3184. 55 6069-37461 23 3361. 64

\

13352-43090
16 3191. 16 J 10690-42018 5 3362. 53 9759-39490
10 3192. 25 J 6 3366. 66 J

26 3198. 67 J 3964-35218 15 3369. 28 I 6049-35721
5 3201. 98 9976-41198 85 3371. 54 3964-33615

10 3205. 00 17 3376. 05 9976-39588
20 3206. 39 5621-36800 6 3376. 49 II

6 3207. 85 11244-42408 18 3379. 52 II 4125-33706
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

HO '^QA4 — '^?4Q7 3R73 44 T TX 1 1 1 7A7 —39744
5 3387. 46 I 11244-40756 14 3584. 21 9253-37146
5 3388. 82

J

9253-38754 11 3584. 51
J

12866-40756
J u om n — "^1 4?R "^RRA P9 c;A91 —33497

T TX X AR^l — ^Al 77 '5595 A4 1 09^0 — 3R7t^4XUyZJU JOIDH

y 0 — 29344 7 3An/> 4R J 1 1 944 — 3R994
12 3412. 89 I 9253-38546 100 3607. 41 I 2010-29723
18 3414.14 II 6831-36113 7 3625. 24 5621-33198
D ^HX ( . U

J

T TX X n — PQ9R7 1 "^nX u 3A?A A? 39^4 — 31 i;3r|

1 nJ. u •lAl Q 71; '^QA4 — ^"^1 9R 7 3A33 79 J

J An4Q — ?'o?4'^ An 3A4? OA J c;A91 —33070
12 3426. 73 I 6069-35243 5 3653. 39 I 12866-40230
24 3430. 94 2.5 3653. 83 15391-42752
J. u 3A5A 89
1 QX y ^4^6 nn^H ^ u. u u J 1 1 944 — 40339 7 '5A57 71 y 1 33c;9 — 40ARA

u •?4'?R 4n 7 ^657 49 y 901 0 — 99*^44

12 3440. 24 II 14495-43554 10 3658. 78 I 19658-46982
6 3A45.15 9976-38994 8 3661. 69 11244-38546
Q
7 JHHJ. /X Q0 "^AA? 34 T TX X QA90 — 3A9RRyUyU

in p •^44A 91 TTX X 1 ?7n^ —41 709 4 3AA7 W?

X J Q 3A74 R3 y 1 1 944 — 3R44R
31 3463. 97 I 0-28862 4 3675.12 I 11792-38994
6 3472. 52 17383-46172 5 3681. 04 13352-40510
D ^47'^ Qn QQ7A — 3R7R4 3AR1 P4

o V H / < . ^ ^ J 1 c;3Ql —441 41X_J^ /X THXtX 7 3AR3 OA y

X J ^477 4"; J 97^9 — "^8^08y/jy j?Cj_yUO 1 7X c 3ARA IRJ 000. X 0 y 970^^ — 3AR9A
65 3480. 52 I 6069-34792 12 3689. 73 I 9705-36800
6 3484. 62

J

0-28689 9 3693. 05 12866-39936
1 nX u 1 nqi^n — 3Q'^RR 7 3A94 ^7 T TX X 1 449c; —41 tree

Rn J ?ni n
—

'^n'S9i 7 3A9t^ 38-?D yJ. JO 1 1 799 — 3RR4C;± i- 1 / C JOOH J

1 nX u -/ U ^. -J u J 1 1 944 — 3Q7R7 2 5 37m 34J 1 UX. y 1 1 944 — 3R9c;3

17 3502. 87 I 10950-39490 2. 0 3710.79 I

32 3503. 87
J

9976-38508 5 3723. 07 2010-28862
X / 3QA4 — 374R7 1 AX \J 3731 n?/ ^X. \Jl. 0 — 9A79'i
1 nX u ^RnR 1

R

1 7X /
373A 7A y 1 1 799 — 3Rc;4AXX/ y^ ^0_;*tO

J7 ^X X . U 1- J 1 AX iJ 374A 3A y

26 3513. 61 I 11792-40245 13 3754. 52 I 3964-30591
7 3527. 06

J

11244-39588 9 3755. 11 9253-35877
1 nX u -iqpQ Al^ _^ £. 0. UX 1 PRAA — 41 1 98 ? 5 37i;7 7c; 997A — 3ARR0//to J 0 J OK)

?n -ic-i-i CO
J'J^X. _JO J 9?i;3 — 37i;ai ^759 75 y 0 — 9A^90

5 J xu y^u j/c^j '?7An 91 y 97R9 — 3A34A
10 3536. 30 I 9253-37524 5 3762. 11 I 10950-37524
7 3540. 82 4 3770. 52

{"^^41 RR T TX X 1 0*^1 — ?9?^7XU^X C / c.^ 1 3770 93J 1 1 U. yJ7 'iA91 — 391 39

X D "^RAQ n^y. U_J 39A4 — 3?1 3? 1 ?X ^ 3777 1

0

y 99^3 —3^791

7 acc-i 49 y n — ?Ri 34 2 37fl4 9R y A0A9 — 394R7DUD y J L.HO 1

7 3557. 98 12235-40333 12 3792. 02 0-26364
7 3564 79 10950-38994 10 3823 60 6069-32215

24 3566. 72 6049-34078 4 3826.17 12866-38994
20 3571. 85 10690-38679 9 3826. 85 2010-28134
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

10 3828. 95 I 10690-36800 1.8 4033. 63 I 2010-26795
3.5 3830. 00 II 5658-31760 7 4035. 89

J

10950-35721
oocc T T

JL JL
^x^ fin _oQoc;7JLOU — 1 3.5

7 3836. 60 3964-30021 13 4040. 87 I 5621-30361
9 3839. 03 I 9705-35746 g7 4041. 06 I 0-24739

4 3844. 04 I 7 4058. 46 I 11244-35876
4 3846. 64 9253-35243 44 4061.40 6049-30665

11 1QA Q r\KJOHO, \JD DOCl — ^IDUl 22 HUDH, Oj OUD7 — j\jKj\jO

4 3849. 42 I 11 4067. 24 I 2010-26590
4 3859. 80 I 9976-35877 J J 4067. 91 I 2010-26586

11 3885. 20 I 11792-37524 4 4073. 00 I 15391-39936
2.0 3893. 03 12866-38546 7 4079.19

J1 avj 2.0 tuox, x^

3.5 3898. 78 4 4085. 80 I 17224-41693
7 3909. 33 I 4091. 26 I 15904-40339

4 3912.13 I 17224-42779 2.0 h 4095. 55 II \\lbl-3b\ll
4 3912. 44

J

4 4097. 19
J

5621-30021
C.C jyi-O, ZJi. 13 •tX Uw/. Ut. ?Q1 Q — 26364
4 3919. 47 I 2.0 4114. 77 I 9705-34001
6 3922. 42 II 6831-32318 4118. 07 I

15 3922. 78 I 6069-31554 6 4123.17 I

15 3922. 92 I 9759-35243 9 4127.88
J

3964-28183
-7

1 OUD7 — Ji-DVi. 22 HX C 7. J? O 201 n — ?6??n
4 3936. 55 I 12235-37630 24 4136.20 I 3964-28134
9 3937. 84 I 12866-38253 4147. 89 I 5621-29723

2. 0 3942. 24 I 6069-31428 8 h 4161. 00 I

7 3952. 16 I 15391-40686 22 4175. 21 9253-33198
4 1QC A O Q 8 A'i 7A qnHX / D. y U T TX X 1 d^Rl — "^Rt^l AX*T-?OX J70-JX0

7 3956. 57 I 9976-35243 4176. 99 12866-36800
2.0 3956. 82 I

1

1

X X 4177. 92 I 11792-35721

3.0 3959. 73 I 14 4181.15 I 9705-33615
22 3970. 10 0-25181 9 4191.16

J-J
1 Q"7Q O O 1 U07U — ^Ddl^ 6 A^c^% inHX7J. XU

2.0 3981. 01 II 11875-36988 32 4205. 88 I 3964-27734
9 3981. 95 I 15904-41010 ± J? 4206. 40 I

2.0 3983. 82 I 9705-34800 10 4228. 61 I 12235-35877
1.8 3984. 98 I 9705-34792 3.5 4232. 94
n
7

OQQQ ~1 C\ HJ73U — ^DUlH 6 HC.JD, vH T T± X ?4R7n — 4R47n
4 3990. 40 \ 3.0 4243. 99 11244-34800

22 3996.17 I 6049-31066 i. t 4245.35 I 11244-34792

11 3999. 28 I 6069-31066 14 4268. 26 I 15391-38813
7 4003. 70 I 5621-30591 7 4271. 51

J

10690-34095
o n20 /\C\dL OA om n o^,QAn 10 / 7. UD

3.5 4007. 23 { 15904-40852 7 4286. 38 I 19178-42502
7 4012. 11 I 6 4294.36 I 13352-36631

7 4013.19 I 12235-37146 17 c 4302. 98 I 9253-32487
20 4026. 94 6069-30895 10 4314. 52

\

2010-25181

15 4029. 94 { 7 4318. 81 12866-36014
9 4033. 07 11792-36580 7 4322. 68 17383-40510
2.0 4033. 38 9 4329. 57 15904-38994
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Charactei

Wave-
length
in A

Spec-
tru.mi

Energy
Levels
in K

3.5 4336.20 I 23927-46982 1.8 h 4604.28 I 22429-44141
9 4344. 31 I 3.5 h 4604. 85 I 23927-45637

12 "tbob. 14 c.Lboc — '\bb5 1
O QCO 4617. bl

{

9253 — 30o95
5 4360. 83 { 10690-33615 3.0 4622. 96 9976-31601
5 4364. 84 I 1.6 4624. 84 I

6 4369.35 I 12866-35746 4 4633. 06 I 9976-31554
3.0 4374. 21 I 12866-35721 8 4661. 12 I 13352-34800
5

/I '3 "7 C T /I4373. 14 12 4667. 14
{

ydDs> — jU66b
3. 0 4376. 31 { 42 4681. 88 2010-23363
3.0 4377. 98 I 24982-47817 4 4684. 87 I 5621-26960

11 4378. 82 I 3964-26795 3.5 4685.27 I 9253-30591
2.5 4381.88 I 21168-43982 1.8 4688. 84 I 17224-38546

16 43oD. U / 6U67 — £.OOb£. 12 467I. 7U
I

7 /b7 — 31U66
12 4398. 45 \ 2010-24739 8 4693.35 22682-43982
19 4402. 50 I 9253-31961 6 4701. 32 I 10950-32215

14 4415. 74 I 6049-28689 6 4706. 09 I 11244-32487
5 4419. 55 I 6069-28689 4 4722. 88 I 0-21168
3. 5 44/i4. 96 Q0 A~I1C\ TO4 / ^U. 12

I

12066 — 34UU1
7 4430. 41 } 12235-34800 2.5 h 4738.35
3.5 4431. 09 I 5621-28183 14 4740.16 I 9976-31066

4 4432. 98 I 15391-37943 3.5 4745. 93 I 17383-38448
6 4441. 03 I 9976-32487 20 4756. 51 I 3964-24982
8 4441. DO 10690—33190 4 /bo. Uj

{

lUVbU —^1761
8 4450. 72 { 13352-35813 11 4768. 98 12235-33198
2. 0 h 4451. 87 I 9759-32215 8 4780. 94 I 10690-31601

10 4459.76 I 19178-41595 2.0 4786. 64 I 9705-30591
10 4473. 52 I 9253-31601 20 4812. 75 I 0-20772
5

/I /I o n Cii4480. 93 ^:5009 — 4/319 00 4ol9. b3
{

13352 — 34U9b
4 4494. 97 { 8 4825.43 11244-31961
4 4496. 50 I 2010-24243 5 4832. 18 I 9976-30665

38 c 4510. 98 I 5621-27783 6 4846. 45 I 25009-45637
8 4511.50 I 5621-27781 3.0 4852. 17 I 10950-31554
6

/I rr o 1 Art4521. 09 5621 —11 1in 1. 0 4o/l. /U

{

6U67 — 26b7U
3.5 4521. 71 { 1.2 4879.14 23913-44403
7 4527. 50 I 1.0 4881. 94 I 10950-31428

20 4530. 85 I 6069-28134 7 4883. 95 I 9253-29723
3.0 4547.15 I 9976-31961 5 4904. 59 I

14 4551. 95 3964 — 2b926 3. U 47U /. ij>

}

2U1U — 22^oU
5 4553. 69 \ 11244-33198 2.5 4914. 96 0-20340
9 4556. 35 I 11244-33185 9 4920. 11 I 12866-33185

5 4559. 46 I 12866-34792 8 4921. 27 I 6049-26364
1.8 4561. 48 I 2010-23927 1.6 4923.47 I 5621-25926

18 4565. ob 7 / Ub — 6Ui 2. U 4724. 76
{

1 /224 — 3 /b24
3.0 4566. 86 { 25926-47817 9 4926. 00 6069-26364
5 4573. 29 J 12235-34095 12 4936. 42 I 12235-32487

36 4574. 31 I 0-21855 4 4937. 63 I 17383-37630
3.0 4580. 69 9705-31530 1.4 4958.11

{2 4583.17 \ 9253-31066 2.0 4968. 53 22380-42502
4 4601.42 15904-37630 3.5 4969. 69 10950-31066
5 4602.19 9705-31428 1.4 4972. 06
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Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intens ity

and
Characte]

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2. 0 4976. 20 I 9253-29344 4 5349. 09 I 6049-24739
6 5012. 52 I 10950-30895 4 5349. 57 I 12866-31554

16
\

5 5354. 68 6069—24739
7 5037. 66 2010-21855 1.2 5365. 95 \ 17383-36014
7
/ 5043. 32 I 11244-31066 1. 6 5373. 01 I

1.4 5044. 42 I 2.0 c 5388. 51 I 28767-47319
2.0 h 5058. 70 I 17383-37146 7 5389. 30 I

8 C n "7 O "7
DUD /. o / Lc^JD — ^l7Dl 3. U bjpvb. 99 9253 —27781

3.5 5076. 37 I 17383-37077 2.0 5397. 56 \ 17224-35746
5082. 25 I 10690-30361 16 5402. 51 I 0-18505

5 5087. 37 I 11244-30895 1. 0 5403. 54 I 15114-33615
7 5090. 71 I 9705-29344 3.5 5404. 96 I 17224-35721
3.0 c n o c o "7

i^iooD — jdmi 1 1. 0 c /I n c onb4Ub. 8U 17383 —35877
2.0 c 5109. 37 II 9690-29257 2.5 5408. 78 {

i. o 5109. 77 I 5621-25186 1.4 5410.55 I 9705-28183

9 5115. 84 I 2. 0 c 5413. 48 I 6049-24517
3.0 5117. 25 I 27783-47319 10 5419.13 I 6069-24517
3.5 5i3<f. 12 1 O

1. 8 5431, 66
2.5 5136. 47 { 6049-25513 5 5435. 27 I 10950-29344
QO 5141. 62 I 6069-25513 2.0 5458. 41 I

8 5143. 69 I 9253-28689 7 5461. 29 I 5621-23927
6 5147. 62 I 11244-30665 1.0 5471. 56 I

2.0 C\ A O "7 Obi4o. /o n~7'20'2 1 LQf\r\
1 1 ioi — ^boUU 2. b C /I "7 C C /I54 /b. b4

2.0 5150. 85 \ 15391-34800 1.2 5481. 16 { 23355-41595
o 5153. 42 I 3964-23363 1.6 5483. 43 I 23363-41595

26 5156. 56 J 5621-25009 3.0 5490. 11 I

6 5161. 81 I 9976-29344 1.6 5494. 78 I 6049-24243
5 5163. ob boll. — c'\^oc DHyy. 4h

{

l^^b^ — ^Ib^U
2. 0 5166. 79 \ 12866-32215 1.4 5500. 68 6069-24243
1. 6 5171. 63 I 10690-30021 1.6 5505. 66 I 9976-28134

3.0 c 5180. 98 I 21855-41151 1.2 c 5516. 27 I

1.6 5188. 93 I 12866-32132 7 5518. 91 I 17383-35498
1.6 c 5193. 99 17383 —36631 0. 7 bbli. lb On^/l"7 101CA^:U64 / — :5o /b4

1.6 5206. 26 { 0. 8 5523. 98 I
n
y 5212. 74 I 0-19178 1.0 5528. 36 I 3964-22047

9 d 5218. 45 J 2010-21168 0. 8 1 5545. 14 I 12866-30895
5218. 66 I 9705-28862 1.6 5548. 32 I 17224-35243

3.0 5230. 80 6069 — 25181 2. 5 bbo4. Uii

\

0'7'7'2/I AV.WX~1III JH — HbOJ 1

2.5 5235. 39 I 12866-31961 1.2 5598. 75 27781-45637
2. 5 5237. 53 II 14628-33715 2.5 5599. 52 I 27783-45637

1.4 5244. 78 I 9705-28767 0.7 c 5605. 50 I 17383-35218
2.5 5275. 02 I 0.7 c 5617. 71 I 23355-41151
1.4 5279. 82 3. 0 5620. bo

}

mib — 3\i\ici.

1.4 5281. 02 I 9759-28689 1. 0 5628. 20

7 5295. 01 I 9253-28134 1.6 5635. 71 I 10950-28689

3.0 c 5318. 67 I 25186-43983 3. 0 5640. 18 I 12866-30591
6 5328. 38 2010-20772 12 5645. 91

\

9253-26960
2.5 5336. 13 12866-31601 10 5664. 90 2010-19658

11 5341. 05 3964-22682 2.5 5688. 25 17224-34800
2.0 5342. 25 9976-28689 3.0 5699. 24 9253-26795

332



Tantalum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. c. 2iib3 — job Iv 9 n Z.O n 0 ^2

7

620o. 3 /
0C/l"70 /II COT2b47o — 41bol

5706. 28 J 24982-42502 nJ. u 6249. 79 { 12866-28862
5715. 24 I 10690-28183 1

9

6256. 68 I 6069-22047
0.6 b lib, bi 1 OO'^C OQ'70'2i223b — 27/23 12 ^ 0 0 7n626o. /O 1 0 0 '2 C 001 0*212235 — 2olo3
1.8 b IHO, 1 X 2Dbob — 437o3 4 ^070 ^2 /I62 /o, 34

0 t;D c "7 c c on /,OQ1 ^"262ol. 33 1 nocn o^o^z.lOVbO — 26066
1. c. 11 5761. 61 I 24243-41595 1 9X, c 6287. 36 I

5766. 56 I 9253-26590 6287. 91 I 12235-28134
2.5 c b lb 1, 91 72b3 — 26bob 3.0 / 0 Q 0 1 Ao2o7. 34 inz.nn o/co/10690 — 26586
0. 8 b / /i. 93 OCT oi /locno2biox — 42bu2 4

^ '2n Q r\L.6307. 06

1 u
n "7~7 ^ "7"7
b 1 lb. II 6U47 — 233bb 1 9X il

^'2 no c

0

6307. bo 1 nocn o/7nclOVbO —26 /7b
0 n 5780. 02 I 20647-37943 9 n 6312. 24 I

y 5780. 71 I 6069-23363 D 6325. 08 I 6049-21855
10 boii. iU on/./! OlI^Q3764 — 2XiDO 4 ^ 2*2 0 Qlbiic, 91 Lf\ LQ OlOCC6O67 — 21obb
2.0 boxD. bi 26 /7b — 437o3 5

^'2/11 T 76341. 1 /

-> c 7 /b7 — 26o66 9 ^ "2 /I ^ no6346. 02 07C0 OCCl 19/b9 — 2bbl3
^ n 5849. 68 { 10690-27781 L0 6356. 14 I 9253-24982
X. ^ 5866. 61 6360. 84 I 11244-26960

19 C C) ~7"7 1bo / /. ib i33b2 — 30361 3.0 ^ '2 7*2 n ^63 /3. 06 007^1 1QAAQcc IbL— 38448
10 boo^:. 30 23bib — 40biu 1.2 ^'2 70 n763 /9. 0 /

7 com QTb9Ui. 91 1X244 — 2olo3 7/
/ 0 on /I co3o7. 4b oiic'2 '2^onn211b3 —36800

5916. 51 I 11792-28689 X. 0 h 6392. 21 I 10950-26590
y 5918. 95 I 9976-26866 5 6428. 60 I 11244-26795
1.2 coo c onb^cb, 9U 1 /224 — 3407b 20 Aid 7Q6430. /7 1 00'2C 077011223b — iL 1 loL

1.2 b93U. bl 12o66 — 27/23 1.0 ^ /I '2 7 1 L643 /. 3b

1. 0 5931. Ub 0/17*20 /n coc24 /37 — 41b7b L A A A a6444. 61

1. D 5931. 68 { 17224-34078 9 R 6445. 87 J

X. H 5935. 54 23913-40756 X D 6450. 36 I 12235-27734
10 b939. /o

J
7 /b7 — 26b7U 1.6 L A aa 0*264bb. o3 QO C "2 0/1 7*2 Q72b3 — 24 /37

19 QQ7ZL 0^70C77 /6 — 26 /7b 2.5 /I C Q QO64b7. 72 Q7nc 0 CI 017 / Ob — 2bl81

end "7 o £^ A OC "2 764ob. 3 /
1 ^'2CO 007^7133b2 — 28/6/

X. 5960. 13 } 23913-40686 X. H h11 6502. 43
X D c 5997. 23 13352-30021 z.D 6505. 52
2.0 h z. Ann ondUU9, o9 0/1C17 /ITT CI24bl / — 411bl 8 6bl4. 37 110/1/1 o^con11244 — 26b70
2.0 / m r nnoUlb. 90 1 / 3o3 — 34001 8 LCI L in6blb. 10 llO/l/l O/^COZL11244 — 26b86

/ no n "70
60^0. Id. 7 /b7 — 26364 9 n 11 6bDl. 60 IO07O — 2b72D
6045. 39 J 11244-27781 9 n CW 6564. 26

0 6047. 25 I 12235-28767 g 6574. 84 I 9976-25181
2.0 / A P O /A6053. 64 n7nir o/oon9705 — 26220 0.8 6bob. 13 007Z.1 1~Ia A1cclbL—i /943
2.5 6090. 82 2blol — 41b7b 1.2 C ^ c 07 1 ^6bo /. 16

X. H 6092. 06 Q7 LL1 1 QC6611. 7b iio/i/i 0^*2^/111244 — 26364
oo 6101. 58 22429-38813 D 6621. 30 6069-21168
9 n
c.. U 6140. 07 26220-42502 1 9X. ^: uw 6662. 24
5 6144. bo IO67O — 2676O 8 UL~I1 7*266 / 3. /3 Q7CQ 0/17'2Q7 /b7 — 24/37
2. 5

/ICO C A6152. 54 077*2/1 /1'200'2
2 / /34 — 437o3 14 C CIbb lb, b3 110/1/1 oz-oon11244 —26220

10 61b4, bO oQ7^ o^oon77 /6 — 26220 2.5 r/on r\r\66o4. 00

3.0 6158. 84 I 17383-33615 1.2 6693. 61 I

1.2 6170. 46 27781-43983 1.2 6706. 46 15114-30021
1.2 6189. 66 2.0 6709. 39 23913-38813
1.2 6193.11 0.8 6714.44
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T ant alum — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels

trum .m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

ft7/in 7"^ T 1 -l-i CO _ ODl 1 nX. u 71 7/1 Ql
/ i 71

3 n 6754. 91 I 26795-41595 1 nX. u 7191.35 I

6755. 85 I 11792-26590 n ftu. 0 7233. 45 I

1. 0 A77n 'Kl T 9'^Ql _ SA7Q 2.5 h 70 c n 07 inocn 0/17*30

6 ft771 74D / / X. 1 H T QQ7A — 947'^Q1 77/D — 1 Jv 0.9 h / ^ID't. 0^

V> VY D / / H. L.D T Q7';Q — 94m 7X 7/J7 — <iH!5x / n RU. J 1010 9Q

3 n L/ w 6788. 99 I 12235-26960 7276. 96 I 11244-24982
1 n 6790. 06 I 6049-20772 n 4U, 4 1211.5^ I

1.0 ft7QQ 97 T ftflftQ — 90779
i. DUD7 — CU 1 1 c. 0.7 79nA "^A

1 C.OO, JO 117QO OC^CllLL l7C — CDDIJ
3.0 c ftRi n 4ftDOX U. H D 1.0 c 79QA "^9 r

ART 9Dol J, CD T 09 c;"^ _ 9*^097 1

1

X X 7ini 7/1 LCCJD — CD7Cb
6819.36 1 ftX. 0 7319. 84 I 9705-23363

1 4 6824. 96 U. 7 7322. 72 15114-28767
1.0 DOJ^. uu 1.0 / JCD, 73
1.2 OojU, 0.9 cw 77/1 n 1 Q

ftfift^ 1
J. XU73U — C.DDLJ 1 % 1 jHo, m /.n/l Q 1 QL^QDUH 7 — i70D0

6866. 23 I 12235-26795 1

1

X X 7352. 86 I 9759-23355
6875. 27 I 9976-24517 Q0 7356. 96 I 6069-19658

3.0 DO / /

.

7 cw 7i^,Q no
/ ^07. U7 1 noK n 0/1 CI 7i U7l3 U — C^Dl. 1

1.2 OOVD. / /
T 1 nAQn 9 i;i ra1 XUD7U — CDj-OO 13 7/in7 QQ/'tU /, 07 119/1/1 0/1 7 7Q

% n DyUU. _)-) T 9An99 Anc;i n u, 7 7A7C; 1 Q

X ^ 6902. 10 I 9759-24243 X. 0 7440. 17 I

X X 6927. 38 I 13352-27783 9 ^ 7467. 75 I 9976-23363
11 AQ9R ^4 T 1 'I'lC.J _977Q1 1.8 7/lQA ni

/ 40D, Ul
0. 6 h 2.5 7c;9n

1 DC\), DO 1 nQc;n 9 a9/i 7i U73U — ^'t/l^^

X, D ty
AQAA Q7DVtD. 0 / U. 3 7C;AQ 97 1 77Q7 7nc;Qi

6951. 26 I 13352-27734 n 7 7590. 22 I

-J. -J 6953. 88 I 17224-31601 7649. 62
14 D7DD, 1^ T 1 99'^c; — 9 Ac;RA 0.9 h HOO 09 1 997c; _9t;i Ql

0.6 07D7. 47 0. 9 77A7 1 1
/ / OJ, 1

1

n ft AQ71 "^1U7 / 1, ^1 n 7 777Q A7
/ 117, 01

n 7u, / 6971. 53 I 23913-38253 1 ftX, 0 7842. 76 I 12235-24982
X. o 6983. 52 I 22761-37077 Q0 7882. 37 11244-23927
9 d D773, T inAQn_9AQH91 1UD7U — cHyOc. 2.5 /7DU. X7 1 771x9 _9c;Q9A1 jjDc. — C.D7C.O

D77_). H7 1 DU47

—

C.\JJH\J 0.4 7QC;9 07l7Dc., U /

1 ftX, D 7nnn 9i
/ u uu. /il U, 3 7QQQ 7C/770, /3 1 100 A _ 9Q7971 / ten — /17 / /I J

7005. 07 I 6069-20340 8022. 09 I 28689-41151
o 7006. 96 I 9976-24243 A 8026. 50 6049-18505
4 T 1 nQc; n 9 c^i Qi1 IU7DU — c.Di.01. 0.4 Qn9Q r\Aoucy, ut 1 1 7Q9 —OAOA'X

1.0 / Uj5i. Di T 1 7753'^ 71 Am 1.2 Qn7Q noOU^7. Uo AfiAO _i Qc;nc;DUD7 — iODUD

-5. U 7(TIQ n7
/ U^ 7, u /

T 99A9Q ^AA"^! n A oni:;7 Q7 1 nQc;n _977A71U7DU — cjj OJ
1. ^ n 7081. 30 1 9 8068. 98 I 15391-27781
i. D 7085. 40 I 9253-23363 n 4U. H 8100. 11 9705-22047
1.8 7nQ7 n9

/ U7^. u^ T 1 9QAA 9 AQAn 1.0 Ql 9B 7A

u, b 71 no nc
/ i Uo, Ud T 997A1 7AP9^>1 / OX — jbOilD n 7u, /

Ql c;q ^A

1.2 C 71 1 7 CIO 0.4 c Ql on lAOloU. / H

1.6 7121.27 I 22761-36800 1.0 c 8248. 95 I 11244-23363
3.0 "71 O C "70 1.6 d QOA/l Qc;o^d4. od Q7c;q 91 Qi^c;7 1 D7 — CxODD

12 7148. 63 I 12235-26220 6 8281. 62 9976-22047
9 7172. 90 I 11244-25181 0.9 8389. 06
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T ant alum — All Observed Lines

Intensity Wave- Energy
and length Levels

trum
Character in A in K

Intensity Wave- Energy
and length ^ Levels

. . trumCharacter m A m K

0. 4 8415. 73 I 9976-21855
2.0 cw 8447. 62 I 13352-25186
0.9 h 8550. 49 I 12235-23927

1. 2 8575. 92 I 13352-25009
0.8 cw 8595. 84 I 13352-24982
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TELLURIUM

Tp
Te, Z=52, M= 127.61, Ratio ^^=2.008

Cu

Tei Normal state of valence electrons Bs^bp^^Ti =0. I.P.= 72667 K
Ten Normal state of valence electrons 58^5^=* *Sij4=0. I.P.= 150000 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York, 1939), above 2000 A.

J. C. McLennan, A. B. McLay, and J. H. McLeod, Phil. Mag. 4, 486 (1927), below 2000 A

Classification

:

Tei, O. Bartelt, Z. Physik 88, 522 (1934).

Relative intensity of tellurium lines observed in an arc of copper containing 0.1 atomic
percent of tellurium

Strong line of tellurium

Intensity Wavelength Spectrum Energy levels Term combination
A K

70 2385.76 I 4751-46653 5p* sPi—5p36s>

Tellurium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 1994.

2

4751-54877 6 2259. 04 0-44253
16 2002. 0 4751-54685 55 2383. 25 4707-46653
10 2081. 03 10559-58596 70 2385. 76 4751-46653
55 2142. 75 0-46653 12 2530. 70 4751-44253
11 2147. 19 10559-57116 11 2677. 16

1. 4 2159. 79 I 10559-56845 10 3175. 11 I 23199-54685
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TERBIUM

Tb, Z=Q5, M= 158.93, Ratio ^=2.501

References
Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945).

Supplemented by:

J. M. Eder, Sitzber. Akad. Wiss. Wien, Math, naturw. Kl. 131, 199 (1922).

A. S. King, Astrophys. J. 72, 221 (1930).

About 70 lines above 7000 A were measured on our plates.

Classification

:

J. Sugar, unpublished material (1961).

Spectrum Assignments

:

From 3837 to 4677 A the assignment of spectrum is from A. S. King, Astrophys. J. 73, 221

(1930).

The rest of the assignments are from our plates.

Relative intensity of terbium lines observed in an arc of copper containing 0.1 atomic
percent of terbium

Strong lines of terbium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

600 3509. 17 II
460 3702. 85 II

440 3568. 51 II

400 3324. 40 II

380 3676. 35 II

340 3561. 74 II

340 3848. 76 II

320 w 3874. 19 II

280 4326. 47 I 0-23107
240 3650. 40 II

240 3703. 92 II

220 3899. 20 II

200 3658. 88 II

200 d 3976. 84 II

200 4318. 85 I 0-23148

190 3776. 49 II

190 4033. 06 II

180 4005. 57 II

170 3568. 98 II

170 3600. 44 II

170 3981. 89 II

160 3293. 07 II

160 3765. 14 I

160 4338. 45 I 0-23043
150 3901. 35 I

140 3523. 66 II

140 3830. 29 II

130 3219. 95 II

120 3218. 93 II
120 3540. 24 II

120 3579. 20 II

120 4061. 59 I

110 3285. 04 II

100 d 3711. 74 II

100 3755. 24 II

100 4144. 46 II
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Terbium — All Observed Lines

Intens ity

and
V_»JliCLX

length
in x\

Spec-
Energy
Levelstrum m iv

Intensity
and

Char acte r

Wave-
length
in A

Spec-
Energy

^ Levelstrum m K

3. 0 2577. 73 II 4 2796. 95 II
12 2584. 61 II 19 2800. 51 II
3 0 2590. 31 II 8 2800 63 IIX X

3. 0 2591. 42 II 26 2802. 75 II
2.5 2592. 64 II 26 2809. 32 II

6 2597. 71 II 19 2812. 64 II
2602. 93 II 4 2818. 48 II

11J. 2608 57 II 4 2819 78 IIX X

4 2616. 90 9 2827. 40 II
14 2628. 69 II 8 2833. 03 II

6 2655. 96 II 9 2838. 72 II
5 2661. 40 II 4 2842. 00 II
2 5 2661 64 II 8 2843 96 IIX X

6 2667. 64 II 8 2845. 93 II
5 2668. 86 II 6 2851. 04 II

15 2669. 29 II 20 2852. 14 II
4 2674. 13 II 8 2854. 17 II
4 2674. 69 II 8 2854 96 IIX X

3. 0 2678! 15 II 8 2855. 69 II
4 2683. 97 II 12 2857. 68 II

3.5 2687. 84 II 10 2861. 34 II
5 2691. 90 II 4 2864. 48 II
3 5 2693 05 II .J 2867 42 IIX X

6 2693. 41 II 5 2872. 32 II
3. 5 2695. 46 II 4 2872. 55 II

5 2696. 83 II 8 2881. 25 II
3.5 2701. 52 II 10 2884. 70 II

20 2704. 07 II 8 2885 90 IIX X

10 2706! 28 II 24 2886. 29 II
5 2713. 22 II 8 2887. 44 II

3.5 2720. 89 II 5 2888. 10 II
3.5 2724. 29 II 4 2888. 31 II
3 5 2726. 49 II 4 2888 82 II
7 d 2730! 21 II 8 2889. 66 II
3.5 2733. 90 II 4 2892. 49 II

3.5 2735. 45 II 17 2894. 48 II
3.5 2735. 99 II 6 2896. 03 II

14 2736 24 II 34 2897. 46 IIX X

7 2742. 26 II 17 2898! 84 II
9 2743. 50 II 11 2901. 54 II

3.5 2757. 41 II 7 2903. 25 II
17 2759. 47 II 4 2907. 10 II
7 2760 96 IIX X X X 2910 30 IIX X

3.5 2766. 57 II 8 2911. 80 II

3.5 2767. 02 II 4 2912. 65 II

28 II 4 2913.41 II

3.5 2782. 35 II 17 2914. 80 II

3.5 2783. 00 II 17 2915. 33 II
14 2784. 49 II 20 2915. 60 II

3.5 2785. 50 II 13 2916. 27 II
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy
fP^^- Levels
trum -m K

Intens ity

and
Character

Wave-
length
in A

Spec-
Energy

^ Levels
triim m K

13 2918. 89 II 18 3027. 33 J J

7 2919. 00 II 5 3027. 58 II

13 2924. 16 II 9 3029. 23
{{13 2924. 53 II 24 3031. 60

7 2925. 94 II 9 3032. 83 II

8 2931. 41 II 8 3034. 12 II

17 2932. 91 II 9 3034. 91 11

8 2933. 79 II 5
o n o "7 t\ i\3037. 04

{J6 2934. 82 II 9 3038. 66

6 2936. 39 II 5 3042. 07 II

16 2940. 05 II 5 3042. 50 II

9 2941. 70 II 4 3042. 83 11

9 2944. 91 II 10 ICS l\1 L C3043. 65

10 2945. 70 II 24 3044. 97

8 2946. 85 II 5 3047. 00 II

6 2949. 04 II 5 3050. 57 II

6 2950. 06 II 20 3051. 12 n
26 2956. 21 II 10 3052. 18

4 2957. 32 14 3053. 24

4 2957. 70 II 48 3053. 55 II

7 2960. 58 II 5 3061. 80 II

6 2962. 78 II 14 3062. 78 II

10 2963. 97 II 24 3064. 09
J{9 2964. 76 II 5 3064. 51

6 2965. 32 II 5 h 3065. 17 II

18 2968. 87 II 11 3065. 69 II

4 2974. 15 II 8 3065. 87 II

18 2977. 78 II 24 3067. 20
}J4 2981. 99 II 28 3069. 02

12 2987. 03 II 48 3070. 05 II

12 2988. 57 II 28 3072. 60 II

4 2989. 84 II 6 3074. 71 II

9 2991. 96 II 10 30 / 6. 04
{}5 2992. 56 II 70 3078. 86

14 2996. 01 II 7 3080. 11 II

12 2999. 03 II 10 3081. 55 II

8 3002. 45 II 7 3082. 01 II

9 3004. 58 II 50
o A O O 1 L
30o<:. 36

{{14 3005. 52 II 8 3083. 83

6 3007. 11 II 7 3085. 99 II

18 3009. 30 II 13 3086. 78 II

6 3010. 12 II 7 3087. 54 11

24 3010. 55 II 26 3088. 43
{{7 3013. 61 II 5 3089. 10

24 3016. 18 II 50 3089. 58 II

14 3019. 17 II 10 d 3091. 62 II

18 3020. 29 II 10 3092. 96
{J6 3021. 95 II 7 3093. 20

11 3023. 43 II 10 3096. 86

8 3023. 70 II 5 3097. 40
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Terbium — All Observed Lines

Intensity
and

Wave-
1 pn ptH

in A
Spec-

Energy
Levelstrum
in K.

Intensity
cLnd

C"! Vi Pi V p\ f yV-'I.1CLX CLV_.l,C J.

Wave-
1 *=*Ti crt'Vi

in A

Spec-
Energy

, J—/" V C ± Strum

24 3102. 54
l\

5 3168. 59 II
50 3102, 97 24 3169. 84 II
10 3108. 41 II 10 3171. 19 II
7 3109. 15 II 20 3173. 76 II
7 3109. 82 II 40 3174. 66 II

7 3112. 43
\\

8 3175. 45 II
5 3112. 53 5 3179. 84 II
8 3113. 62 II 40 3180! 54 II
5 3116. 66 II 5 3181. 22 II
8 3117. 26 II 10 3183. 29 II

30 3117. 89
JJ

10 3183. 64 II
30 3119. 62 15 3183 88 II
10 3121. 43 II 10 3186. 23 II
24 3121. 94 II 50 3187. 25 II
8 3122. 83 II 30 3188. 03 II

24 3123. 05
JJ

10 3188. 55 II
5 3124. 02 5 3188. 83 II

17 3124. 54 II 10 3189.97 II
10 3126. 16 II 5 3190. 72 II
5 3128. 88 II 7 3192. 76 II

12 3131. 35
JJ

5 3194. 18 II
26 3134. 26 20 3194. 71 II
10 3135.35 II 40 3195. 60 II
10 3137. 22 II 5 3198. 02 II
5 3138. 63 II 50 3199. 56 II

46 3139. 64
JJ

16 3200. 73 II
20 3140. 04 10 3202. 70 II
9 3143. 38 II 7 3202. 95 II

24 3145. 22 II 8 3207. 09 II
16 3146. 67 II 14 3207. 53 II

32 3147. 04
J{

10 3207. 96 II
32 3147. 13 7 3209. 54 II
7 3148. 21 II 5 3210. 01 II

32 3148. 71 II 16 3210. 22 II
7 3154. 69 II 10 3215. 01 II

7 3155. 10 120 3218. 93 II
13 3155. 62 130 3219. 95 II
5 3156. 52 II 10 3220. 17 II
5 3157. 49 II 5 3222. 37 II
8 3158. 66 II 10 3222. 97 II

10 3159. 22 5 3227. 48 II
10 3159. 39 \\ 16 3229. 19 II
14 3162. 42 II 26 3230. 03 II
30 3162. 93 II 26 3231. 06 II
10 3163. 85 II 10 3231. 46 II

8 3164. 10 9 3232. 00 II
10 3164. 77 n 5 3232. 73 II
20 3165. 74 10 3234. 50 II
40 3167. 52 12 3235. 79 II
15 3168. 32 10 3236. 20 II
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levelstrum m K

Intensity
and

Character

Wave-
length
in A

c^^^ Energy
Levelstrum ^-m K

22 d 3239. 66 II 32 3298. 66 II
26 3240. 00 11 3304. 10

JJ20 3240. 65 11 3304. 26
8U 3243 20 jj 22 3304. 95 TT

5 3244. 60 TT 11 3305. 37 TT

10 3245. 17 II 8 3306. 41 II

5 3245. 42 44 d 3307. 44
5 3247 18 \\ 9 3307. 80 JJ
7 3249. 61

TT 22 3308. 51 TT

5 3250. 75 TT 11 3309. 17 J J

5 3250. 95 II 5 3310. 10 II
16 3251. 25 8 3310.37

JJ50 3252 34 11 3310 80
7 3253 54 TT 16 'h'hVl, 53 TT

7 3255 22 TT 16 3312 80 TT

10 3259. 38 II 22 3314. 38 II
20 3260. 05 5 3314. 70

JJ-J 3260 66 11 3315. 07
1 0 3260 83 TT

5 3317 58 TT

20 3261 74 II 11X X 3319. 16 T

10 3262. 68 II 36 d 3321. 15 II
26 3262. 97 44 3322. 28

JJ5 3263. 65 JJ 22 3323. 38
24 d 3263* 89 TT 22 3323 89 TT

3264 06^ L— \J~ ^ \J\J
TT 400 3324. 40 TT

24 3264.90 II 16 3325. 52 II
8 3265. 93 11 3327. 11

JJ42 3266 40 JJ 55 3329. 08
20 3268 10 TT 11 3333. 21 TT

16 3268. 52 TT 13 3333. 93 T
J

8 3270. 63 II 11 3334. 25 II

16 3272. 35 22 3334. 48
JJ26 3274 19 JJ 12 3335. 42

26 3274 33 TT 26 3336. 70 TT

7f 3275 66 TT 32 3338. 03 T
J

22 3277. 32 II 26 3339. 00 II

11 3277. 73 13 3339. 61
JJ80 3280 28 JJ 5 3342. 98

80 3281 40^£.UX* ~VJ
TT 13 3343. 77 TT

3283 10 TT
5 3343. 93 TT

5 3283. 81 II 5 3346. 32 II

110 3285. 04
JJ

22 3347. 27
JJ1 ftX LI 3285 21 22 3348. 07

c; 3?8ft 98 J J 9 3348 23 TT

3287 55 J J 16X \J 3348. 54
TT

32 3291. 56 80 3349. 42
JJ1 (SOX w 3293 07 JJ 19X / 3351. 44

11 3294. 04 19 3352. 89

22 3295. 33 5 3356. 18
11 3298. 20 13 3357. 37
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum .m K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 ^^5R IXh TT
J. ± 9n^u JHUO. UX T T

X X

11 3359. 86 II 4 3407. 10 II
5 3360. 05 II 9 3408. 86 II
5 DVJ, C 7 T T1 ± u -i^nq q/iJHV7, VH T TX X

34 TTX X 7'? ^41 n 4nJHl U. tU T TX

1

11 TTX X 7") ^41 n 71JJHXU. / X TT
X X

9 3364. 36 II 55 3413.76 II
80 3364. 93 II 28 3416. 24 II
11 TTX X Q

/
"^41 7 79 T T

X X

16 D / . XO TTX X L.D JtX 1,71. T T
X X

24 d '^'^70 ATJ J 1 u, ul TTX X UD %d^ 8 8A TT
X X

34 3371. 50 II 6 3418.95 II
55 3372. 36 II 9 3419. 54 II
48 d "^^79 7? TTX X AU ^49n "^4U, J) t T TX X

20 TTX X L. U ^499 44 TT
X X

55 TTX X Qo TTX X

11 3376. 36 II 11 3423. 96 II
17 3376. 66 II 20 d 3424. 35 II
20 T TX X X X "^494 AAJ?H^H. DO T TX X

11 J/J / O, H U T TX X uo "^49^ Q9 T T
X X

34 JJ 1 O, 1 J TTX X X X LA ^498 1 A^ O. X O TTX X

55 3378. 86 II 6 3428. 71 II
9 3379. 15 II 6 3429. 09 II

17 T TX X 99 ^4'=^n AiJ'HJ^U. DX TTX X

9 TTX X uu '^4'^1 8A-?H^X. DO T TX X

34 T TX X 1

1

X X ^4^9 -in:
J'^JC., JD T TX X

11 d 3386. 49 II 11 3432. 90 II
9* 3388. 37 II 34 3433. 26 II

6 Z-iRR ^7JJOO, Oj TTX X uo '^4'^4 ^4 TTX X

11 T TX X QO •?4'i4 q9 TTX X

22 s-ion AnvU. ou T T
X X QO J"IJD, J J T TX X

40 3391. 28 II 9 3436. 97 II
R 3391. 72 II 20 3438. 57 II

17 T TX X ?4^9 05 T T

6 T TX X 9ft 3439 79 X X

17J. /
T T
X X '^440 ^7 TTX X

JL X 3394. 77 II 8 3441. 68 II
1 7 3395. 02 II 34 3444. 58 II

6 J Jy 1 , ou TTX X 99 '^44A 40 T TX X

28 T TX X 9R TTX X

9 •l-ZOR CR T TX X X X J?tJ u, u TTX X

34 3399. 10 II 11 3452. 37 II
9 3399. 30 II 8 3453. 46 II

11 T TX X 85\JD ?4';4 OA ITX X

?R^ o T TX X X X T TX X

22 d •j/inn RA^HUU. OD T T
X X A IIX X

44 3402. 33 II 11 3456. 55 II

6 T TI X X / 11 TTX X

6 3404. 24 II 20 3458. 71 II

17 3404. 71 II 40 3460. 38 II
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

_
Energy

P " Levels
trum „m K

Intens ity

and
Character

Wave-
length
in A

Spec-
Energy

^ Levels
trum m K

20 3461. 00 T TII 30 3513. 86 T T
II

24 d 3462. 97 II 30 3515. 04 II
6 3464. 63 II 12 3515. 44 II

11 3465. 98 T T11 0 Cl z. 1 yi3516. 14 T T11
o
£5 3466. 92 T T11 1 / 3516. 64 1

65 T T11 1 "7

1 / 3518. 96 T
1

11 3469.70 II 60 3519.76 II
8 3469. 85 II 17 3520. 79 II

17 3470. 36 T T11 o 3522. 92 T T11
28 3471. 73 T T11 6 3523. 2U T T11

o o28 ^ A ~70 O "7

3472. 37 T T11 140 ^ n 0 "2 ^ ^3523. 66 T T11
85 d 3472. 82 II 40 3525. 14 II
22 3473. 00 II 46 3525. 61 II
6 34 /3. 28 T T11 T "7

1 /
'2 C 0 C "70
3525. /9

T T
11

o8 AT2 ~7Q
34/3. /9

T T
11 9

"2 CO "7'2
35^6. /3

T T
11

6
O /I "7 C "70
3475. /2 T T11 12 ^2 C Orj ~7Z.3529. 76 T T11

11 3476. 12 II 22 3531.70 II
11 3476. 29 II 17 3532. 70 II
6 11 15 ib33» 06 T T11

40 3480. 17 T TII /I /46 0 c 0 / 003536. 32 T TII

9 3481. 50 T T11 9 0 C "2 ^03536. 62
8 3482. 80 II 24 3537. 11 II

24 3483. 04 II 12 3537. 69
24

o /I o o z. o3483. 69 T T11 60 0 c "2 "7 n yi353 /. 94 T T11
12 3487. 28 T T11 15 '2

c
'2 0 on3538. 90

3487. 62 T T11 3539. 81
30 d 3489. 51 II 120 3540. 24 II
12 3489. 78 II 12 3541. 75
8 3491. 24 T T11 30 in A1 003543. 23 T T11

22 d 3492. OU 11 o c85 1C A1 03543. 86 11

17 3492. 56 T T11 lU 0 c yi /I "2 ^3544. 36 T T
11

12 3492. 99 II 6 3545. 40 II
28 3494.21 II 8 3546. 05 II
17 3494. 93 30 1C A CO3546. 52
28 o yi n c o3495. 36 T T11 12 0 c /I 0 003548. 82

6 3496. 20 T T11 o 'i.e. AQ OT3549. 21
17 3499. 34 16 3549. 36 II
17 3500. 27 II 32 d 3551. 03
85 in. r\f\ OA3500. 84 T T11 34 3551. 96 T T11
10

o r~ n yi n yi3504. 04 T TII T -7
17 '2 C C C 0 Q3555. 29

15 o c n yi ~7 c3504. 75 T T11 c c n c3556. 05
12 3505. 09 II 12 3556.25
28 d 3505. 90 II 8 3558. 09
8 3506. 56 T T11 48 d 0 C C 0 ~7"7

3558. /7

60 1 c n ~7 AC3507. 45 T T11
'2 c c n 1 A3559. 14

600 3509. 17 T T11 30 0 c c n on3559. 39 I

40 3510. 10 II 24 3559. 76 II
10 3511. 04 II 340 3561. 74 II
17 3512. 60 II 50 3562. 90 II
34 3513.10 II 17 3565. 34
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec- f^^^gy^ ^ Levelstrum yj.m K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum . y.m K

60 3565. 74 30 3630. 28 II
85 3567.35 II 12 3631. 46 II

T T
11 /U 3633. T T11

170 3568. 98 II 20 3635. 42 II
34 3572. 07 II 70 3638. 46 II

^ 17 3575.90 17 3638. 95 I

17 3576.64 30 3639. 82 II
5o lb, o3 "7 n 1L A'\ LL3641. 66 T T

11
24 3577. 08 30 3642.68 II
12 3578. 70 8 3643.26 II

120 3579. 20 II 8 3643. 76 II
75 3585. 03 10 3644. 13 II
oU icon A A T T

11 O A 1£. A C "20
364b. 38 T T

11
12 3587.76 12 3645. 82 II
12 3589. 53 10 3646. 46 II

6 3591. 39 46 3647. 06 II
12 3591.66 II 60 3647. 75 II

cw 3b73. iU iU •2 /I Q A1 T T
11

12 3593. 75 240 3650. 40 II
8 3594. 65 30 3650. 93 II

12 3594. 98 II 24 3651. 86 II

85 3596. 38 II 24 3652. 26 II
'2 C Q o nzL3b7y. Uo T T

11
T T
11

20 3600. 04 17 3653. 87 II

170 3600.44 II 85 3654. 88 II

12 3601. 75 II 24 3658. 22 II

34 3604. 90 II 200 3658. 88 II

3U •2 ^ n/L C\ A T T
11 •2Z.(:Q AC,JOD7. 4D T T11

30 3606. 16 II 10 3660. 44 II

6 3608. 25 II 20 3660. 75 II

34 3611.33 II 44 3663. 12 II

28 3611. 41 II 9 3665. 60 II

17 3613. u6
T T
II A 1LLQ r\r\jobo, UU T T

11

10 3613.36 II 8 3668. 50 II

24 3613. 68 II 26 3669. 62 I

34 3614. 63 II 10 3674. 05 II

34 d 3615. 66 II 22 3675. 78 II
O /I34 3616. 5o

T T
11 "ion^oU pb 1 b. JO T T11

40 3617. 88 II 30 3677. 89 II

17 3618. 18 II 10 3678. 78 II

12 3618.90 II 80 3682. 26 II

40 3619. 73 II 22 3684. 81 II

14 36^^. 11
T T
11 JOOO, 13 T T11

30 3623. 92 II 24 3689. 12 II

12 3624. 80 II 12 3689. 72 II

85 3625.54 II 60 3691. 15 II

60 3626. 50 II 30 3692. 95 II

17 3626 87 II 44 3693. 56
30 d 3628. 20 II 14 3694. 75 II

40 3629.43 II 17 3696. 30 II
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy
SP^^- Levels
trum -rw-m K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levels
m K

3696 9,^ ITX X 80 3747 34

20 3699. 33 II 8 3748. 80 II

44 3700. 12 I 12 3749. 70
^701 14J 1 \J X. XT 1 7 d 3750. 24
3701 33-i^ / UX. TX 4 3751* 35

8 3701 "in ITX X 4 3751. 62

460 3702. 85 II 8 3752199
30 3703. 07 I 8 3753. 52

O ^703 50 TTX X 100 3755 24 II
3703 9? ITX X 4 3757. 04

3705 06 1X 40 3757. 44 II

28 3706. 34 II 40 d 3757. 90 II

10 3706. 80 I 60 3759. 35 I

1 0 3708 45 I 19 d 3760. 13
3708 75 TT 32 3761. 12 I

36 3709 30 ITX X 6 3762. 51 I

100 d 3711. 74 II 6 3762. 74

8 3714. 37 II 8 3763. 96 I

1 4 371 6 08 ITX X 160 3765. 14 I

?0 3716 43 11X X 18 3767. 50 II

1 nX u 3717 47 IIX X 8 3769. 43 I

8 3111. 88 I 4 3771. 03

4 3718. 24 II 15 3775. 26
1 8± o IIX X 190 3776. 49 II

3719 45 IIX X 11 3777. 48

X-? 3723 04 IIX X 30 3779. 22

4 3723. 84 II 6 3782. 18

13 3724.92 I 5 3782. 62 I
QO '^7?5 3? TTX X 55 3783 54
7 "^179, 65 5•J 3784 15 I

'^7?R 96 11 3785 38

60 3729.91 II 38 d 3787. 22

8 3731. 00 I 11 3787. 60
3731 51-/ / ^ X. _J X TX 8 3787. 71 I

^73? 39 TTX X 15 3789 00

Qo 373? 65 IX 11X X 3789 68
12 d 313i\. 80 38 3789. 92

3735. 04 11 3791. 07
^7'^R 45 36 3792. 18

Xu "^740 3? 7 3793! 30

"^741 ?4/ HX. 55 3793. 55
20 3741. 58 II 12 3796. 20

24 3741. 89 7 3796. 98
X VI ':i742 4'5 15X 3798. 59

3743 09 18 3798. 95 II

XD IX 7 h 3801. 36

60 3745. 07 I 30 3801. 80 II

^ / Ho. X D 3809 17 TTX X

20 3746. 54 11 3804.42
80 3747. 17 II 9 3806.26
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Intens ity

and
C^hararterV_> ^ A. t-L -L. V V—* X

Wave-
length
in A.

Spec-
trum

Energy
Levels
in K

70 d 3806. 85 15 3894. 46 II
3.5 d 3810. 57 45 3894. 60 I

22 3811. 65 I 6 3895. 08 I

22 3812.73 6 3895. 39 I

22 3813.16 30 3895. 99 II

- 14 d 3814.97 30 3896.58 II
11 3816. 27 4 3897.26 I

22 3816. 90 30 3897. 89 X
I

14 3820. 11 II 220 3899. 20 II
—J
7 3821. 00 15 3899. 57 II

11 3823. 12 12 3900.74 I

6 3824. 14 150 3901.35 I

7 h 3826. 74 9 3901. 68 X T
II

140 3830. 29 II 9 d 3902.00 II
7 3832. 65 3.0 3903. 08 I

50 3833.40 I 7 3904. 14 I

17 3834. 02 I 5 3906. 54 II
7 3837. 18 I 44 3908. 08 X

I

14 3837. 83 6 3908.68 I

85 d 3842.50 II 35 3909.16 I

17 3842.98 30 3909. 54 I

34 d 3845. 61 II 9 3910.14 II
17 3847. 88 I 15 3910. 43 X

I

340 3848. 76 II 15 3910. 85 I

4 3849.59 I 10 3912. 30 I

10 w 3851. 37 7 3912. 77 II
24 3851. 86 II 26 3913. 48 I

7 3855. 38 I 14 3914. 63 X
I

16 3855.58 II 60 3915. 43 I

13 3868. 90 II 6 3916. 67 I

42 d 3869. 75 II 4 3916. 90 I

8 3873. 00 I 7 3917. 30 I

19 3873. 78 X T
II 9 3918. 78

X X
II

320 w 3874. 19 II 7 3919. 00 I

22 3875. 22 II 44 3919.52 II

6 3876. 67 I 14 3920.72 II

12 3878. 21 II 28 3922. 10 II

9 3879. 99 I
A A44 3922. 74 T TII

9 3880. 35 I 14 3923. 31 II

9 3881. 29 I 6 d 3924. 42 II

24 3881. 76 II 10 3924. 81 II

18 3885.10 I 70 3925. 45 II

24 3886. 82 II 6 3929. 75
T
I

15 d 3887. 64 II 7 3929. 89 I

15 3887. 88 I 5 3930.76 II

44 3888. 23 I 20 3932.37 I

9 3889. 84 II 12 3934. 41 I

6 3890. 95 I 60 3935. 24 II

15 3893.38 II 6 3937. 17 I

6 3893.69 I 15 3937. 64 I
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Energy
SP^^- Levels
trum . „m K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
Energy

^ Levels
trum . „m K

6 3938. 07 I 14 3997. 43 II

75 d 3939. 52 II 14 3998. 40 II

24 ^ yHX. TTX X 1 0X VJ
3QQ0 on TX

20 3942. 21 II 6 3999. 24 II
3942. 95 I 32 3999. 40 II

9 3943. 68 I 14 4000. 01 II

15 3944. 88 II 17 4001. 28 I

60 "^946 89 TTX X 32 d 4002 19 ITX X

4 3947. 25 I 90 4002. 59 II
P4 3948. 35 II 10 4003. 78 II

6 3949. 51 II 6 4003. 91 II

19 3950. 14 I 7 4004. 52 II

19 T
J. 180Xkj\j 4005 57 ITX X

6 3951. 88 I 10 4005. 97 II
1 9 3954. 05 I 14 4009. 26 I

4 3955. 65 I 14 4009. 56 II

6 3956. 18 II 28 4010. 06 I

16 TX 14 4010 85I VJ X W • \J —J IX

26 3957. 97 II 70 4012. 75 II
AU 3958. 36 II 14 4012. 86 II

3.0 h 3960. 12 II 30 4013. 27 I

6 3960. 30 I 7 4017. 85 II

9 ^ y OU. / U TX J. u 4018 42 IX

3 3962. 61 I 34 4019. 14 II
1 A 3965. 10 I 50 4020. 47 II

16 3965. 95 II 20 4022. 89 I

9 3967. 22 I 17 d 4024.10 II

20 ,7 /O / . DO TX 34 4024 79 IX

5 3969. 94 I 16 4025.73 II

JL O 3970. 19 II 16 d 4028. 31 II

20 3971. 79 I 8 4028. 59 I

16 3972. 06 II 48 4031.66 II

16 "^974 29 TT
J. A. 80 4032 34 I

16 3974. 68 I 13 d 4032. 72 I

3976. 84 II 190 4033. 06 II

3981.16 II 32 4036. 24 I

170 3981. 89 II 4 4036. 46 II

28 TTX X 19 4038 86 IX

24 3984. 05 II 3 4039. 21 II

3984. 84 II 14 4039. 48 I

14 3985. 08 II 14 4040. 11 I

24 3986. 35 II 12 4040. 41 II

14 T
JL

A 4041 851 vJ 1 X » *—' -J 1X

7 3989. 54 I 9 4042. 34 II

5 3990. 22 I 4 4043. 67 II

20 3990. 63 I 6 4045. 36 I

7 d 3991. 58 I 14 4047. 14 I

17 d 3993. 54 I 6 4048. 82 I

8 3995. 15 I 5 4049. 87 II

7 d 3995. 80 II 6 4051.49 II
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Terbium — All Observed Lines

Tyit* p Ti Q 1 i"\7"

and
Character

"Wave-
length
in A

Spec-
trum

All lie: n y

Levels
in K

and
(~V\r\ 3 T 3 f^1"(=» T

length
1

A

Spec-
trum

Ene r gy
Levels
in TC

O Qdo 4051. 86
T T
II 5 4107. 79

O Ddo 4052. 87 II 5 4110. 09
4054. 00 I 5 4110. 86 J

4054. 12 I 28 4112.50 I

38 4060. 40 I 12 4112. 88

on 4060. 87
T T
II 5 n 4114. 13

T T
II

4061. 59 I 5 d 4115. 36 T T
II

4063. 89 II 10 4117. 23
JO 4066. 22 II 5 4118.43 I

14 4070. 13 I
'I A24 4119. 96

iU a 4070. 54 T T
II 10 4120. 51

T T
II

cD 4070. 72 I 8
/I T 0 I 04121. 03

JiU 4071. 22 I 10 4122.47
Ci 4072. 69 I 8 4126.71 I

10 4073. 75 II 13 4127. 29

-7

/ 4073. 94 I 13 /lion 1 ^4130. 14
1^ 4074. 16 I 5 4131. 11

24 4075. 22 I 13 4131.45
Q7 4078. 47 II 4 4132.23
5 d 4078. 79 I 13 4132. 48

36 4081. 24 I
0
8 4132. 83

2. 5 n 4082. 24 II 5 4133. 51
12 4082. 80 I 5 d 4134. 32
10 4083. 21 I 12 4135.37 I

10 4084. 27 I 3. 5
yi T 0 / /IT4136. 47

lU 4084. 84 I 3. 5 4137. 03

17 4086. 62 I 5 4139. 06
J4 4087. 70 II 13 4139. 79

11 4089. 35 II 13 4141. 55 I

5 4089. 51 II 5
yi T yi 0 yi c4142. 45

/
D a 4091. 35 I 5

^ 1 y| 0 0 yi4143. 24
IV 4092. 20 I 26 yi T /I 0 yi n4143. 49

12 4094. 05 I 13 4143. 57 J

24 4094. 37 II 100 4144. 46 II

24 4094. 50 I 10 4146. 70

11 4095. 93 I 4
yi T yi 0 0 1414o. 21 T T

11
Q7 4097. 36 II 10 /1 1 yi 0 T "7

4149. 17 11

ID 4097.48 II 5 4150.54
r
b 4098. 62 II 5 4150.86 I

4 4099. 15 0 4152. 24

7 a 4099. 48 II 0 4156. 2o

12 a 4100. 90 I 5 4158. 28 T T
11

12 4101. 65 I 32 4158.53
8 4102.53 II 11 cw 4161.36 I

7 4103. 21 I 5
yi 1 / X c T4166. 51

16 4103. 36 I 22 4169. 11

8 4103. 46 I 22 yi T / n 0 T4169. 31

24 4103. 90 II 11 4169.92 I

60 4105. 37 I 8 4170. 49

4 4106. 35 I 22 4171. 05
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Terbium — All Observed Lines

Intensity
and

Character

Wave-

in A

_
Energy

V C i O
trum

in x\.

Intensity
and

Character

Wave-
Spec-
trum

Energy
XjCVc i O
in ICm rv

14 4171. 80 9 4239. 91
22 4172 60 J 9 4242 56 TTX X

22 4172. 82 I 9 4245. 14
24 4173.47 I 12 4246. 59 I

6 4175. 08 I 6 4248. 57 II

8 4175. 84 5 4250. 26 II
14 d 4178 98 IT 12 4251 33

6 4179. 79 II 12 4251. 72 II
17 4180. 40 I 9 4252. 70 I

8 4181.33 II 6 4254. 04 I

17 4184. ?9 34 4255. 25
6 4185. 89 9 4256. 12

22 4186! 24 I 44 4258! 23 I

28 4187. 16 I 5 4261. 84 I

17 4188. 09 I 24 4263. 66 I

7 4188. 51 II 6 4264. 72
14 4191 08 7 4264 98
17 4191. 59 I 60 4266. 34 I

5 4193.35 I 30 4269. 69 I

7 4194. 01 I 9 4271. 63 I

36 4196. 73 9 4272. 21
8 4198 41 20 4275 21 J

11 d 4199. 06 I 10 d 4276. 75 II
42 4201. 00 II 9 4277. 77 I

60 4203. 72 I 70 cw 4278. 52 II

55 4206. 49 28 4285. 13 II
6 4206 80 J 6 4285 75 TTX X

11 4207. 53 I 6 4286. 13 II
11 d 4208. 70 I 11 4286. 91 II
28 cw 4213. 50 I 14 4287. 11 I

28 4214. 42 II 28 4289. 72
44 4215 13 6 h 4293 13

9 h 4216. 67 I 6 h 4294. 04 I

28 4217. 56 I 14 4295. 34 I

9 4218. 86 I 8 4296. 34 I

24 4219. 17 34 4298. 37
8 4220 10 IT 28 4299. 90 J

5 4221. 41 6 430l!l5 I

9 4222. 71 I 22 4302. 94 I

7 4223. 32 II 11 4304. 00 I

24 4224. 28 6 4304. 27
J44 cw 4226 45 II 22 4307 21

8 4230. 62 14 d 4308. 68 II
6 4231. 34 I 42 4310. 44 I

24 4231. 89 I 7 4310. 96 II

17 4232. 19 II 8 4311. 29
{44 4232. 82 28 4311. 56

6 4234. 22 10 4312. 08 II

28 4235. 35 34 4313. 25
15 4239. 28 11 h 4313. 43
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^ Levelstrum m K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

5-J 4394 03

7on 4318. 85 I 4 4394. 92 II
1 A 4320.26 17 4396. 56

5 4 4401 S4 T TX X

55 4'?7? ?4 7 4407 IP

AO 7 440^ 40 TTX J.

QO 4323. 66 II 4406. 76
4325.50 g 4409. 52 II

55 4'^9R R"^HJCj, OJ IT 5 441 1 14

8 5 4411 9'^Ht X X. / ^ J

COv 4'^9A 47 5 441 3 A3 J

4328.95 I 18 4416. 27 II
QO 4330. 31 13 4420. 20

J55 32 44?'^ 11

5 4 44?7 "KA J

*tJJ*t. do 4 d 4430 13 ITX X

ou 4336. 50 I 9 4430. 66
4337. 64 10 4432. 70

160 J? O, H _) 9 44*^4 47 ITX X

14 /1-1-JQ ^9 7 44'?c; 01

» 4'?'^q R7^ JJ/ m O 1 7 4435 55 TTX X

4340. 62 I 22 4436. 12

4341. 00 9 4438. 97 II

40 cw 10 4439 38

5 h A-XA-X Qt: 4 4441 27 II

At TT 7 h 4441 48 J

c; 4346. 49 22 4448. 04 I

1 0J. u 4349. 61 8 4451. 64
\5 h A-ic;n 7c; 8 d 4452 82

5 T TX X 4 h 4459 38 II

TTX X 4 4461. 27 T

4356. 09 10 4467! 70 I

ou 4356. 84 A 4469. 12

4 ^'JC7 ^7 4 4471 72 IIX X

26 HJ)DU, XD 3.5 4485 68

c w A'KkO AA -
8 4488 16 T

4366. 00 II A 4491. 01 I

4367. 30 40 4493. 08
J20 1 C, KiD 4 4499 47

5 A%1A A% :[ 4 d 4S09 04 IIX X

J Hj 1 0,
T T
1 X 1

4

X ~ h 4^111 52 J

oo 4381. 31 A 4512. 96 II

4382. 46 7 4514. 31 II

4 /I7P/1 OAHjOH, UD T T
X X 4 4519 72 II

1^ H^oD, DO A 4525 01 II

12 T T
X X 4 4529 76

28 4388. 25 4 h 4531. 83 II

5 h /I-IOQ PI't^07. Oi 4 4c:-J4 13

24 4390. 91 8 d 4537. 14

4 4392. 96 4537. 23
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Terbium — All Observed Lines

Intensity
ajid

Character

Wave-

TTk AHi .*v

Spec-
Energy

opec Levels
trum rj-in Iv

Intensity
and.

C.lri 3 T 3 P t" T

Wave-

in A

Spec-
Energy

trum .

10 4549. 07 I 3. 5
/I —7 —7 O O /
4778. 36 T T

II

4 4549. 72 II 3.5 4778.80 II

10 4550. 45 I 18 4786. 78 I

10 4556. 46 I 4 cw /I "*7 on o ~\

4789. 91 T T
II

5 4562. 24 II 3. 0 4801. 87 T T
II

10 4563. 69 II 10 4813. 77 I

3. 0 4564. 85 II 6 4837. 59 II

5 4573. 19 II 2.5 4840. 39 I

19 4578. 69 II 3. 0 c 4842. 69 T T
II

6 4584. 84 II 3. 0 4844. 89 T TII

6 4591. 56 II 3. 0 4854. 81 I

4 4592. 38 I 2. 0 4856. 54 II

4 h 4604. 10 II 3.0 4858. 87 II

3. 0 4611. 96 I 8 4875. 58 T TII

4 h 4615. 92 II 2. 5 4876. 12 T TII

2. 5 4617. 49 I 8 4881. 15 T TII

3. 0 4619. 36 II 3.0 4894. 33

7 d 4626. 32 II 10 4915. 90 I

9 4626. 94 II 3. 5 4924. 09 I

6 4632. 07 I 3. 5 4926. 83 T

6 h 4636. 59 I
I—

5 4928. 93 I

3. 0 4636. 99 II 7 4931. 79 I

8 4641. 00 II 2. 0 4940. 72 II

19 4641. 98 II 2. 0 4959. 93 T TII

24 cw 4645. 28 II 2. 0 4962. 28 T TII

8 4647. 23 I 3. 0 4970. 99 T T
II

6 4658. 38 I 3. 0 4971. 42 I

2. 0 4658. 73 3.0 4973. 04 I

8 4662. 80 I 3. 0 4980. 16 II

5 c 4665. 45 I 3. 0 4980. 56 I

4 4669. 40 I 9 4993. 85 T TII

8 4676. 90 I 5 4995. 84 II

7 c 4681. 87 I 6 4997. 95 I

5 4682. 52 I 2. 0 5004. 84 I

2.5 c 4682. 79 II 3. 0 5006. 10 T TII

8 4688. 63 II 5 5022. 16 I

8 4693. 11 II 3. 0 5024. 24 II

3. 0 h 4693. 39 II 3.0 5024. 65 I

20 4702. 41 II 5 5033. 12 I

11 4707. 94 II 5 w 5042. 06 T TII

4 w 4716. 07 II 6 5054. 30 I

4 4728. 16 II 6 5065. 79 I

6 cw 4734.20 II 11 5078. 25 I

8 4739. 93 I 2. 5 5080. 05 T TII

7 4747. 80 I
^ r*

2.5 5081. 11
T
I

40 cw 4752. 51 II 2. 0 5081. 80 T
I

4 4758. 44 II 8 5089. 12 II

4 4760. 19 II 2. 5 5089. 66 I

3.0 4762. 37 II 2. 5 5101. 09 I

2.5 4764. 47 II 2.5 5108.56 I
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Terbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

,

" Levelstrum m K

3. 5 5118. 39 J 1. 6 5403. 82 II
2. 5 5120.18 I 3.0 5413. 65
2. 0 5121. 61 II 3. 0 5416. 20
5 w 5131. 69 5 5424. 10 II
5 w 5141. 08 II 2. 0 5425. 00

»^ 5 5147. 58 J 3. 0 c 5426. 43 J

2. 5 5164. 27 I 1.4 5427. 47 I

3. 0 5170. 13 1. 4 5432. 45 II
2.5 5170. 61 J 1. 4 5437. 10
5 5176. 51 J 1. 4 5438. 12 J

5 5179. 97 J 3. 5 5443. 38 J

5 5184. 59 I 3. 0 5457. 00 I

9 5186. 16 6 5459. 81
5 5188. 48 \ 2. 0 5464. 39 {

5 5198. 86 J 3. 0 w 5470. 34 II

3. 5 w 5202. 77 J 1. 2 5476. 96 J

4 5204. 55 I 2.5 5481. 45 I

4 5207. 97 1. 2 5488. 26 II

2.0 5209. 34 II 1. 2 5500. 10 II
4 5214. 28 6 5509. 61

4 5221. 99 5 5514. 54 J

12 5228. 12 I 7 5524. 12 I

4 5235. 11 2. 5 c 5525. 62 II
8 5248. 71 J 1. 2 5536. 26 II

8 w 5262. 11 II 1. 2 5556. 30 II

1.4 5264. 92 3. 5 5565. 93 J

2. 0 w 5272. 07 II 1.2 5572. 82 I

2. 5 5275. 03 2. 0 5586. 96
{8 5281. 05 \ 2. 0 5589. 56

1. 4 5287. 30 1. 2 5591. 62 II

7 5304. 72 J 1. 2 5621. 55 II

3. 0 5308. 19 I 2.0 5636. 56
3. 0 5309. 46 3. 0 c 5638. 80

\11 5319. 23 \ 2. 0 c 5645. 75
1.6 5322. 11 II 2. 0 5671. 84 J

1 6 5323. 92 II 3. 0 c 5685. 74 II

1. 6 5329. 05 4 c 5686.48
3 5 5331. 04 1. 8 5712. 45 II

1.2 5332. 58 \ 9 c 5747. 58
7 w 5337. 90 J 0. 9 5761. 62 II

3 5 d 5338. 59 J 2. 5 5762. 66 J

1 6 5346. 14 I 2.5 5785. 18 II

2 5 5347. 93 8 5795. 64
\17 5354. 88 8 5803. 13

1 0 5363. 62 J 7 5815. 36 J

8 5369. 72 J 3. 0 5842. 97 J

8 5375. 98 7 5851. 07
\2.0 w 5377. 88 II 7 5870. 62

1.6 5397. 90 3.5 5898. 84
3. 0 d 5402. 06 II 2.5 5902. 40
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5904 71 0. 9 6512. 19 IIX X

1 6 5910. 10 I 3. 5 cw 6518.* 68

7 5920. 78 1. 8 6527. 63
JJ1.6 59*^7 09 2.5 c 6574. 04

5 c 3.5 6581* 82 jy

^. -J 1. 4 6593 66 JJ

C-m -J 5951. 17 I 3 0 II

-L. D 5951. 78 1 6 6640. 14
JJ2. 0 ^9ftl 00 T TX X 0. 8 c 6642. 27

8 TTX X 1. 8 6645 41 J J

1 ftX. D 0. 6 6665 94 J J

6010. 65 II 9 6677. 94 II
1 ft 6019. 24 II 0. 8 6689. 51

JJ3.0 ftO'^R 97 1. 8 6693 38

3.0 y 4 cw 6702 61 J J

1 6 ftOftl R'^ J 2. 0 c 6706 79 JT

1 ft 6077. 84 II 1. 2 c 6714. 98 II

1 6 6084. 34 0. 7 6727.21
JJ1.6 jj 0.7 c 6734 86

2.5 ft! 04 29 JJ 0. 7 6754. 29 T

1 4 ftl Oft Oft J J 1. 4 6755. 01 TT

1 4 6134. 39 II 1. 4 6769. 81 II

1 4 6137. 00 3. 0 6785.12
JJ1.4 c ftl 5ft 29 1.2 c 6792. 48

1.2 AT 71 Rftux / X* oo 12 6794 58W # / ^W J J

1 2 AIQ-^ A4U X / Ut^ J J 3. 5 6874 18 TT

1 2 6194. 52 II 5 6896. 37 II

1 2 6195. 14 4 h 6899.95
JJ1. 0 ft21 8 4 3.5 6902 08

1.4 ft222 25 J J 1. 2 6916 69W / X w « w /
JT

1 0 ft225 95 J J 1. 2 h 6923. 09 J J

1 2 h 6272. 36 I 1 0 6989! 60 II
2 5 P 6292. 43 0. 8 7005. 99

JJ2.0 ft'^03 78 1.6 7082 85

1.0 A'^1 7 ft?O J? X / • Ot. J J 1.0 7089 22 J J

2 0 J J 1 0 7112 69/ X X b. « w / J J

2 n 6322. 33 II 0 9 7187.48 II

6331. 68 0 9 h 7195. 89
JJ2.5 0^^*T. /X JJ 6 7204. 28

1.0 JO. # t J J 1.8 h 7234 98 J

1 2 ft'^'^7 R•^ J J 3 5 7257 73 J

n 9 6356. 40 II 1 6 7311.57 II
n 9U, 7 6359. 88 4 7348. 88 II

1.8 c ft40'^ 97 JJ 0.9 7398 27 II
1 4 1 4X •

~ h 7424 24 IIX X

1.0 c ftZlAl y y 0.9 h 7429 62 ITX X

2.5 6446. 87 n 0. 8 7472.15
1.0 c ftdftl 74 2.0 7484 54 IIX X

1.4 6470. 86 0. 8 7495.45
0.8 c 6501. 33 4 7496. 12
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1.6 7499. 69 II 1.2 7998. 93 I

2.5 7511.40 II 1. 6 800l! 04 I
0. 8 7519. 77 II 1. 2 h 8010. 16 II
0. 6 7557. 59 II 3.0 8025. 42 II
2. 5 h 7582. 03 II 0. 6 8046 06 I

2.

5

7587. 49 II 0. 6 8053 80 I

4 7590. 24 I 1.8 8067. 35 II
6 7596. 44 I 3. 0 8085. 06 II
1.6 h 7601. 18 II 2.5 8164. 17 II
1. 6 7616. 01 II 1. 2 8171. 70

2. 0 h 7624. 05 I 6 8194. 82 II
3. 0 7627. 81 I 9 8212. 57 II
0.8 h 7639. 05 II 1. 0 8214. 33 I

0.7 7672. 72 II 3. 0 8220. 37 I

0. 7 h 7694. 74 II 0. 7 8259. 08 I

2.0 h 7706. 16 I 3.5 8327. 00 I

2.0 h 7726. 97 I 4 8387. 77 I

3. 0 7737. 63 I 3. 5 8450. 06 II
2.0 7793. 20 II 0. 7 h 8465. 80 II
0. 7 7807. 33 II 1. 4 8468. 59 I

1. 5 7832. 91 II 1. 2 8502. 70 II
3. 0 7855. 79 II 3.0 h 8512. 01
1.4 7864. 99 II 4 8583. 45 II
0.6 h 7885. 70 II 3.0 8603. 40 I

0. 6 7913. 11 3.5 8661 91 I

2.5 7927. 90 II 0. 8 8678. 25 I

1.2 7955. 31 I 4 8688. 61 I

1.0 7998. 03 I 6 8765. 74 II
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THALLIUM

Tl, Z=81, M=204.39, Katio ^=3.217
' ' ' Cu

Tli Normal state of valence electrons 6s^6p^ ^71^^=0. I.P.= 49264 K
Tin Normal state of valence electrons 6s^ 'So =0. I.P.= 164765 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

A. Fowler, Report on Series in Line Spectra, (Fleetway Press, London, 1922).

Classification

:

Tl I, A. Fowler, Report on Series in Line Spectra, (Fleetway Press, London, 1922).

Intensities

:

W. Kuhn, Naturwiss. 13, 724 (1925).

W. Prokoviev and W. Soloviev, Z. Physik 48, 276 (1928).

A. FUippov and W. Prokoviev, Z. Physik 85, 647 (1933).

Relative intensity of thallium lines observed in an arc of copper containing 0.1 atomic
percent of thallium

Strong lines of thallium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

2000
1800
1200 cw
500
440 d

3519. 24
5350. 46
3775. 72
3529. 43
2767. 87

I

I

I

I

I

7793-36200
7793-26478

0-26478
7793-36118

0-36118

6s26pi 2P;h—6s26di ^Dan
6s26pi 2p|^_6s27si 2So^
6s26pi 2P5j^^_6s27si 2SoH
6s26pi 2P!>^—6s26di ^Dj^
6s26p' 2PSh—6s26di 2Dih

Thallium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

3. 0 2315. 98 0-43166 280 2918. 32 7793-42049
40 h 2379. 69 0-42011 44 2921. 52 7793-42011
70 2580. 14 0-38746 120 3229. 75 7793-38746
6 2608. 99 7793-46110 2000 3519. 24 7793-36200
8 2665. 57 7793-45296 500 3529. 43 7793-36118

42 2709. 23 7793-44693 1200 cw 3775. 72 0-26478
5 h 2710. 67 7793-44673 1800 5350. 46 7793-26478

440 d 2767. 87 0-36118 1. 6 h 6549. 77 26478-41741
28 2826. 16 7793-43166 0. 6 h 6713.69 26478-41368
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THORIUM
Th, Z=90, M=232.05, Ratio ;^=3.652

Cu
Th I Normal state of valence electrons 6d' 7s' ^2 =0. I. P. =«50000 K
Th II Normal state of valence electrons 6d^ 7s' 'Diy^=0.

References

Wavelengths and Spectrum Assignments:
R. Zalubas, NBS Monograph 17 (1960).

Classification

:

Th I, R. Zalubas, unpublished material.

Thii,J. R. McNally, G. R. Harrison, and H. B. Park, J. Opt. Soc. Am. 33, 334 (1942).
J. R. McNally, J. Opt. Soc. Am. 35, 390 (1945).

Relative intensity of thorium lines observed in an arc of copper containing 0.1 atomic
percent of thorium
Strong lines of thorium

Intensity Wavelength Spectrum Energy levels Term combination
A K

300 4019. 13 0-24874 6d»7s2 a ^Diu— 575;^

110 2837 30
95 3469. 92 II 4147-32957 6^2/ s'

CL ^Fthi 81?].j:

90 3392. 03 II 1522-30994 CL ^Fql<: YS^i^

90 3741. 19 II 1522-28244 6d27si a <F2H— 672h

90 4381. 86 6700-29515 5/'6d'7si a*Hlu;— III4K
80 4391. 11 4490-27257 5/1 7s2 a 2F1h—5/'7si7p> ^Gsu
75 3180! 20 II 1522-32957 6rf27si

75 4116. 71 II 6168-30453 5/i6di7s> a^H?!^— II24U
70 2832. 31 II 4147-39443 6d27s' a ^FsH— 106|h

70 3351. 23 1522-31353 6d27si « ^FzK—6d'7si7i)> *Ffi<

70 3402 70
70 3434. 00 II 1860-30972 6d27si a ^Fiu— 2P§^<'73 *73

70 3609. 44 II 4113-31811 6d'7s2 ^73 *73

65 3256. 28 II

65 3262. 67 II 6168-36809 5/>6d'7si a *H5h— 1433K
65 3291. 74 6214-36584 6d27si a *¥iu,—6ti27B' ^G§u^73 v-v ^ "J 073

5/'6di7si a ^Fiu;— 1142i<;173 i Xa

60 3325. 12 II 4147-34212 6rf27si a ^FoL^— 84Sl4073 " »73

60 3839. 74 II 6700-32736 5/'6di7s' a*H|i<— 1193U

60 4108. 42 II 4490-28824 5/'7s2 a 2Fl}^

—

5p7s^7p^ ^Fzh
55 3188. 23

II

1860-33216 6-^275' a *Fii<— 82iLi

6d'7s2 a 2Dii/— 692U
55 3721. 82 II 1860-28721 6d27si a ^F.^s— ^Dfw1 73 J 73

50 3675. 57 II 1522-28721 6^275! ^73 iTa

50 4085. 04 II 10189-34662 5/i6di7si a^HlH— 1306H
50 4086. 52

II
0-24464 6d'7s2 a 2D,H— 551h
0-9441 6d'7s2 a ^Dif— 54!u;

50 4282. 04 II 6168-29515 5/'6di7s' a '*H§j^— III4U073 *^72

48 2870. 40 II 1860-36688 6d27si a 4^1^—6d27pi ^GsH

48 3078. 82 II 4113-36584 6di7s2 a 2D2}^—6di7si723i *F|h

48 d / 3511. 56 4490-32960 5/'7s2 a 2F5h— I2O1H
1 3511. 67 n

4» o5c5y. 59 U-^»^44 a 2DiH— 672H

48 d r 3617. 02 15305-42944 6d3 a 2H4H—6rf'7si7pi

\ 3617. 12

46 2747. 16 0-36390 6di7s2 a 2D,H—6rf27pi

46 3752. 57 9238-35879 5/'6(ii7si a 2G4V—5/'7si7pi ^OsH
44 2565. 60 1860-40826 6d27s' a ^FiH—6d27p' ^DoH
44 3287. 79 1522-31929 6rf27s' a <F2H—6rf'7si7pi2Djj^

44 3292. 52 6700-37063 5/i6rfi7si a*H|^— 1454H

44 3334. 61 6214-36194 6d27si a <F4H—6(ii7s>7pi *F|h
44 3337. 87 1860-31811 a '¥iy~ Illy,

44 3358. 60 1860-31626 6d27si a *F,j^—6di7si7pi ^D°ox
44 4178. 06 7332-31259 0 4F^>^— 1142j^

44 4208. 89 6700-30453 a^Hlj^— 1124H

42 2692. 42 0-37130 6d'7s2 a2D,H—6d27pi *D°oH
42 3238. 12
42 3719. 44 I 0-26878 6d27s2 a _ 268781
42 3803. 07 I 0-26287 6d27s2 a 3F2 — 26287!
42 3929. 67 II 0-25440 6di7s2 a 2Dii^— 6I2H
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
in K

3. 0 2326. 93 1860-44822 3. 0 2542. 65 II 4490-43808
3.0 2354. 02 II 5 2545. 34 II 6214-45489
3. 0 2356. 75 0-42418 3. 0 2545. 74 II 4113-43383
1 6 2366. 04 13 2547. 90 II 4147-43383
4 2366. 98 3. 0 2548. 14 II 9585-48818

1. 8 2368. 05 jj 4490-46706 1. 0 2549. 99
6 2373. 84 II 0-42113 1.2 2551. 24 II 1522-40707
4 2375. 07 1. 0 2554. 65
9 2377. 84 \\ 4113-46156 1. 8 2555. 17 II

3. 0 2384. 36 0. 7 2560. 93 II

3. 0 2388. 14 1522-43383 7 2561. 94 II 6168-45190
3.0 2393. 11 II 4490-46264 44 2565. 60 II 1860-40826
5 2404. 17 24 2566. 59 II 1522-40472
5 2404. 51 4113-45689 2. 5 2567. 94
2. 5 2411. 30 6 2574. 48 II 4113-42944

6 2413. 41 JT 1522-42944 1. 0 2576. 32

3. 0 2423. 00 II 18 2576. 69 II 4147-42944
6 2423. 68

JJ
9 2579. 43 II

2. 0 2431. 15 4490-45611 2. 0 2580. 35 II
4 2432. 85 J J 5 2580. 70 II 4490-43228

3. 5 2437. 54 J J 3. 0 2583. 45
3.0 2443. 96 II 1.2 2586. 15 II

2. 5 2444. 46 1522-42418 1. 0 2587. 25 II
2. 5 2450. 78 JJ 20 2589. 06 II 1860-40472
8 2456. 30 JT 4490-45190 5 2595. 03 II 8379-46903

2. 0 2456. 86 J J 20 2597. 05 II 0-38494
2.5 2459. 01 II 0-40655 20 2600. 89 II 6214-44651
8 2466. 13 4113-44651 2. 5 2607. 48 II 1522-39862
5 2468. 15 JJ 4147-44651 2. 0 2608. 32 II 8379-46706
4 2470. 59 J J 9 2609. 86 II 4113-42418

3. 0 2476. 95 J J 1860-42220 2. 0 2611. 62
1.2 2485. 05 II 9061-49289 20 2618.90 II 4147-42319
6 2489. 62

JJ
6214-46368 24 2623. 45 II 4113-42220

3. 0 2494. 61 24 2625. 74 II 4147-42220
6 2495. 35 J J 4490-44553 2. 5 2626. 40 II

1. 8 2497. 56 J J 5 2628. 81 II 4490-42519
5 2498. 40 II 4490-44504 1.6 2630. 02 II
5 2498. 86

JJ
6700-46706 4 2633. 33 II 8460-46424

3. 0 2502. 87 3. 5 2639. 51 II 1522-39397
9 2504. 28 J J 1. 2 2639. 88 II

3. 5 2505. 60 J J 4490-44389 1. 2 2640. 27 II
5 2507. 91 II 0-39862 1.2 2640. 40 II 4490-42352
2. 5 2509. 96

JJ
9585-49415 24 2641. 49 II 0-37846

2. 5 2516. 42 1. 2 2642. 61 II
7 2520. 66 T

J 1. 2 2643. 27 II 7001-44822

1. 2 2525. 93 TT 9712-49289 4 2649. 48 II
2.5 d 2526. 22 4 2649. 87 II

2526. 34 JJ 7331-46903 15 2650. 58 II 0-37716
4 2532. 43 6214-45689 13 2658. 66 II 0-37602
4 2535. 87 7001-46424 3.0 2661. 39 II
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Thorium — All Observed Lines

Intensity
and length

in ^
Spec-
trum

Energy
Levels

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 2662. 34 II 8606-46156 2.0 2736. 44
3.5 2662. 86 6 2737.43 8379-44899
2 0 2664 06 4 2738 33 41 47 — 4nAt;t;

1. 6 2665. 89 II 6244-43744 2. 0 2738. 82 II
1. 0 2667. 54 II 1.6 2740.48 II

1.6 2669. 45 II 16 2743. 07 II 0-36445
1.6 2671. 47 46 2747. 16 0-36390
1 6 2672. 94 1 6 2747. 58
3. 0 2675. 67 II 9061-46424 4 2747.* 85 II 7001-43383
1. 6 2678. 93 II 9585-46903 3.5 2748. 81 II

32 2684. 29 II 9 2749. 53 II 4113-40472
11 2687. 13 8018-45221 1.6 2749. 71
1 6 2688 34 4490-41677 36 2752. 17 1522-37846
2.0 2691. 03 I 1.6 2753. 09 II

4 2691. 18 II 1.6 2755. 96 II

42 2692. 42 II 0-37130 1.6 2758. 96 II

1.6 2693. 97 4 2759.41
1 6 2695. 02 11 2760 40 8606-44822
7 2695. 21 II 11726-48818 13 2763. 62 II 6244-42418

10 2695. 56 II 9 2764. 64 II 9061-45221

2.5 2695. 81 II 8606-45689 9 2765. 12 II 4490-40644
3.5 2696. 83 12220-49289 24 2768. 85 6214-42319
4 2697. 54 X —' t— ^ ' ^ \J i— 18 2770. 82 1522-37602
6 2698. 74 II 6244-43288 18 2771. 49 II

1.6 2700. 60 II 9585-46603 1.6 2772. 01 II

2. 5 2701. 82 II 1. 6 2773. 02 II
24 2703. 96 1522-38494 12 d 2773. 96 13251-49289
15 2708 18 1522-38436 2774. 07
1.0 2710. 48 II 4 2774. 85 II

3. 0 2711.46 II 1.8 2775. 08 II

3.0 2714. 61 II 6 2777. 80 II

3.5 2715. 09 3. 5 2778. 04 1860-37846
8 2716 32 8018-44822 6 2778. 71 9712-45689
3.0 2719.45 II 8460-45221 4 2780. 70 II

5 2719.93 II 9401-46156 1.6 2782. 37 II

20 2721.70 II 6214-42944 10 2783. 06 II 4490-40412
15 2722. 38 1860-38582 6 2783. 49

jj
7829-43744

1 6 2723 32 4 2784. 06
6 2724. 89 II 0-36688 6 2784. 98 II 7332-43228
3.5 2726. 49 II 3. 0 2785. 59 II

2.5 2727. 25 II 9712-46368 1.6 2786. 24 II

4 2728. 91 1860-38494 6 2786. 92
\\22 2729 33 9061-45689 9 2787. 13 6244-42113

9 2730. 27 II 8606-45221 3.0 2787.67 II

3.5 2731. 58 II 3.0 2788. 68 II

3.0 2731. 92 II 4 2790. 42 II

22 2732. 82 0-36582 6 2791. 01 6700-42519
1.0 2733. 20 3. 0 2791.43 n

14 2734. 42 4147-40707 8 2794. 26 9712-45489
2.5 2735. 83 4113-40655 6 2797. 02 1860-37602
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
t rvim

Ene rgy
Levels
in K

6 2797. 74 J J 4490-40223 5 2857. 49 II 6691-41677
5 2798. 27 II 8018-43744 28 d 2861. 34 II 9712-44651
2.5 2798. 66 2861. 42 10673-45611
5 2799. 11 JJ 4147-39862 5 2862. 61

6 2800. 57 J J 9202-44899 6 2864. 65 II

3. 0 2803. 37 II 6691-42352 3. 0 2866.40 II 4490-39367
5 2807. 71 3. 0 2866. 65 II

10 2807. 83 9585-45190 3. 0 2868. 45 12472-47324
16 2808. 99 \\ 9061-44651 4 2868. 68 Yi 8379-43228
1. 8 2812. 42 II 6 2869. 92 II

6 2814. 32 II 48 2870. 40 II 1860-36688
4 2814. 57 II 2.5 2870. 81 II

4 2816. 07 6 2876. 41 6168-40924
1.6 2817. 14 Yi 11117-46603 3. 5 2879. 19 Yi 1860-36582
9 2819. 33 II 7829-43288 2. 0 2879. 53 II 8379-43097

4 2820. 34 II 4 2881. 13 II

3.5 2821. 61 II 4 2882. 00 II 11576-46264
9 2822. 02 8379-43804 3. 5 2882. 51

Yi
8606-43288

3. 0 2822. 38 \\ 9401-44822 2. 0 2883. 61 9720-44389
1. 8 2822. 57 II 28 2884. 29 II 4490-39151

1. 8 2822. 69 II 32 2885. 04 II

1.8 2823. 55 II 4 2886. 23 II 6691-41328
15 2826. 86 8018-43383 4 2886. 50

1. 8 2827. 76 Yi 32 2887. 81
4 2827. 99 II 9202-44553 14 2891.25 I

1.8 2829. 94 II 11576-46903 14 d 2891. 73 II
6 2830. 45 II 6168-41488 2891. 81 II

70 2832. 31 4147-39443 3. 5 2892. 17
Y

O'^oo /I 0 n 0 /I9238 — 43804
5 2833.33 8460-43744 2. 0 2894.48

14 2834. 49 II 8018-43288 11 2895. 13 II 1860-36390

11 2836. 05 II 4147-39397 6 2897. 07 I

4 2836. 44 I 3. 0 2898.25 II

110 2837. 30 4 2899. 37
ij8 d 2839. 24 Yi 4490-39701 22 2899. 72 6168-40644

2839. 34 4 2903. 16 II 4147-38582

6 2840. 15 II 0-35199 2. 0 2904.26 II 12902-47324
8 2841. 16 II 9202-44389 4 2905. 93 II

1. 8 2841. 81 9720 — 44899 2. 5 2906. 12 8018 — 42418
28 2842. 82 1522-36688 7 2908. 36 Yi 4490-38864
1. 8 2843. 30 II 2. 0 2909. 77 II 7332-41688

1. 8 2845. 19 II 18 2910. 59 II 4147-38494
1.8 2845. 83 II 8 2911. 32 II 8606-42944
8 2847. 36 9712-44822 8 2912. 01

Yi

0-34330
1. 8 2848. 02 Yi 8 d 2912. 66 4113-38436

24 2851. 26 II 1522-36584 2912. 75 II 9061-43383

7 2851. 43 II 1522-36582 3. 5 2916. 37 I

2.0 2852. 50 4 2917. 03
4 2854. 14 n 14 2917.41 4490-38758
2.0 2854. 92 5 2917. 78
5 2855. 90 4 2917. 90
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

12 2919. 83 II 4490-38729 24 2968. 69 II 4490-38165
4 2920. 36 II 6691-40924 2.5 2969. 38 II
4 2920. 94 II 10673-44899 4 2969. 82 II

2.0 2921.36 II 10 2971. 48 II 4113-37757
14 2921. 56 II 7 2972.22 II 1522-35157

2921. 62 II
10 2973.53 II

6 2922. 59 II 19 2974. 01 II 4490-38105
AH OQO"} 7QC.V C.C., /7 T T i.c.L.C.\i — HDH^H 1 nX u c>Q7A noCy 1 0, Uc.

T T
1 X

7*1 "19 —Ar\CtOA
1 JDC — HU7^'t

2.0 2922. 99 II 8018-42220 2.5 2976. 64 II

2.0 2924. 10 II 2.5 2980.10 I

22 2925. 05 II 5 2980. 32 II 9401-42944
22 2928.25 II 8379-42519 14 2981. 33 II 6168-39701
J. ->

T T
i. H OQOI A-7C70X, t /

T T1

1

3.5 2929. 28 II 2.5 2981. 84 II
4 2930. 90 II 2.5 2982. 02 I

2.5 2932. 64 II 2.5 2983. 02 II

5 2933. 09 II 9720-43804 5 2983. 56 I

b
T T
11 cyop, Dt)

11 2936. 19 II 12 2983. 80 II

15 2936. 46 II 14 2985. 24 II 4113-37602

6 2937. 43 II 12902-46936 7 2986. 77 II 7001-40472
2.5 2938.10 II 9202-43228 2.5 2987. 68 I 3688-37149
9 2939. 57 II 32 2988.23 II 4490-37945

2939. 62 II 13 2991. 05 II

6 h 2940. 58 II 7332-41328 8 2991. 68 II

2940. 68 II
6 2993. 65 II

2.5 2941. 34 II 14 2993. 82 II 6214-39606
2. U

OQ/n QQ T T
1 1 Q/im A'^'XQ.'^7^U± — HJJO^ C, D OQQc; 07 T T

X X

11 2942. 62 II 8379-42352 10 2996. 99 II 9061-42418
30 2942. 85 II 2.5 2997.19 II 0-33355

2.0 2945. 95 II 16 2999.10 II

2.5 2946.25 II 10572-44504 2.5 2999. 28 II

13 Do T T
11 OQQQ on^777. oU T T

X X

8 2949. 94 II 5 3000. 95 II

7 2950. 43 II 9061-42944 13 3001. 27 II 8379-41688

6 2951. 21 II 16 3002.39 II 1860-35157
4 2954. 88 II 2.5 3006. 00 II 6691-39949
c
D

T T
1 1

QO J? U UO. 7 J/
T TX X

5 2955. 60 II 7001-40826 9 3007. 62 II

3.0 2955. 85 II 8 3007. 80 II

15 2957. 58 II 4490-38292 5 3007. 95 II

8 2957. 92 II 5 3008. 27 II 9712-42944
6 2958. 14 11

T T
X X

2. 5 2959. 87 II 5 3009. 76 II 0-33216
2. 5 2963. 61 II 4113-37846 4 3011. 59 II 6700-39895

2.5 2963. 87 II 6 3012. 70 II 6214-39397
2.5 2964. 00 II 5 3013. 60 II

5 2964.11 II 6168-39895 3.0 3014.92 II 9061-42220
10 2964. 92 II 6 3015.73 II

10 2965. 49 II 6700-40412 6 3017.13 II 10673-43808
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

o
^_ 1 1,0AQ — ^A'^AR ^Udl. OD T T

X 1 1 "^9^0 _ ARARQjLjdHy — 4D007
8 3019.41 II 8379-41488 1 Axt 3081. 98 II 4147-36584
3.0 3021. 47 xu 3082. 17 II
o0 2099 nQ 10 T T

1 X 1 9A79 AAiXQQIdH 1

d

— HHov?
J, u JU^H. OO on Al — d91

1

10 ^nR'^ 9Q T T
X X 1 n A7'? —A'Xr\Q~!lUD/J — Hj\j7l

1 7X /
"^DRR AlJVOO, H 1

T TX 1 11,1,0 — '?Q7m
1 JJd — J7 1 Ul

11 3026. 57 II y 3090. 08 II 1860-34212
9 3028. 57

IJ
6691-39701 A 3093. 05 II

J, u JUJV, HO 3.5 "^DQA 9AJ U7D. CO TT
X 1

J, u JUJUm oo 7 ^OQA Al,JUvO, HJ T T
1 X Q9n9 _ AT ZIHRvdud — 'tXtOO

o a ^U^l. 17 X u •inQ7 97 T T
1 X A^^ 1. — "^A-^Qn

3031. 28 I 7 AU 3099. 74 II

3.0 3031. 70 II 4490-37465 3099. 87 II 9238-41488
D _>u u u 14 d "^1 nn 7Q^XUU. 17 TTX X

J U^H. UD R'^7Q — /n '^9ROj 1 V — H 1.JC.O
•11 nn Q"^JX uu. 7 J TT

X X

^U^D. 11 J. -?
21 ni ARJXUX. Do T T

1 X 1 1 c;7A — Zl'^RnRIID/D — HjOVO
3.0 3035. 53 II 0-32933 1 AXH 3102. 66 II 6168-38389
6 3038. 60 II 6168-39069 AO u 3104. 96
c JXUD. uu T TX X
Q7 991 n — "^^n A9 20 21 n^i lA TT

X X

q 1 m RQ — A'\C[^ A J. 3 ^1 flA ARJ X. UD, OO TTX X

12 3046. 95 II 1 AX H 3107.03 II 6691-38867
30 3049. 09 II 4490-37277 ^A 3108. 29 II

D 18 ^1 1 n n9^1 1 U. \jc.
T TX X AAQl — '^RR'^AD07l — ^oo^D

% n 3. 5 •2119 nR^11^. uo TTX X AT AR — '^R9Q9DXDO — jOd7 d

D JKJDUm 70 Q^Rti — d9'^'i9vDOD — HCJD^ A riA^XXH, uo T T
X X qn;R(; _ a-\ arrvjOD — HXDOO

6 3051. 78 II 6700-39458 J. 0 3114.26 II 8606-40707
3.0 3057. 63 II 6168-38864 1 RX o 3116.28 II

^UD / . 07 7 •^1 1 A ARJ/XXD. HO T TX X

O 10 •21 1 7 ARJ>XX /. OO TT
X X AAQl — '^R7c;ROOvX — JO 1 DO

^uou. 10
_ 7 •2110 '2AJl.i.7, JO T TX X

6 3060. 44 I 0-32666 AJO 3119. 51 II 4147-36194
16 3061. 69 II 3120.88 2558-34591
io a 36 "^1 99 QAJLC-C 70 T T

X X Al AR — ^Rl Rnoxoo — ^OXOU
juoj, lu 26 21 OA "^RjXCH, jo TTX X Al AR — "^Rl Ac;DXDO — JOLOD

o Q71 9 —A01,^ Q 1 AXD •2i9t: 91 TTXX

3.0 3066. 41 II 12220-44822 l,A 3125. 51 II

32 3067.72 II lU 3125. 74 II

io a ^fiAH on^UoO. 7U 6 ^1 97 91JLd /. dl.
T TX X Q79n — Al ARR7 1 dyJ — HXDOO

^riAH QAjVOo, 7D 1 — "^AARR 3. 5 •21 OQ QRjLd.7, 70 TTX X

^^DAQ 9A 1

1

J>X JJX. u /
TTX X n — "^1 Q9QU J LvCv

19 3070. 82 II 0 3133. 62 II 9585-41488
26 3072. 11 II 4147-36688 11 3134.42 II

o •2079 H9 7 •21 •2A 99jLjO, dd /1QA9 — AR'^RH70^ — JDO^O
J. -3

•21 -2Z. 0^2jLJO, OJ n — "^1 R7nU — J)XO / U

o 1 1

,

0909 _/n ARR7C.\JC. — tlDoo 30 21 •2Q 2nj±j7, jyj
TTX X

5 3077. 93 II 7 3139. 89 II
/I Q jn7Q fl9Io, Od HlxJ — JODOH 7 ^1 Zin 97^XHU. d 1

9RAQ — i,Air\AdOO/ — ^H/UH
3. 5 3079. 88 15 3141. 84 II 7332-39151

34 3080. 21 30 3142. 84 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
truin

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
U 1 LIX I 1

Energy
Levels
in K

3.5 3145. 63 I 0-31781 4 3203. 23 II 9202-40412
22 3146. 04 II 6168-37945 3.0 3203. 61 II
11 3150. 46 II 4 3203. 88 II 9720-40924
7 3151. 64 II 4 3205. 28 II

22 3154. 30 II 1522-33216 4 3206. 94 II 8379-39552

22 3154. 77 II 6700-38389 4 3207.78 II
7 3155. 83 II 4 3208. 03 II 12220-43383
7 3156. 39 II 12 3210. 31 II
3. 5 3158. 62 II 4 3211. 20 I 2869-34001
3. 5 3159. 07 II 9061-40707 12 3213. 57 II 6168-37277

5 3161. 68 II 4 3214. 08 I 2558-33662
8 3162. 83 II 9720-41328 4 3214. 38 I 4962-36063
8 3164. 48 II 6700 — 38292 4 3215. 78 II
4 3165. 62 II 7001-38582 12 3217. 45 II 9401-40472
8 3165. 82 II 4 3217. 73 II

10 3166. 09 II 4490-36066 12 3220. 35 II 4113-35157
6 3167. 55 II 40 3221. 28 II
8 3169. 32 II 20 3225. 42 II 9712-40707
4 3170. 42 II 7331-38864 4 3225. 66 II
4 3171. 26 I 0-31524 4 3225. 90 II

3. 0 3171. 68 II 11576-43097 4 3226. 12 II 8379-39367
4 3173. 43 I 2869-34372 4 3226. 41 II
8 3174. 19 II 1860-33355 8 3227. 78 II 0-30972

30 3175. 72 II 6700-38180 40 3229. 01 II 7332-38292
4 3176. 50 II 6244-37716 8 3230. 86 II 9712-40655

4 3177. 17 II 6700-38165 8 3232. 13 II

6 3178. 24 I 3.0 3232. 31 I 0-30929
19 3179. 05 II 4 ?)22>b. 00 I 3688-34591
75 3180. 20 II 1522-32957 34 3235. 85 II 6168-37063
8 3181.18 II 7332-38758 42 3238.12 II

4 3181. 66 II 4 3238. 94 I

6 3182.40 II 6691-38105 7 3239. 29 II
8 3182. 64 II 9061-40472 8 3240. 48 II 6691-37542
4 3183. 13 II 4 3240. 64 II

4 3183. 79 II 13251-44651 17 3241. 12 II 7001-37846

22 3184. 94 II 4490-35879 8 3244. 46 I 0-30813
4 3187. 00 II 20 3245. 78 II 9061-39862
4 3187. 40 II 8 3247. 59 II

55 3188. 23 II 1860-33216 8 3248. 53 II 6691-37465
19 d 3190. 07 II 9585-40924 7 3249. 87 I 0-30762

3190. 17 II
20 3251.92 I

8 3191. 08 II 1522-32850 10 3252. 74 II

6 3191. 21 II 10 3254. 82 II 7001—37716
4 3192. 57 I 2869-34183 10 3255. 51 II

4 3193.16 II 65 3256. 28 II

4 3195. 69 I 0-31283 13 3257.16 II 9585-40278
8 3198. 23 II 13 3257. 38 I

8 3198. 48 II 8 3259. 06 I

8 3198. 71 II 6691-37945 8 3259. 61 II

6 3198.96 II 8 3260. 92 II 9238-39895
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
T ,p T/p 1 e

in K

Q ^/lOl, D4 T T 4 DDCO, CD T T11 LDCDL — HDCOO
65 3262. 67 II 6168-36809 4 3329. 72
8 3263. 03 II 9585-40223 18 3330. 48 I 0-30017
QO ^^04. 44 T T

1 1 1 o/i no /I 'xr\o~iLCH / c — HDVy

1

7 mo /inDDDC, 4U T T
11 1 ooor\ A ooor\LCCC\J — "iCCCV

QO ^^DD. DO T T
1 1 1 D DC — D / 745 DJDD, LD T

1 LOOy — DCOOD

^/lO /. uu T T
I 1 /UUi — D 1 OUc /I /I44 :?^^4. bl T T

1 1 b^l4 — 3bl74
8 3269. 48 II 6700-37277 9 3335. 06 II 8606-38582
8 3270. 83 II 0-30565 44 3337. 87 II 1860-31811
Qo DC 1 C, UD U — ^U55^ 07 DDDO. Dy T T

1 1 1 DDC — D 1 CI 1

cc.
O'57'j QQJC 1 J, 07 T T

1 1 /I Kl4 Dl ^:541. Di. 1 nU

^il / 5, Uo T T
1 X 4 IIAI OC,DDHD. CO T T11

22 3280. 37 II 8018-38494 9 3343. 61 I

4 3282. 96 II 9 3344. 87 II 7829-37716
n
7 / Dl BODD'iD, 07 1 JUJ

JC.OO, DO T T
1 I OUiO — ^04^0 LD 'i'^/lA c;c;^^4b. DD T T

1

1

OC QC IQA CQ7DOD — ^74D0

/I /I jdO 1 , / 7
T T
J. I CC "^^'/Ifl 77^^4o, / /

T
1 n ooQcxU — cyODD

9 3290. 12 9 3348. 96 II
65 3291. 74 II 6214-36584 70 3351. 23 II 1522-31353
/I /I DdVC, DC.

T T
1 Jl o / uu — ^ / UD^ 07 DDDD, 73 T T

1

1

11117 /I noo/i1111 / — 4U7^:4
Q7 Do T T CC J^D4, lo T T1

1

i / JCVD, 74 T T
1 1 ycXJC — DyDDc 14 ^^34, bl T T

1 1 fl'^7Q "ifli anOD 17 ^oloU
9 3294. 99 II 9 3355. 25 II

13 3295. 32 II 6244-36582 7 3356. 82 II
Q7 DC.7D, DC T T

X 1 QnAI "207077UD1 — J7 j)7 / 44 DDDO, bU T T
1 1 1 QAn "21 AOA1 obU — ^1 bcb

11 JC7 0, OU T T
1 I LcyUC — HDCCQ Q7 '2'1 An 1 c:DDO\}, ID T T

1 1 1 1 R7A /n lOQllD/b — 41 DCO

Q7 icr) 1 , DO T T
I I q7 ^'^An "^7DDOUt D 1

T T
1 1

1 / DCn 1 , OJ T T
1 1 001Q — "XQ^^OyCDO — DyDDC u "^"^Al ATDDOL, bl T T

1 1
/I4 jcyo, U4 "^"^Al 7"?^^bl. ID T T1 1 Q79n —1QAC,!37 1 C<J — ^ 74Do
/I JJUV, Dl T T

1 1 ID^/: —^1011 7 HUO 1 BJ^bil, lo T T
1 1

1 / ^^Ul. CO T T
1 1 q7 nuo t;n^^b^, DU T T1 1

Q71 O 1QAA17 1 XC — D7HHD
DJ\J±, JD

cD DDOC, 0 1

17 3301. 63 II 9 3363. 06 II 8379-38105
9 3303. 48 II 9 3363. 70 II 0-29720

n /I o /I3iU4. ,i:4 U — ^UiiDD lo •2'lCA AO^^b4, b7 T T
1 1

/I

4 1 '2 n c ^ n
J DVD, DV o7 ^^bD. DD T

1 ZOb7 — DCD ID

Q7 iir\o 1/1JiU7. 14 T T
11 1DDC — D ID"tC 1 Qlo lice CODDOO, DC T T

1 1 1 lO AQ AOQA Ai-DCH^ — 4^1744

9 3309. 36 0-30209 28 3367. 81 II 4490-34175
13 3310. 24 II 6244-36445 18 3371. 79 II

/I

4 DDlD. Ub 07 nil AQDD 1 D, 47 T
1

li ddId. o4 T T11 lo DD 1 4. DO T T
1 1

T 71 /
on A on T T11 lo H~IA QBDD 1 4, 70 T

1

4 3317. 73 II 13251-43383 5 3376. 84 II 10673-40278
4 3318. 97 II 6691-36813 28 3378. 58 II 8018-37608

<iU
•2 1 o n o QDDcyj. cv T T11 c~rr\r\ "i^QnoD / UU — ^DCSU7 o7 '^^fln BADDoyj, ob T

1 9BAQ lOAIQCO07 — DcHD7
i>b

lion /I /Ii^^l. 44 T T
11 miD — DHC1.C q7 DDOl, DD T T1

1

7DoD — ^7lDl

4 DDCC. U7 ^DDO — ^^ibDl q7 DDOD, 14 T r
1

1

28 3324. 75 II 1860-31929 22 3385. 53 II 4490-34019
60 3325. 12 II 4147-34212 22 3386. 50 II 9061-38582
7 3326. 45 II 4490-34544 8 3387. 91 I

9 3327.18 II 12472-42519 8 3388. 58 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levelstrum m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

9 3389. 46 I 8111-37606 9 3441. 36 II 6691-35741
22 3389. 65 II 1860-31353 8 3442. 58 I 4962-34001
8 3390. 36 5 3443. 11 II 9401-38436

90 3392. 03 II 1522-30994 5 3444. 00 II 10673-39701
5 3393.23 14 3445. 21 II

8 3394.13 J J 5 3445. 38 II 12472-41488
9 3394. 79 14 3445. 73 II 14791-43804
8 3395. 37 II 7001-36445 5 3449. 28 II
9 3396. 41 12 3449. 65 II 10572-39552

14 3396. 73 I 3865-33297 8 3450. 94 II 13251-42220

16 3397. 52 J 9 3451. 70 II 9202-38165
18 3398. 53 19 3452. 68 II 6244-35199
14 3401. 68 II 7001-36390 8 3453. 51 I

14 3402. 02 I 8460-37846 7 3454. 20 II 9238-38180
70 3402. 70 14 3461. 02 I 0-28885

14 3403. 28 II 9061-38436 19 3461. 22 I 4962-33845
12 3404. 63 II 10189-39552 24 3462. 85 II 9712-38582
14 3405. 56 I 3688-33043 19 3463. 72 II 13251-42113
9 3406. 23 II 6691-36041 5 3465. 03
5 3407. 82 32 3465. 77 II 6700-35546

18 d 3408. 63 J J 9 3465. 92 II 4113-32957
3408. 75 I 2869-32197 19 d 3466. 52 I 4962-33801

14 3409. 26 II 10572-39895 3466. 64 I 4962-33800
12 3411. 77 II 7829-37130 28 3468. 22 II
18 3413. 01 12 3469. 34

9 3414. 51 II 9585-38864 95 3469. 92 II 4147-32957
5 3415. 88 12 3471. 21 I 3865-32666

14 3418. 77 II 4113-33355 5 3471. 95 I 7280-36074
14 3418. 94 II 4490-33731 9 3473. 03 II 9061-37846
19 3419. 17 7 3473. 41 II 9712-38494

28 3421. 21 I 2869-32090 12 3476. 53 II 6700-35456
14 3422. 65 II 4147-33355 5 3477. 70

9 3423. 11 II 12472-41677 9 3478. 12 II 9202-37945
19 3423. 99 I 0-29197 9 3478. 46 II
9 3425. 15 II 9202-38389 18 3479. 17 II 6691-35426

9 3425. 94 II 9401-38582 5 3480. 05 I 8111-36838
14 3429. 00 I 2558-31713 9 3482. 55 II 9585-38292
8 3429. 39 II 9238-38389 9 3482. 76 II 1860-30565
9 3429. 88 II 4490-33637 14 3485. 20 II 8379-37063
9 3431. 80 28 3486. 50 II

3486. 54 I

70 3434. 00 II 1860-30972
9 3434. 74 5 3490. 26 II

55 3435. 98 II 0-29095 5 3490. 45 T T
II

19 3436. 71 II 9202-38292 5 3491. 57 II

9 3437. 02 II 8379-37465 19 3493. 52 II 7829-36445

24 3437. 31 I 2869-31953 9 3495. 70 I

24 3438. 95 II 13249-42319 5 3496. 81 I 0-28589
5 3439. 40 5 3497. 01 II

38 3439. 72 5 3497. 26

9 3441. 01 14 3498. 00 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
tmm

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

9 3498. 62 I 12 3557. 47 II 6168-34270
9 3498. 95 I 7502-36074 38 3559. 45 II 6244-34330

3498. 99 II 9720-38292 19 3559. 95 II 8606-36688
14 3499. 98 II 8018-36582 5 3561. 78 I

10 3501. 46 II 8 3563. 37 I

5 3501. 94 II 7332-35879 5 3564. 72 II
14 3502. 77 II 9061 -37602 10 3565. 39 I

10 3503. 61 II 5 3567. 06 II 6700-34727
5 3503. 78 I 12 3567. 26 I 0-28025

10 3505. 48 II 5 3567. 69 II 12902-40924

5 3506. 85 II 15237-43744 5 3569. 62 II 6168-34175
5 3509. 09 I 10 3569. 82 I 3865-31870
8 3511. 16 I 8 3571. 57 II 10189-38180

48 d 3511. 56 II 4490-32960 24 3572. 39 II 8460-36445
3511. 67 II 14 3573. 22 II 8606-36584

10 3512. 74 II 9720-38180 38 3575. 32 II 6700-34662
14 3514.52 II 9401-37846 14 3576. 56 II 15145-43097
5 3514. 96 II 24 3579. 35 II 8460-36390

10 3516. 36 II 8379-36809 10 3580. 23
10 3516. 83 II 8018-36445 14 3582. 01

10 3518. 40 I 2869-31283 10 d 3583. 04 II

5 3518. 89 II 7332-35741 3583. 11 I 4962-32863
5 3521. 06 I 8 3584.18 I 2869-30762

24 3521. 92 II 9 3585. 06 II
5 3523. 53 II 8018-36390 19 d 3585. 76 II 9585-37465

3585. 89 II
5 3526. 64 I 0-28348

10 3528. 82 II 12 3588. 22 II 1860-29720
19 3528. 95 II 8 3589. 15 II 6700-34554
8 3530. 52 I 14 3589.36 II 6691-34544

10 3531. 44 I 4962-33271 12 3589. 75 I 7502-35351

10 3531. 92 II 8 3591. 06 II 8606-36445
14 3537. 15 II 9202-37465 10 3591.46 I 3688-31524
24 3539. 32 II 4490-32736 19 3592. 78 I

48 3539. 59 II 0-28244 10 3593. 88 II 10572-38389
10 3541. 62 II 8460-36688 5 3595. 33 II 12472-40278

5 3542. 50 I 5 3595. 61 I

13 3544. 02 I 8800-37009 19 3598.12 I 0-27784
5 3545. 00 I 28 3601. 04 II

18 d 3545. 18 II 24 3603. 21 II 9720-37465
3545. 29 II 1522-29720 5 3603. 36 II

5 3545. 96 I 5 3604. 05 II
10 3547. 34 I 3688-31870 8 3604. 68 I 5563-33297
12 3549. 60 I 8111-36275 5 3605. 20 I

5 3550. 29 II 8 3605. 65 II
10 3551. 40 I 12 3608. 38 I

14 3553.11 II 14 3609. 22 II

5 3553.38 II 9712-37846 70 3609. 44 II 4113-31811
14 d 3555. 02 I 2869-30991 17 d 3610. 04 II

3555. 10 II 3610.13 II

5 3555. 71 I 12 3610. 40 II
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Thorium — All Observed Lines

Intensity
and

ChcLracter

-\xj ^ ,W ave-
length
in A

Spec-
trum

Energy
Levels
m is.

Intensity
and

Char acte r

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

14 3610.79 II 4113-31800 10 3668. 14 I

14 3612.43 I 0-27674 20 3669. 96 I 8111-35351
5 TX n — P7A71 3A7n riA T T

X I HXX^ — ^XJ)D^
10 3613. 78 II 4147-31811 7 3671. 54 I 6362-33591
10 3614. 01 II 10 3673. 26 II

5 3614. 21 I 14 3673. 79 II 7332-34544
5 3614. 35 I 50 3675. 57 II 1522-28721

34 ITJ. ± 41 47 — 31 800 28 3A78 04 TTX X «ni 8 — 3R1 QQOUXO JDXyy
48 d 3617. 02 II 15305-42944 20 3679. 72 II

3617.12 II 6 3681. 88 II 11576-38729

8 3618. 36 I 7502-35131 17 3688. 76 II
3 3619. 71 II 10673-38292 15 3690. 49 II 9720-36809

1 4 TT
J. J. 1 3X ^ 3^i91 Rfi TX

19 3621. 12 II 10572-38180 12 3692. 57 I 3688-30762
10 3622. 33 I 5563-33162 20 3693. 90 II

8 3622. 80 I 3688-31283 11 3695. 98 II 11117-38165
19 3624. 90 II 6700-34279 5 3696. 65 II 9401-36445
C O TT± ± 5 3f)97 03 TT

J. X Al AR — 33Pnq\JXUO U J L-\J/

14 3625. 89 II 13 3698.11 I 9805-36838
3625. 93 II 9238-36809 4 3698. 30 II 11726-38758

8 3632. 62 II 9061-36582 8 3700. 77 II 15305-42319
10 3632. 83 I 3.0 3700. 98 I 5563-32575
17 3634. 58 I 3.0 3702. 87 II
10 3635. 24 II 6 3703. 78 I 4962-31953
14 3635. 42 II 18 d 3703. 92 II

3704. 00 II
19 3635. 94 I

8 II 6691-34175 6 d 3704. 87 I 2869-29853
H JUJO, J L. 3704 97 T T± ±

5 3638. 64 I 8800-36275 24 3706. 77 I 8111-35081
24 3639.45 II 6168-33637 3.0 3707. 00 I

22 3642. 25 I 0-27448 3.0 3707. 43 II

8 3643. 51 I 6362-33801 2.5 3708. 76 II
c TT

J. J. 1 nfi73 — 381 (TS 20 3711 30/XX* TTX X 6700 — 33637
7 3647. 30 II 6 3711. 62 I 6362-33297

3647. 38 II 4 3712.54 II

11 3647. 65 II 3.0 3717. 83 II

8 3648.17 II 0-27403 3.0 3718.17 II 9238-36125
i u T T

i. X 42 3719 44 TX 0 — 26878
22 3649. 25 II 7332-34727 32 3719. 96 II 10189-37063
12 3649. 73 I 5563-32955 19 3720. 31 II 9712-36584

12 3650. 77 II 9061-36445 55 3721.82 II 1860-28721
26 3652.17 II 24 3722.11 II 4113-30972
1 n T T1

1

/ Ot. / ^ ^X / / 3 5 3723 29 IT

7 3656.20 II 9720-37063 4 3723. 66 II 4147-30994
30 3658. 06 II 7001-34330 6 3724. 74 II

40 3659. 51 II 5 3725.39 I

14 3661. 62 II 16 3726. 72 II 4147-30972
16 3663. 20 II 11576-38867 8 3121. I 2869-29686
24 3663. 70 II 9401-36688 9 3130.31 I 6362-33162
9 3666. 98 I 8800-36063 12 3730. 75 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
L 1 LIJ.I1

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 6 3731 26 TX 3 5 3788 35 IIX X
3.0 3731. 42 II 22 3789.11 II 1860-28244
3.5 3732. 98 I 6 h 3790. 35 I

3733 66 I 14 3790. 79 IX

7 3734 59 IIX X 4490-31259 5 3791* 29 IIX X 11576— 37945

7 3737 51 TX 8 3792 38 IX

12 3738. 84 II 8460-35199 7 3794.15 II 11117-37465
8 3740. 87 II 4 3794. 69 I

9n/ u 3741 19 ITX X 1522 — 28244 3795 38
3742 92 TX 4 3796 72 IX 8800-35131

3 0 3743 51 ITX X 10572-37277 3 0 3797 45 IIX X

4 3744. 74 II 8460-35157 4 3798.10 I 4962-31283
3.5 3745. 66 I 9 3801. 44 I 7502-33801

3745 98 IIX X 7332 — 34019 2 0 3802. 14 IIX X 9585 — 35879
3747 54 IIX X 9202-35879 42 3803 07 IX 0 — 26287

3 0 3751 02 I 6 3803 98 I 8800-35081\J \J \J \J ^ —J \J \J X

3751. 12 I 8 3805. 81 II 6691-32960
46 3752. 57 II 9238-35879 26 3807. 87 II 9202-35456
2 5 3753 24 I 4 3808 61 I

4 3754 03 I 4 3809 83 II

9 3754 59 II 0-26626 7 3810. 99 I

9 3755. 21 I 2.0 3812.40 I

3.5 3756. 29 I 24 3813. 07 II 9238-35456
10 3757. 70 I 3 0 3815. 02 II
9 3758* 46 I 2558-29157 8 3817, 47 I

9 3759 31 3 5 3818 68 I

3 5 3760 28 IIX X 12 3821. 42 II 11117-37277XXXX/ ^ f 1 t

-J 3761 11/ wx a XX 12 3822. 15 II 9585-35741
3 5 3761 47 IX 6 3823 58 IIX X 13251—39397

36 3762 88 IIX X 6168-32736 2 0 3826 36 I

3762 94^ 1 \JCm9 / ~ IX 3688-30255
8 3826. 94 II 14349-40472

3.5 3763. 32 II 32 3828! 38 I 0-26113
8 3765. 24 I 8800-35351 11 3829.33 II
3 5 3766 35 4 3830 06 IX

1 4 3767 90 IX 8 3830 77 IX 0-26097

377n 05 TX 5563 — 32080 19X / 3831 74 IIX X

14 3771. 37 I 0-26508 3.5 3832. 97 II

7 3772. 24 II 7829-34330 9 3836. 54 I

1 2 3773 74 TT 1 0572—37063 3836 58 IX

^. -5 3774 1

9

TTX X 18X u 3837 87 IX 2869 — 28918Cm\J\J / ^U/XW

3775 91J 1 1 -J % /X IIX X 14349-40826 60 3839 74 II 6700-32736
6 3776. 27 I 6 3840. 80 I 4962-30991
1.8 3777. 41 I 20 3841. 96 II 9720-35741
3 5 37R0 97 IX 3842. 90 IIX X

1 RX. o TX 3843* 02 IX

1 2X ^ TTX X 2 0 3846. 25 IIX X

10 3783. 29 II 0-26425 6 3852*. 14 I 3688-29640
24 3785 60 TTX X 6168 — 32577 28 3854 50 II 10189-36125
3.5 3785. 91 II 10 3859. 85 II 8379-34279
5 3786. 88 II 7332-33731 32 3863. 41 II 6700-32577
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Thorium — All Observed Lines

Intensity
cind

Character

Wave-
length
m A

Spec-
trura

Ene r gy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

24 3872.72 II 14 3932. 91 I

26 3873. 82 I 10 d 3935. 54 II
ICS JO 1 H, OO TI AQA9 _ 7n7A9H70C — jU 1 Od. J7J0, T T11
15 3875. 37 I 2869-28666 10 3937. 04 II 10673-36066
2.0 3875. 64 I 7502-33297 QO 3937. 92 II 7828-33216

10 3879. 64 I 7502-33271 8 d 3938. 69 I

4 3884.52 II 9720-35456 3938. 73 II 12220-37602
1 niU jOoH, Oc. TT 8 h '^QA^ O'i.

4 3885.77 I 6362-32090 3.5 3942. 07 II
7 3886.91 I 2869-28589 3942. 64 II 10189-35546

7 3887. 01 I 11 3943. 39 II 8379-33731
6 3891. 05 II 11117-36809 6 3943. 69 II

T
1 16 J7HD, 01.

T T
1 1

3.5 3892. 30 II 6244-31929 6 3945. 82 II

4 3893. 11 II 16 3946. 15 II

2. 0 3893. 41 II 8 3947. 33 I 9805-35131
24 3895. 42 I 5 3948. 03 I 0-25322
o J)070. HJ)

TX T1

3898. 50 I 14 h 3948. 96 II

2.0 3900. 12 II 12472-38105 14 3950. 39 II 10572-35879

4 3900. 57 I 2. 0 3951. 11 II

24 3900. 88 II 7332-32960 16 3951. 52 II
/I T T11 — J 1 OHO 3.5 J70c., 10 T

I JOOO — £.7X0 1

3.5 3902. 12 II 14276-39895 8 3955. 17 I 9805-35081
3902. 17 I 3 5 3955. 89

8 3903. 10 I 28 d 3956. 59 II 10189-35456
10 3904. 08 II 4113-29720 3956. 68 II 0-25267
Ic. jyUD, iv T T

1 1 4 1.00,-7 1
1 l\\J

3.5 3908. 74 I 8 3959. 30 I 5563-30813
2. 0 3909. 13 I

e; 3960. 33 II 13251-38494

6 3911. 91 I 4 3962. 42 I 3688-28918
8 3912.28 II 10572-36125 3.5 3963. 22 II
-7
/

T T11 2.0 '^QA'^ AQS>70j, Ho T T
1

1

3913. 08 I 11601-37149 3. 5 d 3964. 74 I

4 3913. 82 II 1860-27403 3964. 87 II

3.5 3916.42 I 0-25526 28 3967. 39 I

10 3916. 79 II 9202-34727 5 3969. 00 II 0-25188
/I QQT 7 OAJ Vl /. C.O

T
1 14 '107') 1 c;J7 1 L., 13 T1

6 3918. 07 I 5 3972. 63 I

4 3918. 51 II n 3973. 20 I 6362-31524

8 3919. 02 I 3688-29197 4 3974. 22 II

4 3922. 22 II 9238-34727 15 3976. 42 II 9585-34727
J7/1J. ou T1 C.007 — C.OJHI 4 1070 r\AJ7 1 7, Ut

10 3925. 09 I 3688-29158 11 3980. 09 I

2.0 3926. 70 II 4 3980. 75 II

8 3927. 17 II 14 3981. 11 II

8 3927. 42 II 4 3981. 82 I

42 3929. 67 II 0-25440 6 3987. 22 I 7502-32575
4 . 3932. 00 II 14 3988. 01 II 9202-34270
6 3932. 23 II 9238-34662 4 3988. 60 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T pxrfal e
J 1

'

—' V ^ X o

in K

cD
T T11 AAQ1 n nc-Abb7l — ^1 /D4 1 n yinci CO T

1
QO IQQn /I Q^77U, 47 T

1 JOOD — A07i0 1 niU /I n cQ o

c

T
1

A1AO inoQib3bA — 3UyVi
QO ^7Vi. T

1 ooUU — ^^o4d 1 Qio /I nAi /in4Ub^. 4U T T11 1 1 70A 1A10Qii /Ab — ^bjA7
ft 1QQO OQ^77/1.

T T11 Q01Q 1/107Q A4 /I nA/i IO4Ub4, ^A T
1

1 Q •JQQ/1J77H, DD 4 /I nAC AO4UbD, bA T
1

/inAC AO4UbD. bo T T
11 QCOC 1/n7C9boD — 341 /b

1 o ^VVb. Ub T T
11

4 3997.47 II 11117-36125 4 4067. 45 I 2869-27448
11 3997. 87 II 9720-34727 65 4069.20 II 6691-31259

/I /I nnn o q4UUU, CO /I

4 /in7i 7/14U /i. /4
T
1

QO 4UUi. ub T
1

/I4 /in7c cn4U /D. dU T
1 OCCQ 07nQQAbbo — A /Uoo

4 4UUi. T T
1 1 /IT 1 1 oQnoc;411^ — A7U7D /I4 /inon 7n4UoU. /U

T
1

8 4003. 11 II 10572-35546 8 4081. 37 I

17 4003. 31 II 9202-34175 8 4082.26 II 11576-36066
4 /I nnc no4UUD. U7 T

1 JUOO — AC5b47 cD /inQi /i7 T
1 1QAC OD1/1Q^obb — Ao^4o

iU T T
1 1

OC^QC: "2/1 C/l A7DOD

—

^4344 cn /inoc n/i4uo!), U4 T T11 1 ni DO 1/lAAOiUio7 — j4bbA

1 4UUb. T T
1 1 Ab /inQC /II4UoD, 4^ T

1 QQnn 11071OOUU — ^^A /

1

1 Qio 4UU /. Uii
T T
1 1 11117 lAnAAiiii / — ^bUbb cn /insA CO4Uob. DA T T11 n o/i /I A/iU — A44b4

lb 4UUC5, T
1 1 cJ. ->

/inQ7 OQ4UO /, AO T
1

lb 4UU7. UD T
1 7C;nO 10A1Q /inQQ 704Uoo. /a T

1 A1AO inoi 1b^bA — ^UOi^
4 4UU7. Id T

1 Bl 1 1 iinziidill — JjVHj /I4 /inQC) 1 A4Uo7. 14 T
1 OQAQ 0711 7A0b7 — A / ^i /

4UU7. ol T
1

1 t; /inoi 1/14U7i. ^4 T T11 QOnO 11A177aUa — ^^bj

/

4 4011. 59 I 6362-31283 6 4093. 39 II 7332-31754
8 4011. 75 I 50 4094. 75 II 0-24415

Am o cn4Uiii. 3U T
1 OQAQ 077D/1Ac3b7 — C 1 1 04 4 A(\Q~l 114U7 /. 3p T T11 Q01Q 11A177A^0 — ^^bj /

4 /Im /I ci T T11 1 COO OAAOC QO /inQ7 7/14U7 1 , l'\
T
1 OQAQ 070AAA0b7 — A /Abb

/I4 /Im D in4Uio. iU T
1 1 oi A /inQQ Q/l4U70. 74 T T11 Q/iAn lOQcno4bU — ^AObU

inn /Im Q 11 T T
1 1 n 0/1Q7AU — ^40 /4 1 1ii /II nn 1/14iUU. ^4 T

1 n 0/11D1U — A4^0i
Qo /Im Q 77 1 iWJ 1 n /IT nn Q/i4iUU. o4 T T11

Id Anoo noHxicd, Uo A4 /II no AO4iUA. bA T
1 7cno 11 Q7n/bUA — JiO /U

1 cLd /I no c AA4U^r). bb T T11 Q70n "XAtiKA7

/

aU — JHDDH It; /II ni AC4iU^. bD T T11 1 ooon 1ACOOiAAAU — ^bbOA
/II ni AD41 U^. bo T

1
A1AO in70/lb^bA — /a4

/I no A 1 L.4U^:b. ib T T11 Q11Q nono
10 4027. 01 I 10 4104. 38 II 8379-32736
18 4030. 84 I 2869-27671 19 4105.34 II 7001-31353
QO /I nio /I4U^^:. 4b T T11 cD /line Qi4iUr). 7i T T11
oo 4U3a. bU T T

1 1 4 /ii n7 174iU /. 3 /
T T
11 11117 IC^CAiiii / — 3b4bb

iU /Im /I o c4U^4. AD T T
1 1

A01 /I mQQ/lbAi4 — ^U774 /I4 /1 1 n7 OA4iU /. ob T
1

1AOO oonoc^boo — AoUAb
5 4034. 90 60 4108. 42 II 4490-28824

4034. 93 I 4 4109.32 I 8111-32439
io n ni A n c4U^b. Ud 1 n o/i77nU — a4 / /U Q <^O U /ii 1 n ci4iiU. Di T T11
1 / 4Ujb. Db T T

1 1
1 QAn OAAOAiobU — AbbAb /ii 1 n A/i4iiU. b4 T T11 AO/I A 1 n CACbA44 — JUbbb

oO 4U^y. ob T
1 b /ii 1 n QA4iiU. ob T T11

17 4041. 20 II 17 4112. 75 I 0-24308
5 4043. 12 II 20 bl 4115. 76 ThO
QO /I n yi 1 /in4U4^. 4U T

1
/IQAO OQAQA47bA — A7bob 7c; /ll 1 A 714iib. /i T T11 A1 AQ 1 n/l CIbibO — ^U4b^

3. ->
/I n/i e: at4U4D. bi T T

1 1 1 C /ll 1 Q /in4iio. 4o T
1

/I4 /I n/i Q O Q4U4o. A7 T T11 /I4 /ll OO A74iAA. b

/

T T11
4 4048. 43 II 9585-34279 8 4123. 53 II 8606-32850
6 d 4049. 83 II 14 4127. 41 I

4049! 95 I 3688-28373 4 4130.33 I

8 4050. 89 I 8 4131.00 I
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 4131. 42 II 8379-32577 3.5 4189. 56 I

24 4132. 75 II 4 4191. 82 II 11576-35426
10 h /I T *5 O /I /4133. 46 2. 0 4192. 36 I 6362 — 30209
14 4134. 06 I 0-24182 9 4193. 02 I 8111-31953

4134.11 II 3. 5 4194. 93 I

d 4136.28 I 5 4195. 56 II
4136. 40 II 6 4195.83 II

5 b 4139. 19 TnO 4195. 95 II
16 4140.23 II 4 4199. 02 II
11 4141. 63 II 15305-39443 12 4201. 85 II 8018-31811

12 4142.48 II 3.5 4206. 66 II
18 4142. 70 II 0-24132 44 4208. 89 II 6700-30453
4 4145. 84 I 4 4210. 77 I

16 4148.18 II 7829-31929 9 4210. 92 II

3. 5 4148. 65 I 4 4213. 07 I 2558-26287
4148. 72 I 7502-31599

2. 0 4214. 54 II

32 4149. 99 II 10572-34662 2.0 4214. 83 I

4 d 4152. 20 I 4 4217. 23
X X
II

4152. 34 I 4 4218.19 II 11726-35426
8 4155. 30 II 4 4218. 54 II 10572-34270

5 4155. 47 II 4 4220. 08 II
9 4156.23 II 10673-34727 4 4224. 25 II 1522-25188

24 4156. 52 II 9585 — 33637 4 4227. 39 I 7280 — 30929
4 d 4157. 27 I 7 4229. 45 II

4157. 39 I 6 4230. 43 I

8 4158. 54 I 9805-33845 4 4233. 29 I

6 4159. 66 II 6 4235.46 I 0-23604
4 d 4161. 59 II 3. 5 4240. 59 T TII

4161. 74 I 7502-31524 6 4243. 93 II 9401-32957
4 4162. 51 I 2. 0 4247. 60 II

10 4162. 68 II 14276-38292 10 4248. 00 II 9202-32736
12 4163. 64 II 9720-33731 4 4249. 68 II 7829-31353
8 4164. 25 II 9202-33209 12 4250. 31

T T
II 4490 — 28011

4 4165. 07 II 8 4253. 53 I

10 4165. 77 I 5 4256. 09 II 9720-33209

4 h 4168. 05 I 5 4256. 25 I 7502-30991
12 4168. 63 II 7 4257. 50 I 0-23481
16 4170. 47 II 9238-33209 8 4260. 34 I

none9805 — 33271
4170. 54 I 4962-28933 2. 0 4262. 61 I

4 4170. 78 II 4 4263.36 II 9401-32850

8 4171.34 II 2. 0 4269. 94 I 8111-31524
3. 5 d 4176.33 II 14791-38729 4 4270. 33 II

4176. 48 I 3. 5 4271. 09 T TII LooU — dD^O 1

44 4178. 06 II 7332-31259 4 4272. 86 I 8800-32197
18 4179. 71 II 1522-25440 20 4273. 36 II 8379-31773

11 4179. 96 II 9720-33637 8 4274. 02 II

4 4180. 88 I 7 4276. 81 II 8379-31754
8 4182. 16 II 14276-38180 4 4276. 96 II 9202-32577
4 4183. 56 II 9061-32957 34 4277. 31 II 0-23373
3.5 4184. 71 II 14276-38165 5 4278. 32 I
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

yi o on c 7 T CC^'2 OOQTObbo^ — 2o7io o /I '2 CO L~I43b2. o /
T
1

Q7 4281. 07 II 1522-24874 6 4353. 39 II 10673-33637
OO 4281. 41 II 8460-31811 4 4354. 48 I

50 /I o o o riA T T
11 olbo — 27bib QO /I '2 C C "204^bb. 32

T T
11 om o ono^ooUlo — 30972

8 4^c>3. DC T T
11 00*20 '20C77 A4 /I '2 C 7 ^143b /. 61

T T
11 TCOO 0>1/1Z/11522 —24464

cD AOQA Q7 T T
11 4 /I '2CO '214^bo. T

1

J. -> 4286. 21 6 4359. 37 I
nH 4288. 05 II 14791-38105 6 4361. 30 II
2.0 yi o o o /I o T

1
z.O 4iDb. 73 T

1

2.0 /I o o o ^ ^H^OO. DO T
1

7cno ^r\oi'2 o /I "2^0 "2

n

T T11 0*270 '2 1 O C Qo3/9 — 312b9

AH 4^:91. oi
T
I

/;.D /I '27'2 on43 / 3. 7U T T
11 9 /2U — 32b77

O 4295. 04 II 6 4374. 13 I 0-22855
A 4297. 30 I 9 4374. 78
5 /I O Q O O /I T T

11 4 A'i.lQ ID43 /o. io T
1 2oD7 — 2b /U3

6
T
1 b A10'\ /IT43oi. 41

T
1

/I "J "2743Ud. 3 /
T T
11 on7U /lOOl oz,43oi. oo T T

11 cinrt OQCT c

7 4307. 18 I 2.0 4384. 65 II 15145-37945
0 nU 4308. 12 I 80 4391. 11 II 4490-27257

14 43U9. 99 T T
11 A4 /I '2 Q O Q O4372. 7C>

T
1

2.0 /I '2 1 T CO4311. bo
T
1

o n
2. 0 /I '2Q^ 7Z.4393. /6

T
1

7cno '2 o c c/bU2 — 302bb

9 n /I '2 T T on4311. oU T
1 o A1QA on4374. VU T T

11 Q^nL '21'2C'2obUb — 313b3
4312. 99 I 2869-26049 5 4396. 48 II 9061-31800

At 4315. 25 I 2869-26036 6 4397. 92 II

8 d A1'\ Q OQ43io. ^7 r T
11 7bOb — 1 JO 1 c3. b A "200 1 f\4377. lU T T

11

431o. 4^:
T
1

/I4 j1 /Im CO44Ui. bo T
1 47b2 — 2 /b /4

0 n/I. u 4319. U9 4 /I ^ no Q *244U2. 73 T
1

1 n1 u 4320. 12 II 4490-27631 6 4408. 88 I 3688-26363
D 4320. 58 II 12902-36041 2.0 4410.47 II

6 d /I O O 7 1 A
43*1 /. 14 D /I yi 1 o c z.4412. bo T

1

4 /I "2 O O ^ OHilO, DO T T
11

1 cib A AT O 7/14412. /4
T T
11 blbo — 2oo24

43^9. 49 T T
11 4 yi /IT /I CO4414. b2 1

4330. 84 I 8111-31195 6 4416. 23 II 10572-33209
/I
'+ 4331. 92 II 2. 0 4416. 84 I 9805-32439
2. 0 4333. 73

T T
11 2. U A Al Q UU441o. DO T T

11

2.0 4335. 32 T
1

"2 C
-7. b A A'JT CA4421. b4 T T

11 TCOO 0/11*20lb22 —24132

/I o o c "7 n4335. 70 T T
11 '2/ln7C1111 / — 341 lb

'2 C
3. b

/I A oo (\C4422. Uo T
1

Q7 4337. 28 I 0-23049 4 4427. 64 II

J. 0 4338. 10 I 2. 0 4432. 25 I 6362-28918
4 d 1 io A A "20 QZ.4432. 7D T T

11

4341. 02 11 1. D A AIL. nz.443d. Ud T T
11 10^.7*2 '2'20nQlUb/3 — 332U7

o
/I O /I O o /4342. 26 T T11 o n

2. 0 yi /I '2 z. o o443d. 2o T T
11 00*20 "21 77*2723o — 31 / /3

4342. 44 I 3. 0 4436. 55 II 14276-36809
-7

/ 4343. 94 II 1860-24874 10 4439. 12 II 11117-33637
9

A A A O O4344. 32
T T11 U — 2^Ui2 •2 n A A Ar\ CQ444U. bo

12 4344. 6U iU /I /I /I rv QZ444U. oo T T11 Q/IZ,n "20070o4bU — 3U7 /

2

5
/I O /I / /I o4346. 43 I

'2 C
3. b /I /I yi '2 n74443. U /

3.5 4347. 22 II 2. 0 4445. 01 I

4 4348. 59 I 2. 0 4445. 89 II 14791-37277
4 4349. 07 I 4962-27949 8 4447. 83 II 6244-28721

10 h 4350. 82 II 1. 8 4452. 56 I 2869-25322
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Intensity
and

Character

Wave-
length
in A

Spec-
Lrum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1 8J- • U 4454. 51
TT 11576 — 34019 1 6X« sJ 4551 49

6 4458! 00 I 3688-26113 2.5 ^552. 16 I 8800-30762
6 d 4461. 08 9401-31811 5 4555. 81 3865-25809

4461 24 3688 — 26097 i;
.J 4561 "^6T J UX . u 79«0 — 9Q1 Q7

3 0 4461 51 7 456"^ 28 TTX X

3 0 4461 72 y Ri 1 1 — om 7ox X X J uux

/

16 4465. 34 II 8606-30994 1.6 4564. 19 II 10673-32577
4 4469. 53 2.5 4566. 66 II 7829-29720

447? 25 1 6 45ft7

3 0 Adld 07 4570 97 J

4480 82 411 3 — 26425 2 0 4573 71 J

3.0 4482.17 I 4962-27266 1.6 4575. 27 II 1522-23373
3.0 4485. 78 10673-32960 1.6 4575. 43 II 14276-36125
1 8 4486 65 1 6Xa U 4581 20
1 a 4486 90 2^^8-24839 3 0 T-/OX» -JO TTX X

p 4487 50 T
J 4147-26425 2 5 4584 37 TTX X 1 2472 — 34P79

10 4488. 68 II 1860-24132 2.5 4588. 22 II

3. 0 4492. 24
^\

12472-34727 4 4588. 43
12 4493 33 0-22249\J CmC Lm \ / 3 0 4589 12 TTX X

3 0 4496 32 II 2 5 4589 66

1 7 4497 92 4 4592 67~ -J / Cm 0 \J 1 J

8 4498. 96 I 5563-27784 1.5 4593. 65 I

5 4499. 99 6 4595. 42
J

3688-25443
4 4505 22 8800 — 30991 3 5 4602 90~ \J \J Cm.9 ' W 7001 _7B7pi/UUX C.\J i Cm ±.

1 7 4506 49 7502 — 29686 2 0 4606 52 J J 801 8 — 29720

20 4510 53 II 10572 — 32736 4 4609 38 J J

3.0 4512. 50 II 11576-33731 5 4611. 87
4 4513. 69 9805-31953 2. 0 4612. 56 9585-31259
3 n 451 5 12 J 0 — 221 42 4619 51~ w X / • X

3 0 451 5 98 11X X 2 5 4623 90~\J Cm ^ 9 / \J J J

1 ft-L. D 451 7 04 ITX X / X ^\J\jC" 2 0 4A24 14 J J 1 11 17 — 32736XXXXr J C 1 J\J

1.6 4518. 64 II 2. 0 4625. 04 II

1.6 4519. 26 3688-25809 11 4631. 76 10189-31773
X. D 4'il9 75 J 3 5 4633 77
R h 4521 22 J ^ULJ / t." /UX 4639 71 J J 1 2472 — 3401 9

X. o 4i;?o 7Q TTX ± 5 4640 05

3.0 4524. 85 II 7001-29095 2.5 4641. 23 I

2. 0 4525. 10 II 11117-33209 11 4651. 56 7332-28824
J.. T 4529 50 T TX X 1 ?47? — ^^4544 2 5 4651 99 1 522 — 23012
i. o 1 8X. o 4663 20 J 2RA9 — 24308

T X« /X TTX X -J 4666 01 IIX X

6 4532. 26 II 4 4666. 79
12 4533. 29 II 9720-31773 7 4668. 17

J

7502-28918
c; 45^4 1

2

TTX X 1 0572 — 32621 4 h 4669 98

t -J ^ ^ A 4673 66 T

*T _J -7 / . u o T TX X 1 4P7A _ ^ft"^! 0 5 4676 06 IIX X

4 4540. 41 II 14791-36809 2.5 4680. 65
c T T X. ^ 4ARA 1

Q

HOOD. X / 2RAQ — 24?0'^

2.5 4545. 84 II 8 4689. 20 II 6691-28011
4545. 92 1.2 4690. 64
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

J, u 4691. 07 T T
II 0, 9 4821. 29 T TII

i. ^ 4691. 64 I 6362-27671 2. 0 4822. 86 I

11 4694. 09 II 0-21297 1.8 4823,20 II 4147-24874
4 d 4694. 9U T TII 4147 — 2544U 2. D 4823, 61

T
I 6362 — 2 /Uoo

4695. 04 T
I

OZ.OO o/inoi3688- 24981 3. 0 4826, 71 I 13088 — 33801

4700. 14 T TII 14276 — 35546 o c
3, 5 4831. 12 I

'2^00 O AI Ol3688 — 24381
1. ^ 4702. 32 II 9712-30972 1.0 4831. 60 I
n 4703. 99 I 0-21253 5 4832. 80 II

10 /I "7 n C ~7 z. T TII 3. b A O A (\ A Q484U. ^8 T T
II

3.0 4706. 25 T TII 7001 — 28244 /I4 A O A r\ OA484L). 84
T
I 2869 — 23521

1. t
T T
II 11 /26 — 3296U 3. 5 A O A A 1 "7 T T

I 1
1 1 1 1 "7 "21 "7C/11111 1 — ix. /d4

cD 4712.44 II 9238-30453 1.4 4844. 57 II
4715. 43 II 10572-31773 2.5 4848.36 I 3688-24308
4 /lo, Di

T T
II 3. U AO AO r\A4849. U4 T T

I 1

n 4719. 9o
T T
II 142 /6 — 3b456 6 A oar\ A A48dU. 44 T T

II

^, D 47^2. U9
T
I 1. 2 48d2. 86 T

I

7 /I ~70 1 /I /I4723. 44
T T
II 124 /2 — 3363

/

0. 9 AQC.Q r\o48r)8. U9 T T
I I

q /I TOO *7 O4723. 78
T
I 7502 — 28666 3. U /loco '2 '2

4858. 33
4 4724. 76 I 1. 0

yi o^i oo4861. 22 T
I

2.5 d 47^6. 3^
T T
II i86U — 2JU12 22 486p. 1 /

T T
I I 6 / UU — 2 /2b

/

/I ~70 Z. /IT4726, 47
3. 5

A Q r AQ4863. 48 T
I

1 ^OQ"7 '2'2D/1C

4729. 11 I 0.9 4868.27 II

4729. 87 II 8379-29515 0.9 4868. 87 I

1.0 4732. 66 T TII 3. 0 A 0"70 QT48 /2. 91 T
I

^•2ZLO 0^0*706^62 — 268/8
15

A~i A r\ P o
4740. 53 T TII /I/O OTOCT

1. 0 48 /4. 3 /
T
I

1 ni. u 4741. 31
T
I

/O/O OT/I/IO6362—27448 4 /I o"7~7 nn48 / /. UU T T
II

o n
^. u 4742. 26 II 10673-31754 2.0 4878. 73 I 2558-23049

4743. 68 II 4113-25188 3.5 4894. 95 I 0-20424
2.0 4749. 19 I 2. D

/I QQQ AC4898. 4d T T
II

1.6 4749. 95
T
I 8111 — 29158 1. 0 /I OQo on4898. 8U T T

II

11 4752. 41
T T
II 2. 0 A OQQ 0*24899. 2J

T
I

J, -? n 4758. 12 I 1.4 4911,39 I
c
D 4761. 11 II 3.0 4912, 52 II 4113-24464
3.0 4764. 35 I 1. 2 4914, 12 T T

II

1.0 47bb. 60
T
I

OO/C O/IOOfl3865 — 24839 19 AQl a oo4919, 82 T T
II 6168 — 26489

cD
yi "7 ~7 /I O T
4774. 27 T T

II
//m OT/OT6691 — 27631 2. 0 492U, T

I

c. u 4777.19 I 5 4921, 62 II 9202-29515
4778. 30 I 0-20922 1.4 4922,94 II

1.0
A TTn /4779. 60 2, U AQO A AO4924, 42 T T

I I /nil o/i zn n;41U — ^4413
1.8 4782. 76 II 1, 4 492 /, /8

T
I

1.2
/I *7 o /I n A
4784. 04

T
I 1, 4 /IQOQ no4929, 9o T TII

-5. u 4789.39 I 3688-24562 1,4 4933, 85 I

1. u 4800. 18 II 3.0 4936, 77 I 8800-29051
1.6 4803, 49 T T

II 3. D
/IQOQ i^A49^9, 64 T

I

0. 9 4803, 96 T T
II 1 A 494i, U

/

T
I 2oD7 — ^:iUv4

3.5 4808, 13 I
n /I

1, 4
/I Q /I C /I 74943, 4 /

T
I U — 2U213

2.0 d 4813, 73 I 1.4 4946, 67

4813, 89 I 5
A n A ~7 CO4947, 58

T
I

3.5 4818, 65 II 4 4950, 64 II

1.4 4820, 90 II 8 4954, 57 II 11576-31754
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1.6 4960. 46 I 2.0 5140.77 I 6362-25809
2.0 4963. 20 II 11117-31259 8 5143.28 II 1860-21297

/I Q / /I TO T T
I 1 c, U 1

2. 0 4968. 76 I 2. 0 5145. 04 I

3.5 4970. 06 I 10 5148.22 II

3.0 4972. 18 II 4 5151. 62 II 12220-31626
3.0 4973. 40 II 2.0 5151. 87 II

3. 0 /I Q"7 C CtU10. yo A
'\

T
1

1.6 4976. 60 7 5158. 60 I 2869-22249
1.6 4980. 96 I 6 5160. 72 I

2.0 4985. 38 I 3688-23741 2.0 5163.46 I 3688-23049
9 4987.15 II 4 5164.98 I

1. 6 A QOO '21 T
I c, U Dl / U. CP T T

1 1 11117 mn c;*i

2.0 4997. 82 4 5176. 96 I

1.6 4999. 95 II 14276-34270 3.0 5182. 53 II

4 5002. 10 I 3.0 5183. 99 II

1.6 5008. 19 II 1.2 5187. 46 I

4
T T
11 i. o Dl07. Do T T

1 I

22 5017. 26 II 7332-27257 4 5190. 88 II 4113-23373
3.5 5019. 34 II 3.5 5193. 84 II 0-19248

1.4 5020. 55 II 4 h 5195. 82 I 4962-24203
11 5028. 66 II 10572-30453 4 5198. 81

1.4 5029. 63 II 8 5199.16 I 3865-23094
2. 0 5039. 24 I 2558-22397 2.0 5205. 77 II

3.5 h 5040. 15 5 5206. 49 II
5206. 65 II

4 d 5040. 57 I

5040. 69 I 3688-23521 4 5211.23 I 3865-23049
4

r f\ A A "7*3
5044. 73

T
1

(-1 T QQT ~7
I. U

T
i

1.6 5045. 25 I 7502-27317 8 5216. 58 II

1. 6 5047. 05 I 4962-24770 4 5218. 52 II 7332-26489

2.0 5047. 43 II 3.0 5219.10 I 8111-27266
20 5049. 80 II 6691-26489 9 5231. 16 I 2558-21669
2. 0

c n c n ondUdL). oU T
1 ^boo — djHol. u

COOT

7 5055. 36 II 1522-21297 7 5233. 21 II 9720-28824
6 5058. 57 II 3.5 5237. 90 II

2. 0 5059. 86 I 7502-27260 3.5 5240.18 II

3.5 5061. 23 II 14791-34544 8 5247. 65 II 0-19051
1. 6 5064. 61

T
I 4962 — 247U1 i. D

coco /I C T
X

2.0 5066. 79 I 3.0 5258. 36 1 3865-22878
9 5067. 97 I 1.0 5266. 70 r 3688-22670

2.0 5075. 47 II 6 5277. 50 II 10572-29515
2.0 5090. 75 II 8606-28244 1.0 5280. 08 II 14276-33209
1. 8 5094. 12

T
X OOUU — C / D/ JL

3.5 5095. 06 II 9202-28824 3.0 5301. 40 II

4 5098. 05 1.0 5303. 04 II 12902-31754

1.8 5100. 62 I 4962-24562 1.0 5304. 63 II 14791-33637

2.0 5107. 24 II 7829-27403 1.4 5305. 57 II 9401-28244

4 5110. 86 II 2.5 5307. 46 II

2.5 5115. 04 I 3.5 5310.25 II

3.5 5131. 06 II 3.0 5312. 00 I 3688-22508
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3. 0 5312. 53 I 5563-24381 1. 0 h 5528. 00 II
5 5325. 14 II 1.0 5537. 12 II 9202-27257
4 5326. 98 I 8111-26878 4 5539. 26 I 9805-27853
2. 0 5329. 38 II 6 5539. 90 II 9585-27631
5 5343. 58 I 3688-22397 1. 6 5542. 88 I

2. 5 5345. 31 II 0. 8 5546. 10
1.2 5347. 04 II 3. 0 5548. 18 I 6362-24381
1. 2 5351. 13 I 2. 0 5551. 36 II

3. 5 5375. 35 II 2. 0 5557. 04 I 8800-26790
2. 0 5375. 77 II 1. 0 5557. 30 II

1. 0 5378. 84 I 4 5558. 35 I 8111-26097
3. 0 5382. 93 II 0. 6 5559. 88 I 3688-21669
1. 0 5384. 04 I 5 5564. 19 II

3. 0 5386. 62 I 4962-23521 3. 0 5568. 00 II
6 5390. 46 II 3. 0 5571. 20 I

4 5392. 58 II 1. 4 5572. 47 I 7502-25443
1. 0 5394. 76 I 3865-22397 3. 5 5573. 35 I 8111-26049
2. 0 5398. 91 I 8800-27318 2. 0 d 5575. 98 I

2. 0 5407. 65 I 5576. 21 I

1. 8 5410. 76 I 6362-24839 3. 0 5579. 36 I 5563-23481

6 5415. 46 II 14276-32736 1. 8 5583. 76 II

2. 0 5417.49 I 3688-22142 5 5587. 03 I 4962-22855
1. 6 5421. 84 II 7001-25440 2. 0 5587. 72 II

1 8 5424. 04 I 2. 0 5588. 87 I

5 5425. 68 II 9585-28011 2. 0 5593. 62 II 7001-24874

1. 0 5431. 11 I 6362-24770 2. 0 5595. 07 I

0. 8 5433. 69 II 11117-29515 0. 6 5601. 60 I

1. 0 5435. 12 II 4 5604. 51 II

4 5435. 88 II 0. 6 5605. 28 I

2, 0 5437. 38 II 1. 0 5610. 25 I 7502-25322

3. 0 5443. 11 I 1. 6 5610. 67 I 11601-29419
3.5 5449. 47 II 14276-32621 1. 0 5612. 07 I

2. 5 5452. 22 I 3. 0 5615. 32 I 3865-21669
2. 0 5461. 74 II 2. 0 5615. 68 II

2. 5 5462. 61 II 14276-32577 0. 6 5626. 73 II

1. 6 5474. 86 II 0. 6 5630. 30 I

2. 0 5484. 12 II 6 5639. 75 II 1522-19248
2. 0 5488. 63 II 0-18214 4 5645. 88 II 11117-28824
0. 6 5495. 82 II 1. 0 5652. 90 II

0. 8 5496. 13 I 5563-23753 1. 0 5654. 01 II

2. 5 5499. 26 I 2558-20737 1. 0 5657. 93 I

1. 0 5501. 93 II 6244-24415 1. 4 5665. 18 I

1. 6 5504. 30 I 7280-25443 2. 5 5665. 62 II

3. 0 5509. 99 I 9805-27949 1. 2 5674. 98 I 11803-29419
1 0 5510. 67 II 0. 6 5678. 97

1 6 5514. 87 I 2. 0 5700. 45 II

1.6 5518.99 I 8 5700. 69 II 9720-27257
1. 0 5521. 75 I 5700. 90 II

2. 0 5524. 22 II 8 5707. 10 II 6214-23731
1. 0 5524. 58 I 1.6 5719. 63 I 7502-24981
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
m K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

4 5720. 20 I 3688-21165 1.2 6151.99 I 7502-23753
2.5 5725. 39 I 5 6169. 82 I 4962-21165
d., o

T T11 4 /ion /

O

6182. 62 T
I 2869-19039

0. 6 5738. 29 II 8018-25440 1.0 6184. 77 I 13089-29253
1. 6 5741. 18 II 7001-24415 1. O 6188. 12 I

2. 0 5742. 09 I 1. 0 6191. 89 I 6362-22508
" 0.8 5745. 68 II 2. 0 6193. 86 II 11117-27257

U. o a~7 A Q "1
D 1 40. / D

T
1 OJOZ — 1 0. 8 6198. 24 I 3688-19817

2.5 5749. 40 II 1860-19248 1.0 6200. 43 II
0.8 5753. 04 I 4962-22339 1. u 6203. 50 I

6 5760. 55 I 0-17355 1.6 6207. 22 I 5563-21669
0. 8 5763. 54 I 2869-20215 1.0 6224. 53 I 2869-18930
U. o D /cm, OO T T

1 1 1. 0 6232. 98 II 9401 —25440
1.8 5796. 42 II 11576-28824 2.0 h 6234. 85 I 6362-22396
3.0 5804. 14 I 0-17224 ±. u v,

11 6258. 60 II

1.4 5806. 25 II 1.8 6261. 06 II 4113-20081
1.6 5815. 43 II 1860-19051 1.8 6261. 42 I

U. o DbjO, 7H T T
1 1 U — i / idd 0.9 i^O (^L, n "7 T T

11 o46U — 24415
0.6 5852. 68 I 4 6274. 13 II 4147-20081
1.4 5859. 67 II U. 7 6277. 23 II 6214-22140

1.4 5870. 54 II 2.5 6279. 16 II 12902-28824
1.2 5885. 70 I 9805-26790 1.4 6285. 28 II 11726-27631
U. /

C QQ 1 /I C 1 0.9 h UO OQ A Qbeen, 47 T T
11

3.5 5914. 39 II 9585-26489 0.9 6301.41 I

1.4 5914. 68 I 7280-24182 n QU. 7 ii 6304. 25 II 8606-24464

1.6 5925. 89 II 0. 6 6326. 37 I

1.4 5938. 83 I 5563-22397 1. 8 6327. 28 I
n QU. o

T
1 3. 0 [^1 AO OZ.d342. oo T

1
OOnn OACLOooUO —24562

2.5 5973. 67 I 3688-20424 0.9 h 6348. 57 II
2.5 5975. 06 I 6362-23094 0. 6 6358. 61 II

7 5989. 07 II 1522-18214 1.2 6369. 13 I

1.2 5991. 03 I 6362-23049 3.5 6376. 93 I

2. 0 can A 1 ^. T
1 3.5 bl 6406. 2 TnO

0.6 6001. 22 I 8111-24770 1.6 6408. 60 II 1522-17122
1.8 6007. 07 I 8800-25443 2.5 6411. 90 I 7502-23094

0.9 6010.18 I 2869-19503 2.0 6413. 61 I 13297-28885
2.5 6015. 43 II 1.4 6416. 10 II 9401-24982
1. 0 oUiV. UU T T

11 lbl4b — 31 /b4 1.2 £^ AO A ono424. oU T T11
1.4 6021. 04 I 5 6457. 28 I

1.4 6037. 70 I 3865-20424 4 6462. 62 I

2.0 6044. 42 II 0.7 6471. 22 II
1.0 6066. 49 II 1.2 6490. 74 I 8800-24203
2. 5 ^ n "7'2 nooU 1 J, U7 T T

11 1.0 T T
11 nTlT7 O C AOQ

1.0 6085. 26 II 6214-22642 0.6 h 6511.35 II 9061-24415
2.5 6087. 25 II 4 h 6531. 34 I 6362-21669

2.0 6099. 08 II 0.5 6554. 16 I 4962-20215
0.9 6102. 60 I 1.2 6560. 07 II 14276-29515
2. 5 6104. 57 II 8606-24982 0. 8 6569. 61 II

3.5 6112. 83 II 1860-18214 0.4 6572. 88 II
2.5 6120. 55 II 1. 6 6577. 65 II
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Thorium — All Observed Lines

Intensity

and
Character

Wave-
1 (Tf'f'riXvTllg tli

in A

Spec-
trum

Energy

in K111 xv

Intensity
and

Character

Wave-
It; lig lh

111 t\

Spec-
trum

Energy
j_(evc i 0

m x\.

2. 0 6583. 91 0. 8 7021. 27 I

2. 0 6588 54 1. 2 T J.XDUX — ^-DOU/
1. 0 6591. 48 I 0-15167 5 7045. 80 II
2. 0 6593. 94 I 2. 5 7053. 62 II
2. 0 6605.42 II 4113-19248 1.0 7060. 66 II

0. 8 6617. 06 II 12902-28011 1. 0 7064. 45 I

2. 0 6619 95 TIX X 4147 — 19248 1. 0 7072 39 T

1. 8 6644. 66 II 4 7075. 33 II
0. 7 6646. 54 II 5 7084. 17 I

0.5 6648. 50 II 4 7089. 34 II

0. 3 6648. 95 1. 6 7100. 52 II
0. 5 h 6658 68 ITX X 9401 —2441 5 1. 8 71 24 56 T n — 1 4n79U X*tU Jc

2. 5 6662. 27 7502-22508 0. 6 7130. 29 I

0. 3 6678.71 I 7280-22249 0. 9 7131. 36 I

1.0 6692. 71 II 4113-19051 0. 8 7140. 45 II

1. 0 6704. 04 II 8460-23373 0. 8 7148. 55 I

1. 0 6713 98 6362 — 21 253 0. 9 71 5f) 2fi T -^BAi; _i 7n47

1. 0 6719. 19 I 1. 6 hw 7154. 94 I 7280-21253
2. 0 I 5563-20424 2. 5 hs 7155. 38
1. 0 6733. 76 I 0. 8 7156. 94 I 4962-18930

0. 8 6742. 87
J

12848-27674 1.4 hs 7158. 56
2. 5 ft75f) 45 3. 0 hs 71 R9 in

0. 8 6765. 69 I 0. 9 7159.93 I 13297-27260
1 2 6770. 10 II 1 2X • *— hs 7164. 88
1.0 6772. 17 I 15493-30255 5 7168. 90 I

0. 8 6778. 31
J

3865-18614 1.2 7173.37
0. 9 0. 9 7176 72/ J. / VJ. / C TT

1.4 6780. 41 I 8111-22855 7 7191. 14 II

0. 8 I 1. 2 7200. 04 I 7280-21165
0.8 6788. 84 I 0. 8 7206. 48 I

0. 8 6791. 23 8800-23521 6 7208. 01 8800-22670
0.7 6804 73 ITX X 1. 8 7212 69 J

1. 0 6810. 54 II 1. 6 7217. 75 II

0. 8 6812.77 II 1. 8 7218. 05 I 9805-23655
1.0 6824.68 I 0.7 7219. 15 I

1. 4 6829. 04 7502-22142 0. 8 7230. 86
1. 8 ^i834 92\J\J % / J 0. 8 7244 69 J

0.9 6854. 11 I 13089-27674 1. 2 7284. 90 I 3688-17411
0. 7 6868. 45 I 13297-27853 0. 8 7285. 62
1.0 6874. 75 I 2869-17411 1.2 7287. 05 I

2.5 6889. 30 1. 8 hs 7288. 97
1.4 bl ^i894 5 ThO 1. 8 7305 40 IIJl X

2. 5 6909. 85 II 1. 2 7324. 81

4 6911. 23 I 1.2 7328. 28 I 7280-20922
6 6943. 61 I 9805-24203 1.2 7335. 57 II

1.0 6952. 95 II 1.4 7341. 15
{9 6989.66 0. 8 7342. 58

4 6993. 04 II 7001-21297 0.9 7346. 34 II

3.0 7000. 80 1.0 h 7358. 35 II

1.6 7018.57 1.4 7376. 88
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte

Wave-
1 pn oXYi

in A
Spec-
trum

Energy
J_jC V C i. O

in K

i. c. 73o3. 71
{

1. 8 7941. 73
i>. u 7385. 50 3688-17224 1.2 h 7972. 59 \

7393. 44 I 4 7978. 97 3688-16218
0.9 740^. 24 n 0

0. 8
-70m 0
7981. 23 II

3.5 700n 0^^7*27
/iloU — d\j 1 i 1 U. 6

~1 Ck oi / 07981. 68 T T
II

i. D 7/1 1 n o c o3o^: — i7oi / 1. 8 ~7n 0 ~7 no7987. 98
n 7 7447. 84 I 1.8 8032. 43 \ 7502-19948
i. o 7481. 35 0. 6 8054. 52 II
1.2 7C1 T /I/bii. 34 T T

1 1
1 0
1. 8 0 n / 0 / 08062. 63

8 ID^D. bi
T T
1 1

0 n
0.

9

0 0 ~7 fT / C8075. 65 11803 -24182

U. / 0.

9

0 n 0 c 008085. 22 8800-21165
U. o 7536. 41 II 0. 8 8093. 60 J 3865-16218
i. ^ 7549. 31 I 7280"-20523 1.2 8122. 73 I

1.2 7566. b3 1 0
1. 8

on 00 A /8138. 46 5563-17847
3.0

"7 C Z. -7 "7/1
/b67. 74 0. 9 n n T 00 no8139. 92 T T

II

/I

'J
"7C OC ~7'2
7bob. 73 3. 0 8143. 16 II 14349-26626

U. o 7598. 20 II 0. 8 8152. 40
1. 2 7625. 70 I 8800-21910 2.0 8159. 75 6362-18614
0. 8 loll, 16 1. 6

on / 0 T8163. 15 II
0.7 h 7630, 3U 1. 2

0 T / / yi -7

8166. 47

*7 Z. /I "7 00
ib'il. 3o 1. 2

OT / 0 OT8169. 81 7280-19517
1. 2 7653. 83 2.5 8186. 92 J

0, 6 7658. 32 8111-21165 2.0 8203. 21 I

1.2 7676. 22 T T
II

n 0
1. 2 8217. 23 II

0. 6 7678. 12 7502 — 20523 0
0. 8 8252. 39

3. 5
"7 z. 0 c on
76c35. 30 II 0. 6

0n / n 008261. 02
U. O 7693. 80 II 0.8 8263. 93
1 /I

1. 4 n 7701. 11 II 3.0 8275. 63 I

0.9
—7 -7 r\ 0 f—

7

7709. 57 T TII 2. 5
0000 0

/

8320. 86 7502 — 19517
0. 6 7710. 27 5

00 00 A'n8330. 47 TrOO TOr"rtO7502 — 19503

1. 6
"7 "7*2 T "7/1
7731. 74 II 0. 7 00 C 0 "70

8358, 72
U. O 7742. 57 0.7 8369.34 J

U. b 7743. 95 II 1.0 8387.10 II
1. 2

"7"7 0 0 '2 0
3.

0

0 >i n 0 "7n8403. 79 T T
II

I. 5
"7 "7 0 ~7 on7787. 80 T TII 2.

5

0 yn / "70
8416. 72

2. b
"7 "7 0 0 no77oo, 93 II 0.

9

0 /1 1 0 n n8418. 00
U. 9

-7-700 0 Z.7798. 36 2.

0

0 0 T 008421. 22 T T
II

3. 5
~7 Ol "7 ~7"7
7817. 77 1 /I

1. 4 n A A c /in8445. 49 oi T 1 n nn /i 08111 — 19948
1.4

-7 0 0 /I /I /
7834. 46 T TII 0 C

3. 5
C\ A A / tr T8446. 51

1.0 d 7840. 31 0. 9
0 /I r* 0 / "7

8450. 67 T T
II

7o4U, 45
0 n
3.

0

0 ^ *7 0 0 "7
8478. 37 5563—17355

U. 9 7841. 79 J 0.9 8500. 67 J

2. 5 7847. 54 I 1.0 h 8516.55 I

0.6 7848. 45 8800 — 21540 0 "7

0. 7 0 c /1 0 n8543. 69
rv "7

0. 7
"7 0/10 / 07849. 62 II 0. 6

0 r- /I yi CO8544. 58

2.0 7865. 97 0. 6 n 0 c c / 008556. 32
1.6 bl 7868. 40 0.7 8568. 22 II

1.0
-700/ 007886. 28 6362—19039 1. 8 0 C "7'3 1/18573. 14 bbo3 — i / cd.'\

1.2 7897. 99 0. 8 h 8587. 64 II

1.8 7900. 32 II 12220-24874 2.0 8591. 85 II
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Thorium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

0. 6 8639. 44 I 2.5 8758. 24 I 8800 -20215
0. 6 8645. 31 I 13962 -25526 1. 4 h 8775. 58 I 8111 -19503
1.6 8665. 50 I 7502 -19039 1. 4 h 8784. 57 II 1522 -12902
0 7 8668. 11 I 12848 -24381 1. 4 8816. 16 II 4113 -15453
0.7 8686. 12 II 1. 0 8841. 16 I

0.9 8709. 24 I 3688 -15167 3.0 8842. 08 II 4147 -15453
0. 8 8719. 63 I 2.5 8868. 81 I

0. 8 8721. 67 I 2.5 8957. 97 II
1.4 8732. 42 II 7 8967. 61 I 8800 -19948
3. 0 8748. 03 I 7502 -18930 2.5 bl 8971. 96 ThO

1.0 8749. 16 I

379



THULIUM

Tm, Z=69, iW= 168.94, Ratio 4?^—2.659
Cu

Tm I Normal state of valence electrons 4/^ 65^ ^F3^^=0. I. P. ^50000 K
Tm II Normal state of valence electrons 4/^^ 6s' =0.

References

Wavelengths and Spectrum Assignments:
W. F. Meggers, unpublished material (1940).

Classification

:

Tm I, Tm ii, W. F. Meggers, Rev. Mod. Phys. 14, 96 (1942), and unpublished material (1961).

Relative intensity of thulium lines observed in an arc of copper containing 0.1 atomic
percent of thulium

Strong lines of thulium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

800 3462. 20 II 0-28875 4/i36si3F| —288755
750 3848. 02 II 0-25980 4/"6si 3F| —259803
750 4094. 19 I 0-24418 4/i36s2 2F|j.^—244184K
700 3131. 26 II 0-31927 4/»6si3F| —319275
700 4105. 84 I 0-24349 4/»6s2 2F5k—243494j^

650 3717. 92 I 0-26889 4/"6s2 2F|,^—268894H
650 4187. 62 I 0-23873 4/i36s2 2F§H—238734H
600 3425. 08 II 237-29425 4/136S' 3F| —294253
600 3795. 76 II 237-26575 4/'36si 3F| —265754
500 3761. 33 II 0-26579 4/"6s' 3Fi —265793

500 3883. 13 I 0-25745 4/i36s2 2F|^—257454H
460 3441. 50 II 237-29286 4ji36si3F§ —292862
460 3453. 67 II 237-29183 4/i36si 3F§ —291834
440 4203. 73 I 0-23782 4/i36s2 2F§j2—237824J4
420 3744. 07 I 0-26701 4/i36s2 2F§>4—26701 4H

400 3700. 26 II 237-27254 4/»6s> 3F| —272544
400 3761. 91 II 0-26575 4/'36s> 3F3 —265754
400 3887. 35 I 0-25717 4/i36s2 2F|^^—2571 73H
380 3362. 62 II 237-29967 4/>36s'3F§ —299672
320 3701. 36 II 0-27009 4/i36s'3F| —270094
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Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

o ??84 ao TTX X 10 d 2513 77 T

?3?9 7RC J C- / ^ 1 \J
TT 2513. 85 11X X

7 ?331 78 IIIXXX 2 5 2518! 46 II
7 2338 36 IIIXXX 11 2519. 80 III

-J 7340 93 T TX X 22 2520. 87 II
252o! 94 II

± c ?357 OS TITXXX
5 2361. 23 III 28 2522. 16 II

5 2363. 93 III 20 2524. 09 II 237-39843
TTX X 14 2527. 03

7 7'^67 1

1

T TX X 237-42470 12 2527* 42 IIJL X 0-39554

Qo 7383 68 TTX X 4 2527. 86 II

6 2388. 95 II 2. 0 2531. 43 II

4 2408. 23 II 13 2542. 66 II 237-39554
JC. 7409 03 TTX X 3 5 2544. 02 II
7 941 7 44 TTX X 3 5 2551. 51 II

5 P41 Q "Kl TTX X 13X y 2552 49 III

2.5 2420. 21 II 40 2552. 75 II

9 2421. 64 II 60 2561. 65 II
7473 78 ITX X 17 2563 86 II
7476 16 TTX X 7 2565. 98 II 237-39197

5 7478 47 TTX X 4 2568. 26 II

3.0 2430. 75 II 4 2569. 34 II

5 2434. 74 II 5 2574. 56 III
7436 19 TTX X 4 2583. 42 II

D 7437 66 TTX X 48 2588. 27 II

9/140 AQ TTX X 4 2594 97 IIX X

14 2445. 46 II 19 h 2596. 49

4 2445. 94 II 12 2601. 08
7 7447 40 TTX X 24 2606. 01 II 0-38361
Q7 74^1 70 TTX X 90 2607. 05 II 237-38583

dH TTX X 6 2609. 46 II

9 2458. 57 II 8 2613. 59 II

9 2464. 94 II 4 2615. 99 II

zl. u 7471 "^A/ X. jKj T TX X 8 2616. 31 II
q 747A Q6

/ O. 70 TTX X 4 2616! 99

7480 T?t.tOU. X-? TTX X 237 — 40545 4 2620. 93 II

17 2481.15 II 8 2622. 21 II 237-38361
14 2487. 52 II 75 2624. 34 II 0-38094

/I 74Q0 Q"^ T TX X 7 2629. 78 II
on 74Q1 tiQ^H/X, 37 T TX X 4 2632. 23 II

1 n TTX X 6 2637. 23 II

11 2499. 52 II 7 2638. 41 II

6 2502. 69 II 22 2640. 77 II 237-38094
7 7^104 74 T TTXXX 4 2642. 83 II

ocnc oq T TX X 0 — 39894 4 2643. 50 II

2506. 45 T TX X 13-1- ^ 2646. 45 II

14 2507.14 II 7 2648. 14 II

XM-U 7'i09 08 TTX X 0-39843 16 2650. 27 II 237-37958
5 2511. 82 II 3.5 2653. 41 II

19 2658.48 II 237-37841
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Thulium — All Observed Lines

uiLciio ii-y

and
VV CL V C

length
in A.

Spec-
trum

Ene r gy
Levels
in K

Intensity
and

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

26 2660. 09 II 11 2780. 87 II
5 2664. 46 II 36 2785. 07 II 237-36132

14 2668. 20 II 10 2786. 17 IIX X

4 2674. 98 II 5 2787. 96 II
6 2677. 12 II 3. 0 2791. 43 II

5 2678. 09 II 12 2791. 62 II
32 2679. 56 II 18 2792. 15 II 237-36041
10 2682. 31 III 70 2794. 60 II
10 2684. 08 II 237-37483 10 h 2796. 09 II 0-35754
3. 5 d 2686. 20 II 75 2797. 26 II

2686. 32 II
6 2797. 98 II 237-35966

3.5 2689. 99 II 10 2800. 40 II
3 5 2693. 47 II 7 2803 10 II

17 2697. 50 II 4 2806. 79 III
4 h 2698. 26 III 18 2807. 98 II

4 2699. 47 III 17 2808. 42 II 237-35834
4 2699. 82 III 10 2812. 26 II
5 2700. 17 II 4 2813. 02 II
4 270l! 95 II 3.0 2813.82 II
8 2707. 01 III 14 2814. 42 II

2. 0 2708. 19 II 237-37151 14 2814. 51 II
10 2709. 72 III 3. 0 2814. 74 II 237-35754
11 2711. 51 II 0-36869 4 2816. 55 II
4 2717. 55 III 9 2817. 31 II

20 2719. 46 III 11 2818. 14 II

55 2721. 19 II 26 2818. 47 II

3. 0 2721. 90 II 7 2819. 08 II
20 2727. 55 III 2. 5 2820. 22 II
15 2729. 04 II 237-36869 4 2823. 54 II

3.5 2730. 72 II 6 2824. 77 II

7 2731. 42 III 10 2826. 43 II
5 2735. 33 II 0-36548 26 2827. 02 II

10 2742. 95 II 8 2827. 76 II
20 2744*. 08 II 60 2827. 92 II
11 2750. 77 II 5 2830. 15 II

11 2753. 18 II 237-36548 20 2831. 55 II
15 2756. 69 II 8770-45034 7 2833. 82 II 8770-44047
9 2758 97 II 5 2836. 17 II

4 2759. 56 II 4 2838. 63 II

7 2766. 81 II 0-36132 16 2838. 93 II

5 2767. 09 II 10 2839. 10 II

11 2771. 04 II 8957-45034 7 2839. 85 II
Q 2773 80 TTX X 0 — 36041 12 2841. 34 II

7 2774. 78 II 4 2842. 42 II

18 2774. 98 II 3.0 2842. 76 II

5 2776. 69 II 32 2844. 66 II 237-35380
12 2777. 04 II 6 2845. 35 II

9 2777. 50 II 10 2848. 86 II

5 2778. 40 II 3. 0 2848. 98 II 8957-44047
28 211'=), 55 II 0-35966 3.0 2852. 59 II

382



Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3. 0 2853. 25 J J 237-35274 8 2932. 96 I 0-34085
9 2854. 02 II 3.0 2933. 78 II

20 2854. 16 4 2933. 89
6 2854. 89 j{ 3.0 2935. 49 \\

20 2860. 12 J J 65 2935.99 11

5 2860. 36 11 3. 0 2936.59 11
7 2860. 55 II 237-35185 7 2943. 36 II

20 2861. 74 10 2946. 83
10 2863. 35 \\ 0-34914 14 2948. 00 \l
15 2863. 75 J J 10 2948. 15 11

3. 0 2864. 75 J 3.5 2950. 08 11

16 2868. 01 II 36 2951. 26 II

160 2869. 22 5 2951. 80
\l8 2873. 00 \\ 5 2952. 48

4 2878.20 11 6 2953. 58 JI

6 2878. 36 11 5 2955. 06 II

1.8 2883. 04 II 3.0 2957. 05 II

14 2886. 46 237-34871 6 2957. 55
\\6 h 2887. 96 \\ 3.0 2957. 67

10 2889. 64 jl 8770-43366 18 2959. 64 II

3. 0 2889. 93 J J 5 2961.40 II

3.5 2890. 74 II 44 2965. 86 II

65 2890. 93 12 2967. 75
\\5 2893. 60 {{ 12 2969. 50 0-33666

17 2894. 47 Ij 50 2973. 22 I 0-33624

13 2903. 08 J J 16 2973.39 II

3.0 2904. 09 II 11 2974.29 II

10 2905. 41 8957-43366 3. 0 2974. 60
\\7 2907. 17 15 2978.42 0-33565

6 2908. 69 J J 3.5 2979. 43 II

3. 0 2910. 36 J J 55 2981.48 II

5 2911. 87 II 7 2983. 13 II 8957-42470
13 2913, 96 0-34308 7 2985. 08 0 — 33490
17 2914. 83 ^I 0-34297 13 2985. 37 II

13 2916. 52 J J 36 2986.52 II

22 2918. 27 J J 65 2990. 54 II 237-33666
7 2920. 98 II 3.5 2992. 88 II

6 2921. 27 20 2993. 26
11

0 — 33399
7 2922. 09 II 12 2993. 90 0-33392
7 2922. 83 J J 3.0 2994. 33 II

28 2925. 65 J J 13 2999. 60 II 237-33565
7 2925. 92 II 237-34404 3.5 3001. 16 II

70 2926. 74 3, 0 3004. 17
\l3. 0 2927. 31 \\ 6 3006. 36 237-33490

5 2927. 65 J J 12 3008. 91 II

11 2928. 22 J J 3.0 3009. 20 II

3.0 2928. 64 7 3013.59
\\5 2930. 56 24 3013.71

4 2931. 09 44 3014. 65 237-33399
7 2932. 58 II 150 3015.30 237-33392
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Thulium — All Observed Lines

Intensity
and

(^VlJ^ V Pi Cff^T

Wave-
length
in A

Spec-
trum

Energy
Levels
in iV

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 d 3016.09 II 7 3150. 07 II 8770-40506
3016.18 II 180 3151.04 II
"^01 A 7Q TTX X xtu T TX X c.^ 1 — ^XvUU

28 3017. 10 II 7 3162.44 II
7 3017. 26 II 7 3164. 87 II 8957-40545

3.0 3018. 27 II 18 3168. 19 II
10 3018. 59 II 7 3168. 82 II 8957-40506
uu > U X y . / /

TTX X JL 1 c., DO u — ^X DX u

3.5 3022. 08 II 220 3172. 83 II 237-31745
34 3026.06 II 36 3173. 58 II

5 3028. 73 II 12 3177. 46 II 8770-40232
7 3031. 67 II 7 3178. 20 II
7 T T

X X X H ^X OU. _JD u — pmjc.
8 3035. 98 II 14 3185. 47 II

26 3042. 35 II 237-33097 22 3195.33 II 8770-40056

32 d 3046. 76 II 237-33049 12 3196. 54 II 8957-40232
3046. 87 0-32811 12 3200. 00 II

X D J?UHO. OX TTX X "^91 n R7 T T
X X

30 3050. 73 II 30 3210. 83 II 0-31136
7 3053. 71 II 30 3212. 02 II 8770-39894

14 3054. 04 II 12 3214. 63 II 8957-40056
32 3056. 07 II 7 3216. 12 II
7 T T

X X 7 jCc.'O, ox T T
X X

7 3058. 98 II 7 3228. 90 II

7 3061. 14 II 22 3231. 51 II 8957-39894

7 3062. 06 II 7 3233. 75 I 0-30915
7 3064. 01 II 44 3235. 45 II 237-31136
cD ^UDO. XX T TX 1 TinX X u J^.S>0, OX T T

X X 073 / — jyQ'^j

55 3073. 08 II 150 3240. 23 II

14 3073. 49 II 220 3241. 53 II 0-30841

7 3073. 84 II 12 3245. 86 II 237-31037
34 3081. 12 0-32446 40 3247. 46 II 8770-39554
It ^uo /. ux T T

X X 7 Jc-Hym OP T T
X X

17 3093. 11 II 7 3251. 33 II
11 3096. 96 II 15 3251. 63 II

70 3098. 60 II 237-32500 180 3258. 05 II 0-30684
7 3099. 60 II 38 3261. 65 II

D J i. ux. 0_)
T T
X X J u T TX X

7 3102. 87 II 150 3266. 63 II 237-30841
5 3113.31 II 110 3267. 40 II 8957-39554

14 3122. 53 I 75 3268. 99 II

4 3123. 29 II 100 3276. 81 II 0-30509
/

T T innX X u "^^R"^ zin T TX X

7 3125. 73 II 8 3284. 67 II

14 3126. 01 II 110 3285. 61 II 8770-39197

700 3131.26 II 0-31927 220 3291. 00 II 0-30377
220 3133. 89 II 0-31900 190 3302. 45 II 237-30509
22 3144. 89 II 20 3306. 01 II 8957-39197
22 3146.16 II 8770-40545 20 3306. 91 II 8770-39001
7 3149.15 II 0-31745 20 3308. 01 II
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Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
in K

inn110
oo f\r\ on33Uy. oU

T T
11 13 1 A CO C C3458. 55 I

60 3310. 60 II 13 3461. 16 II 8957-37841
8 3316.17 II 800 3462. 20 II 0-28875

38 3316. o8 T TII
A o "7 O no "7*7
237 — 30377 2U *1 A f 1 CI3467. 51 I

15 3323. 21 II 32 ^Hlo, 69 T
I

8 3327. 58 T T
II oVb / — 39uUi 3<: 3480. 98 I

8 3335. 06 II 32 3481. 75 II 8770-37483
22 3349. 99 I 0-29842 16 3487. 08 II
22 3354. 86 T TII 40 1 /I 0"7 o34o /. 3o T

I
n o o ^ ^
0 — 28666

o o380 3362. 62 T TII 237 — 29967 12 3489. 52 T
I

12 3368, 33 T TII 5 T
I

12 3368. 60 I 20 3492. 58 II

15 3369. 64 II 8 3495. 19 II

8 3372. 78 I 3^1
T
I

n o oc z. yi

46 3374. 51 T TII 8957 — 38583 12 3503. 36
T
I

5 3380. 04 T TII 24 3513. U^
T T
II

16 3380. 53 I 8 3514.12 I 0-28449
40 d 3384. 98 II 8 3514. 86 I

3385. 09 I z:4
'2 CI "7 ^n351 /. 6U

T
1

n o Q /I o n

16 3393. 19 I i J "X Cl ~1 TO3531 /. /^i
T
1

160 3397. 50 T T
II n OQ /I o c lb 2 CO O /I "2 T T

1 I Q77n 171 c;i

6 3397. 87 I 8 3525. 03 I

16 3398. 02 II 6 3525. 28 I

40 3399. 95 T TII 8957 — 3o3Di •2 CI /I QC T T
1 1

80 3410. 05 I
n n o 1 "7
0 — 29317 ioU 1 C2 C CO3535. 5^ T T

1 1

5 3411. 57 T TII /I ^HO ^3^D. iil
T T
1 1

32 3412. 59 I 0-29295 80 3536. 58 II 0-28268
32 3416.59 I 0-29260 40 3537. 91 I

16 3421. 80 I
cD '2 c /I o no334^. Do T

1

6 3424. 50 T
I 13

•2 C /I Q /I Q^d4o. 4o T T
1 1

600
o /I o n AO
3425. 08 T T

II oo"? on/IOC237 — 294*15 QO ^DDU. lb T T11

90 3425. 63 II 0-29183 8 3550. 83 II

16 3428. 62 II 8 3551. 68 I

32 3429. 33 I 0 — 2915^ on •2 C C C QOJDDD, OC T
I

80 3429. 97 II
oo

'2 C C CO3556. 5o T
I

40
o ii o n A A
3431. 20

T T
II

ooc"7 lonn/i8957 — 38094 QO
•2 C C "7 "2/1
33t> /. ^4 T

1

5 3434. 91 II 40 3557. 80 II 8770-36869
18 3435. 35 I 32 3560. 92 I

8 3437. 64 II 40 1C LI O O3563. oo T
1

n o on ciU — iioUDl

13 3438. 81 II 8770 — 37841 4d JDOO, 7l T T
1 1

460 3441. 50
T T
II 237 — 29200 2 C Ai. /I 7 T T

1 1 0'X7 OQOAQ

16 3443. OU
T
I

zin T
X ri — 9fin9/i

8 3444. 16 I
1 o
i^:

211^,0 on^Db7. oU T
1

8 3446. 55 I
o /26 1 C~7 A n ^3574, 06 II

16 d
^ A A ^ A /
3447. 26 II

OOC"7 '3"7riCO8957 — 3795o QO '2C7C OQJ3 /D. ^7 T
1

3447. 35 I
QO T

1

16 3449. 76 II 26 3586. 07 I

8 h 3453. 02 I 12 3590. 73 I

460 3453. 67 II 237-29183 16 3598. 62 I

5 3456.36 I 8 3599.16 II
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Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

12 3607 TT
J. X A 3R02 07 TX

200 3608. 77 II 0-27702 50 3807. 72 I 0-26255
24 3609. 54 II 32 3810. 72 II 8770-35004
U 3611 61 TTX X 46 381 7 40 TTX X
a TTX X c; 3821 62 TX

»^ 7 TTX X 24 3R26 3R TX 0 — 261 27

15 3619. 97 II 110 3838. 20 II 8957-35004
2.5 3623. 42 II 8957-36548 24 3840. 87 I

7 3624 20 TX 0_27'5R4 750 3848 02 TTX X 0 — 25980
363R 41 TX

1; 3853 1

0

TTX X

3639 R9 TTX X 237 — 27702 10 3857 84 TTX X R957 — 34R71

7 3642. 94 I 500 3883.13 I 0-25745
80 3643. 66 II 130 3883.44 II 237-25980

TX U £. 1 tX T 4fl0" u u 3RR7 TX 0 — 2^71 7

1 ? TTX X 32 3R9n "13 TTX X 0 — 2'iAqA

c u TTX X 32 3R96 62 TX 0 — 25656
50 3653. 61 II 8770-36132 50 3900. 79 II 8770-34398
7 3660. 88 II 260 3916.48 I 8771-34297

^OD-J. OX TTX X 8770 — '^6041 g 3928 66 T TX X
Qgt;7 _'2 4404

y U -iA^,Q HQOOO. U 7 TTX X u ^ / 42 3929 ^R TTX X
Qgt;7 _343go

1 n '^67'^ 1 4 T TX X noX X u 3949 28 TX 8771 —34085
34 3677. 98 II 4 3957. 42 II
38 d 3678. 86 II 8957-36132 110 3958.10 II 0-25258

"^678 95 TTX X 7 3976 68 TX

XL. 3^iP3 on TTX X 32 3ggc eg TTX X 237 — 25258

3AQ4 73 TTX J. 130 3996 52 TTX X

3694. 82 II 16 4024. 23 I

7 3697. 57 II 6 4034. 76 II
•2^QQ 07 TTX X 28 4044 47 TX 0—24718

Ann TTX X 2'?7 — 27254 A 4055 80 1X

^ / U X • ^ u T TX X n — 27009 A 4090 30 ITX X 8957-33399
28 3704. 85 II 8770-35754 6 4091.49 II 8957-33392

650 3717.92 I 0-26889 750 4094.19 I 0-24418
D ^71 9 71J 1 X/t /X TTX X

QQc;7 — 31:0-24 700 4105 84 1X 0-24349
/ D TTX X 4107 93 1X

X U '^7'^n RlJ 1 J u. ox T TX X
QQt;7_3i;7c:4 g 4132 69"X ^ ^ • U / TTX X

200 3734. 12 II 237-27009 80 4138.34 I 0-24157
420 3744. 07 I 0-26701 9 4149.14 I

X HU "^7^1 Rl^ / ^x. ox TX n — 26646 4 4150 11^ J J ^ 9 XX 1X

J 1 DO, 00 TTX X Q77n — 3^3ftn Q
/ 41 ^8 AO*tX _J 0« vJ

U

TX R771 —328110/ /X ^^UXX

-) / OX. J J T TX X
r;
_^ •tx J /« -J J TTX X

400 3761. 91 II 0-26575 5 4170. 45 I

6 3765. 85 II 650 4187. 62 I 0-23873
7 J 1 ox. X

J

TX 3fl 41 gg g2 TTX X 0 — 23803

£.£. ^ / oj. DO T T
X X RQ^7 — "^cr-ion 44(1 4203 73 TX 0 — 23782

A J 1 0 1 , ux TX 1 6X vJ 4206 no TX

32 3795. 17 II 237-26579 4 4212. 79 II 8770-32500
600UU U 3795. 76 II 237-26575 28 4222. 67 I 8771-32446
65 3798! 54 I 7 4236. 94 II

20 3798. 75 II 8957-35274 220 4242.15 II 237-23803
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Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene rgy
Levels
m K

T T± X ^. -J 4A44 ^R T
X

5 4268. 56 I 9 4655. 09 I

20 4271. 71 I 8771-32174 2.5 4666. 70 II
1

1

X X -^7 T1 ^« -J AA71 QQHD / X. / y T T
X X

7 X o. t u TX ?̂. -J 4A7R 1

n

HO / J. X U TX

c; 4'?44 4R TX o 4A7'^ "^9HO 1 D, JC.
T
X

5 4346. 48 I 3.0 4677. 86 II 237-21608
4 4351. 00 II 12 4681. 92 I

7 T-^ -'X . X o TTX X fi77n — "^1 745 4ARR 1

9

TX

L.\j\J
4-ic:q q-i TX gy 4AQ1 1

1

*T D / X . XX TX

7 TTX X Qo 4794 9A^ 1 C H. L- \J
TX n — 91 1 AiU ^ X X 0 X

4 4367. 89 II 50 4733. 34 I 0-21121
100 4386. 43 I 0-22791 2.5 4750. 75 II
X J 4^94 4? TX

i; 47S9 9f) TX

q 4'^9'i 96 TX 47R9 99 TTX X

1 nX u 4'^<5A 4Q TX Q771 — '^1 ^1 n 4Rn7 4R TX

4 4399. 73 I 2.5 4808. 68 I

4 4437.40 II 2.5 4813. 50 I

o 444? 74 TX 9 n 4R9A 99 T TX X

4447 T
X 9 n 4R9R 97HO^ O. y /

TX

g 44'i4 n4 T
X D 4R'^1 9(1 T TX X

6 4459. 98 I 2.5 4835. 76 I

3.5 4467. 98 II 2.0 d 4851. 75 I

44R1 97 T T
X X U t ^ J? U / 4R^l 90HOIJX. / U T TX X

O 44SQ 71ttO y. / X T TX X 0770 — '^1 n'^7 1 4X. t 4R79 9RHO / ^. ^

O

T TX X

1 1X X 4m Q AT*T_yX y. OX TX 9 n 4R79 90H O / y . U TX

19 4522. 57 II 2.0 4891. 59 I

13 4529. 38 II 237-22309 1.8 4909. 74 I

D tJ^t. X -J
TX A 499^ R"^ TX

QO TX 1 0 4957 1

R

TX

t-JJ D. O y
T TX X 0 4Q7n ft7•t y / u« o /

T TX X

3.0 4561. 86 II 8770-30684 2.0 4971. 26 I

6 4564. 69 I 3.0 4975. 12 II
HD D / • X X T TX X 497R 90 TX

7 TX 3 0 4980 AR T TX X

^ u *T-? y y. yJc.
TX 4 4909 TT

J. X

2.5 4601. 29 II 8957-30684 2.0 4993. 78 II

4 4603. 44 II 1.4 4994. 72 II

J, V 4An4 ftA TX 9 R ^ ViX « u ^ TX

4A1 QfiHDX JJ. "O TX 2 0 5om 57 TX

J* u 4A1 4 47H OX t. H /
T T
X X 1 9 5009 7R TTX X

22 4615.95 II 2.5 5014. 56 II

2.5 4619. 06 II 2.0 5017. 88 II
nJ. u 4A71 79 TX 1 9 t;n^4 94 T TX X

ZLD T T
X X 9 0 h 5041 00J WtX « u u T TX X

y T T1 X n _ 91 AflRU ^X QUO 1 AX, D -J ^« -J X TX

3.0 4626. 97 I 2.5 5045. 41 I

Q T T
X X 9 n RDAD 4"^

_^ U 0 U. H^ T TX X

3.0 4642.96 II 11 5060. 90 I 0-19754
7 4643.12 I 8771-30302 2.0 5062. 26 I
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Thulium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2.0 5065. 87 I 38 5675. 85 I 0-17614
6 5066. 68 I 1.0 5683.60
2. 0 5Vld, 43 T

1 3.0 C ^ O/l "7"7 T T
11

2. 0 5076. 37 I 1.0 5696.44 II
2. 0 5077. 20 I 2. D 5709. 98 II

2.5 5085. 10 I 1.6 5715. 79 I

3.0 5107. 54 I 1.0 5733. 82 II
7

Clio n n5113. 79 I
n 1 OC.AQ

0. 8 h C "7*2 "7 O O5 It) 1 , Ic T T
11

3. 5 5114. 55 II 1.0 h 5738. 93 II

1.6 5120. 68 I 5758. 02 I

1.6 5140. 28 II 4 5760. 21 I 8771-26127
3.0 5149.40 II 14 5764. 30 0-17343
1. 4 bloZ, DO I 0.4 C7"70 OlD 1 lO, OJ T T

1 1

3.0 5185. 25 I 8771-28051 1.4 5782. 36 II

1.0 5204. 52 II i. D 5784.44 I

6 5213. 38 I 0. 8 5799. 98 II

1.6 5228. 24 II 1.0 5811.18 II

1. 0 5260. 93
T T
I 1 1.0 h C Ql /, AO

1.8 5267. 34 II 2.5 5838. 78 II

3.0 5291. 15 I 1 o 5895. 65 I 0-16957

3. 0 5294. 32 I 2.5 5899. 48 I 8771-25717
2.5 5300. 21 I 1. 8 5901. 58
o r"

2. 5 5302. 70 I 0. 6

{4 5305. 88 II 0. 8 5931. 72

48 5307. 12 I 0-18837 C, U 5935. 90 I

1.2 5323. 00 II 10 5971. 28 I 0-16742
2.5 5338. 92 I 2.0 5975. 03

coon no5339. 03
T
I 0.8

6 5346. 50 II 1.4 6025. 45 I

2. 0 5373. 01 II U. o 6067. 78 II

1. 0 5391. 97 II 1.2 6131.54 I

2.0 5400. 46 II 1.0 6175.30
2. 0 5402. 24 T

I 1.0 /I on AODlOi. Hd.
T T
1 1

1. 0 5405. 99 II 1.0 6299. 45 II

1. 0 5461. 96 II c, u 6352. 66 I

1. 0 5464. 15 I 1.6 6401.45 I

1.0 5465. 54 II 0. 6 6430. 95 II

1. 2 5500. 32 T T
II 1.0

{1. 0 5526. 82 II 15 6460. 27

1. 8 5528. 32 I i. u 6490. 72 I

1. 0 5539. 03 II 1.0 6519. 79 I

2.0 5566. 01 I 0. 6 6575. 54

1. 6
r* r*m o /
5581. 36 I 7 DOU't. 7 /

1. 0 5586. 66 II 0.6 6627. 25 I

1. 0 5589. 95 II 2.5 6657. 73 I

1. 0 5606. 64 I 0. 8 6658. 64 I

20 5631. 40 I 0-17753 1.2 6692. 93
{3.0 5642. 60 I 3.5 6721. 37

2.0 5645. 40 I 1.0 6726. 35

5 5658. 30 I 8771-26440 1.0 6728. 01
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Thulium — All Observed Lines

Intensity
and

Character

Wave-

in A

Spec-
trum

Energy
T jf^ vpI 5?' ' V-* V \^ -1- w

in K

Intensity
and

Characte r

Wave-

in A

Spec-
Energy

trum rj-
in

2. 0 6739.23 11 7481. 09 I

1. 0 h 6767 50 11 7490. 22 I

1. 0 bill. 94 1. 4 h 7507. 31
12 6779. 77 I 2. 0 7545. 78
1.6 h 6782. 01 I 20 7558. 35 I

2. 0 6788. 52 I 2. 5 h 7580. 61

1.4 h 6820 27 3. 0 h 7593. 74

1. 6 6826. 96 2. 5 7595. 07
1. 6 6829. 14 0. 7 7629. 86
2.5 6831. 11 0.7 h 7648. 78

13 6844. 28 I 2. 5 7655. 01

9 6845. 77 I 0. 6 7660 32

2. 0 6854! 16 1. 0 h 7666.25
0. 9 6898. 58 1. 2 7676. 04
0.9 6915. 87 1.2 h 7701. 46

1.4 6937. 40 12 7731. 54 I

0. 8 6949. 55 0. 6 h 7778. 29

0. 8 h 6976! 71 1. 8 h 7782. 36
0. 7 7010. 81 1. 2 h 7785. 66

0.9 h 7014.33 2.5 7803. 93 I

1. 4 7017. 90 0. 6 7829. 22

0. 9 h 7029 38 6 7856. 11 I

1. 8 7034. 32 0. 5 7861. 76

1. 4 7056. 44 0. 7 7918. 10

0.7 7060. 99 I 8771-22930 8 7927. 52

0. 9 7079. 80 16 7930. 88

1. 4 7106 14 0. 9 7971. 56
0. 7 h 7231. 32 1. 6 h 7985. 94

0. 8 7233. 74 2. 0 h 8014. 79

0.6 7257. 71 14 8017. 92 I

2. 5 7272. 62 0. 5 h 8021. 31

1.2 7284 31 2.0 8194. 20

1.6 h 7286.15 0. 8 8294. 53
2.0 7310. 51 1.0 8365. 74

1.6 7336. 73 1.0 8460. 77

2.0 7432.19 4 8472. 02

0. 8 7434. 51 1.0 h 8546. 09

0.7 7439. 96 1.6 8565. 73

609065 O -62 -26 389



TIN

Sn, Z=50, Af=118.70, Ratio ^=1.868
Cu

Sn I Normal state of valence electrons 5s^ ^Pq =0. I.P.= 59232 K
Sn 11 Normal state of valence electrons 5s^ 5p^ ^Fiy^=0. I.P.= 118017 K

References
Wavelengths and Classification:

Sn I, W. F. Meggers, J. Research NBS 34, 153 (1940).

Relative intensity of tin lines observed in an arc of copper containing 0.1 atomic percent
of tin

Strong lines of tin

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1400 2839. 99 3428-38629 5s25p2 'P2 —5s25p'6s' ^Fl
1000 2863. 33 0-34914 5s25p2 ^Po —5s25pi6si sp;

850 3034. 12 1 692-34641 5s25p2 3p, _5s25pi6si 3P5

700 2706. 51 1692-38629 5s25p2 sPi —5s25p>6s> spi

700 3009. 14 1692-34914 5s25p2 'Pi —5s25pi6si =Pf

Tin — All Observed Lines

1 ' ' ' ^ ^ y

3.ncl

ill x\

Spec-
trum

j—iix^ s y
T ^ Tr^l cV c±

0

in K"

X^ic C- xio X L y

cLIlU

VV d V c ~

in r\

Spec-
trum

iiine rgy
XjCVcl to

in K111 xv

11 1970. 80 1692-52416 110 2483. 39 J 3428-43683
8 h 1983. 55 I 3428-53826 110 2495. 70 I 8613-48670
8 2040. 66 I 3428-52416 15 2523. 92 I 8613-48222
7 2073. 08 I 0-48222 240 2546. 55 0-39257

10 2091. 58 I 1692-49487 100 2571. 58 8613-47488

2.5 h 2096. 39 I 8613-56299 55 2594. 42 I 8613-47146
7. n J.HU

12 2113. 93 1692-48982 700 2706. 51 1692-38629
2.0 2148. 73 1692-48216 11 2761. 78 3428-39626
5 2151. 43 3428-49894 100 2779. 81 8613-44576

9 2194. 49 3428-48982 32 2785. 03 8613-44509
13 2199. 34 1692-47146 12 2812. 59 17163-52707
22 2209. 65 3428-48670 60 2813. 58 8613-44145
2.0 2211.05 8613-53826 1400 2839. 99 3428-38629
4 2231. 72 3428-48222 170 2850. 62 8613-43683

42 2246. 05 0-44509 1000 2863. 33 0-34914
2.0 2251. 17 8613-53021 24 h 2913. 54 17163-51475
6 2267.19 8613-52707 700 3009. 14 1692-34914

42 2268. 91 3428-47488 40 3032. 80 17163-50126
10 2286. 68 3428-47146 850 3034. 12 1692-34641

50 2317. 23 8613-51754 4 3141. 84 17163-48982
38 2334. 80 1692-44509 550 3175. 05 3428-34914

190 2354. 84 1692-44145 550 3262. 34 8613-39257
2.0 2357. 90 8613-51010 110 3330. 62 8613-38629
9 2380.72 1692-43683 40 3655. 78 17163-44509

16 2408.15 8613-50126 280 3801. 02 8613-34914
260 2421. 70 8613-49894 40 4524. 74 17163-39257
420 2429. 49 3428-44576 4 5631. 71 17163-34914

3.0 2433. 47 3428-44509 0.8 h 8552. 60 34914-46603
5 2455. 24 3428-44145
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TITANIUM

Ti, Z=22, M=47.90, Ratio ^=0.754

Til Normal state of valence electrons 3d^4s^W2 =0. I.P.= 55138 K
Ti II Normal state of valence electrons Sc^Ms' *Fi}.,=0. I.P.= 109506 K

References
Wavelengths;

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented by the following

:

A. S. King, Astrophys. J. 39, 139 (1914).

C. C. Kiess and W. F. Meggers, Sci. Papers BS 16, 51 (1920).

H. Crew, Astrophys. J. 60, 108 (1924).

A. S. King, Astrophys. J. 59, 155 (1924).

W. F. Meggers and C. C. Kiess, J. Research NBS 9, 309 (1932).

Classification

:

Ti I, H. N. Russell, Astrophys. J. 66, 347 (1927).

W. F. Meggers and C. C. Kiess, J. Research NBS 9, 309 (1932).

Ti II, H. N. Russell, Astrophys. J. 66, 283 (1927).

Molecular Spectra:
TiO, F. Lowater, Proc. Phys. Soc. (London) 41, 557 (1929).

Intensities

:

R. Frerichs, Ann. Physik 81, 807 (1926).

G. R. Harrison, J. Opt. Soc. Am. 17, 389 (1928).

G. R. Harrison and H. Engwicht, J. Opt. Soc. Am. 18, 287 (1929).

G. R. Harrison, J. Opt. Soc. Am. 19, 109 (1929).

R. B. King and A. S. King, Astrophys. J. 87, 24 (1938).

R. B. King, Astrophys. J. 94, 27 (1941).

L. H. M. van Stekelenburg and J. A. Smit, Physica 14, 185 (1948).

Y. I. Ostrovskii, G. F. Parchevskii, and N. P. Penkin, Optika i Spektroscopiya 1, 821 (1956).

Relative intensity of titanium lines observed in an arc of copper containing 0.1 atomic
percent of titanium

Strong lines of titanium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1000 3349. 41 II 393-30241 3d2 4si a 3^2 4p' z

650 3998. 64 I 387-25388 3d2 4s2 a 3Fi —Sd^ 4si 4pi
y 'F|

/ 3361. 21 II 225-29968 3d2 4si a ^FjH—3d2 4p> z
600

1 3361. 26 I 170-29912 3d2 4s2 a ^Fs —3d2 4s> 4p w 'D5
600 3653. 50 I 387-27750 3d2 4s2 a 3F4 S(P 4p' y 'GS

550 3234. 52 II 393-31301 3d2 4si 0 4F4H— 4p' z 'n^
550 3642. 68 I 170-27615 3d2 4s2 a 3F3 —3^3 4p' y 'Gi
550 4981. 73 I 6843-26911 3d3 4si a 5F5 —3cP 4pi

y 5G|
500 4305. 92 I 6843-30060 3d3 4si a 5F5 —3(i3 4pi X =D|
500 4533. 24 I 6843-28896 3^3 4si a 5F5 —3d3 4pi

y

0-29915 3d2 4s2 a 3F2 —3d2 4si 4p' X 'Gl
480 3341. 88 {

II 4629-34543 3d2 4s' a 2F2H—3d2 4p' z 2G3H
480 3372. 80 II 94-29734 3d2 4si a ^FjK—3d2 4pi 2 ^GsH
480 3383. 76 II 0-29544 3^2 4si a ^FiK—3d2 4pi z ^G^H
480 3989. 76 I 170-25227 3d2 4s2 a 3F3 —3d2 4s» '^p\y 'F5

440 3236. 57 II 225-31114 3d2 4s' a ^FjK—3d2 4p' z

440 3752. 86 I 387-27026 3d2 4s2 a —3d3 4p' X 3F|

440 3958. 21 I 387-25644 3d2 4s2 a 'F4 —3d2 4s' 4p' y 'D|
440 4991. 07 I 6743-26773 3d' 4s' a 5F4 —S(P 4pi

y =G|
400 3635. 46 I 0-27499 3d2 4s2 a 3F2 —3d' 4p' y 'GS

400 3981. 76 I 0-25107 3d2 4s2 0 'Fa —3d2 4s' 4p' y 'F5

380 3948. 67 I 0-25318 3d2 4s2 a 'F2 —3d2 4s' 4pi y 'D!
380 3956. 34 I 170-25439 3d2 4s2 a 'F3 —3d2 4s' 4p' y 'D2
380 4999. 51 I 6661-26657 3d' 4si a 5F3 —3d' 4p' y 5G|
360 3349. 04 II 4898-34748 3d2 4s' a 2F3>4—3d2 4p' z

360 3371. 45 I 387-30039 3d2 4s2 a 'F4 —3d2 4s' 4p' X 'G|
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Titanium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

1

Energy 1

Levels
in K

2. 0 2272. 61 J 387-44376 8 2661. 97 J 0-37555
2.5 2273. 28 I 0-43976 9 2669. 60 I 170-37618
2. 0 2276. 70

J

170-44079 12 2679. 93 387-37690
3. 0 2279. 96 387-44233 2. 5 2684. 80 J

3. 0 2299. 85 J 0-43468 3. 0 2685. 14 J 387-37618

^ 3. 0 2302. 73 J 170 43583 6 2688. 82 T

^
4 2305. 67 I 387-43745 2.5 2716.25 II 8744-45549
3. 0 2380. 81 387-42377 8 2725. 07 8492-45178
1 6 2384. 52 J 387-42311 7 2727. 42 8437-45091
4 2418. 36 J 0-41337 2. 0 2731. 13 T 8602-45206

6 2421. 30 J 170-41458 4 2731. 58 T 8492-45091
8 2424. 24 I 387-41624 16 2733. 26 I 8602-45178
3. 0 2428. 23 0-41170 5 2735. 29 8492-45041
3. 0 2433. 22 { 170-41255 4 2735. 61 \ 7255-43800
1. 6 2434. 10 J 387-41458 8 2739. 81 J 8602-45091

3. 0 2440. 21 II 12629-53597 24 2742. 32 J 7255-43710
6 2440. 98 387-41342 4 2749. 06 I 8492-44858
2. 5 2450. 44 II 12758-53555 6 2757. 40 8602-44858
2. 5 2504. 54 9 2758. 08 12118-48365
8 2517. 43 II 1087-40798 1. 4 2761. 29 II 8710-44915

4 2519. 04 J 0-39686 24 2802. 50 J 7255-42928
15 2520. 54 I 0-39662 5 2805. 70 I 8602-44233
8 2524. 64 II 984-40582 3. 0 2806. 50 II 9851-45473

38 2525. 60 II 1216-40798 4 2809. 17 8492-44079
3 0 2527. 98 170-39716 7 2810. 30 II 29734-65307

22 2529. 85 T 170-39686 3. 0 2812. 98 J 8437-43976
20 2531. 25 II 1087-40582 3. 0 2817. 40 J 8492-43976
20 2534. 62 II 984-40426 6 2817. 84 J 8602-44079
14 2535. 87 II 908-40330 2817. 87 J J 29968-65446
20 2541. 92 387-39716 6 2828. 07 J 6557-41907

2828. 15 J J 30241-65589
7 2555. 99 II 4629-43741

12 2571.* 03 II 4898-43781 12 2832. 16 II 4629-39927
5 2572. 65 II 18 2841. 94 4898-40075
5 2580 82 10 2851. 10 9851-44915
3 5 2590. 26 T 170-38765 4 2853. 93 T

J 4898-39927

20 2593. 64 T 0-38544 9 2862. 32 J J 9976-44902
7 2596*. 58 I 170-38671 5 2868. 74 II 4629-39477

28 2599. 92 0-38451 17 2877. 44 8998-43741
36 2605. 15 170-38544 26 2884. 11 9118-43781
48 2611. 28 T 387-38671 6 2888. 93 J J 4629-39233

7 2611. 48 T 170-38451 5 2891. 07 J J 4898-39477
28 2619*. 94 I 387-38544 5 2905. 66 I

16 2631. 54 170-38160 3. 0 2909. 92 393-34749
16 2632. 42 0-37977 42 2912. 08 7255-41585
60 2641. 10 T 0-37852 32 2928. 34 J 12118-46258

75 2644. 26 J 170-37977 17 2933. 55 J 0-34079
90 2646. 64 387-38160 14 2937. 32

\

170-34205
3 0 2649. 30 J 100 2942. 00 0-33981
1.4 2654.' 93 0-37655 120 2948. 26 170-34079
3.5 2657.19 0-37623 3.0 2954. 58
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Titanium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trxim

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

150 2956. 13 I 387-34205 130 3168. 52 II 1216-32767
16 2956. 80 I 170-33981 200 3186. 45 I 0-31374
2. 5 2959. 71

T
I 8492 — 42270 85 O T OO O ~7

3190. 87 T T
II 8744 — 40075

3. 5 2959. 99 I 8602-42377 260 3191. 99 I 170-31489
16 2965. 71 I 8602-42311 4 3197. 52 II 225-31491

18 2967. 22 I 387-34079 320 3199. 92 I 387-31629
2.5 2968. 23 I 0-33680 65 3202. 54 II 8710-39927
7 2970. 38 I 0 — 33656 4

O O O O A A3203. 44 T T
II

O O T O O ~70-31207
3. 0 2974. 93 I 8602-42207 20 3203. 83 I 170-31374

16 2983. 31 I 170-33680 4 3204. 87 I 8492-39686

3. 0 3000. 87 I 387-33701 9 3213. 14 II 94-31207
10 3017. 19 II 12775-45909 22 3214. 24 I 387-31489
12 3029. 73

T T
II Icb / / —45674 16 3214. 75 II 393 — 31491

9 3046. 68 II 9396-42209 90 3217. 06 II 225-31301
11 3056. 74 II 9364-42069 9 3217. 94 I 15877-46944

11 3057. 40 II 0-32698 22 3218. 27 II 12677-43741
14 3058. 09 II 9518-42209 9 3219.21 I 15976-47030
7 3059. 74 II 9396 — 42069 9 3221. 38 I 16106 — 47140

110 d 3066. 22 II 94-32698 110 3222. 84 II 94-31114
3066. 35 II 0-32603 18 3223. 52 I 16268-47281

6 3071. 24 II 9518-42069 20 3224. 24 II 12775-43781
50 3072. 11 II 225-32767 12 3226. 13 I 16459-47447
95 3072. 97 T TII 0 — 32532 A A44 o ^ o n / n3228. 60 T TII

mTn oo/~7r~8710 — 39675
130 3075. 22 II 94-32603 65 3229.19 II 0-30959
190 3078. 64 II 225-32698 44 3229. 42 II 9118-40075

300 3088. 02 II 393-32767 9 3231.32 II 1087-32026
15 3089. 40 II 15266-47625 20 3232. 28 II 8998-39927
15 3097. 19 T T

II
/-\O O T /I O O A O9931 — 42209 550 o o o yi i~ o

3234. 52 T T
II

ooo otoot393-31301
15 3100. 67 I 8602-40844 18 3236. 12 II 8710-39603
19 3103. 80 II 15258-47467 440 3236. 57 II 225-31114

19 3105. 08 II 9873-42069 340 3239. 04 II 94-30959
22 3106. 23 II 10025-42209 18 3239. 66 II 8744-39603
6 3106. 81 I 8492—40671 220 o o yi T no3241. 99 T TII

o o o n o "7

0 — 30837
4 3110. 67 II 9931-42069 100 3248. 60 II 10025-40798
4 3112. 48 I 8437-40556 80 3251. 91 II 94-30837

12 3117. 67 II 9931-41997 100 3252. 91 II 225-30959
60 3119. 72 I 12118-44163 100 3254. 25 II 393-31114

OTTO no
3119. 80 II 10025 — 42069 TOO100 3261. 60 T TII 15258 — 45909

16 3123, 07 I 7255-39266 26 3271. 65 II 10025-40582
20 3130. 80 II 94-32026 26 3272. 08 II 9873-40426

12 3141. 54 I 7255-39078 17 3278. 29 II 9931-40426
8 3141. 67 I 17215-49036 22 3278. 92 II 8744-39233

18 O T /I O T /
3143. 76 T TII 225 — 32026 18 32oZ. 33 II 9873 — 40330

20 3148. 04 II 0-31757 44 3287. 66 II 15266-45674
20 3152. 25 II 984-32698 24 3292. 08 I 7255-37623

20 3154. 20 II 908-32603 14 3299. 41 I 7255-37555
20 3155. 67 II 1087-32767 14 3306. 88 I 17215-47447
42 3161. 20 II 908-32532 18 3308. 39 I 8437-38654
65 3161. 77 II 984-32603 18 3308. 81 II 1087-31301
85 3162. 57 II 1087-32698 22 3309. 50 I 8492-38700
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Titanium — All Observed Lines

and
VV CL V C ~

length
in A

Spec-
trum

jtidic r gy
Levels
in K

Intens ity

and
W ave-
length
in r\

Spec-
trum

Energy
Levels
m Jts.

5 3309. 73 I 17075-47281 75 3444. 31 II 1216-30241
9 3312. 69 I 16961-47140 5 3452. 47 II 16516-45473

70 3314. 42 I 8602-38765 15 3456. 39 II 16625-45549
3314. 52 I 8492-38654 50 3461.50 II 1087-29968

24 3315. 32 II 9873-40027 8 3467. 26 I 8492-37325

28 3318. 02 II 984-31114 50 3477. 18 II 984-29734
-^-46 3321. 70 II 9931-40027 5 3478. 92 I 8437-37173
240 3322. 94 II 1216-31301 20 3480. 53 I 8602-37325
32 3326. 76 II 908-30959 5 3485. 69 I 8492-37173

180 3329. 46 II 1087-31114 5 3489. 74 II 1087-29734

46 3332. 11 II 10025-40027 40 3491. 05 II 908-29544
150 3335. 20 II 984-30959 5 3495. 75 I 8492-37091
95 3340. 34 II 908-30837 8 3499. 10 I 8602-37173

480 3341. 88 I 0-29915 75 3504. 89 II 15258-43781
II 4629-34543 10 3506. 64 I 387-28896

10 3342. 15 I 0-29912 50 3510. 84 II 15266-43741
22 3343. 77 II 1216-31114 5 3520. 25 II 16516-44915
28 3346. 73 II 1087-30959 26 3535. 41 II 16625-44902

360 3349. 04 II 4898-34748 16 3547. 03 I 12118-40303
1000 3349. 41 II 393-30241 10 3573. 74 II 4629-32603

10 3352. 94 I 170-29986 5 3574. 24 I 18288-46258
340 3354. 64 I 170-29971 5 3587. 13 II 4898-32767
24 3358. 28 I 0-29769 20 3596. 05 II 4898-32698
24 3360. 99 I 170-29915 16 3598. 72 I 7255-35035
600 3361. 21 II 225-29968 50 3610. 16 I 7255-34947

3361. 26 I 170-29912
16 3624. 82 II 9851-37431

10 3361. 84 I 170-29907 8 3635. 20 I 387-27888
95 3370. 44 I 0-29661 400 3635. 46 I 0-27499

360 3371. 45 I 387-30039 10 3637. 97 I 0-27480
12 3372. 21 II 4898-34543 16 3641. 33 II 9976-37431

480 3372. 80 II 94-29734 550 3642. 68 I 170-27615
5 3374. 35 II 9976-39603 15 3646. 20 I 0-27418

240 d 3377. 48 I 387-29986 600 3653. 50 I 387-27750
3377. 58 I 170-29769 24 3654. 59 I 0-27355

24 3379. 22 I 387-29971 55 3658. 10 I 170-27499

120 3380. 28 II 393-29968 10 3659. 76 II 12758-40075
14 3382. 31 I 8602-38160 32 3660. 63 I 170-27480

480 3383. 76 II 0-29544 16 3662. 24 II 12629-39927
14 3385. 66 I 387-29915 32 3668.97 I 170-27418

120 3385. 95 I 387-29912 50 3671. 67 I 387-27615

120 3387. 84 II 225-29734 260 3685. 20 II 4898-32026
5 3388. 76 II 9976-39477 10 3685. 96 I 11532-38654

12 3390 68 I 8492-37977 8 3687. 35 I 387-27499
12 3392. 71 I 12118-41585 50 3689. 91 I 387-27480
95 3394. 58 II 94-29544 12 3694. 45 I 11640-38700

5 3398. 63 I 8437-37852 2. 5 3698. 18 I 18145-48178
5 3402. 42 II 9851-39233 5 3698. 43 I 11640-38671
5 3407. 20 II 393-29734 5 3700. 08 I

8 3409. 81 II 225-29544 10 3702. 29 I 8437 — 35439
5 3439. 30 I 11777-40844 16 3704.30 I 11777-38765
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Titanium — All Observed Lines

Intensity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

12 3706. 23 II 12629-39603 15 3900. 96 I 170-25798
4 3707. 53 I 16268-43232 220 3904. 78 I 7255-32858

24 37U9. 96 8492 — 35439 9 n 3911. 19 16459 — 42019
2.5 3715. 40 \ 42 3913. 46 II 8998-34543

38 3717. 40 I 0-26893 42 3914. 34 I 387-25927

12 3721. 64 II 4629-31491 2. 0 3914. 74 0-25537
28 3722. 57 170-27026 3.0 3919. 82 I 12118-37623
50 O "7 O /I C "7

3724. 57 IZllo — 3o96U 24 3921. 42 r\ o r~ /I n /I

0 — 25494
32 3725. 16 { 8602-35439 90 3924. 53 { 170-25644

240 3729. 82 I 0-26803 9 3926. 32 20796-46258

4 3735. 67 I 75 3929. 88 I 0-25439
5 3738. 90 I 15157-41895 3. 0 3932. 02 II 9118-34543

280 O "7 /I T f\ f3741. 06 170 —26893 6 3934. 24 387 — 25798
28 3741. 64 II 12758-39477 90 3947. 78 { 170-25494
13 3748. 10 I 15108-41781 380 3948. 67 I 0-25318

440 3752. 86 I 387-27026 380 3956. 34 I 170-25439
50 3753. 64 170-26803 440 3958. 21 I 387-25644
12 3757. 69 T TII 12629 — 39233 80 3962. 85 0 — 25227

280 3759. 30 II 4898-31491 80 3964. 27 170-25388
240 3761. 32 II 4629-31207 400 3981. 76 I 0-25107

4 3761. 89 II 20892-47467 48 3982. 48 I 0-25103
5 3766. 45 I 8492-35035 5 3984. 33 I 16961-42053

50 JO / — 26893 3. 0 3985. 25
{2.5 3776. 06 II 12758-39233 5 3985. 59

70 3786. 04 J 7255-33661 480 3989. 76 I 170-25227

10 3789. 30 I 11777-38160 3.0 3994. 70 I 16875-41901
6 3795. 90 I 11640-37977 650 3998. 64 I 387-25388
5 3798. 31

I

11532 — 37852 6 3999. 36
\

16961 — 41959
6 3818. 22 18193-44376 6 4002. 49 17075-42053
5 3822. 03 I 17075-43232 6 4003. 81 I 17215-42185

20 3828. 19 I 17215-43330 3. 0 4005. 97 I 16961-41917
8 3833. 68 I 6 4008. 06 I 17075-42018
8 3836. 7o

{

onoU 400o. 93
{

170—25107
5 3846. 45 16 4009. 66 170-25103

11 3853. 05 I 15877-41823 6 4012. 39 II 4629-29544

11 3853. 73 I 15976-41917 15 4013. 58 I 17215-42124
14 3858. 14 I 16106-42018 6 4015. 38 I 16817-41714
20 3866. 44 16268 — 42124 3. 0 4016. 28 17215 — 42107
14 3868. 40 { 15976-41819 10 h 4017. 77 { 16875-41757
10 3873. 21 J 16106-41917 12 4021. 83 I 16961-41819

22 3875. 26 I 0-2S798 100 4024. 57 I 387-25227
I 16106-41903 3. 5 4025. 14 II 4898-29734

^ /I14 3882. 15 16268 — 42019 16 n 4026. 54 17075 — 41903
14 3882. 33 J 16268-42018 3. 5 4027. 48 \

42 3882. 89 I 16459-42206 3. 5 4028. 34 II 15258-40075

5 h 3888. 02 I 16106-41819 16 h 4030. 51 I 17215-42019
6 3889. 95 0-25700 3.5 4033. 91

{

17424-42207
17 h 3895. 25 { 16459-42124 2. 5 4034. 91 17370-42146
7 3898. 49 0-25644 9 4035. 83 17540-42311

44 3900. 54 II 9118-34748 3. 0 h 4040. 32 17075-41819
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Titanium — All Observed Lines

Intensity
and

Character

w ave-
length
in A

Spec-
trum

Energy
Levels
m is.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

24 4055. 02 I 8437-33091 9 4281. 38 I 6557-29907
7 4057. 62

J

18594-43232 18 4282. 71 15108-38451
7 4058. 14 18695-43330 13X —

/

4284. 99 14028 — 37359
34 4060. 26 I 8492-33114 75 4286*. 01 I 6661-29986
17 4064. 22 I 8492-33091 70 4287. 40 I 6743-30060

17 4065. 10 I 8492-33085 2. 5 4288. 16 I 6599-29912
70 4078. 47 8602-33114 8492-31806
3 5 4079. 72 \ 17424-41929 80 4289. 07 J 6599 — 29907

24 4082. 46 I 8602-33091 10 429o!23 II 9396-32698
7 4099. 17 I 17540-41929 70 4290. 94 I 6557-29855

18 4112. 71 I 387-24695 10 4291. 14 I

7 4122. 17
\

21470-45722 12 4294. 12 II 8744-32026
3 5 4123. 31 22405-46650 70 4295. 76 6557 — 29829
7 4123! 57 I 21588-48832 170 4298! 66 I 6599-29855

11 4127. 54 I 21740-45960 17 4299. 23 I 14106-37359

3.5 4129. 17 I 17 4299. 64 I 6661-29912
3. 5 4131. 25

\

18525-42724 17 4300. 05 II 9518-32767
12 4137 29 18695-42859 240 4300 56 6661-29907
7 4143. 05 I 18594-42724 340 4301. 09 I 6743-29986

14 4150. 96 I 17540-41624 7 4301. 93 II 9364-32603

7 4159. 64 I 17424-41458 500 4305. 92 I 6843-30060
6 4163. 65 II 20892-44902 15 4307. 90 II 9396-32603
3 0 4164 14 15108-39116 3 0 4308 50 8602-31806
3.5 4166. 32 I 15157-39152 3.5 4311. 65 I 17370-40556
7 4169. 35 I 15220-39198 7 4312. 87 II 9518-32698

10 4171. 03 I 17370-41337 7 4314. 35 I 6743-29915
3.5 4171.90 II 20952-44915 100 4314. 80

J

6743-29912
3 0 4183 30 18062-41959

30 4186. 12 I 12118-36000 30 4318. 64 I 18193-41342
3. 5 4188. 69 I 18062-41929 15 4321. 66 I 18037-41170

6 4200. 75 I 18145-41944 16 4325. 13 I 18141-41255
7 4203. 46 18145-41929 13 4326. 36

J

6661-29769
3 0 4211 73 J 20063-43800 2 5 4334. 84 6599-29661
3. 5 4224. 79 I 22405-46068 13 4337. 92 II 8710-31756
3. 5 4227. 65 I 20063-43710 2. 0 4344. 29 II 8744-31756

11 4237. 89 I 20210-43800 6 4346. 11 I 18037-41040
7 4249. 12 18525-42053 3. 0 4354. 06 17424-40385

1

1

J. X 4256 04 J 18695-42185 8 4360. 49 17540-40467
6 4258. 54 I 18483-41959 2.0 4368. 94 I 18288-41170
6 4261. 60 I 18594-42053 8 4369. 68 I 20796-43674

28 4263.13 I 15220-38671 5 4372. 38 I 20063-42928
3.0 4265. 71 15108-38544 2. 5 4388. 08

J

18062-40844
3 5 4266 22 J 18525 — 41959 14 4393. 92 18288-41040
6 4270. 14 I 18695-42107 28 4395. 04 II 8744-31491
7 4272.43 I 6661-30060 5 4399. 77 II 9976-32698

20 4274. 58 I 6599-29986 20 4404. 28 I 18145-40844
15157-38544 5 4404. 90

{

15157-37852
10 4276. 43 \ 13982-37359 2.5 4405. 68 8492-31184
10 4278. 23 20796-44163 5 4416. 54 15108-37744
2.5 4278. 81 18594-41959 18 4417. 28 15220-37852
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Titanium — All Observed Lines

Intensity Wave-

in A

Spec-
trum

Energy
Jlj V X o

in K

Intensity
a rl

\\\ 3 T" 3 tO T*

Wave-
XC 11 y Lil

111 ii.

Spec-
trum

Energy
T £i T T 1 C

in xv

5 4417. 72 II 9396-32026 85 4518. 03 6661-28788
10 4421. 76 18062-40671 8 4518. 70 \ 11532-33656
10 4422. 82 I 8602-31206 85 4522! 80 I 6599-28703
2. 0 4424. 39 I 18288-40883 65 4527. 31 I 6557-28639
2.5 4425. 83 I 8602-31191 500 4533. 24 I 6843-28896

10 4426. 06
J

15157-37744 20 4533. 97 II 9976-32026
75 4427. 10 12118-34700 300 4534. 78 6743-28788
1.8 4430. 02 I 19422-41988 200 4535'. 58 I 6661-28703
7 4430. 37 I 11640-34205 100 4535. 92 I 6599-28639
4 4431. 28 I 17996-40556 100 4536. 05 I 6557-28596

2. 5 4432. 60
\

2. 0 4537. 23
2 0 4433. 58 19323-41872 2. 0 4539. 10 \

14 4434. 00 I 11532-34079 60 4544. 69 I 6599-28596
I 15108-37655 80 4548. 77 I 6661-28639

6 4436. 59 I 15157-37690 20 4549. 63 II 12775-34748

2.5 4438. 23 18145-40671 80 4552. 46 6743-28703
11 4440. 35 J 15108-37623 2. 0 4555. 08 \ 19422-41369
4 4441. 27 I 15108-37618 60 4555. 49 I 6843-28788

19 4443. 80 II 8710-31207 1. 6 4557. 86 I 19938-41872
2. 0 4444. 27 I 18062-40556 1. 6 4558. 11 I 18912-40844

70 4449. 15 15220-37690 5 4559. 92 11777-33701
2 5 4450. 49 II 8744-31207 4 4562. 63 \ 170-22081

46 4450. 90 15157-37618 3.0 4563. 43 I 19574-41481
70 4453. 32 I 11532-33981 9 4563. 77 II 9851-31756
24 4453. 71 I 15108-37555 3. 0 4570. 91 I 19323-41194

80 4455. 33 11640-34079 20 4571. 98 II 12677-34543
90 4457. 43 \ 11777-34205 2. 0 4589. 95 II 9976-31756
1.8 4462. 09 I 0-22405 5 4599. 23
6 4463. 38 I 15157-37555 1. 8 4609. 37 I

8 4463.54 I 15220-37618 80 4617. 27 I 14106-35758

24 4465. 81 14028-36415 2. 0 4619. 52
J

18826-40467
20 4468 50 11 9118-31491 40 4623. 09 14028-35653
20 4471.24 13982-36341 16 4629. 34 I 13982-35577
8 4474. 85 I 11640-33981 4 d 4634. 87
8 4479. 70 I 13982-36298 5 4637. 88 I 18912-40467

4 4480. 59 14028-36341 20 4639. 37
\

14028-35577
44 4481 26 J 14106-36415 18 4639. 67 14106-35653
8 4482. 69 I 11777-34079 16 4639. 95 I 13982-35528
1. 6 4488. 32 II 25193-47467 12 4645. 19 I 13982-35503

22 4489. 09 I 14028-36298 10 4650. 02 I 14028-35528

2. 0 4492. 55 16961-39214 2. 0 4656. 04
\

14106-35577
3 5 4495. 01 \ 60 4656. 47 0-21470

20 4496*. 15 I 14106-36341 70 4667. 59 I 170-21588
2. 0 4497. 73 I 17075-39302 6 4675. 12 I 8602-29986

17 4501. 27 II 8998-31207 80 4681. 92 I 387-21740

3.5 4503. 78 17215-39413 1. 8 4686. 92
{

17370-38700
1. 8 4506. 36 { 2. 0 4690. 80 8602-29915
4 4511. 17 16 4691. 34 8602 — 29912

65 4512. 74 6743-28896 3.5 4693. 68 170-21470
1.6 4515. 62 17075-39214 2.0 4696. 94 17370-38654
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Titanium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

lb /I Q "7^ o472 — 27/07 o n
2. 0 A nc o o c4958. 25 7255 — 27418

10 4710.19 I 8437-29661 5 4964. 75 \ 15877-36014
2. 0 4715. 30 I 387-21588 6 4968. 58 I 15976-36096
/
D H led. o472 — 270d1 / 4973. 05 16106-36209
6 47^3. 1 /

O^nO OQ7^QodU2 —27 /fay 11 /I n ~7 (T o c4975. 35 20210 — 40303

^ c 4 /31. 1 /
1 7c /in 0^71
I /d4U — iob /

1

fa
/I n ~7 "7 "7 ^4977. 74 16268 — 36351

4 4733. 43 I 17424-38544 11 4978. 20 { 15877-35959
1.6 4734. 68 I 18037-39152 550 4981. 73 I 6843-26911
2. 0 /I "7 /I O 11H I^C, 11 1 /:J / U — ^o4d1 1 /I14 15976 — 36014

15 /I "7 >1 O "70 loU3 / — 37116 yi /I n44U 4991. 07 6743 — 26773

2. 0 4/4 /. DO lOl/ll *2QlQOlol41 — iylvo 1 n
3. 0 /I Q n r no4975. 08 18145 — 38160

28 4758. 12 I 18141-39152 13 4997. 10 { 0-20006
28 4759. 28 I 18193-39198 380 4999. 51 6661-26657
4 mbb. 33 1 Ol /II "2 011^lol41 — ^7llb o o22

r n ni n 15UU1. Ul 16106 — 36096
2. 5

/I *7 ^ Q "7"7
4 / by, 1

1

1 Ol Q1 •2Q1 COlol7^ — ^7lb2 '2 /I n34U cn f\n o 150U /. 21 z.cnn o z. c z. /I6599 — 26564

b Anno o ^47 /o. iio
1 on*27 *20QZ.nloU^ /

— ^07DU 1 T11 5L)U7. fa5
i"7n onioz.170 — 20126

4 4781. 72 I 6843-27750 22 5013. 30 I 16268-36209
10 4792. 49 I 18826-39686 300 d 5014. 19 I 0-19938
4 A nQC oo lOOlO '2Q^^Oloolo — ^7Dfa2 cm /I o /IDUi4. 24 Z.CC7 OZ./1Q/16b5 / —26474
3. 0

AnQn Q o4 /7 /. 9o loo2b — J7fab2 c cDD cm z. 17Dulb. 1 /
Z-O/l '2 OZ.77'26o43 — 26 / /3

10 4/77. OU 1 OO O Q '2Q1 1 Clo2oo — ^Vllb Q noU c no n f\i Z.7/1'2 OZ.Z.C76/4^ — 266d /

2.5 4805. 10 II 16625-37431 80 5022. 87 I 6661-26564
10 4805. 43 I 18912-39716 55 5024. 84 I 6599-26494
4 24b7D — 4d4oD O Q2o c no c CO 1Z./1CQ *2Z.*2C116437 — 3fa^bl

2. 0 4811. Oo icoon 2z./^nr»15220 — 36000 1 1 n110 c n*2 C Ql5035. 91 I 1 nnn n z.oqII / / / — 31fa27

3. 5 4812. 25 1 OQl O '2QZ.O^lo7l2 — 37bob o noU c n "2 An5036. 4/ llZ./in 21/lOQllfa4U — 314o7
18 4820. 42 J 12118-32858 70 5038. 40 } 11532-31374
2. 0 4825. 46 I 18695-39413 110 5039. 95 170-20006
3. 5 4836. 13 1 OOOO '20Q^Alo2oo — 3o7faU /

r n /I n z. oDU4U. fa2
Z.Z.Z.1 OZ./IQ/Ib661 — 26474

42 484U. 87 /255 — 2 /7U

/

oo cn /I '2 CQdU4^. !37
Z.7/1'2 OZ.CZ-/I6/4j — 26d64

o
/! O ^ O A~I4848. 47 17540 — 38160 3. 5

rf\ A A O 75U44. 2 /
17C/in '27*2CO1/540 — 3 / 357

26 4856. 01 18193-38780 5. 0 5045. 41 } 6843-26657
3.0 4864. 18 I 17424-37977 2.5 5048. 21 17370-37173

18 4868. 26 18037 — 38573 1 n10 c n c o 075052. o/ 1 7 C /I n 27'20C
1 / 34U — 3

/

^2d
22 4870. 14 TOT/IT 1 O L l^d18141 — 38669 o n

2. 0 c n c /I no50d4. (Jo
OICOO /I1'2Z.Q21boo — 41367

2. 5 4880. 91 17370 — 37852 1 n10 c n z. o 115062. 11 17/10/1 •2717*2
1 /424 — 3 /I /3

4 4882. 35 18193-38669 3.5 5064. 07 I 21740-41481
36 4885. 08 I 15220-35685 130 5064. 66 I 387-20126
36 4899. 91 15157 — 35560 Q7 cnz. C QQDUbD. 77 llZ./in "21 "27/11164U — pl3 /4

30 4913. 62 icino 1 C A C A15108 — 35454 *2 C V.
3. 5 n C n Z. O *2 '2

DUbo. JJ 01/17n /IIIQ/l214 / U — 41174

5 4915. 24 icoon *2cc^n1d22U — jDDbU b cnz,Q 1C,3Ub7. JD J. / J 1 D — J 1 U7l

12 4919. 87 I 17424-37744 12 5071. 48 I 11777-31489
17 4921. 77 I 17540-37852 4 5085. 34 I 11532-31191
5 4925. 41 1II1C7 1 C. A C A15157 — 35454 1 o12 c n Q7 n

7

dUo /. U /
1 1 C70 "il 1 5JA113^^: — 311o4

3. 0 4926. 16 Lead 0^.00*2b577 — 2bo73 o n2. U CI n*2 1 c

14 4928. 34 l73iU — 3ib5o r
D CI no A ADlU7. 44 llb4U — jlduo

3.0 4937. 74 I 6557-26803 18 5113. 44 I 11640-31191
9

Am o in4938. 2y O n7Q^ AT c\Ar\2U /7b — 41U4U OA£.0 CI 0 n AO ^U/7D — HUJC.U

3.0 4941. 58 17424-37655 3 5129.15 II 15258-34748
2.0 4948. 19 17540-37744 26 5145. 47 11777-31206
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Titanium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

-pv f.

t rlim

Energy
Levels
in K

22 5147. 48 I 0-19422 2.5 5436. 73 I 7255-25644
20 1 /O — 195 /4 1.6 llb3<£ — <:991b

2.0 bl 5166. 86 TiO 4 5446. 64 \ 18818-37173
iUU 5173. 75 I 0-19323 1 n1. u Di 5448. 34 TiO

4 5186. 34 I 17075-36351 3.0 5448. 90 J 18826-37173

8 5188. 70 II 12758-32026 2.0 5449.16 I 11640-29986
120 519^:. 9o 1 / u — I'mdc 3.5 D4r)3. OD llb4U — ^177 /I

8 h 5194. 04 { 16961-36209 5 5460. 51 \ 387-18695
o 5201. 10 I 16875-36096 y 5471. 21 I 11640-29912

11 5206. 08 I 20063-39266 3.5 5472. 70 I 11640-29907

7 5207. 87 16817-36014 4 h 5473. 55 I 18826-37091
130 coin Idbll\J, 39

•2 0"7 1 QC"7/I5o 1 — 173 /

4

8
{

11 / / / — 3UUJ7
6 5212. 29 { 3.0 5474. 46 18912-37173

in 5219. 71 I 170-19323 JL X h 5477. 71 I 19574-37825
9 5222. 69 I 16817-35959 10 5481. 43 I 19422-37660

8 5223. 64 I 16875-36014 7 5481. 87 I 11532-29769
24 1 /^ID — ^O^bl 8 h b4oo. c.\i

}

viiLi — i /b^7
9 5224. 56 } 16961-36096 14 5490. 15 11777-29986

io 5224. 95 I 17075-36209 5490. 84 I 387-18594
6 5226. 56 II 12629-31756 10 5503. 90 I 20796-38960

11 5238. 58 I 6843-25927 4 5511. 78 I 20063-38201
2.0 ^U^ilU — ^v<:bb 32 CCl O CIDDl^. 3^ 1 1 — ^77l^
5 5246. 57 { 6743-25798 26 5514. 35 I 11532-29661
-j 5247. 31 I 16961-36014 5514. 54 I 11640-29769
2.0 5250. 95 I 6661-25700 2.5 5530. 49

10 5252. 11 I 387-19422 10 5565. 49 I 18037-36000
7 5255. 83 1 / U /D — 3oU70 1.2 bb / 7. lb
5 5259. 99 \ 22081-41087 2.0 h 5582. 98
r
D 5263. 50 I 17215-36209 J. u n 5585. 68

14 5265. 98 I 15220-34205 6 bl 5597. 85 TiO

4 5282. 39 I 8492-27418 5 bl 5629. 28 TiO
13 5283. 45 15157 — 34U79 1. 6 bb3b. o4

3.5 5284. 39 \ 8437-27355 24 5644. 14 I 18288-36000
2. 5 5288. 81 7 5648. 58 I 20126-37825
6 5295. 79 I 8602-27480 2.5 bl 5661. 55 TiO

11 5297. 26 I 15108-33981 18 5662. 16 I 18695-36351
6 5298. 44 20210 — 390 Io 7 bbbzi. 7l

{

^UUUb — ^ / bbU

2.5 5336. 81 II 12758-31491 2. 0 5673. 42 25103-42724
i. o 5341. 50 34947-53663 Lc. 5675. 44 I 18594-36209
7 5351. 08 J 22405-41087 3.0 h 5679. 94 I 19938-37539

2.5 5366. 65 I 6599-25227 9 5689.47 I 18525-36096
5 5369. 64 7 b / \jc, bo ioH-o^ — jbUi't

4 5389. 18 \ 6557-25107 3. 5 5708. 23 I 18695-36209
5 5389. 99 I 15108-33656 6 5711. 88 I 18594-36096
1.6 5396. 60 I 170-18695 4 h 5713. 92 I 18463-35959

8 5397. 09 15157-33680 9 5715. 13 18193-35685
3.5 5404. 02 \ 18826-37325 5 5716.48 18525-36014

10 5409. 61 15220-33701 3.5 5720.48 18483-35959
4 5426. 26 170-18594 8 5739. 51 18141-35560
7 5429. 15 18912-37325 4 5740. 02 18037-35454
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Titanium — All Observed Lines

Intensity
and

Character

Wave-
iengtn
in A

Spec-
trum

Ene r gy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. 8 5741. 22
J

20210-37623 1. 0 6419. 10 I 17540-33114
2. 0 c;7c;o oa

-J 1 J Ot 1 806? —35439 1.6 6497 69 TX 1 1 Adfl — 97n9A
1. 8 5756. 86 I 1. 8 6508. 14 I 11532-26893
4 h 5762. 27 I 26494-43844 5 6546. 28 I 11532-26803
5 h 5766. 35 I 26564-43902 6 6554. 23 I 11640-26893

7 h 5774. 05
J

26657-43972 7 6556. 07 I 11777-27026
3.0 qTon 7ft 1 81 45 — 35439 1. 8 h At;A[; AO TX

7 h 5785. 98 I 26773-44051 1. 6 h 6575. 18 I 20796-36000
A hi 5804. 26 I 26911-44135 4 6599. 11 I 7255-22405
2. 0 bl 5814.96 TiO 2. 0 bl 6651. 46 TiO

4 5823. 71 18288-35454 2. 0 h 6666. 55 I 11777-26773
2. 0 2. 0 6677 18 J

38 5866. 46 I 8602-25644 2. 5 b 6691. 21 TiO
5880. 31 I 8492-25494 3. 0 6716. 68 I 20063-34947

2.0 h 5888.68 1.8 bl 6723. 95 TiO

22 5899. 32
J

8492-25439 9 6743. 12 I 7255-22081
5 2. 0 A844 64

11 5918. 55 I 8602-25494 2. 0 6860. 39
14 5922. 12 I 8437-25318 4 6861. 47 I 18288-32858
7 5937. 82 I 8602-25439 1. 0 6873. 92 I 21588-36132

11 5941.76 8492-25318 1.4 6913. 19 I 21740-36201
28 \J7ZJJ» i. 1 x^^^u ^tux*T 1. 6 h 6933 1

5

TX ?c;i 07 — 395P7
19 5965. 84 I 15157-31914 1. 6 h 6943. 70 I 25388-39786
26 5978.56 I 15108-31830 3. 0 6996. 63 I 18826-33114
32 5999. 04 I 17540-34205 2.0 7004. 66 I 18818-33091

6 5999. 68 ^ 18037-34700 1. 8 7008. 35 I 18826-33091
2. 0 1. 8 7010 94 TJ. 18826-33085

10 6064. 63 I 8437-24921 1. 8 h 7035. 86 I 25318-39527
1

1

6085. 23 I 8492-24921 5 7038. 80 I 18912-33114
11 6091. 17 I 18288-34700 1.8 7050. 65 I 18912-33091

4 6092. 81 15220-31629 5 bl 7054. 51 TiO
4 h DUyO. O /

0 AMf^ — A^ (187 3. 0 7069 11 T 25644 — 39786

3. 5 h 6121. 01 I 15157-31489 3. 0 7072. 05
1

1

X X 6126. 22 I 8602-24921 6 bl 7087. 89 TiO
1. 8 6138. 38 I 17370-33656 4 b 7124. 9 TiO

3. 0 6146. 22 15108-31374 5 bl 7125. 61 TiO
2.0 AT AQ ILDXHy. / H J 3. 5 71 38 91I X ^ U« / X T 11640-25644
3.0 bl 6162.23 TiO 3. 5 7167. 13
3 ^ 6186.15 I 17540-33701 3. 0 7171. 53

9 h 6215. 28 I 21740-37825 7 7189. 89 I 20796-34700

7 h 6220. 49 21588-37660 3. 5 b 7203. 64 TiO
6 h A991 zn J 7^ 470 — '^7R'?Q 34 7209 44 I 11777-25644

36 6258. 10 I 11640-27615 8 7216. 20 I 11640-25494
36 6258. 70 I 11777-27750 17 7244. 86 I 11640-25439
28 6261. 10 I 11532-27499 17 7251. 72 I 11532-25318

6 6303.75 11640-27499 2.5 7263. 40

5 6312.24 { 11777-27615 2.5 7266. 29 I 13982-27740
2.5 6318. 03 11532-27355 2.5 b 7269. 05 TiO
3. 0 6336. 10 11640-27418 2.0 7315. 56 I 17540-31206
3. 5 6366. 35 11777-27480 3.5 7318. 39 I 18145-31806
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Titanium — All Observed Lines

Intensity
and

Character

Wave-

\r\ A111 .ii.

Spec-
trum

Energy
T jPvel s

in K

Intensity
and

Character

Wave-
X. V<- i. X ir J- i-

in A

Spec-
trum

Energy
Levels
in K

1 L16 7344. 72 11777-25388 Lj 8377. 85
{

6661-18594
i. 4 7352. 16 \ 20063-33661 IP 8382. 54 6599-18525

Vc 7357. 74 I 11640-25227 J 8382. 82 I 6557-18483
8 7364. 11 I 11532-25107 10 8396. 87 6557-18463
3.5 7440. 60 I 18193-31629 16 8412. 36 6599-18483

1. ^ IM^. 94 14106-27480 8416. 98 18037-29915
7489. 61 \ 18141-31489 5 n 8424. 41 { 16961-28829
7496. 12 I 18037-31374 99C.C. 8426. 52 I 6661-18525

1.6 7580. 55 17996-31184 65 8434. 94 6843-18695
1.2 bl 7589. 62 TiO 32 8435. 70 6743-18594

U 7614. 50 18062-31191 c 8438. 93
\

18193-30039
^ nU 7654. 44 J 18145-31206 .

cD 8450. 89 18141-29971
1 /Ii. 4 01 7705. 21 TiO 1 9 11 8457. 10 I 14106-25927
4 7949. 17 12118-24695 2.5 h 8467. 15 17075-28882
3.5 h 7961. 58 26657-39214 6 8468. 50 15220-27026

QO 7978. 88 15220-27750 9 n 8496. 04
J

18145-29912
1. ^: 7979. 07 { 26773-39302 9 c; n 8518. 05 17215-28952
yi
*J 7996. 53 I 26911-39413 8518. 32 I 15157-26893
0.9 h 8003. 55 1. 8 8539. 38 I 18062-29769
7 8024. 84 15157-27615 5 8548. 12 15108-26803

/I 8068. 24 15108-27499 1 9 8569. 77
J

17996-29661
1. u 8267. 62 1 9 n 8598. 18 18288-29915
1.8 h 8306. 31 I 27750-39786 12 8675. 39 I 8602-20126
1.2 h 8307. 41 I 6661-18695 6 8682. 99 I 8492-20006
1.2 h 8311. 76 I 27499-39527 3. 0 8692. 33 8437-19938

1. 0 h 8312. 85 27615-39641 2.5 8734. 69 8492-19938
1.6 8334. 37 6599-18594 3. 0 8766. 64 8602-20006
1. 8 8353. 15 6557-18525 2. 0 h 8778. 71 14106-25494

10 8364. 24 6743-18695
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TUNGSTEN

W, Z=74, M= 183.86, Ratio 7^=2.894

W I Normal state of valence electrons 5d^6s^ ^Dq =0. I.P.= 64400 K
W II Normal state of valence electrons 5d'^6s^ ^Doi^=0.

References

Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

C. C. Eaess and W. F. Meggers, Sci. Papers BS 16, 51 (1920).
D. D. Laun, unpublished material.

Classification:

W I, O. Laporte and J. E. Mack, Phys. Rev. 63, 246 (1943).

D. D. Laun, unpublished material (1955).

W II, D. D. Laun, J. Research NBS 21, 207 (1938) and unpublished material (1955).

Relative intensity of tungsten lines observed in an arc of copper containing 0.1 atomic
percent of tungsten

Strong lines of tungsten

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

950 4008. 75 I 2951-27890 5d56si a '83--5d6 6pi 3^PS
550 4074. 36 I 2951-27488 5d'6s^ a 'S3--5d^ 6pi z'Pl
450 4294. 61 I 2951-26230 5c?66si a 'S3--5d^ 6pi z'Pl
320 2724. 35 I 2951-39646 5d56si a ^83- 39646§
300 2944. 40 I 2951-36904 5d^&s' a '83- 36904?

300 2946. 98 I 2951-36874 5d«6si a '83- 368743
280 2551. 35 I 0-39183 5d^6s2 a 5Do- 39183f
260 2681. 41 I 2951-40234 5d56s' a '83- 402341
260 2718. 90 I 2951-39720 5d56si a ^83- 397205
240 3617. 52 I 2951-30587 5d56si a '83--5d^6si6pi z

240 4302. 11 I 2951-26189 5d^6si a '83--5d^6s»6pi z

200 2656. 54 I 2951-40583 5d56s' a '83- 405831
200 2831. 38 I 2951-38259 5d=6s' a '83- 382591
200 3867. 98 I 2951-28797 5d'Qs^ a -5d^6si6p' z 'Dl
190 2896. 45 I 2951-37466 5d'6s^ a '83- 374661

160 2435. 96 I 4830-45869 5d^6s2 a 5D3- 458691
160 2481. 44 I 6219-46506 5rf*6s2 a 5D4- 46506^
160 3817. 48 I 2951-29139 5rf56s' a '83--5rf^6si6pi z sF|

150 4269. 39 I 2951-26367 5d56.s' a '83- 263671
140 2466. 85 I 3326-43851 5rf*6s2 a 5D2- 438511

130 3215. 56 I 6219-37309 5d<6s2 a 373091
120 2474. 15 I 6219-46625 5^4 6s2 a 466251
120 2547. 14 I 3326-42573 5#6s2 a 42573!
120 3768. 45 I 1670-28199 5d^6s2 a ^Di--5d'6s'6pi z sPf

120 3780. 77 I 2951-29393 5d56si a '83--5rf*6s'6p> z ^Yl

120 3835. 05 I 3326-29393 5d*6s^ a 6D2—-5rf^6si6p' z ^Pl
110 2459. 30 I 3326-43975 5d^&s^ a 6D2— 439755
110 4102. 70 I 6219-30587 5d*6s2 a 6D4—-5d«6si6pi z ''Ps
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A trxim

Energy
Levels
in K

3. 0 2001. 71 TT 3173-53114 1. 4 2328. 31 II 1519-44455
8 2008. 07 II 4716-54499 4 2331. 30 12162-55043
3. 0 2009. 98 1518-51254 1. 6 2331. 92
2.5 2010. 23 \\ 3173-52902 1. 6 2332. 76
2. 5 2014. 23 TT

3- 0 2333. 77 II 1519-44355

5 2026 08&_ W Cm VP'S \J W
TT 4716-54057 5 2341. 37 T 1670-44367

10 2029. 98 II 6147-55393 1.6 2343.13 I 17008-59673
2. 0 2035. 03 1.8 2347. 97 3326-45902
5 2049. 63 1519-50292 1 8 2349. 26 II

2. 5 2065. 57 TT 4716-53114 2349. 32 13307-55859

4 2071. 21 JT 3173-51438 3. 5 d 2350. 37 II

2. 5 2075. 59 II 8711-56875 2350. 46 4830-47362
12 2079. 11 6147-54229 9 2354. 61 6219-48676
5 2088. 19 1. 8 2358. 07 -L. \«y 1 ^ ^ §

3. 0 2089. 14 TT 4716-52567 1. 8 2358. 81 II 3173-45554

2. 5 2090. 48 18 2360. 43 J 3326-45678
9 2094. 75 II 1519-49242 26 2363. 06 I 1670-43975
4 2098. 60 1. 8 2364. 22 II

3.5 2100 67 0-47589 3. 5 2365. 45 0-42262
2. 5 2101. 54 3. 5 2365. 85 T 17008-59264

2. 5 2106. 18 J J 1519-48983 3. 5 2366. 18 J 4830-47079
2. 5 2110.34 II 8711-56084 3.0 2366.95 I 9528-51763
4 2118. 87 0-47180 5 2367. 68 1670-43893
5 2121. 59 3173-50292 3. 5 2370. 88 2951-45117
2.5 2153. 56 TT 6147-52567 1. 2 2311, 39 T 17107-59264

2. 5 2157. 80 T
J 4716-51045 1. 8 2374. 14 T 6219-48326

5 2166.32 II 4716-50863 18 2374.46 I 4830-46932
2. 0 2182. 90 6219-52015 3. 0 2374. 76 3326-45422
2.0 2194. 52 0-45554 3. 5 2376. 07 \ 15070-57143
7 2204. 48

•

T
J 6147-51495 1. 8 2376. 56 J 17107-59172

4 2248. 75 J J 0-44455 1. 8 2377. 03 J

4 2249. 84 I 1670-46105 8 2382. 99 I 6219-48171
2. 0 2270. 24 1519-45554 26 2384. 82 6219-48138
1.0 2271. 37 3326-47338 3. 5 2386. 17 17008-58904
6 2277! 58 T 0-43893 10 2389. 07 T 1670-43515

2. 0 2284. 90 T 1670-45422 5 2390. 37 II 7421-49242
4 2285*. 17 I 6219-49966 5 2392. 93 II 4716-46493
8 d 2294. 49 6219-49789 5 2395. 47

2294. 54 II 4716-48285 34 2397. 09 II 3173-44877
4 2298! 28 4830-48326 26 2397. 72 3326-45019

4 2303. 83 II 1519-44912 26 2397. 98 T 3326-45015
4 2306! 60 2951-46292 3.0 2399. 04 I 17107-58778
6 2309. 04 6219-49514 1. 6 2401. 29 6219-47851
8 2313. 19 0-43217 5 2402. 44 13778-55389
4 2314! 18 T 6219-49418 3. 5 2404. 24 II 8711-50292

3.5 2315. 02 II 3173-46355 2. 5 2405. 26 T 13349-54912
2.0 2318. 94 15070-58179 85 d 2405. 58 J 1670-43228
9 2321! 63 3326-46385 2405. 69 4830-46385
6 T T

1 1

8 d 2326. 56 6219-49188 3.0 2410. 63 6219-47689
2326. 71 3326-46292
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
truim

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3.5 2411. 54 II 17437-58892 120 2474. 15 J 6219-46625
17 2414. 04 3326-44737 30 2477. 80 II 6147-46493
34 2415. 68

{

1670-43054 90 2480. 13 1670-41979
3.0 2416. 23 6219-47593 4 2480. 65 \ 2951-43251
3. 0 2419. 34 II 20040-61361 40 2480. 95 J 1670-41965

^ 3.5 2420. 20 13778-55084 160 2481. 44 J 6219-46506
3.0 2421. 01 II 13412-54705 50 d 2482.10 I 2951-43228
8 2422. 28 3326-44596 2482. 21 12162-52436
2.5 2422. 66 \ 6219-47484 3. 0 2484.40 II 20040-60279

70 2424.22 I 4830-46068 60 2484. 74 12162-52395

16 d 2425. 98 J 13349-54557 13 2486. 30 J

2426. 07 I 19535-60741 40 2487. 49 I 4830-45019
10 2427. 29 15070-56256 28 2488. 77 II 7420-47589
15 2427. 49 II 3173-44355 12 2488. 91 6219-46385
14 2429. 39 II 40 2489. 23 II 4716-44877

13 2429. 84 6219-47362 7 2489. 72 J 3326-43479
10 2430. 44 I 14976-56109 8 2490. 84 I 17008-57143
50 2431. 08 3326-44447 8 2492. 93 II 14857-54959
55 2433. 98 J 4830-45902 7 2493. 39 12162-52256
5 2435. 01 II 20534-61590 65 2495. 26 J 1670-41734

160 2435. 96 4830-45869 24 2496. 64 II 4716-44758
2. 5 2436. 26 I 2951-43985 5 2496. 97 17107-57143

22 2436. 62 3326-44353 10 2497. 48 II 6147-46175
2.5 2437. 96 { 9528-50534 10 2499. 44 13349-53346
6 2442. 97 14 2499. 69 II 7420-47413

2. 5 2443. 33 19826-60741 4 2500. 11 II

10 2443. 62 I 17008-57919 16 d 2501. 78 2951-42911
55 2444. 06 1670-42573 2501. 90 II 13412-53370
15 2446. 39 II 7421-48285 1. 4 2503. 04 15070-55009
28 2448. 39 12162-52993 4 2503. 96 J

28 2451. 34 12162-52943 7 2504. 53 J 9528-49444
80 2451. 48 II 1519-42298 70 2504. 70 I 1670-41583
90 2452. 00 0-40771 4 2505. 38

{

3326-43228
44 2454. 71 I 15070-55796 10 2505. 65 12162-52060
65 2454. 97 4830-45551 28 2506. 03 J 3326-43217

80 2455. 50 6219-46932 2. 5 2508. 00 II

80 2456. 53 I 3326-44020 10 2508. 44 12162-52015
110 2459. 30 3326-43975 20 2508. 74

\

6219 — 46068
28 2460. 16 \ 6219-46855 26 2510. 16 15070-54896
20 2461. 57 12162-52774 8 2510. 47 II 19071-58892

50 2462. 79 1670-42262 3. 0 2512. 93

28 2464.31 I 3326-43893 14 2513. 93 I 4830-44596
10 2465. 20 17008-57561 9 2516. 58

^^^^^^ n/ooo17107 — 56832
24 2466. 52 II 1519-42049 6 2518.14 II 10593-50292

140 2466. 85 3326-43851 3. 0 2518. 50 12162-51856

8 2470. 80 II 20781-61241 10 2519. 88 J

8 2471. 21 17107-57561 32 2520. 45
\

15070-54733
50 2472. 51 4830-45263 6 2520. 98

10 d 2473. 69 14976-55389 80 2521. 32 2951-42601
2473. 82 0-40411 28 2522. 04 II 4716-44355
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
m K

Intensity
and

Char acte r

Wave-
length

Am A

Spec-
trum

Energy
Levels
in K

80 2523. 41
{

4830-44447 55 2571. 44 II 3173-42049
0 OCT-Z CO

X o u 9t^79 OACD 1 C, cH T T
1 I c VDjH D7jyy

8 2524. 81 I 13349-52943 2572. 35 II 13412-52276
14 2525. 68 I 20 2573. 53 I 13307-52153
10 2526. 42 I 6219-45790 8 2573.95 II 16553-55393

44 2527. 77 5 2575. 46 19828-58644
on
C.\i

ocoQ 79iLDdy, 1 c 1 7nnR _ c; Ac;97X / UUo — DODl. 1
1 A CD 1 / . \JC XDU / U — DjoOj

2.5 2530. 99 I 2951-42450 20 2579. 26 II
80 2533. 63 I 1670-41127 20 2579. 40 I 13307-52064
3.0 2533. 98 I 15460-54912 2579. 54 II 7420-46175

5 2534. 68 30 2580. 33 2951-41694
c
D T T

i X C.V 1 OX — OVC.X7 on 1 A7n /inzn iX o / u — nUtXX
9 2535. 10 1670-41104 14 2581. 06 I 12162-50894
7 2539. 31 I 19535-58904 4 2581.20 II 6147-44877
8 2541. 69 I 6219-45551 8 2583. 22 I

12 2543. 44 40 2584. 38 17008-55691
A CDOD, CC

60 2545. 34 I 3326-42601 11 2585. 43 I 13349-52015
120 2547. 14 I 3326-42573 4 2586. 34 I 3326-41979

3.5 2548. 15 I 6219-45452 5 2586. 64 I 4830-43479

3.5 2548. 57 12 2586.94 12162-50806
cD T T

1 X JX 1 J — Hc.J7\J X u "y^Rl 7ACDo 1 , 1

O

0Q^^ —A^cyDi. — HX 30^
4 2550. 10 II 40 2589.17 II 6147-44758

80 2550. 37 I 1670-40868 18 2591. 49 II 0-38576
14 2551. 00 I 3326-42514 7 2593. 38 I 2951-41499

280 2551. 35 0-39183 5 2596. 34
J), u CDDl, 70 1 71 n7 — c; A9RnX 1 xu 1 — -JD^OU 7 9CQA A7 XDHDU — D jyDy

18 2553. 16 I 4830-43985 8 2597. 73 I 17008-55492
46 2553. 82 I 4830-43975 7 2598. 42 I 17701-56175
42 2554. 86 II 0-39129 11 2598. 74 II 8711-47180

60 2555. 09 II 3173-42298 8 2600. 74 17107-55546
J J CO — H^tlJU JO 9Am zifi'^ n — A'\')^'\Ho

J

U — H^^DX
4 2556. 27 I 8 2602. 51 II

32 2556. 74 I 1670-40771 13 2602. 80 I 3326-41734
8 2557. 56 I 13349-52436 8 2603. 02 II 16553-54959

3.0 2558. 48 I 28 2603. 54 I 4830-43228
30 2560. 12 I 15070-54119 15 2604. 38 I 17107-55492
3.0 2560. 75 I 18 2605. 51 I 3326-41694
9 2561. 51 I 2951-41979 70 2606. 39 I 0-38356

75 2561. 96 I 4830-43851 8 2606. 90 I 17107-55455
2606. 98 II 8833-47180

24 2563. 16 II 17437-56440
ii T T

I J. JJ 9An7 "^R 1 A7n — zinm iX D / U — HU UX X

15 2564. 68 17008-55988 38 2608. 32 I 6219-44547
14 2567. 50 I 3326-42262 5 2610. 74 I

13 2568. 21 I 3326-42251 19 2612.19 I 19648-57919

10 2568. 56 2951-41872 100 2613. 07
{

3326-41583
8 2568. 98 \ 19648-58563 50 2613. 82 2951-41198

20 2569. 25 12162-51072 24 2615. 12 6219-44447
2569. 30 II 15147-54057 7 2615. 44 II 15147-55370

16 2570. 09 6219-45117 20 2618. 81 3326-41499
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

PA 9A1 Q 1 R
c. OX y» X O X_JU/U — D JL-JO 9nC\J u CO 1 1 , #7 T T A71 — AOr\AQH / i D — H^Uhv

D U 2620. 23 I 2951-41104 2677. 91 17701-55033
2622. 21 15070-53194 5 2678. 52 19826-57149

50 *tOJU *Tt. /XX Rn 9A7R RRCO 1 o, oo 9Qc;i — An9AQCyD± — HU^D7
10 9A9A 94 1 ZIQ7A — R'^flilPX*T//D JJUHt. 1 AX o 9ARn nA^DOU. UH 1 7nnR — ^A^i nX /UUO — DH^XU

a- OkC D 1 A7n — '^Q7n7XD/U — J/I\jI 9An^DU 9AR1 AT^ DoX, HX 9Qc;i —AOO'T.ACyDi. — HVCjH
PD A

\X 2628. 89 I 36 2683. 34 I 12162-49418
2629. 00 II 13412-51438 10 2687. 37 18974-56175

50 ^ O J ^. H y 1 91 AO _ qni '^7 9Ac o 9AQ1 nQ^D yX. U y AR'^n — Al Q7QHOJ U — HX y / 7

50 9AQ9 1 ACOvC, X D 1 RQ7A _ Al nflXOy /H — DDXUO

1 nn COJJ, J.J 1 A7n — '^QA*5t7X O / U — jyOJ

1

Rnou OAQC A7COyD, O 1 JJCO — HUHXl
JO 2636. 55 I 2951-40868 16 2697. 51 I 2951-40011
miJ u AU 2638. 61

J

19256-57143 26 2697. 71 II 1519-38576
cDJ)0. ID X jHDU d jjho 9nc u 9AQR RACOvO, Ot AR'^ n — AT H79HOJU — HLO 1

C

20 0 AZl"^ 1 ? 1 '^77R — m AnnXJI 1 O jXDUU Rnou OAQQ tinCOyy, Dy A91 Q _ A'^9c;iD^Xy — HJCDL

1 n PAZIA An _ A91 Q — AAOOn c;n!3U 97nn m^ / UU. UX 1 91 A9 _ AQl RRX^XD^ — H7X0O
2645. 69 I 15070-52856 5 2701. 48 II 14857-51863

ou 2646. 19 3326-41104 20 2702. 11 II 13434-50431
50 9AZ1A 7*1^ DH D. / H AR'^O — 49Am 9ACO 9709 "=19^ / \iC. DC i.yDjD DODC

1

20 okAi ^ n^DH /. XU A91 Q —A'^QR^ 1 nX u 97nA m^ / UD. UX
z '^'^9 A — An9 AQJJCO — HUjiDy

g7 OkAl inL.OH 1 , 1 H T T
X 1 c^n

_J u 97nA ciR^ I UD. ZjO
-

1 %%AQ — c;n9RRLj^Hy — D\jCOD
1 n
JL U 2649. 98 17008-54733 5 2707. 02

2652. 61 16431-54119 8 2707. 88 19256-56175
5 T T

I 1 97nR 1

R

C 1 uo. xo X DH JX — DJjHO
10 CODJ, D

1

T T
I i Al^ k — A9 "^Qn ^n

IJ u 97nR c;R^ r UO. DO 1 tin7n —m Q7QXIJU/U — 3X7/7

1 A 1 ^/lAn _ c;'^ 1 1 RX3HDU — DJi-LO ^nD U A
U. 97nR 7QC 1 \)0, 1 y 1 A7n — '^RR7AXD/U — JOD 1 0

1 n1 u AQ 2655. 55 2708. 92 I 4830-41734
2655. 67 II 8711-46355 10 2709. 58 II 14968-51863

200 9Qcn — /in^R*^^lyDX — H\jDOJ 971 n 7R^ / X u. / o T T
1 X 1 ^0%^ — ^^l 1 AI.OCJD DJXXH

50 cOD /. ^0 ^n_) u 971 ^ tinC 1 LD, D\J A91 Q — A'^D'^ADt-Xy HJ?UJH

AU T T 1 m Q — '^Ql 9QXjXy — jy i-Cy 1 nX u 9 71 A %">C 1 ±o, J c T TX X 1 AA'^A — Rl A'^RXHOJH DXHJO
2658. 19 19535-57143 10 2717. 53 14976-51763

xu 2660. 52 19256-56832 2717. 61 15070-51856
10 ^DDX. 3D 1 "^"^AQ — RnQnQJ^y ZJUyu/ 1 nX u 971 R OAC 1 xo. UH T TX X 1 A^qn — ^"^"^70

100 •^"^9 A — AnRAR 9An^ DU 971 R Qn^ / X O. / u 9qci ^'iqionC/Di. jy 1 c\j

1 u ^ DoJ. 1 AQl k — t^9 ^n'^XH7 1 O — DCD\JJ Antu 971 Q '^^ XOHJ^X JJX7H
on 2664. 32 I 6219-43741 26 2719. 86 I 2951-39707

2664. 34 II 17437-54959 20 d 2722. 68 14976-51694
32 ^oD't, 7D 1 A7n — "^Ql R"^XD/U — ^ 7Xoj> 9799 Rlc 1 cc, ox T TX X 1 m A7 — m RA'^X3XH/ -JXODJ?

20 OAAc; 77dooo, 1 1
A91 Q — A'^10^OCLy — HJ) / Ci. '^9n C 1 CH, JD 9Qc;i _ -^QAAACyDX J/OHO

Q7 OAAA /IQ T T 7A91 — AAQ1

9

/ HCx. — H^yLC 9AC D C 1 C H, DJ5 J AOi Q _ A9Q1

1

D^X y H

C

y X

X

C.'O 2669. 30 13349-50800 50 2725. 03 I 3326-40011
2669. 77 I 3326-40771 2725. 06

J

1670-38356
100 0^.71 /1

7

Afl'^n A'59c;iHo^U — HCCDX. 1 AX D 0101 Qc;c 1 c 1 m yD ATI Q —AOR^kocxy H^ouo
xU C.O 1 J, Dy T T

1 1 1 nX u 979Q A9C 1 Cy, OC T T
X X aa%% — A'^A'^100 H-JH-//

8 OA7/1 7n 1 nX u 01%% 1

R

t 1 J Jm XO J 9R9R — 4A1y-jco HOXU-*

5 2675. 13 I 13349-50719 5 2735. 97 I 19256-55796
5 o ^ "7 c /in

lib ID. 4U XDU /U — DCH^O c
D 97'^R nnC 1 JO» UU 1 AA'^l — ^0^A%XDHJX DCyH^

16 2675. 87 1670-39030 9 2740. 79 II 23804-60279
80 2677. 28 3326-40666 20 2743. 42 13349-49789

406



Tungsten — All Observed Lines

Intensity

Via T*a^t^T*

Wave-

in A111 Jrx.

Spec-
trum

Energy
J i \^ V C J. o

in K

Intensity
O.LWX

k\\ 54 T" 3 ^ ^"^ 1

Wave-
XCllgLfl

111 t\.

Spec-
trum

Energy
ijCveis

10 2744, 34 19828-56256 16 d 2827. 15 19648-55009
5 2746. 21 \ 2827. 28 J

10 2746. 74 I 15460-51856 32 • 2829. 82 I 13349-48676
80 2748. 85 I 4830-41198 5 2830. 29 I 12162-47484
20 2753. 05 200 2831. 38 I 2951-38259

10 2754. 92 I 13349-49637 100 2833. 63 I 6219-41499
5 2755. 26 I 17107-53390 26 2835. 64 I 2951-38206

10 2755. 94 I 4830-41104 10 2836. 25 I 19648-54896
5 2760. 03 I 15070-51291 14 2837.34 I 1670-36904
5 d 2760. 74 II 19277-55488 5 2837. 76 I 18117-53345

2760. 84 I 13307-49517
5 2838. 89 15070-50285

10 2761. 59 II 8711-44912 16 2839. 34 \ 9528-44737
50 2762.34 0-36190 50 2841. 57 I 4830-40011
50 2764. 27 II 0-36165 5 2842. 56 I 16431-51600
26 2768. 98 I 1670-37774 10 2843. 78 I

50 2769. 74 4830-40924 20 2847. 82 3326-38430
100 2770 88 \ 2951-39030 100 2848. 03 \ 2951-38053
26 I 20 d 2849.46 I 19828-54912

100 2774. 00 I 4830-40868 2849. 56 I 13307-48390
100 2774. 48 I 6219-42251 16 2850. 80 I 15070-50138

20 2776. 50 II 14857-50863 5 2852. 91
\5 2778. 69 II 16590-52567 10 2853. 49 15460-50495

20 2779. 72 16431-52395 5 2853. 84 I 3326-38356
10 2780. 28 I 19535-55492 10 2855. 35 I 13307-48319
20 2783. 12 I 19535-55455 80 2856. 03 I 1670-36674

5 2785. 88 18974-54859 10 2857. 13 14976-49966
26 2787. 98 \ 3326-39183 20 2858. 04 \ 6219-41198
16 2789. 07 I 19648-55492 16 2863. 01 I 1670-36588
5 2789. 68 I 4830-40666 16 2863. 88 I 19826-54733

42 2791. 95 I 12162-47969 80 2866. 06 I 3326-38206

100 2792. 70 2951-38748 5 2866. 37
\

4830-39707
10 2796. 15 \ 4830-40583 5 2870. 90 13349-48171
5 2797. 20 I 13778-49517 16 2871.37 I 4830-39646

10 2799. 03 II 15147-50863 16 2875. 21 I 12162-46932
50 2799. 92 I 3326-39030 28 2878. 72 I 3326-38053

20 d 2801. 05 II 13434-49125 75 2879. 11
\

2951-37674
2801. 17 12162-47851 75 2879. 39 0-34719

10 2802!95 I 13778-49444 5 2880. 63 I 6219-40924
10 2804. 01 I 6219-41872 11 2884. 18 I 19648-54310
16 2804. 24 I 16431-52081 11 2887. 66 I 13349-47969

10 2804. 67 17701-53346 5 2893. 12 17701-52256
16 2805 63 \ 18117-53749 5 2894. 25 \ 13778-48319
16 2805. 92 II 16235-51863 55 2896. 01 I 1670-36190
10 2807. 72 I 19254-54859 190 2896. 45 I 2951-37466
8 2808. 57 I 6 2900. 52 I 13778-48244

5 2812. 25 II 13434-48983 6 2901. 78
{

17701-52153
5 2813.13 17701-53238 6 2907. 26 18117-52503

10 2815.45 19535-55043 11 d 2908. 26 16431-50806
100 2818. 06 6219-41694 2908. 40

20 2822. 57 II 13412-48831 11 2909. 12 9528-43893
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

28 2910 48 3326 — 37674 24 3009 08^ \J\J f % \J\J y 48'?0 — '^80'i'^

34 2911. 00 I 0-34342 44 3013.79 I 4830-38001
11 2915.11

J

14976-49270 65 3016. 47 6219-39361
0Q1 t; eg 95 3017 44^ VJX / « *TT 9gn;i _ 36089
2917 T8974 — 53238 13 3024 50 T TX X 1 1 301 —443cm

44 2918 25 y f,21 9 — 40476 26 3024 92 y 1 670 — "^471 9

6 2918. 63 II 11301-45554 A 3026. 68 I 19826-52856
44 2923. 10 4830-39030 3026. 78 13778-46806

292^ 54 20 30'^'^ 58 1 ?! 62 — 4'^l 1 7

2925 1

2

J 1 5460 — 49637 20 30^4 20 y 1 g896 — ^2774

2926 98 J 17701 _ t51856 20 3039 31 y

6 2927. 93 I 18974-53118 55 d 3041. 74 I 15460-48326
11 2928. 19 3326-37466 3041. 87 3326-36190
A 2928 66 13349 — 47484 34 3043 81 4830 — 37674

1 n 29'^n 1 5 J 1 5070 — 49188 55 3046 45 y 1 670 — ^4486

O J. 0034 gg J 1670-35732 14 3048 66 y 18280 — 51072
6 2935. 62 I 15460-49514 10 3049. 00 I

12 2936. 00 6219-40269 100 3049. 69
J

2951-35732
\j 2936 67 7 3054 01 9528 — 42262

1 2X c 9937 14 y 1 9826 — 53863 14 3064 94 y 3326 — "^5943

1 7X / 2939 04 J 6219-40234 22 3073 28 y 6219-38748
6 2941. 24 I 13349-47338 14 3077. 52 II

300 2944. 40 2951-36904 22 d 3084. 82 17107-49514
^ u u 2946 98 \ 3084 91 J 3326 — 35732

2947 38 J 4830-38748 3089 06 y

2A pgco og TTX X 14968 — 48831 12X c.
n 3089 18 J 14976 — 47338

12 2954. 90 3089. 31 I 2951-35311
12 2960. 14 13307-47079 8 3090. 58 19254-51600

2964 52 ogc;i —36674 46 3093 51 4830-37146
1 2X c 2966 57 J 1 71 07 — 50806 8 3105 88 y 19828 — 52015

uQ 2967 07 J 1 71 07 — 50800 30 3107 23 J 3326-35499
6 2967. 55 I 15460-49148 30 3108. 02 I 2951-35117

10 2969. 62
J

13778-47443 U 3111.12
J

15460-47593
1 RX o 2971 67 1 670 — 35311 28 3117 58^ X X f a 13307-45374
1 RX o OQIO QO 1 01 62 —45790 32 3120 18 J 621 9 — 38259

X £. y 20 ^ X J^ % 07 J 1 3778 — 45678
60 2977. 10 I 19648-53228 1 6X u 3141.42 I 12162-43985

2977. 21 3326-36904 8 3149. 85 II 13173-44912
OQIQ 10Cv 1 y , 1 C 8 31 g6 1 6431 —481 38

L./I /. OD y "^"^26 — "^6874 8 31 55 10J X ^^ % X\} y 1 8280 — 49966

1 Rxo 29R2 (^^^ / 0^. ox y 1 9?';6 — 52774 12X L. 3159 18J X ^ / % X\J y 13778_4i;422

12 2984. 14 I 6219-39720 36 3163. 42 I 15070-46672
19 2990. 51

}

4830-38259 16 3x64. 44
J

13349-44940
o oggn 71 6?l 9 — "^9646 16 3165 38 18117-49700XUXXf t / 1 \J \J

pgg^ AlC y OX y 6?l 9 — 3961 4 8 3167 58 J

2995 ?hL-//^% L.KJ y 4830-38206 12 3170 20 y 2951-34486
24 2997. 79 3326-36674 40 3176. 59

\

1670-33141
A 3000 24 \ 19535-52856 16 3179. 06 17701-49148

10 3001. 98 13778-47079 8 3180. 74 13307-44737
6 3002. 82 19826-53118 24 3181. 81 16431-47851
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Tungsten — All Observed Lines

Intensity Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Wave-
length

i "n A

Spec-
trum

Energy
T \r(^ 1 Q
1 1*" V C X o

i-nilX XV

16 3184. 04
}

18117-49514 20 ?>^11, 95
16 3184. 42 3326-34719 10 3481. 82 \ 19256-47969
8 3189. 24 II 15147-46493 50 3495. 25 I 19648-48251

48 3191. 57 0-31323 20 3508. 74 I 3326-31818
48 3198. 84 1 4830-36082 20 3510. 03 I 2951-31433

65 3207. 25
\

2951-34122 10 3521. 91 13349-41734
17 3208. 28 3326-34486 20 3526. 85 { 13349-41694

130 3215. 56 I 6219-37309 20 3535. 55 I 13307-41583
17 3221. 21 I 18117-49152 20 3537. 45 1 15070-43331
17 3221. 91 I 3326-34354 80 3545. 23 I 0-28199

24 3232. 49 6219-37146 10 3554. 21
J

4830-32958
10 3232. 65 \ 15460-46385 20 3568. 04 15460-43479
17 3237. 09 I 9528-40411 30 3570. 66 I 3326-31323
17 3242. 02 1 21449-52285 10 3572. 48 II 10593-38576
17 3252. 29 I 20 3575. 23 17008-44971

26 3254. 36 15070-45789 10 3575. 98 13778-41734
17 3259. 44 \ 18117-48788 10 3590. 83 { 15070-42911
26 3259. 66 I 4830-35499 10 3592. 42 II 11301-39129
26 d 3266. 62 30 3606. 07 1670-29393

3266. 76 19535-50138 10 3607. 07 1 19826-47541

18 3281. 94 10 3613. 79 II 14634-42298
18 3293. 71 { 12162-42514 240 3617. 52 2951-30587
90 3300. 82 I 4830-35117 20 3622. 34 I 19256-46855
55 3311. 38 1 2951-33141 16 3627. 24 1 13307-40868
9 3316. 09 1 1670-31818 40 3631. 95 1 1670-29196

9 3320. 37 9528-39637 30 3641. 41 II 8711-36165
55 3326. 19 J 6219-36275 10 3646. 52 II 14634-42049
55 3331. 67 I 2951-32958 10 3651. 00 17008-44390
9 3345. 09 I 10 3657. 59 II 8833-36165
9 3345. 86 I 13349-43228 12 3663. 36 16431-43721

18 3354. 45 4830-34633 10 3667. 72 18117-45374
9 3363. 34 \ 6219-35943 10 3668. 66 \ 19256-46506

19 3371. 05 I 4830-34486 12 3674. 58 I 19648-46855
10 3371. 35 I 1670-31323 20 3675. 56 I 12162-39361
48 3373. 75 I 3326-32958 10 3679. 61 I 15070-42239

10 3388. 83 21449-50949 80 3682. 09 6219-33370
10 3391. 10 { 15460-44940 50 3683.31 J 18280-45422
10 3391. 53 I 15070-44547 3683. 39 I 15460-42601
10 3398. 10 I 19256-48676 20 3683. 94 I 19535-46672
10 h 3408. 38 I 10 3684. 66 I 19254-46385

19 3412. 96 4830-34122 70 3688. 07 19648-46755
19 3413. 54 { 2951-32238 10 3699. 42 \ 19648-46672
19 3422. 43 I 10 3702. 32 I 14976-41979
19 3427. 72 I 13349-42514 10 3703. 36 1

28 3429. 60 1 19535-48685 95 3707. 93 1 2951-29913

30 3443. 01 12162-41198 7 3714. 24 17008-43924
. 10 3448. 83 \ 15460-44447 7 3714. 86 {

10 3463. 25 2951-31818 7 3715. 05 20428-47338
10 3468. 40 13778-42601 7 3716. 08 II 15147-42049
10 3475. 84 12162-40924 10 3717.10 17701-44596
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
T vpI ^

in K

12 1 "71 Q An l"7in"7 A1QQC
1 /iU / — 4^700 1 /16 3859. 29 18117 — 44020

10 3722. 25 I 19648-46506 8 3861. 06 { 14976-40868
10 3730. 43 19826-46625 4 3861. 24 I 12162-38053
o 3736. Ic

T T
II icsUUi —44 /bo 20 3864. 34 000/ OOTO/3326 — 29196

3. 5 1~I1Q AO3739. 4o 1 o n AC ni

c

7 3866. 05 T'5'7~70 00/0"713778 — 39637

14
1"7 At "71
3741. 71 i4V lb — 41674 o n n^00 ^ o 7 no3867. 98 2951 — 28797

9 3742. 68 22477-49188 28 3872. 83 \ 3326-29139
8 3749. 66 12 3874. 41 19648-45452
4 37d1. 43 17^34 —457U<: oo •2 07 C ^ O38 lb. 68 1 /IQ7Z /in77114976 — 40771
4

o "7 c "7 n n3/57» 09 6219 — 32o2o o noU ^ O Ol Q3881. 39 /I o<3 n '2nco74830 — 30587

60 3757. 92 A01(\ 1'\ All4830 — 31433 4 3883. 83 1 oion yi/innn18280 — 44020
80 3760. 13 3326-29913 4 3890. 74 \ 18280-43975
3.0 3761. 61 I 18974-45551 12 3892. 72 I 13349-39030
8 3764. 31 19828 — 46385 1 c u15 n 1 on7 ni3897. 91
8 3767. 85 19256 — 4579U 4 3901. 83 18974 — 44596

120 3768. 45 1 Z.7A OOl QQ1670 — 28199 4 29 /73 — 55381
14 3769. 21 14976-41499 8 3905. 97 I 19828-45422
14 3769. 87 I 15460-41979 8 3918. 60 I 12162-37674
8 3772. 42 20983 — 47484 4 ono A in3924. 37 0 n /1 0 0 yicnno20428 — 45902

40 O "7 "7*2 "7 n3773. 70 1 "2770 /inOZ.Q13 / /o — 4UZ67 /I

4 "IQO/l 7niycHt /O 10Q7/1 /I/I/I/17lo7 /4 —4444 /

9 3778. 59 19648 — 461U6 4 3926. 03 1 c /I ^n yi OQO/i13460-407^4
9 3778. 68 18280-44737 7 3930. 25 I 19826-45263

120 3780. 77 I 2951-29393 9 3930. 48 I 14976-40411
6 3783. 73 l7<:56 — 4b6 / o

/I

4 IQI n Q737^0. 7 /
1000*2 Aicy c

4 O "7 O 1 O3786. 3o 17008 — 43411 1 i.16 ^7^3. 04 1 ^77Q "ZQI 0^

20 O ~7no "7*7
3792. 77 13349 — 39707 4 37:)6. ^3 10117 /i^mcloll / — ^JDID

10 3794.34 15070-41417 13 3936. 98 J 18974-44367
4 3796.28 I 19535-45869 4 3937. 63 I 19535-44924
8 3801. 52 13349 — 39646 4 Q A A^7P7. 44

10 3801. 92 19256 — 45551 1

1

13 ^ 0 yi 7 no394 /. 98 1 Q^/l Q /I yi Q71l764o — 447 /I

3. 0 3804. 08 19826 — 46106 1 "2

13 '2 Q C 03952. 52 147 /6 — 40<i67

34 3809. 23 2951-29196 13 3952. 90 I 19256-44547
22 3810.38 I 18117-44353 18 3953.16 I 19828-45117
30 3810. 80 T O "7*7 O flOm T13778 — 40011 O O22 'a 0 c c 0 T l764o — 447^:4

4
o o n r" "TO
3815. 78 oo

'2 Q C 0 00 1*2770 "200*2013 / /o — 37O3O

8 3816. 39 19256 — 45452 9 3962. 33 1 7nno /ioo*2Q
1 /OOo — 4^<i37

160 3817.48 2951-29139 9 3964. 99 6219-31433
4 3820. 11 I 16431-42601 18 3965.14 I 22477-47689
4 3824. 15 18974 — 45117 14

•2 n / 0 c n3968. 59 IQOC^ A A A A~7LVCDO — 4444 /

11
o n O /I o o
3824. 39 19648 — 45790 9 3969. 20 l7o^:o — 4l3UlD

11
O O / TO
3826. 19 Tf~0"70 yinioo15070 — 41198 17 U17 n 0 Q7n on

j>v IV, oO

12 3829. 13 { 1670-27778 9 3975. 46 J 12162-37309
4 3834. 04 I 19828-45902 5 3975. 89 I 17107-42251

120 3835. 05 3326 — 29393 14 '2 n7Q OQ3979. 29 1 iir\i "2 D/i *2n1330 / —30430
32 3838. 50

TOT/O OOOO/12162 — 38206 1 A14 *2 Q on ^ /IiVoO. 64 1 ODO A A AQA nl7o<:6 — 4474U

10 O O o o o3842. 30 6219 — icc3o /I

4 jyoc, 0

/

1 Dl 1 7 —0.1,0'] 7loll /
— HjCX 1

80 3846. 21 I 1670-27662 10 3982. 96 I 19254-44353
28 1 O A~7 AQ U — ^D7o4 onCO '2qO'2 OQ^70^. ^7

3.0 3851. 57 II 13173-39129 9 3991. 22 21449-46497
16 3855. 54 13778-39707 8 3992. 75

410



Tui^sten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

r
b 3993. 90 23047 — 4o07o 11 4125. 18 16431—40666
r
D 3997.13 { 18974-43985 17 4126.80 { 19254-43479

3998. 16 I 21454-46458 6 4132.21 I 19828-44020
8 3998. 76 18974 — 43975 11 A1 11 AO4133. 48 T A C 0 C yiOTAT19535 — 43721
9 h 4000. 69 0 4136. 35 T OAOA yi A yi C A18280 — 42450

Q7 4001. 37 12162 — 3 /146 Z. A60 4137. 46 3326 — 27488
QO 4005. 40 } 1670-26630 17 4138. 02 } 13307-37466

4008. 75 I 2951-27890 10 4138. 30 I .19828-43985
5 4010. 38 23047 — 47975 6 ATm 1^4139. 32 16431 — 40583

60 4015. 22 19648 — 44547 12 4142. 26 T OT T "7 yiAACT18117 — 42251

ly n /I AT / n ^4016. 53 15 Al A C T Z.4145, 16
24 4019.23 \ 3326-28199 12 4145. 95 J 12162-36275
14 4022.12 I 19535-44390 6 4149, 44 I 19648-43741
20 4028. 79 9528 — 34342 T 018 yi T c ^ / 04154. 60 TAOOA yiO^CA19389 — 43452
5 4035, 36 15460—40234 6 yi T A A yi4160, 04 AAAO'3 yiCAT C20983 — 45015

4036. 86 19256 — 44020 5 /IT Z. A *y c4160, 35 AAyi^~7 A r\/22477 — 46506
15 4039. 86 J 18974-43721 10 4168, 66 J 18280-42262

4040. 59 I 19648-44390 18 4170, 54 I 18280-42251
5 4043. 89 19254 — 43975 50 A 1 "71 1 04171, 18 yi 00 A AOTAT4o30 — 2o797

15 h /I A ^ ^ 'I A4044. 29 A Z. A 0 A CAA/IA26230 — 50949 /
0 /IT OA 0/14180, 24 TAOAZ. yiOTyiT19826 — 43741

iUU 4045. 60 oncT 07Z.^02951 —27662 6 AT 0*1 L~l4183, 67 T OAOO yi T A"7A18083 — 41979
iU 4046. 70 { 13349-38053 10 4183, 83 { 19826-43721
b 4047. 94 I 1670-26367 5 4186, 02 I 17701-41583

10
>l A l~ O C\ A
4053. 94 T y!A"7Z. '3AZ-'3"714970 — 39637 5 /IT A A i^L4199. 63 T "71 A~7 yiAAT A17107 — 40912

5
A r\ / f\ "7T4060. 71 19828 — 44447 0 yi A A A A'2420U, 03 TZ.^'iT yiAA^yi16431 —40234

Af\/A TA
4064. 79 19256 — 43851 1 A10

yi 0 A U OA4203, 82 TATZ.A "iCA^O12162—35943
16 4069. 80 } 19826-44390 18 4204, 41 } 19256-43034
o n 4069. 95 I 4830-29393 24 4207, 05 I 19648-43411
38 /I A "7 A / T4070. 61 T/"7A OZ.AOA1670 — 26230 12 /I oi n 004215, 38 TACOC yiOACT19535 — 43251
11

>l A "7T AO
4071. 93

TCyi/lA /lAATT15460 — 40011 0 4218, 56 TOAOA ^TA"7A18280 — 41979

Q7
/I A ~70 T C
4073. 15 15070 — 39614 Zo 4219, 38 ZAT A AAA! O6219 — 29913

c c n 4074. 36 { 2951-27488 12 4222, 06 J 15070-38748
lb 4082. 97 I 19256-43741 6 4224, 76 I 23930-47593
14 4088. 33

0 A / A~7~7"703326 — 27778 5
yi A A / 0 yi4226, 34 TAACZ. yiAATT19256 — 42911

5 4088. 77 19535 — 43985 6 .1 A A / AA4226, 92 TOAOO yiTTjyi18083 — 41734

ii y| AA ET "7 A4095. 70 T "7AnO /II /IT "7
17008 — 4141 / 0 /I A "2 '2 A A4233, 00 1 Ol T "7 /IT 11 A18117 —41 734

b 4097. 67 } 18117-42514 16 4234, 35 { 19256-42866
4 4099. 03 I 19535-43924 32 4241, 45 I 15460-39030
5

yi T AT AC
4101. 85 6 yi A /I 'I /\4243. 64

110 4102. 70 /ATA *3ACO"76219 — 30587 60 4244. 37 Z.AT A AATTJ6219 — 29773

6
A-y t\c\ v~ ^
4108. 53 TOTT~7 /lA^CA18117 — 42450 6 yi A yi A /I /4249. 46 13349 — 36874

16 4109.76 { 13349-37674 6 4258.53 17107-40583
6 4110. 57 I 18280-42601 32 4259.36 I 21449-44920

11
yi T T T m
4111. 81 1670 — 25984 6 yi A C A A /I4259. 94 T"7AAO yiA^~7Z. 117008 — 40476 1

6 4115. 59 15070 — 39361 22 yi A / A AO4260. 29 T OT T ~7 ^T COO18117 — 41583

17
yi T T 0 A r*

4118. 05 T oA~7/i yi 0 A

m

18974 — 43251 22 yi A z. 0 OA4263. 32 AoA/i"7 yi/yiA~723047 — 46497
11 4118.18 13778-38053 6 4266.54 I 23930-47362
11 4120. 86 15460-39720 150 4269. 39 2951-26367
6 4122. 02 18974-43228 12 4269. 78 18280-41694
6 4123. 06 15460-39707 6 4273. 69 22477-45869

411



Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

24 4274. 55 I 20064-43452 15 4466. 35 I 13349-35732
18 4275. 49 I 18117-41499 15 4466. 73 I
1 o /I O "7 ^ "7 C

"id. lb, ID 173^3 — 4^7ii A A~I A Ci A4474. 04
12 4282. 34 { 19256-42601 5 4481. 28 {

5 4284. 96 I 19535-42866 70 4484. 19 I 1670-23965

12 4286. 01 I 13349-36674 5 4489. 02 I

12 4294. 10 I 13307-36588 5 4492. 33 I 17107-39361
/I c n noon AT ^VdI — Zb^^U n

y A G "7

447^. "7 / i7^D4 — 41477
240 4302. 11 \ 2951-26189 9 4494. 51 { 19256-41499
18 4306. 88 I 24763-47975 5 4495. 30 I 15070-37309

12 4307. 64 I 19826-43034 3.5 4498. 47 I 18974-41198
6 4316. 81 I 4 4504. 17 I

b ^ PC 1 , Hi. 1 Q 43114. ob
9 4330. 66 I 19826-42911 14 4512. 91 I 18117-40269
9 4330. 97 I 19828-42911 13 4513. 30 I 13349-35499

12 4332. 13 I 14976-38053 4 4519.17 I

5 4345. 84 I 18974-41979 4 4529. 76 I 22477-44547
ii /1 7 /1 7 nn 17^1 _)4 — 4c^-5i 4 /] c a n A-j 101AO I/IOOQ

5 4347. 51 I 19256-42251 7 4534. 71 I 19826-41872
6 4348. 12 I 20983-43975 9 4535. 05 I 19828-41872

17 4355. 16 I 12162-35117 7 4536. 66 I 21856-43893
11 4361. 82 I 6219-29139 4 4542. 89 I 15460-37466

/I 1 ^ /I 7Q jjcb — d.oc3\j T -7

4d4^. Di 01/1/1Q A1AC0^11447 —HJHD/i
11 d 4365. 96 { 28393-51291 17 4546. 49 { 18280-40269

4366. 07 I 18974-41872 16 4551.85 I 13349-35311

17 4372. 53 I 3326-26189 4 4556. 87 I 23930-45869
22 4378. 49 I 4830-27662 4 4558. 97 I 18083-40011

moH. ob i34bU — ^OiiDV n
4

/I C C Q IT 1 A Q"7 A "2 AQn/1147 / b — 3b7U4
6 4389. 84 \ 19828-42601 8 4563. 59 \ 19828-41734
9 4394. 08 I 18117-40868 4 4565. 32 I 14976-36874

11 4403. 95 I 15 4570. 66 I 23047-44920
22 4408. 28 I 26676-49355 4 4578. 34 I
T /I14 /I /1 1 o on44i^. c\i

6. OCQO/1^Jilb — ilt3704 /I4 4D /7. /

U

5 4415. 08 \ 18280-40924 7 4586. 85 { 9528-31323
5 4418. 45 I 20428-43054 19 4588. 75 I 26189-47975

10 4420. 47 I 19256-41872 8 4592. 42 I 19648-41417
9 4423. 78 I 22853-45452 6 4592. 58 I 13349-35117
cD io^oU — 4Uobo /I C^QQ Q

A

4^77. 7b CH lOJ — 4b47 /

18 4436. 90 \ 20983-43515 3.5 4600. 44 { 18280-40011
5 4438. 30 I 18974-41499 15 4609. 92 I 15460-37146

8 4441. 81 I 17107-39614 18 4613.32 I 6219-27890
10 4445. 15 I 14976-37466 2.5 4614. 86 I 19535-41198
10 1 OT ^0 1A ^.1.1 3. b 4b^U. DD

\

xyOjO — 4ii /

i

5 4450. 36 \ 22477-44940 3.0 4623. 69 16431-38053
4 4455. 46 I 19256-41694 6 4634. 81 I 16431-38001

4 4456. 11 I 3.5 4641. 80 I 4830-26367
5 4458. 09 13307-35732 10 4642. 56 13778-35311
4 4458. 30 J 19828-42251 3.5 4643. 15 { 20983-42514

15 4460. 50 13778-36190 3.5 4646.15 19254-40771
8 4463. 50 23930-46328 13 4657. 44 27890-49355

412



Tungsten — All Observed Lines

Intensity
and

Character

Wave-
iengtn
in A

Spec-
Energy
Levels

trum . „m is.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

65 4659. 87 I 0-21454 1. 6 4902. 97 19256-39646
2 5 4661. 23 I 22477-43924 2 5 4910. 74 19256 -39614
3.5 466l! 97 I 15460-36904 3.0 4916! 18 I 14976-35311
4 4668. 46 I 15460-36874 4 4931. 56 I 15460-35732
5 4676. 63 I 19535-40912 3. 0 4953. 09 I 19828-40011

6 4677. 69 I 19826-41198 3. 5 4957. 37 13778-33944
3 0 4679. 04 I 18280-39646 1 4 4972. 57 J 19256-39361

65 4680! 52 I 4830-26189 5 4979. 85 I 18280-38356
4 4683. 54 I 19826-41171 20 4982. 60 I 0-20064

10 4693. 73 I 2bblb-^1915 3. 0 4983. 54 I

3.0 4698. 63 I 19828-41104 2. 0 4984. 72 18974-39030
5 4700 41 I 6219-27488 6 4986. 94 J 15070-35117
3. 0 4702. 47 I 18974-40234 2.0 4989. 09 I

2.0 4706. 17 I 16431-37674 1.4 4994. 10 I

2.5 4710. 34 I 1.4 4995. 32 I 22853-42866

2.5 4711. 19 I 19256-40476 1.4 5002. 80 20428-40411
4 471 2 49 I 14976-36190 30 5006 16 6219-26189V_/ L. J. / t— W J- w /

2.5 4716, 86 I 17008-38203 20 5015.32 I 4830-24763
2.5 4718. 63 I 23930-45117 5 5040.36 I 13307-33141
2.5 4720. 40 I 13307-34486 2.0 5052. 23 I 20983-40771

5 4725. 14 I 19254-40411 75 5053. 30
J

1670-21454
« 4729 65 I 13349-34486 19 5054. 61 1670-21449
2.0 4745. 57 I 18117-39183 2.5 5055! 53 I 22477-42251
3.0 4752.21 I 18974-40011 19 5069. 15 I 3326-23047
3.0 4752. 58 I 13307-34342 11 5071. 73 I

2.0 4753. 39 3.5 5110. 36
J

15070-34633
1 4 4757 55 I 2951-23965 3 5 5124. 24 14976-34486
2.5 4757.78 I 15070-36082 3.0 5130.11 I 23965-43452
2.0 4758. 21 I 23930-44940 3.5 5138. 40 I 28233-47689
1.8 4767. 78 I 4 5145. 77 I 20983-40411

3.5 4773. 91 I 13778-34719 1. 6 5153. 53
JX. u 4780 52 3 0 5183. 97 18974-38259

2.5 4787. 94 I 13349-34229 4 5192. 72 I 14976-34229
2.0 4788. 43 I 16431-37309 2. 0 5195. 63 I 25984-45225
2.5 4797. 55 I 19828-40666 4 5203. 26 I 19535-38748

8 4799. 92 I 19648-40476 5 5204. 51 20428-39637
5 4807 37 I 12162 — 32958 5 5206. 19 19828-39030
2.0 4816.11 I 19254-40011 4 5212! 79 I 28797-47975
2.0 4816. 82 I 28600-49355 70 5224. 67 I 4830-23965
2.5 4835. 02 I 20428-41104 3. 0 5233. 54 I 19254-38356

80 4843. 83 I 3326-23965 7 5242. 99
J

16431-35499
4 4R^4 09 T 13349 — 33944 3 0 5254 54 15460-34486
2.5 4863. 08 I 22477-43034 4 5255. 42 I 22477-41499
2.5 4878.28 I 18083-38576 6 5259. 36 I 27488-46497

38 4886. 91 I 6219-26676 1.2 5263. 21 I

1.6 4888. 39 I 13778-34229 4 5275. 55
{

19256-38206
1.6 4890. 29 I 16431-36874 2.5 5318. 87 27662-46458
1.6 4890. 89 I 20428-40868 2. 5 5337. 37 26189-44920
3.0 4892.44 I 22477-42911 4 5348. 95 26230-44920
3.0 4902. 32 I 19254-39646 3.0 5350. 44 29393-48078

413



Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

^"^ Levels
trum m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

T 9777R— ZlAZmR1 C 1 1 1 O — 'tb'+30 1 Ai. 4 c;A7A Q73b / b. 73 1 77m 1 C7T 1
1 / / Ui —33311

2.0 5354.46 I 9528-28199 1.4 5697. 82 I 13778-31323
1.2 5355. 26 I 19535-38203 0. 6 5723. 06 I 25984-43452
1. 1-

T 1 <^A An 991 13H-bU — 341 AA c3 c:77C no3 /33. U7 A /4oo — 44920
i. c. D^bo, /U T 9Q9H AAQt^c;1 AOA33 — 4bo33 n cU. 3 c;77Q An3 /37. bU 70070 /lOAC/3AA30 — 47636

C., U / H. lb T 9nA9fl iQnm1 aUHAO — 37U3U n Au. b C7A7 9A3 /4 /. Ab 7nA07 /ion7o3Ubo3 — 4oU /o
2.0 5388. 02 I 19648-38203 1.2 5749. 22 I 30587-47975
1.4 5397. 97 I 19254-37774 0.5 5754.57
1 ni. u T 99A77 AnQ9A 1 ni. u c;7CA no3 /3b. U7 1 CAAn 79DOOl34oU — 3AOAO
u. b T "iO ATI A nOI 9 n Au. b 3 / 37. b3 9Q1 7Q AA/1Q7A7I37 — 4o47 /

u. b T 1 QQ9Q 1B9C;Q1 i70A0 — 30A37 1 9i. A 3 / 73. U /
97AA9 /1/IQOnA / bOA — 447AU

DH^D. Ub T 1 A7n _ 9nnAA1 ib/u — AUUbt 1 91. A i;7QA c;i3 /7b. 31 171 n7 7 /I 7 C /I1 /lu / —34334
1 n bi T 1 71 n7 "X^AOQ1 i/lU/ — 33't77 n Au. 4 3 / 77. 33 177/lQ 7nCD71334V —3U3O /

U. o i^AAn noDHHU, Uo T 1QQ9A 1Q9m1 i70Ab — 30AU3 /I4 COnA D73oU4. 0/ 0A07n ^7/lCOAOA3U — 4343A
c;/ic;a t;Q

1 A373U — '+AA3i 19 A1. A a coriA n73oUb. U /
1 OOOn 7C/IQQlOAOU — 33477

conA 973oUb, A /
9Q977 ACACOAOA33 — 4343A

U. o

1.0 5475. 11 I 28199-46458 0. 6 5822. 60 I 22477-39646
3.5 5477. 80 I 9528-27778 1.2 5833.59 22477-39614
1 /Ii. 4 !34ob. Ui T 71 All AQAC^A1 3x433— 47b3b 1 91. A 3030. 77 1 71 n7 7/lOOQ1 / lU / — 34aA7
n Q c:/io"7 7Q T AQ7n 97nA7 1 Ai. b CQAK 9A3043, Ab 9Q7Q7 /IAAQ7A7373 — 4o47 /

b t;/iQ') 79347^. 3/1 T 9Q777 A7Q7C:
1 A7//34/7/3 9 AA. b COCl CA303l. 3b 9A7A7 /I7/1C;9Ab3b / — 4343A

0.9 5496. 24 I 22477-40666 1.0 5856. 62 J 20983-38053
2.5 5500. 51 I 19826-38001 2.0 5864. 63 I 19828-36874
o c
c-, O 33U3. 43 T 1/1 Q7A 771 Al1 i47/b — 33141 1 n1. U CQ7A 9730 /4. A3 1 Q9CA 7A97Cl7A3b — 3bA /

3

n Q ccno A13 3UO. b3 T 9nA90 7QC:7A
1 aU4aO — 303/b n QU. 0 CQ7t; AA30

/

D, 00 1 71 n7 7A1 991 /lU/ — 341aa

c;c;i A 7n T 779A 91 AC.A1 33Ab — Al'+3H 1 9X. A C^QOn 99300U. AA 7A199 CI 197341 AA — 3llA3
0. 8 5521. 01 I 18083-36190 1.2 5891. 61 I 18974-35943
1.4 5531. 38 I 18117-36190 1.2 5901.23
1 ni. 4 c;n:'J7 7/1 T 1 Q9 c; A 777nQ1 l7A3b — 3/^U7 7 K3. 3 CQn9 AA37Ua. bb 1 QOC.A 7A1 on17A34 — 3bl7U
u, o 3337. H7 T 9nQf!7 7Qn7nI aU703 37U3U 1 91. A c;q9q cq37AO. 3o

i. ^ c;c;as n733bo. U / 3 c;qa7 c;q374 /. 3o 1 777Q 7nc;D713 1 10 — 3U3o /

0. 6 5576. 34 I 20428-38356 1.2 5953. 97 I 20983-37774
1.2 5604. 33 I 31818-49656 1.2 5956. 18 17701-34486
U. o C AT A 1 Q3bib. i7 9 c;

A, 3 CQAn Q937bU. OA
n DU. d CAT 7 no3bi /. Uo T 1 77ni 7c;a qq1 1 / / Ul — 33477 c3 CQAC; QA37b3, ob 1 QQ7A 7 c;779l07 / 4 — 33 / 3A

U. D 3bZ4. 30 T lQC7r; 777nQI 17333- 3/3U7 9 CA. 3 37 / A. 3A 779A 9nnAA33Ab — AUUb4
0.8 5629. 65 I 15070-32828 1.8 5978.89 I 28199-44920
1.0 5631. 26 I 33370-51123 1.8 5983. 84 I 28233-44940

CAn Q73b3i. 7 /
T 1 91 A9 9QQ1 71 lAlbA — A77l3 1 9i. A Anna n/ibUU7. U4 1 QnQ7 7/1 71 QI0U03 — 34 / 17

U. 0 cActc cn3b33. 3U C3 Am 9 DibUlA. ol 1 Q AA Q 7A97C:l7b4o — 3bA Id

n "7 c A/i 9 n /I3b4^. U4 T 1 A7n 1 07001 Ib/U — 17307 7 C3. 3 An91 CAbUAl. 34 1 Ql 1 7 7A71

Q

loll / — 34 / 1

7

0.4 5644. 48 1.8 6028. 35 I 29913-46497
6 5648.38 I 18974-36674 1.8 6043.33 I 31433-47975
0. 7

c A A n n730bU. U /
T 1 Q9Qn 7CQ/17
1 lOAOU — 33743 1 9i. A An/IQ Q9bU47. 7A 1 DQ7 A 7 CA QQl07 / 4 — 33477

C AAn 7C30bU. ID T IQAAQ 777nQ1 l7b4o — 3/3U7 1 91. A AnAc; nobUb3. U7 9nQQ7 77AAAAU703 — 3 / 4bb

0. 7 CAA/I 1/13bb4, 34 T 1 QnQ7 7C7701 I0U03— 33/3A 9 nA. U Anoi ADbUol, 4o 1 Q9Qn 7A71 QlOAOU — 34 /l7

0.7 5673. 56 I 19254-36874 1.2 6111. 68 I 15460-31818
2. 5 5674. 42 I 19256-36874 1. 2 6115. 55 14976-31323
0.6 5675. 38 I 18117-35732 2.0 6128.27 28233-44547
1.2 5676. 61 I 12162-29773 1.2 6143. 94 22477-38748
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Tungsten — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. 8 6153. 73 19254-35499 1. 4 7296. 58 I
T 0A f~ / OAA^A19256-32958

1. 8 6154. 86 \ 17701-33944 0.3 7298. 23
1.8 6203. 51 I 19828-35943 0. 6 7385. 08 I 18280-31818
1. 8 6254. 29 33370-49355 A

0. 4 7451. 40
2. 5 6285. 90 19828-35732 0. 3

^ A ^ / A
7456. 34

4 6292. 03 13307-29196 0. 7 7483. 35 I
AAAAO OyiOflA20983 -34342

1. 8 6303. 24 { 19256-35117 0. 6 7504.16 I 13307-26630
1.2 6386. 47 0.9 7508. 99 I 19828-33141
3. 0 6404. 20 14976 — 30587 0. 3

~? I" A A / /
7520. 66 I

n 0 f" 0 r" oAAAA19535-32828
3. 5 6445. 13 18974-34486 0. 8 7537, 43 I

T 0A "7 /I OAAOA18974-32238

1. 0 6508. 02 13778-29139 0. 8 7550. 46 I
TAAAO otoao18083-31323

1. 4 6532.42 \ 20428-35732 1. 6 7569. 91 I 18117-31323
1.2 6538.14 I 19826-35117 0.5 7582. 88 I 28233-41417
1. 2 6563. 22 I 19254-34486 0. 3 7612. 13
1. 8 6573. 95 I 20983-36190 1. 6 7614. 11 I

TAAAA OAAr*A19828-32958

1. 0 6607. 15 17107-32238 0. 3
"T / 0 T A A
7631. 29

1. 0 6609. 04 \ 15460-30587 0.3 7654. 78
1.6 6611. 64 I 32958-48078 1.2 7688. 94 I 19826-32828
1. 0 6621. 68 19256-34354 f\ A

0. 4
~T ^A *! A A
7701, 00 I

T AA r~ / OAAOA19256-32238
1. 2 6678. 41 I 0. 5 7761. 14 I

TOOyiA A/AoA13349-26230

1. 4 6693. 12 14976-29913 0. 3 7776, 71
0. 5 6746. 56 23930-38748 1.0 7784, 12 I 18974-31818
0.5 6764. 43 I 0. 6 7808, 94 I 14976-27778
0. 6 6805. 28 19254-33944 0. 2

~T AA 0 A
7823. 78

0. 8 6814. 95
ooyi~TT *^~n yi/22477-37146 f\ A

0. 4
T 0 / 0 A /
7863. 46 I

AArtAO OOT yiT20428 — 33141

0. 8 6820. 28 19828 — 34486 0.

2

a / —t AO
7867. 03

T
I 16431-29139

0. 7 6828. 42 \ 31818-46458 0.4 7880. 34 I 14976-27662
0.4 6853. 73 I 19535-34122 0.5 7886. 47 I 13307-25984
0. 4 6876. 02 35117-49656 A A

0. 8
^A /I A AO
7940, 93 I 13778-26367

0. 5 6908. 29 13307-27778 A 0
0. 3 7957, 06 I

TAAf"il OTATA19254 — 31818

0. 8 6934. 27 14976-29393 A A
2. 0

OAT ~1 T A
8017. 18 I 18117 — 30587

0. 7 6964.12 J 13307-27662 0. 6 8054. 86 I 13778-26189
1.2 6984.30 I 13349-27662 2.0 8055. 60 I 19828-32238
0. 7 6993. 26 19826-34122 A r~

0. 5
AA / A 0 /
8060. 36

T
I

TAAAA OA/AO18280 — 30683
0. 4 6994. 08 19828-34122 1. 2

AT A 0 —TA
8123. 79

T
I

T AA A A OAI~A"718280 — 30587

0. 7 7017. 91
A f"

0, 5
AT il 0 T A
8143, 12

0. 3 7028. 68 0.3 8165, 70 I 28233-40476
0.3 7098. 22 I 44547-58631 0.5 8210,20 I 19256-31433
0. 4 h 7111. 18

^ f\ A ^ n ^ A A c\ /20428-34486 A A
0. 4

A 0 AA A A
8322, 00

T
I 23930 — 35943

1. 4 7140. 54 13778-27778 A A
0. 9

AO OA AT
8338, 01 I

1 A AA A OT A T A19828 — 31818

0. 8 7162. 66 18280-32238 0. 4 8348, 76 I
AAAAO OAAf"A20983-32958

0. 5 h 7191. 37 31323-45225 0. 6 8358. 67

0.5 7198. 62 I 19254-33141 0.3 8382, 87 I 9528-21454
1. 0 7200. 18 13778-27662 A A

0. 4 8402, 55 I
TA^or" OT yioo19535-31433

0. 5 7216. 31 18974-32828 0. 4 8475. 16 I
T A "1 T T AAAT O18117-29913

0.4 7226. 05 19535-33370 2. 5 8585, 06 I 22477-34122
0.7 7237. 08 } 37309-51123 0.9 8594, 37 I 18280-29913
0.5 7274. 49 0.7 8613, 26 I 19826-31433
0.9 7278. 23 15460-29196 0.3 8614, 48 I 19828-31433
1.4 7285. 80 19648-33370 1.2 8865, 50 I 18117-29393
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URANIUM

U, Z=92, M=238.07, Ratio ==3.747

U r Normal state of valence electrons 5fQd^7s^ ^LJ =0. I.P. ^50000 K
U II Normal state of valence electrons 5/^ 7s^ *l4j^=0 (assumed)

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

C. C. Kiess, C. J. Humphreys, and D. D. Laun, unpublished material.

Classification:

U I, C. C. Kiess, C. J. Humphreys, and D. D. Laun, J. Research NBS 37, 1 (1946).

U II, J. C. van den Bosch, Physica 15, 503 (1949). In using this reference, we have assumed
that the energy levels of "group B" start at the ground state of the atom.

Relative intensity of uranium lines observed in an arc of copper containing 0.1 atomic
percent of uranium

Strong lines of uranium

Tnf.PTicif.v
JL LI \JKy Wavelen

A
eth Spectrum Energy levels

K
Term combination

360 3859. 58 II 289-26191 5/36d'7si L|)^—2616H
180 3854. 66 T T

11

160 3670. 07 11 915-28154 TT" o O O 1

160 3890. 36 T T
II 289-25986 LsH—2606H

160 4090. 14 TT
II 1749-26191 5/36di7si LfiH—26 le}^

150 3831. 46 II

140 3782. 84 II 289-26717 5/'6ai7s' LSh—2 676)^
140 3812. 00 I 0-26226 5/36di7s2 ^L' —2626
140 3865. 92 TT

II 2295-28154 5/'6(Z'7s' KSk—28l5>^

130 3584. 88 I 0-27887 5/^6a'7s2 ^Lg —278?

120 4050. 04 II 0-24684 5/3 7s2 *I|h —2474H
110 3871. 04 I 0-25826 5/'6o'7s2 'Lg —2586
100 4171. 59 II 1749-25714 5/36di7si Lfe—2576}^

95 3566! 60 I 620-28650 5f36dZ'7s2 5K? —287^

90 3839. 62 I 3801-29838 5/36di7s2 «L? —2997

90 3943. 82 I 0-25349 5/36di7s2 5Lg —2536
85 3985. 80 II 5260-30342 5/36di7si L7H—3037H
80 3701. 52 II 5527-32535 Kfe—3256H
75 3881. 46 II 4585-30342 5/36d2 6M|k—3037H
75 4042. 76 I 620-25349 5/36di7s2 ^Kl —2536

75 4241. 67 II 4585-28154 5/36^2 "Ml^^—2815H
70 3748. 68 II

65 3489. 37 I 0-28650 5/36di7s2 5Lg —287.,
65 3514. 61 I 0-28444 5/36di7s2 =L§ —2845
65 4062. 55 II 0-24608 5/3 7s2 qSj^—2465H

65 4153. 97 I 0-24067 5/36di7s2 5L§ —24O7
60 4116. 10 II 0-24288 5/3 7s2 qiH—2435K
55 2941. 92 II 5527-39508 Kfe—3956K. 7"^

55 3659. 16 I 620-27941 5/36di7s2 5K! —2786
55 3826. 51 II 289-26415 5/36d'7s' L|h—2646)^

50 2889. 63 II 289-34886 5/36di7si LsH—34951^

50 3746. 41 II 5527-32211 5/36di7si Ken—3226j^

50 4341. 69 II 289-23315 5/36di7si LsM—2334)^

48 3550. 82 II 0-28154 5/3 7s2 —28I5K
48 3561. 80

48 3638. 20 I 3801-31279 5/36di7s2 5L? —3128
46 3854. 22 I 0-25938 5/36d'7s2 5L| —2596
46 3874. 04
46 3878. 09
46 3892. 68 II 5260-30942 5/36di7si L?H—3097H

46 3899. 78 II 2295-27930 5/36d'7s> KlH—2795H
46 4543. 63 II 915-22917 5/36di7si K|j^—2295>^
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Uranium — All Observed Lines

Intensity
3-nci

Wave-

in A
Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
X ± i. UX JL

in A

Spec-
trum

Energy
Level

s

in K111

6 2419. 57 9 25-93. 57
3. 0 2423. 70 14 2597. 69
4 2427. 45 7 2598. 86
2. 5 2432. 4 11 2601. 54
4 2448. 93 1.6 2603. 55 II

4 2450. 44 5 2604. 31
3. 5 2454. 37 8 2606. 52
2.0 2455. 68 8 2606. 73
3. 0 2468. 26 8 2608. 20
5 2470. 64 4 2609. 26

2. 5 2477. 18 5 2612. 46
3. 0 2484. 01 9 2613. 95
1.2 2490. 93 3. 0 2615. 95
1. 6 2498. 83 6 2616. 07

10 2500. 86 4 2621. 81

1. 2 2503.

9

5 2b23>. 54
5 2514. 77 oO 2624. 92
5 2518. 97 oO 2625. 26
2. 5 Ibl^. 10 4 2625. 86
3. 0 2533. 23 5 2628. 50

3. 0 2534. 95 12 2628. 93
2537. 30 2. 0 2629. 15

9 2538. 43 5 2631. 26
2. 5 2538. 73 10 2632. 66
2. 5 2541. 37 14 2632. 98

2. 0 2544. 36 36 2635. 53
5 2549. 30 3. 0 2636. 25

16 2556. 19 II 0-39109 6 2637. 70

3. 0 2559. 49 1.6 2638. 6

12 2562. 94 3.0 2639. 01

26 2565. 41 8 2639. 84

1. 8 2567. 11 4 2639. 89

5 2567. 96 4 2641. 55
5 2568. 87 6 2641. 93

1. 8 2568. 98 1.4
^ / A <\ ^ A
2643. 24

20 2569. 71 1. 4 2643. 54
9 2570. 67 8 2644.12
8 2577. 32 2. 5 2644.48
5 2579. 16 28 2645. 47
5 2579. 44 2.0 2647. 02

5 2579. 57 1. 4 2647. 53

2. 5 2582. 11
/I

4 2648. 79

2.5 2583. 48 15 2649. 07 II

8 2584. 42 12 2652. 83

5 2584. 90 6 2654. 58

5 2586. 20 4 d 2656. 46

6 d 2587. 07 1.4 d 2657. 86

3. 0 2589. 59 1.4 d 2658. 36

20 2591. 25 4 2659. 02

8 2592. 57 5 2659. 46
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trvim

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
truin

Energy
Levels
in K

8 2660. 14 4 2713 91
4 2661. 17 6 2714.58

10 2664. 15 6 2715.54 II 2295-39109
6 2665 70 5 2716 39
6 2665 87 3. 0 2717 56

8 2666 54 8 2719 33
3. 0 2668. 02 12 2723. 03

20 2669.

n

2. 0 2725. 07
8 2670. 52 6 2725 52
3. 0 2670* 89 8 2725 94

6 2672. 21 6 2727 34
3. 0 2672! 69 7 2728. 55
1. 4 2673. 58 7 2728. 7

8 2675. 12 3.0 2729. 26
8 2675* 88 1749-39109 10 2730* 31

13 2676. 41 6 2731. 27
2. 0 2676. 69 3. 0 d 2732. 95
1. 4 2678. 86 3. 0 2133.11
2.0 d 2681. 73 22 2733 97

28 2683 28 7 2734. 96

9 2684 04 5 2735 58
1. 4 2684. 29 5 d 2737. 07
4 2685. 61 6 2738. 13

16 2685 98 3. 0 2738. 41
1.4 2689, 13 6 2738. 98

8 2690. 51 10 2739. 39 II 289-36783
19 2691. 04 4 2740. 86
6 2691. 80 2. 0 2741. 06

12 2692 36 8 2741. 75
10 2693 77 5 d 2742. 60

3. 0 2694 22 6 2743 22
12 2695. 49 6 2743. 66
3. 0 2695. 91 2. 0 2744. 27
2.5 2696 30 10 2744. 40
6 2697. 40 8 2746, 16

16 2698 06 3. 5 2746. 3

6 2698.45 3. 0 2747! 15
1 4 2699.37 6 2747.36
4 2700 96 10 2748. 45
5 2701 55 6 2749. 96

2 0 2704 80 3. 0 2750. 13
12 d 2705 19 28 2754. 16
1 6 2705 77 8 2755. 13

22 2706 95 3.5 2757. 55
J., o 2708 50 4 d 2757. 92

2758. 18
3.0 d 2709 fl"?

6 2709. 51 8 2758. 50
4 9

4 2711.76 8 2759. 79

8 2712. 06 2.0 2760.33

418



Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

1. 6 1

8

C 1 yj A.m J. (J 5 2818 98

20 2762. 85 9 2819. 84

6 2764. 25 8 2820. 27
12 2765 40 36 2821. 12 n
8 16 2824. 37 11 289-35685

16 2770 04 5 2824 86

4 d 2772. 18 8 2825. 35

8 2772. 59 9 2826. 19

6 2773 h^£.11 \J X. 4 2827 00

5 211i[ 74 28 2828 90

5 2775 02 8 2829. 37

3. 5 2115.22 38 2832. 06

3. 5 2775. 78 9 2833. 82

3.5 d 4 2834. 55

3. 0 2778 45Cm 1 1 \J% ~ -J 6 2835! 80

7 2779 41 15 2837 19
8 2780. 04 9 2837. 33

9 2780. 77 4 2837. 73

9 2781 04 3 0 2838 62 II 915-36133
8 2781 ^2 19 2839. 89 II

5 ?1P,7 07C 1 \JC.m V / 4 2840. 47

7 d 2783. 29 8 d 2840. 62

17 2784. 45 II 15 2842. 09

7 2784 hi 4 2842. 24

3.0 c. 1 0*t» / C 4 2842. 48

2. 5 2844. 99

7 d 2787. 33 8 2845.60
6 2788. 13 6 2845. 96

7 2790 4 2846. 09

5 7791 07 4 2847. 34

3. 0 2791 26 2. 0 2847. 72

34 2793. 94 II 2.5 2848. 05

8 2795. 23 15 2849. 48
12 2797 14 6 2849. 7

3.5 ?797 '^n 4 2849. 98

3 5 0797 77 8 2850. 49

5 2799. 12 4 2850. 82

36 2802. 56 5 2851. 81

5 2803 83 6 2852. 09

7 8 2852. 75

26 ^ o u / . u ^ IT 2 0 2852. 94

18 2808. 98 8 2853. 42

9 2809. 95 8 2853. 57 II 1749-36783
5 d 4 2854. 92

Pftll "^4^0± X. 6 2855. 96

7 OQI-^ 04 4 2857. 47

5 2815.76 12 2858. 90 II

7 T T
1 JL 5 2859 74

2.5 2816.74 16 2860. 47

26 2817. 96 II 7 2860. 80
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Uranium — All Observed Lines

Intensity
and

Character

TIT-. _Wave-
length
in A

Spec-
Energy

,
^ Levels
trum . „m is.

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

7 2861. 13 4 2898. 56
5 2862. 41 6 2898. 71 II 2295-36783
4 786? 6? TT 4585 — 39508 a ^ / U J. . C-C

3.0 2862. 80 6 2902. 41
4 2863. 44 4 2902. 81 II 0-34439

4 2863. 54 4 2903. 05
6 2864. 10 6 2903. 55
6 c. C / U*T. UZl

12 2865. 14 6 2904. 41
2865. 68 II 0-34886 10 2904. 51 II 289-34708

6 2866. 16 32 2906. 80
4 2867. 80 8 2906. 91
8 COOO. J. / DC 9QflR 9R^ yUO. CO
8 d 2869. 37 8 2908. 41

L H 2870. 97 8 2909. 25

4 2873. 00 7 2910. 82
9 2874. 08 4 2911. 55
9 ^ O / 3. ^ U T T QIC; — xc.L.oc. u ? c;R

8 d 2876. 43 4 2912. 75
4 2877. 05 6 2913. 44

2. 0 2877. 83 13 2914. 25 II 289-34593
4 2878. 87 15 2914. 63 II

10 d 0070 CQ 4 ?Q1 4 R4

8 2880. 59 9 d 2915.54
4 2882. 34 9 2916. 46

20 2882. 74 4 2918.37
10 2882. 93 II 4 2918. 68
3.5 h PRft"^ 7'^ 7 £. / J. 0# / /

TT

6 d 2884. 92 18 d 2921. 68
4 2885. 19 2921. 72

4 2886. 05 4 2922. 06
8 d 2886. 45 II 289-34924 4 2923. 17 II 0-34199

19 9ftR7
1 m CD 1

1

J- X C /CD m D \i

6 2887. 59 7 2924. 58
4 2887. 91 4 2925. 22

17 2888. 26 11
8 2888. 74 7 2925. 98

50 9RRQ A"^ TT 9RQ — '^4RRA 4 ?9?A 1

0

6 d 2891. 80 4 2926. 39
4 2893. 76 9 2926. 59

13 2894.14 13 2927. 38 II 289-34439
17 2894. 51 20 2928. 60

4 0004 04 7 C/C/m i-C

4 2894. 89 9 2929. 64
8 d 2895. 54 7 2929. 78

10 2896. 68 8 2930. 43

3.5 2896. 96 5 2930. 59

6 2898. 01 24 2931. 41

6 2898.1 9 2931. 89

4 2898. 37 5 2932. 18
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
X^Xlg Lll

in A±11. .£x

Spec-
trum

Energy
T jf^vpl ^J_J^ V ^ X o

in K

Intensity
?i n H

C^\\ 3 T" r*

Wave-

in A

Spec-
trum

Ene r gy
T £1 -r 1 O

m xV

18 2932. 61 10 2978. 14
14 2933. 86 5 2980. 28
7 2935. 62 5 2980. 69

11 2936. 45 5 2981. 04
4 2936. 78 II 1749-35790 13 2982. 74 II

5 2937. 35 22 2984. 61 II 2295-35790
9 2939. 04 4 2985. 08
5 2939. 49 7 d 2985. 80
4 2940. 04 7 2987. 80 II 289-33749

22 d 2940. 37 4 2987. 95

9 2941. 34 12 2988. 42
55 2941. 92 II 5527-39508 10 2988. 71
9 2942. 12 II 289-34268 12 2989. 88

11 2942. 85 II 915-34886 4 2990. 21
5 2943. 18 17 2992. 72

5 2943. 40 7 2993. 70
34 2943. 90 5 2994. 45
7 2944. 19 5 2996. 10
9 2945. 89 II 1749-35685 5 2996. 39

11 2947. 43 5 2998. 36

14 2948. 09 II 289-34199 7 2999. 03
4 2948. 44 7 2999. 22

12 2948. 94 7 3000. 09
9 2949. 61 5 3001. 21
4 2949. 97 5 3002. 64

5 2951. 92 10 3003. 07
9 2954. 39 II 2295-36133 12 3003. 32

16 2954. 77 5 3003. 85
10 2955. 65 10 3004. 15
24 2956. 06 9 3005. 10

7 2956. 78 8 3005. 52

7 d 2957. 74 15 3007. 91

5 2958. 10 12 3009. 42
10 2959. 85 5 3010. 37
10 d 2962. 78 7 3010. 75

10 2964. 25 5 3011. 48
19 2965. 03 4 3012. 45 II 289-33475
7 2966. 12 7 3012. 71

10 2966. 66 II 1749-35447 10 3013. 37
24 2967. 89 II 7 3013. 44

7 2968. 40 II 915-34593 5 3014. 88
5 2970. 48 5 3015. 68

24 2971. 06 4 3016. 05
10 2973. 08 12 3016. 96 II 1749-34886
12 2973. 26 7 3017. 35

10 2975. 22 6 3018. 10

7 2975. 64 5 3018. 59

12 2975. 88 5 3020. 24
17 2976. 31 5 3020. 57
12 2977. 27 5 3020. 92
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy

,
^ Levels

tru.m
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

13 3021. 22 4 3072. 34
26 3022. 21 II 3.5 3072. 45
7 3024. 38 24 3072. 78

13 3024. 51 8 3073. 50
8 3026. 15 11 3075. 04

5 3026. 43 5 3075. 45
8 3026. 70 5 3077. 33

10 3027. 66 I 620-33640 11 3079. 95
13 3028. 19 12 3080. 74 II 1749-34199
9 3029. 13 7 3081. 19

5 3029. 42 11 3082. 02
5 3030. 83 8 3083. 61

26 3031. 99 II 5 3084. 24 II 2295-34708
20 3033. 19 II 1749-34708 8 d 3086. 73
9 3035. 51 5 3087. 11

5 3035. 96 10 3088. 99
8 3036. 45 8 3090. 36
5 3036. 61 4 3090. 55
8 3038. 05 5 3091. 25
8 3039. 14 24 3093. 01

10 3039. 26 5 3094. 83

4 3039. 93 12 3095. 04 II 1749-34049
5 3040. 5 8 3095. 23 II 2295-34593
5 3041. 25 13 3095. 75

4 3041. 86 5 3096. 88

4 3041.

9

13 3098. 01 II 915-33184
4 3042. 73 24 3102. 39
8 3043. 79 6 3102. 61

20 3044. 16 3. 5 3102. 90

4 3045. 46 5 3103. 77

8 3046. 46 II 289-33104 19 3104. 16
8 3046. 57 6 3105.10
8 3046. 84 5 3105. 65

10 3047. 57 4 3110. 52

12 3048 64 I 620-33412 6 3110. 83

4 3049. 84 40 3111. 62

24 3050. 20 10 3112. 25

10 3051. 14 7 d 3114. 54 I 0-32098
10 3052. 91 3114. 59

5 3054. 73 6 3115. 93

10 3055. 59 II 0-32717 6 3119. 24
8 3056. 72 22 3119. 35 II 5260-37308

26 3057. 91 6 3120. 87

5 3060. 06 5 3121. 09

19 3061. 62 6 3121. 33

26 3062. 54 8 3124. 43

4 3063! 88 II 2295-34924 28 3124. 90 II

^Uo't. io o

5 3066. 87 7 3126. 70 II 2295-34268
11 3068. 65 8 3129. 73
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

4 3130. 73 3. 0 3190. 89
oo ^1 99 3. 0 3191. 76

4 3133. 42 II 2295-34199 9 3193.23
4 3133.63 5 3196. 74

6 3133. 92 10 3200. 14

6 3136. 89 14 3206. 05
cJ J i. J O. i 6 3206. 23 II 2295-33475

5 3138. 83 3.0 3211. 77

22 3139.56 II 4706-36549 3.0 3213. 09 II 8394-39508
6 3141.95 3.0 3214. 70

17 3144. 96 9 3218. 34
•2-] /IC C/ TT 5527-37308 6 3219. 17

8 3146.26 10 3224. 26

6 3146. 75 10 3226. 17

11 3147. 09 30 3229. 50

6 3148. 56 28 3232. 16 II 289-31219
C.O ^1 49 ?1 6 3233. 34

4 3150.36 3.0 3235. 23

6 h 3151. 08 II 1749-33475 3. 0 3238. 42

6 3152. 31 3. 0 3240. 35

22 3153.12 9 3241. 99 II
•11 cc o^:CO 18 3244. 17

6 3155. 41 II 1749-33432 6 3244. 79 II 2295-33104
11 3155. 86 9 3246. 11

8 3156. 07 9 3246. 39 II 289-31084

6 3157. 45 3. 0 3247. 49
oo 71 OA^ / . oo 4 3248. 07

6 3159. 82 4 3249.14

8 3160. 77 6 3250. 28

4 3163. 73 6 3253. 80

4 3165. 28 9 3254. 84
Q7 tin 3 0 3257. 26

9 3167.10 12 3261. 72

6 3170. 86 5 3263. 12 I 0-30637

6 3171.37 II 5260-36783 14 3265. 81

4 3173. 71 3. 0 3269. 78 II 289-30863
o 18 3270. 12 II 289-30860

14 3176.21 3.0 3271. 45

14 3177. 33 3. 0 3279. 55

9 3179. 04 6 3280. 00

9 3179. 83 6 3282. 54
q7 ^ X (J u. ^ u 8 3283. 10

3.0 3182. 55 12 3285. 22

3. 0 3182. 83 9 3287. 45

5 3185. 14 18 3288. 21

11 3185. 71 30 3291. 34

9 3188. 34 II 1749-33104 3.0 3293. 59

6 3189. 02 5 3294. 44

3.0 3189. 42 4 3297. 89

6 3190. 70 11 3299. 06
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
truna

Energy
Levels
in K

g •2000 7Q 1 2 339c -27

12 3303. 60 II 289-30550 12 d 3395. 58
44 3305. 93 II 0-30240 3.0 3397. 20

A0 '?'^9R ?A

JJ / 7. VJU

J.9 JJ±±» 1

c

TTX J.
i;?AO — '^'i447 34m m^ X « VJ X

12 3313. 94 6 3401. 21

3.0 3318. 85 II 3.0 3401. 87
D _'-'X7. Ci.

T T
i. X 1 2

Q X /» J^- 4 3405 75

g TT
J. J. 9 340A 28 TTX X 91 5 — 30264/X^

3.0 3322. 46 6 d 3407. 91

6 3325. 66 II 0-30061 12 3411. 53

D J J C 1 , D\J 1 2 3412 10

i-L.
A 3412 36

T T
J. X 5 -/tx.^« ox

6 3336. 68 3.0 3414.36
16 3337. 79 II 289-30240 3.0 3416.12
D ^J?J?0. HO T TX 1 qi c; _ -^nRAn 3 0 341 8 39 IX 620-29866

lo TTX 1. g 3421 69

-'-/tt. DO 3 0 3422 35

6 3344. 87 9 3423. 05

4 3345. 54 24 3424. 56 II 1749-30942
o 2-341; Rqjj'^jt 07 TX A?n — '5n4QQ A 3424 81^ 1 t- 1 « ux

1

1

7 3426 39

TT
X X L. 07 J? UU OD c u 3430 1

8

11 3357. 93 II 289-30061 3.0 3430. 48

6 3360. 08 6 3431.14 I 4276-33412
D ^^Dl. / J Au 3431 c;4 \\X X 5791-34924
0 ^ J>D / . -JO 3 0 3433 71 TTX X 289-29404

•J-2A7 qn w 3433 90 TTX X 289-29402
9 3368. 83 11 3434.15 II 1749-30860
3.0 3368. 98 I 620-30294 5 3434. 61

^"^7(1 1 T TX X A 3435 20

(1. ^7 24 3435 4g T 620-29720

q
S) J 1 c, Ul T TX X ORg — oqq-^A A 3436 78

9 3375. 78 3.0 3437. 93

5 3376. 55 6 3440. 98

b '2i'i77 "^q T Ty X 1

1

X X 344? gi^

3447 32

D '^'^Rn 7n A 3448 78

6 3381. 95 6 3451. 21 II 1749-30716
3.0 3382. 68 II 915-30469 15 3453. 57
Q7 T TX 1 9Rq _ 9QR9RL.Oy Cy OL.O A 3453 78
QV ^^OD. 1^ 3454 23

•2-200 "^Q^ J> 7U. J

7

10 3455 74

5 3390. 97 13 3457. 05 II
1 n
3. U

'2'2Q'5 QO^iVC, 77 T T11 1X 34^7 71

12 d 3393. 91 10 3458. 17

14 3394. 78 II 5260-34708 3.0 3458. 68
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Uranium — All Observed Lines

Intensity
and

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels

J. 11

15 3459. 92 6 3516. 3

13 3462. 21 I 0-28875 6 3516. 85

19 3463. 54 6 3517. 05 II 6283-34708
26 3466. 30 I 3801 — 3^64<i 16 0 c 1 n n/

6 3469. 49 08 0 c 0 n ~7n35^U. 79

5 3469. 7o T T11
r

3d^1. ^8
16 3472. 51 6 3522. 58

6 3472. 56 II 2295-31084 6 3522. 67

13 3473. 43 3. U
"2 CO '2 2 C

6 3474. 54 iU "2 C 0 "2 C.~l

6
o /I "7 /I n D3474. 99 iU "2 C 0 C 1/1

3Di:l3. 1^

6 3476. 44 10 3525. 65

3. 0 3477. 50 3. 0 3525. 73

11 3477. o4 iU "2 c 0 ^ ^ r\

5 3479. 16 lU '2 C 0 0 Q3d^:8. bV

15
o /I n n o /3480. 36 3. U 35^:9. / /

28 3482. 54 16 3531. 11 II 1749-30061
5 3486. 30 10 3531. 64

6 3488. 82 <i6
'2 C'2 2 C "7

3533. 5 /
T T
1 1

QIC 0Q0n7

65
o /I on 1 ~7

3489. 37
T
I

n 0 0 j1 c n 13 '2 C*2 /I '2 23d3^. 33
T
1 n 0 QO

9 3489. 57 T TII 5791 —34439 1. n
3. 0

'2 C '2 C 0/13535. 84

12 3490. 24 3. 0 3537. 06

5 3491. 34 10 3537. 28
16 3493. 33 6

•2 C'2 "7 A l\353 /. 44

14 3493. 99 1 6/iU ~ drJLii b
'2 C2 0 0 '2

3538. Li T
1

/on 0DD"7C

13
o ^ n /I n /I

3494. 84 iU ^ C '2 Q Z. C3539. 65

3. 0 3495. 60 II 22 3540. 46 II

3.0 3495. 75 3. 0 3541. 89

22
o /I n / /I o3496. 42 T TII 1 /49 — 3U34<: 13 2 C /I 0 C "7 T

I '\l lb— jiLHyo

6 3497. 26 lU •2 C /I 2 T ^3543. 16 T T
11 CO^n '2'2/l"7CD^bU — 33^ /

D

6
'5 yi n "7 / o3497. 6<i

^ C yi "2 "7*2
3r)H3. /3

10 3499. 33 II 2295-30863 6 3544. 21

26 3500. 07 I 0-28563 6 3544. 99

3. 0 3500. 33 lU 0 r /I r /I /I3545. 44

3. 0 3501. 00 lU 2 c yi C ^ "7

3545. 6 /

10 d o p A o 1 yi3502. 24 iU •2 C /I ^ 1 "2

3546. 13

13 3504. 00 10 3546. 68 II 1749-29936
6 3504. 93 16 3547. 19 II 1749-29932

13 3505. 07 6
•2 C /I 0 <C 03r)^8. 6<:

T T
1 1

CO^n 2'2/l'20

6
0 c A c yi c3505. 45 13 '2 c /I Q on T

I
2 Dm "21 OA Q38U1 — 3l7b8

10 0 c r\ ~7 n c3507. U5 I 6^U — ii7l^:6 b 0 c c n 173!5l3U. i /

32 3507. 34 I 0-28504 48 3550. 82 II 0-28154
13 3508. 85 II 1749-30240 6 3551. 04

16 3509. 67 13 •2 C C 0 T "7

355^. 1 /

10 0 r~ T T /I yi3511. 44 I 0 — ^8470 / '2 C C 0 Wl

6
0 n n T r" 0
3511. 58 T T

II 289 — 2o75o 3. 0
•2 C CO QO355^. yd

6 3513.37 6 3553. 44

13 3513. 68 28 3555. 32 I
n 0 0 1 T n
0 — ^^8119

65 3514. 61 I 0-28444 16 3557. 84 I 0-28099
5 3515.24 6 3560. 31
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

6 3560. 44 II 1749-29828 19 3605. 28

13 3561. 41 5 3605. 48 II 1749-29477
48 3561. 80 15 3606. 32 II

16 3563. 66 I 0-28053 6 3608. 96

5 3564. 18 10 3609. 68

10 3564. 59 6 3610. 49
"6 3564. 88 6 3610. 69

6 3565. 05 I 4276-32318 3. 0 3611. 24

95 3566. 60 I 620-28650 3. 0 3611.40 I 0-27682
6 3568. 82 8 3612. 67 II 915-28587

22 3569. 06 6 3615.54
3.0 3570. 65 13 3616. 33 I 3801-31445
3. 0 3570. 93 II 4421 -32417 13 3616. 76 T TII

6 3571. 18 3.0 3616. 89

5 3571. 56 3. 0 3617. 49

6 3571. 69 II 3.0 3617. 62

8 3574.11 6 3618. 49

13 3574. 76 I 0-27966 3. 0 3619. 13 T TII 207 — 27912
10 3576. 22 13 3920. 08 I 0-27616
6 3577. 08 3. 0 3622. 04

15 3577. 92 I 0-27941 13 3622. 70

10 3578. 33 II 16 3623. 06 II 915-28508
26 3578. 72 5 3625. 98

8 3580. 25 I 620-28543 3. 0 3628. 38

15 3581. 84 19 3630. 73

12 3582. 02 3. 0 3632. 95

8 3582. 62 8 3633. 29

130 3584. 88 I 0-27887 5 3634. 56

10J. \j 3585. 84 6 3635. 30 I 3801-31301
5 d 3587! 78 I 4453-32318 6 3635. 40 II 0-27499

3587. 84
7 3637. 51

10 3589. 66 I 620-28470 48 3638.20 I 3801-31279
10 3589. 79 II 5667-33516 7 3638. 65

12 3590. 32 II 5260-33104 18 3640. 76

13 3590. 50 II 915-28758 14 3640. 95 II 1749-29207

6 3591. 56 9 3642. 44

16 3591. 74 I 620-28454 24 3644. 24 I 620-28053
5 3592. 97 I 620-28444 3. 0 3644. 85

10 3593. 20 I 4276-32098 18 3645. 03

19 3593. 52 10 d 3649. 41
3649. 58

5 3593 68
12 3594. 95 38 3651.53
6 d 3596. 76 28 3652. 07

3596. 88 8 3653. 21 I 3801-31166
6 3599. 84 8 3654. 89 I 3868-31221

6 3600. 29 7 3657.32

3.0 3601. 19 10 3659. 01
620-279413602. 48 I 3801-31552 55 3659. 16 I

6 3603.36 I 0-27744 10 3659. 59

5 3603. 74 I 4276-32017 9 3662.33
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Uranium — All Observed Lines

Intensity
and

Character

Wave-

in A
Spec-
trum

Energy-
Levels
in K

Intensity
and

diarartp iJLX U' X. U. ^
-

Wave-
length
in A

Spec-
trum

Energy
T irf^ 1 c

in K

10 a 3666. 10 17 h 3720. 39
3666. 21 17 3722. 68

6 3667.13 8 3724.23
6 3667. 98 26 d 3724. 99 II 1749-28587
7 3669. 15 3725. 07

160 3670. 07 II 915-28154 9 3725. 65
14 3670. 53 26 3729. 82
11 3672. 58 9 3730. 13
10 3673. 06 7 3731. 45 I 0-26792
11 3673. 39 17 d 3731. 58

3731. 77

11 d 3674. 13
11 d 3674. 99 17 3732. 26 I 3801-30587

3675. 08 II 26 3732. 62

15 3676. 56 II 6283-33475 26 3733. 07

15 3677. 39 I 3801-30986 17 3733. 58

11 3677. 67 17 3737. 25

22 3678. 75 44 3738. 05 II 5791-32535
14 3679.38 I 620-27791 14 3742.35
16 3679. 81 22 3744. 24
14 3680. 88 50 3746, 41 II 5527-32211

13 3682. 04 26 3747. 12
0
8 3682. 46 II 6283-33432 70 3748. 68 II

13 3683. 59 44 3751.18 I 3801-30451
13 3684. 62 18 3751. 72

11 3685. 78 I 620-27744 26 3752. 66

40 3691. 92 14 3754. 31

24 3693. 70 26 3755. 48

14 3697.13 18 3756.66
16 3697. 93 18 3756. 92

40 3700. 58 II 915-27930 36 3758. 36 I 4276 — 30876

80 3701. 52 II 5527-32535 26 3759. 23

17 3702. 62 I 4276-31276 9 3759. 88

17 3703. 27 I 620-27616 18 3760. 88

17 3704. 10 12 3761. 96

13 3705. 04 12 3762. 11

8 3705. 98 24 3763. 27 I 7006-33571
17 d 3707. 29 36 3764. 57

3707.39 20 3765. 35 I 0-26550
8 3707. 65 32 3766. 89 I 4453 — 30993
8 3707. 95 I 7104-34065 18 3768. 80

8 3709. 88 24 3769. 54

26 d 3713. 56 I 0-26921 14 3772. 82

3713. 65 40 3773.44 I 3801-30294
17 3714.76 II 2295-29207 18 3775. 99 II 915-27390
17 3715.47 22 3776. 48

8 3716.14 9 3779. 05

22 3717. 42 28 3780.72 II 915-27357
26 3718.11 9 3781. 75 I 3868-30304
12 3718. 61 140 3782. 84 II 289-26717
8 3719. 29 I 620-27499 32 3783. 84 II 5791-32211
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

9 3786. 57 90 3839. 62 I 3801-29838
18 3786. 84 9 3842. 99
14 3787. 23 9 3844. 00
14 3788. 16 9 3844. 23
9 3790. 22 9 h 3845. 12

9 3790. 33 28 3845. 32
'
9 3792. 41 II 9 3846. 24

42 3793. 10 II 4585-30942 18 3846. 55 I 3801-29791
28 3793. 28 15 3847. 84
28 3793. 57 36 d 3848. 62 II 4585-30562

3848. 72
16 3795. 13
18 3796. 20 9 3849. 71
18 3796. 54 15 3849. 85 II 0-25968
18 3796. 84 9 3851. 72 I 5991-31946
14 3797. 77 46 3854. 22 I 0-25938

18 3798. 84 180 3854. 66 II
18 3799. 20 II 8394-34708 360 3859. 58 II 289-26191
18 3799. 55 36 3861. 16
18 3801. 15 I 620-26921 9 3863. 09
18 3802. 27 18 3864. 30

9 3803.35 18 3864. 48
28 3808. 93 I 6249-32496 140 3865. 92 II 2295-28154
28 3809. 22 T T

II 28 00// on3866. 80
7 3810. 10 18 3867. 17 I 3868-29720

140 3812. 00 I 0-26226 9 3868. 42 II 4421-30264

9 3812. 58 18 3870. 05
28 3813. 79 II 2295-28508 110 3871. 04 I 0-25826
28 3814. 07 T T

II 915 — 27126
-7

7
0 n ~n no3871. 88

9 3816. 61 46 3874. 04

9 3817. 16 18 3876. 13 I 0-25792

12 3818. 06 9 3876. 59
9 3818. 48 II 1749-27930 46 3878. 09

9 3818. 76 II 18 3879. 53 I 4453 — 30222
9 3819. 25 I 4276-30451 18 3879. 71

9 3821. 22 75 3881.46 II 4585-30342

18 3821. 95 I 3801-29958 36 3882. 36 II 1749-27499
9 3822. 35 18 3883. 10
9 3822. 56 28 3883. 33

55 3826. 51 II 289-26415 18 3884. 68
18 3829. 03 13 3887. 45

14 3829. 39 13 3887. 70

9 3829. 79 I 0-26104 160 3890. 36 II 289-25986
150 3831. 46 II 9 3891. 68

18 3831. 86 18 3891. 82

15 3833. 02 18 3892. 41

18 3835. 14 46 3892. 68 II 5260-30942
9 3835. 22 36 3894.12 I 0-25672

15 h 3835. 92 15 3895. 27 II 4421-30086
9 3837. 27 36 3896. 78 II 8394-34049

15 3838. 15 18 3897. 06
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Uranium — All Observed Lines

Intensity Wave-
and length

Character in A
Spec-
trum

Energy-
Levels
in K

14 3897. 26
9 3897. 71

14 3899. 10 II
18 3899. 27
18 3899. 42

46 3899. 78 II
30 3902. 49 II
34 3904. 30 II
18 3904. 56 II
9 3904. 85

28 3906. 46
9 3908. 33
9 3908. 47
9 3909. 06

18 3910. 89

24 3911. 67
14 3914. 20
14 3914. 27
28 3915. 88 II
9 3916. 53

18 3917. 25 I

9 3917. 82
6 3918. 06 II

14 3921. 55
9 3923. 05

14 3924. 27 II
24 3926. 22 I

24 3926. 73 I

18 3927. 76
9 3928. 83

12 3930. 43
32 3930. 98
15 3932. 03 II

9 3933. 03 II

36 3935. 38

24 3940. 49
14 3942. 55 II

18 3942. 83
90 3943. 82 I

18 3944. 13 II

22 3948. 45 I

7 3951. 48
7 3951. 55 II

22 3953. 58 II

40 3954. 66 II

18 3955. 38
9 3959. 20

14 3962. 79 II
26 3964. 22 I

18 3964. 67

4421-30061

2295-27930
2295-27912

5260-30863

8119-33640

4421-29936

4585-30061
0-25463

5762-31221

289-25714
0-25419

0-25357

0-25349
4585-29932

0-25319

4421-29707

4706-29934
6249-31469

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

12 3964. 96
18 3966. 40 II 2295 -27499
44 3966. 57 II
9 3967. 48
9 3969. 02

9 h 3974. 98
14 3978. 80
9 h 3980. 80 I 5762 -30876

17 3983. 91 II
7 3984. 18

85 3985. 80 II 5260 -30342
6 3988. 64

14 3988 89 II 2295 -27357
34 3990. 42 II 915 -25968
28 3992. 54 II

9 3994. 29
17 3994. 98
14 3995 97 II
9 3997. 09 I 7008 -32017

26 3998. 24

9 3999. 18 I 3801 -28799
9 d 4001. 25
9 4002. 34
9 4003! 20

26 4004. 06 II 1749 -26717

32 4005. 21 I 4453 -29414
14 4005. 70
9 4009. 17 II 6283 -31219
8 4011.45
6 4014. 16

42 4017. 72 II
22 4018. 99 II 289 -25164
6 4026. 02 II 2295 -27126

12 4031.31
12 4033. 43 II 4421 -29207

14 4033. 73
16 4034. 50 I 4453 -29233
16 4039. 78
75 4042. 76 I 620 -25349
38 4044.42

30 4047. 62 I 620 -25319
120 4050. 04 II 0 -24684
40 4051. 91 II 5260 -29932
13 4053. 03 II 1749 -26415
22 4054. 31 II 6283 -30942

32 4058.16
6 4060. 10
6 4061. 35
8 4061. 74

65 4062. 55 II 0 -24608
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trnm.

Energy
Levels
in K

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 4064 16 100 4171 59~X / X« J / IIX X 1 74Q_?571 4

8 4066. 80 10 4172.97 II 6283-30240
38 4067. 76 II 6283-30860 16 4174.19 II 5527-29477
30 4071. 11 10 4179. 00 IIX X 4585-28508
22 4074! 49 11 6 h 4184* 89

24 4076 72~\J 1 \Jm 1 Cm 14X 1 4186 96 IX 427A — ?ftl 53
16 14 4188. 07 II 289-24160
24 4080. 61 22 4189. 28 II 289-24153
14 h 4084 93 TIX X 5791 -30264 4 4191 94~X / X 9 / ~ I 0 — 23849
20 4088 25 11X X 0-24453 13 4197. 52 II 8394 — 32211\J^ / 1 ^^ ^ X X

160 4090. 14 II 1749-26191 10 4198. 22 I 620-24433
16 409l! 52 4 4200. 10 II 6283-30086
8 4091. 64 I 0-24433 7 4201.13
A 4094 62 13X ^ 4204, 37 IIX X 0-23778
A 4094 89 4210* 45

16 4095, 75 18 4211. 68 II

16 4096.* 35 10 4212,26 II 4421-28154
34 4098. 03 II 289-24684 10 4213. 88
15 4101 911 X V X « /X IX 8119-32491\JXX/ ^i^i/X 6 4214. 28
14 4103 121 X \J ^ ^ X c 6 4214. 42 II 289-24010

28 4106 28 5 4219. 98
15 4106. 93 II 0-24342 26 4222. 36 I 3801-27478
5 4108. 36 I 0-24334 5 4227. 33 II 6283-29932

4113 111 X X ^ » X X ITX X 0-24306 6 4228, 76
60 4116 10~ X X vj« X V/ IIX X 0-24288 16 4231, 67 I 7646-31270

4 4116 89~X X u« u / 5 4232, 04 II 289-23912
30 4124. 73 II 1749-25986 12 4236, 04
30 4128. 34 4 4240, 59 II 6283-29858
1 nJ. \J 4132 02 75 4241, 67 II 4585-28154
\ 0X \J 4133 20 38 4244, 37 II 0-23554

4133 50 IX 0-24186 19 4246. 26 I 0-23544
7 4135. 76 II 4585-28758 12 4252, 43

10 4136. 81 II 4421-28587 4 4266, 32 I 0-23433
7 4138 66 10 4267, 30 II 915-24342

1 4X t 4T?9 14 ITX X 0 — 24153 4 4267 94

41 41 23•^x ^X« ^ TIX X 8394 — 32535 6 4268 85

5 4141. 86 I 620-24757 12 4269, 61 II 1749-25164
11 4144. 70 II 2295-26415 6 4273, 98 II 915-24306

*t 4145 39 ITX X 6445 — 30562 6 4276. 47
A 4146 61•txtu* ux 15 4282! 03 II 289-23636

41 c;-^ 97T^X ' ' IX 0 — 24067 12 4282. 45 II 4585-27930
20 4155. 41 II 6283-30342 15 4287, 87 II 0-23315
28 4156. 66 I 620-24671 15 4288, 84 I 6249-29559
5 41 60 95*TX U U« V ^ TX 0 — 24026 11X X 4297, 11 II 289-23554

J. o 41 A? 43 TX 3801 —27818 9 4301 47 II 0-23241

26 4163 68 IIX X 0-24010 4 4306, 78

5 4164. 79 4 4310,39 II 6283-29477
20 4165 68T X \J^ % \J\J II 289-24288 11 4313, 13 I 3801-26979
5 4166. 64 9 4313,88

12 4169.06 I 8119-32098 3 4319,78
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Uranium — All Observed Lines

Intensity
3.ncl

11 a.r a,c te x

Wave-
length
in. A

Spec-
trum

Energy-
Levels
m jtv

Intensity
and

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 4325. 90 3. 0 4611.44
9 4335 73 I 0-23058 22 4620 23 6249-27887

50 4341. 69 II 289-23315 3.0 4622. 43 II 5260-26887
11 4347.19 II 915-23912 19 4627. 08 II 4585-26191
10 4354. 55 17 4631. 62 I 0-21585

32 h 4355. 75 I 620-23572 5 4641. 66 II 8394-29931
32 4362 05 I 0-22919 18 4646 60 IT

14 4362. 26 II 0-22917 4 620-22056
5 4362. 93 II 4585-27499 11 4666. 86 II 289-21711
7 4371. 76 I 8119-30986 8 4671. 41 II 4585-25986

12 4372. 57 II 915-23778 14 4689. 07 II 0-21320
5 4372. 76 I 0-22862 3 5 4700 98
8 4373! 41 II 1749-24608 4 4702. 05 II 4706-25968
4 4383. 27 I 3801-26608 8 4702. 52 II 2295-23554

24 4393. 60 I 0-22754 3. 5 4715. 68 I 4453-25653

5 d 4402. 30 13 4722. 73 II 1749-22917
4402 44 10 4731. 60 II 4585-25714

10 4415. 24 II 0-22642 3. 0 4743! 53 6249-27324
5 4426. 68 II 4706-27290 8 4755. 73 II 0-21021
5 4426.94 I 0-22583 12 4756. 80 I 620-21637

8 4427. 65 289-22868 3. 0 4768. 66 620-21585
5 4433 89 n 8394-30942 6 4769. 26 II 0-20962
8 4434. 53 II 8 4772. 70 II 2295-23241
3.0 4440. 74 I 3801-26313 3. 0 4778. 10

11 4462. 97 II 915-23315 4 4779. 63 II 6445-27361

5 4465.13 2295-24684 3. 0 4780. 19 II

4 4469 32 0-22368 3 0 4785. 91

44 4472.34 II 289-22642 3.5 4790.* 06 I 3801-24671
5 4477. 71 II 915-23241 3. 0 4810. 90 I 3801-24581
8 4490. 84 II 1749-24010 4 4819. 54 II 4421-25164

5 4510.32 0-22165 4 4842. 48 620-21265
1 8 4515 28 289-22430 4847 66 II 2295-22917
5 4516. 73 I 620-22754 7 4858. 08 II 4585-25164

14 4538.19 II 1749-23778 6 4859. 68 II 0-20572
46 4543. 63 II 915-22917 8 4861. 02 II 5402-25968

11 4545. 58 2295-24288 3. 0 4868. 86 3801-24334
3 4551 98 620-22583 3 5 4883 78
3.0 4553. 86 II 915-22868 3.5 4885.15 I 0-20464
6 4555. 10 II 8394-30342 2.5 4886. 33 II 5527-25986
4 4563. 96 8 4899. 29 II 915-21320

7 4567. 69 1749-23636 4 4910. 35 6249-26608
1 nX u 4569 91 289-22165 4913. 16 II 2295-22642
3.0 4570. 99 II 6283-28154 3.5 4924! 64 II 5667-25968

12 4573. 69 II 2295-24153 3.5 4928. 44 I 4276-24560
4 4576. 64 I 620-22464 2. 0 4933. 06 I 3801-24067

4 4584. 85 1749-23554 2. 5 4933. 66 II 4421-24684
4 4601.13 915-22642 2.5 4950. 17 II 5791-25986

10 4603. 66 2295-24010 3.5 4955. 78 7646-27818
4 4605.15 5791-27499 3.5 4967. 33 3801-23927
3.0 4609. 86 3.5 4972. 10 II 915-21021
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

^« ->
TTX X gi t; _2n962 1 6X. o 5449 86

10 5008. 22 II 1749-21711 5449. 93
2.0 5011. 42 I 620-20569 1.6 5459. 27 I 620-18933

5027 38 TX \J A. / \J \J ~J 3 0 54^,5 AQ

2 0 5047 42 TTX X 229S — 22101 7

5nf)3 77 T
J. 3«ni —23544 R4Rn 2R T T1 J.

2. 0 5077. 82 6 5481. 22 II 6445-24684
3.0 5085. 86 II 915-20572 4 5482. 55 II
X. o 5088 29 TX 0 — 19648 1 0X, VJ 5484 ^2
Aw 5117 25 3 0 5487 02 ITX X 5791 —2401 0_J / /X t.'T'JXU

5137 05 2 5 5488 91

2. 0 5145. 10 II 6283-25714 3.0 5491. 24
2.5 5154. 04 14 5492. 97 II 0-18200
7 5160 33 ITX X 570-1 —25164 2 5 5494 67
5 5164 14^ J. \J t 9 -L. 1 T 8119-27478WXX/ £_f~fU 3 0 5496 43 IX 4276 — 22464

5 5184 59 ITX X 5402-24684 1 4x« -r 5500 69 TX 1 1 545 — 29720
4 5204. 32 1.4 5501. 49
2.0 5225. 12 II 4421-23554 3.5 5504. 15 II 6445-24608
X. u 5238 61 3 0 5510 44
1 AX. u 5247 35 TTX X 5402 —24453 4 5511 49^ ^ X Xm " / T ^20 — 1 87^9

4 5247 75 T TX X
4c;qc; _23^3A 1 4 _J-^X^« ^ /

4 5257. 04 II 5667-24684 6 5527. 85 II
1.4 5272. 00 I 7646-26608 1.4 5531. 26 I 8119-26192
2 0 5278 18 IIX X 5402-24342 1 4 5535 80
A 5280 38 IX 0-18933 2 0 5538 53

X. u 5288 40 ITX X 5402 — 24306 2 5 5544 82

3.5 5308. 54 I 3801-22633 1.4 5548. 06
1.8 5310. 04 2.5 5551. 44 II 6445-24453

5311 88 TTX X 4421 —23241 1 6X« U 5552 62 IIX X 6283 — 24288
1 4X, 1- 531 2 73 TTX X 57Q1 —24608 14 h 5555 77

X. u 531 5 27 T 7646 — 26454 2 0 5557 90 ITX X 579-1 —23778
1.8 5319. 38 6 5564. 17 I 3801-21768
1.4 5321. 60 II 5667-24453 3.5 5570. 68

^ J C 1 ^ IX 1 ?X. c 5573 07 TX 1 0347 — 28286
3 5 5329 26 TX 0—18759 1 0Xa \J 5573 59 IX 6249-24186

1 8X. o 5349 92 1 8X » u 5580 82 IIX X 5402 — 23315
1. 6 5362. 40 2.5 5581. 23
1.6 5363. 82 II 5667-24306 4 5581. 61 II 289-18200

1 0X. u 5587 19

X. u 5373 45 2 5 5597 38 IIX X 6445-24306

1 nX. u ^"^82 94 TX ^20 — 1 91 92 2 0 5602 91 ITX X 6445-24288
1.0 5385. 54 I 7646-26209 1.2 5603. 99

5 5386. 21 II 1.2 5608. 86
X, u J ^ \J / % \J\J 5 5610 89^ UX VJ p u / IX 6249-24067

54nil 9^ T TX J. 5402 — 23912 1 2X. t. 5616 58 IX 8119-25918WX X / ^ -J / J- \J

5403 20 5 5620 78 I 620-18406
2.0 5406. 00 II 8394-26887 2.5 5621. 51 I 3801-21585

DHX U. t.^
T
1 4276 — 22754 1 2X. ^ 5A28 02 TT± X 5791 — 2'?5^4

1.0 5423. 35 1.2 5629. 46
3.0 5444. 48 II 5791-24153 1.2 5632. 47
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
iCiig Lll

in r\

Spec-
trum

Energy

111 i\.

Intensity
and

Wave-
length
in A

Spec-
trum

Energy
Levels
m K.

2. 5 5634. 38 I 7646-25389 1. 6 5828. 02
0. 8 5636. 80 1. 6 5832. 39
1. 2 h 5638. 00 4 5836. 08 I 10347-27478
1. 2 5640. 33 5 5837. 71 II 4585-21711
0. 8 5644. 25 1. 0 5839. 05

0. 8 5648. 38 1. 6 5841. 84
2. 0 5653. 79 2. 0 5843. 29 II 6445-23554
2. 0 5654. 41 II 4421-22101 1.0 5843. 92
1. 6 5658. 26 I 5762-23430 3. 0 5845. 27
1.2 h 5664. 86 1. 0 5852. 03

2. 5 5669. 42 620-18254 2. 5 5853. 93
0. 8 5674 88 1 0 5859. 19
1. 2 5680. 37 I 6249-23849 0. 6 5863. 43
1. 6 5683. 33 3. 0 5870. 95 II 5402-22430
1.2 5685. 19 I 4453-22038 1. 0 5886. 95

3. 5 5691. 39 II 6445-24010 2. 0 5895. 33
2. 0 5704. 07 1 8 5898 78 I 6249-23197
1. 0 5705! 66 2.0 5902. 50
1. 8 5706. 99 20 5915. 40 I 0-16900
1.0 5709. 49 2. 0 h 5925. 47 I 7646-24517

1. 8 5716. 87 4453-21941 1. 8 5929. 33 I 3801-20662
1. 0 5722. 23 1. 4 5932. 44 II 5791-22642
3. 5 5723! 63 II 6445-23912 1.4 5933. 85 I 620-17468
2. 0 5733. 26 0. 9 5934. 46
2.0 5736. 38 I 7006-24433 0. 9 5942. 77 I 5762-22584

2. 0 5737. 27 5762-23187 1. 2 5948. 57 I 7646-24452
1. 8 5748. 13 1. 8 5952. 05 II 6445-23241
1. 0 5748. 47 1.8 5956. 86 I 5991-22774
1. 8 5750. 54 5 5971. 50 I 620-17362
2.0 5758. 14 I 0-17362 9 5976. 32 I 3801-20529

1. 0 5758. 35 4276-21637 2.5 5986. 10 I 3868-20569
0. 8 5761 88 4 5997. 31 I 6249-22919
1. 0 h 5763. 63 I 7326-24671 1.4 5997. 96 I 4276-20943
1. 0 h 5765. 41 2. 0 5999. 41 I 3801-20464
1.0 5767. 43 I 5991-23325 1. 8 6000. 20

1. 0 5771. 05 6249-23572 1. 8 6004. 83

1. 0 5776. 90 1- 8 6008 87
1. 0 5777! 81 1.8 6010. 86 I 10347-26979
6 5780. 59 I 6249-23544 1. 8 6014. 07
2.0 5788. 59 II 6283-23554 0. 9 6016. 73 I 5762-22378

2. 0 5791. 77 2. 5 6017. 39 II 4706-21320
1. 0 5796. 54 1. 8 6017. 57 I 6249-22862
6 5798! 55 1.4 6019. 19 I 4453-21062
3.5 5802. 11 I 8119-25349 2. 0 6028. 13

1. 0 5805. 20 0. 6 6035. 54

1.8 5811. 29 1. 8 6039. 60 I 8119-24671
1.0 5813. 83 I 5991-23187 0. 8 6050. 48 I 3868-20392
0.8 5814. 41 3868-21062 0. 8 6050. 67 I 7326-23849
1.0 5816. 79 5 6051. 74
0. 8 5819. 01 I 7006-24186 1.4 6056. 80 I 0-16506
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

1. ^ bUD /. U / OCH7 — C.C. 1 OH 1. u AAOA QQbHCH, 07 T T
1

1

c/ino onoAO

1.6 6059. 73 II 5667-22165 0.7 6430. 93

1.6 6062.30 I 4276-20766 0.4 6448. 04
AH oUo /.

1 n1 u AAAQ 1

7

T
1 AO n 1 AT OOb^U — Ibl^:^:

QO faU / /.
Aon 1 7n7n 1 n3. u c^AU^ nnb'tbb. uU T

1 710A 007Qn
/ JCb — £.£. / 7U

bUo /. ^4 T T
1 1 OHHD — CdOOO U. H AA7n c;c;bH / U. _5D

1.4 6089. 19 3801-20219 0.4 6481. 72

1.6 6101. 77 6249-22633 0.4 6485. 38
n DU. o biiU. vi n n AAfifi It;

1. 4 bi^ /. / / Oil7 — CHHS>J n /IU. H AAQR It;

bi/iv. //I
Aon 1 ^.Qin 1. H At;ni AObDU^. b^: A'il 1 QAAHHe. 1 b — X TbHo

1.8 6132. 61 0.4 6506. 32

0.8 6138. 54 1.4 6518. 94 6249-21585
U. o

/T CO o

C

bib^:. ^iD 1 ni/i 7 0 ac;q71U34 / — C.OD7 1
n AU. H Ac;on QRbocKi, 70

n "7
bib4. 3U 710^ Oic;/!/! n Au. b Ac;OA nHb-)<ib. Uo

1. 4 bib4. / /
n A Ai;07 OAbD^ /. UH £;7A0 _ 01 n7QD / be — ^X U /

7

3.5 6171. 85 7646-23844 0.4 6534. 60

3.0 6175. 38 4276-20464 1.0 6535. 46

U. / bioi. i 1
T T
1 1 u. b L^C.'lL, CObD^b. Do T T i;AA7 _ onQAODDD / — ^U7u^

1. 4 b^liD. ^ /
lOm 1 QQQc;^OUl — 1 700D n B AC^AO Q7 71 nA —OOIRI

T /I

1. 4 /I07A onn 0 u. b OjH7. oO

1.4 6246. 53 J 5762-21766 0.3 6552. 75 I 7326-22583
1.4 6254.22 II 6445-22430 1.2 6555. 01

1. 2 b/ibo. bb Oll7 — CHUb 1
n Au. b bDD / . Do

1. 0
7Q ^ /Ib2 /v. OH T T

11 D / 7i — ^ll / 11 n 1u. 3 ARQO 7QbDo<l. Io

2. b b^oU. /:U
T T
11 t;/i no o^ ion u. b Ac;Q7 RIDDO /

.

Oj

0. 6 6291. 48 0.9 6590. 05 II 5402-20572
1.2 6292. 03 0.4 6601.46
1. 8

/ OQl 1

O

/.on 1 ^.cnAbiiU — IbbUb n o AAnO ASbbu^. bo

1. 6 ^obO — 17

/

u. O AAfT^ 1^

1. 2 bice, J 1
n QU. 7 DDUJ. 70 710A — 99dAA

0. 8 6330. 77 2.5 6620. 52 I 620-15721
0.6 6336. 55 2.5 6621. 77

0. 6 ^ 1 /I ^ O 7 1. u AAOO RO

2. 5 6359. iCo
T
1

n 1 c:70iU — lb /<il 1 n1. u AAOc; OQ D / Ot — c.\jODC

b bi 1 L, HI
T
1 IQm 1 Q/IQQ^OUl — 1 7'tC>7 n AU. D AA7R Al^DD^O. OD

0.5 6373. 01 0.8 6647. 79

1.0 6374. 78 0.8 6656. 81 620-15638
0. 5

'2 "7 C Q O U. H AA71 OQ

2. 5 o37o. 56 1. 4 AA7A QObb / b. 7^

2. 0 ^ 1 7Q ^ /I63 /7. b4 n clU. 4 AAR1 1

^

DOOi.. X D

0.7 6383. 59 I 4453-20114 1.8 6683.38 I 3801-18759
1.0 6386.8 0.4 6691. 21 10686-25627
2. 0

^1 OQ ' onb3o7. oU T
1

CQQl 01 A17D77l — (ilb3 / U. H D / U U. OJJ

0. 5 6391. 32 n A A7m AR

2. 5 6392. /o
T
1

n 1 c^.iQU — lDb3o n o A7n7D / U / , D y

8 6395.45 I 0-15632 0. 8 6710. 57

1. 6 637 /. io T
1

7nn^ OOA11
/ uub — c.c.bjj 1. ^ A71 7

0.7 6400. 36 II 5402-21021 0.8 6720. 84 II 6445-21320
0. 8 6411.59 I 7326-22919 0. 8 6726. 89
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Uranium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

0.4 6727. 96 I 5762-20621 1.0 7371. 95 I 5991-19552
1.4 AT'^A fin 7*^70 7(1

1 J 1 /

U

T T
1 X

0.4 6742.47 1.0 7390.99
6754. 93 I 8119-22919 1.0 7392.11

0.4 6768. 64 3.0 7396. 99 I 4453-17969

0. 6 6771. 03 1.0 7416. 57
0. 8 oil D. 07 / HCD, DU T

X U — LjHOj
0.4 6780. 62 2.5 7454. 03
0.4 6782. 70 1.0 7510.98
0.4 6782. 85 I 4453-19192 1.0 7517. 41

2.0 6790.30 I 7646-22368 2.0 7528. 70
0.4 6796. 46 10 7533.91 I 3801-17070
0.4 d 6808. 76 2.5 7550. 23
0 2 6812. 98 I 4453-19127 1.6 7580. 91
0.4 d 6813. 75 0.7 7587.55

6813. 81

1.0 7590. 54 I 5762-18933
1.0 00± O. ^ 7 TX 1 nX. u 7RQ^ 07 TX 1 (lAfiA —XUOOD
3.5 6820. 76 I 4276-18933 0.8 7600. 27
1 2 6824. 56 2.0 7609.16 I 7326-20464

14 6826. 93 I 0-14644 3.5 7619.35 I 7646-20766

0.6 6832. 71 I 7006-21637 1.6 7621. 95
1.0 Afi/IA 9^ TX 9 ' ojx, 1 X TX "^fidi —1 AQnn^OUX — XDvUU
2.5 h 6869. 07 1.6 7634. 73 I 7326-20420
5 6876. 75 3.0 7639. 54 I 4276-17362
1.2 6887. 74 I 8119-22633 0. 8 7653. 61

1.0 6902. 55 I 4276-18759 0.8 7668. 73

1.2 TX '^1(^9 —9091 9 n a 7AAQ ftQf \J\J/ m U /

2.5 6917. 05 I 3801-18254 1.6 7748.19 I 11545-24448
6948. 58 II 1.6 7754.19 I 7326-20219

1.2 6987. 72 \ 1.6 7759. 87 I 7646-20529

1.2 7015. 72 I 8119-22368 2.5 7761. 86 I 7006-19885
3.0 7784 1 TX

1.2 7030. 69 1. 6 h 7802. 40
7033. 84 I 10347-24560 1.6 7816.32 I 13128-25918

1.2 7073. 61 0.7 7832. 05

5 7074. 81 I 4276-18406 0.5 7835. 71

2.5 / UO^. XX 9 n 78*^7 71/ OJ 1 m /X

6 7101. 63 I 4453-18531 2.0 7844. 71

7 7128. 91 I 620-14644 3.0 7868. 75 I 3801-16506
1.0 h 7130. 09 I 5762-19783 3.0 7875. 38

3.5 7147.89 I 10347-24334 11 7881. 94 I 6249-18933
2.0 71 AZl fi7

/ X OH, O /
T
X HHD J — XO*tUD 9 n 79nn 4"? TX

1.0 7172. 10 I 7326-21265 1.4 7904. 29 I 8119-20766
2.0 7183. 47 1.4 h 7908. 00 I 7006-19648
2.0 7194. 63 2.0 7918. 80 I 4276-16900

1. 0 7196. 66 1.4 7959. 96 I 7326-19885
1.0 7205. 45 I 10686-24560 3.0 7963. 97

1.6 7210.29 I 6249-20114 4 7970. 46 I 8119-20662
1.6 7218. 04 0.7 7974. 66

3.5 7254. 47 2.0 7975. 09 I 5991-18527
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Uranium — All Observed Lines

Intensity
3.nd

C^,\^ Pi V ^ Cf R V

Wave-
length
in A

Spec-
trum

Energy
T jPvpl ^

in K

Intensity Wave-
ICIl y LXi

Spec-
trum

Energy
Levels
m is.

0. 7 7975. 47 1. 4 8357. 07
2. 0 7976. 88 II 4 8381. 86 I 7006-18933
1.4 7991. 30 I 6249-18759 1.6 8387.16
2. 0 7998. 60 I 13128-25627 2. 5 8389. 17 I 5991-17908
0. 7 8012. 96 I 4453-16930 1. 6 8396. 76

' 1. 2 8019. 38 I 7006-19472 0. 8 8402. 58
2. 0 8034. 79 I 10347-22790 3. 5 8441. 20 I 7646-19489
0.7 8040. 10 8 8445. 35 I 3801-15638
1. 4 8055. 60 I 8119-20529 4 8450. 03 I 3801-15632
2. 0 8065. 47 1. 6 8496. 09 I 8119-19885

0. 7 8065. 84 1. 6 8504. 70 II 6445-18200
2. 0 8074. 03 2. 5 8540. 20 I 5762-17468
2.0 8097. 62 0. 8 8542. 32
1.2 8126. 23 1. 6 8557. 34 I 10686-22368
1.4 8137. 21 I 10347-22633 1. 6 8567. 73 I 4453-16122

1. 4 8153. 71 I 13128-25389 3. 5 8570. 51 I 8119-19783
3. 5 8174. 30 I 4276-16506 1. 6 8574. 61 I 6249-17908
1.4 8175. 85 I 0-12228 17 8607. 94 I 0-11614
2. 0 8188. 20 0. 8 8618. 96
1.4 8210. 27 2. 0 8641. 12

1. 4 8230. 83 I 5762-17908 1. 6 8659. 52

0. 7 8240. 51 I 5762-17894 5 8691. 28
4 8262. 05 I 8119-20219 1.0 8702. 08

0. 8 8307. 56 4 8710. 77 I 5991-17468
1. 6 8310. 61 4 8753. 69 I 10347-21768

3.5 8318. 34 7 8757. 75

1.4 8329. 73 1.8 8787. 37
3.5 8337. 46 2.0 8816. 56
2.5 8346. 74 I 5991-17969
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VANADIUM

V, Z=23, M=50.95, Ratio 7^=0.802

V I Normal state of valence electrons Sd^4s^ *Fik=0. I.P.= 54361 K
V 11 Normal state of valence electrons 3(^* ^Dq =0. I.P.= 1 18200 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Supplemented above 6700 A by the following:

W. F. Meggers and C. C. Kiess, Sci. Papers BS 16, 51 (1920).

W. F. Meggers and H. N. Russell, J. Research NBS 17, 125 (1936).

Classification

:

V I, W. F. Meggers and H. N. Russell, J. Research, NBS 17, 125 (1936).
C. E. Moore, Phys. Rev. 55, 710 (1939).

V II, W. F. Meggers and C. E. Moore, J. Research NBS 25, 83 (1940).

Intensities

:

R. Frerichs, Ann. Physik 81, 807 (1926).

R. B. King, Astrophys. J. 105, 376 (1947).

G. Righini, Mem. Soc. Astron. Ital. 20, 303 (1949).

G. Righini, Osservazioni e Memorie dell Osservatorio Astrofisico di Arcetri 66, 1 (1950).
Y. I. Ostrovskii and N. P. Penkin, Optika i Spektroscopiya 5, 345 (1958).

Relative intensity of vanadium lines observed in an arc of copper containing 0.1 atomic
percent vanadium

Strong lines of vanadium

Intensity Wavelength
A

950 4379. 24

700 3183. 98

700 4111. 78
550 4384. 72

600 3093. 11

500 3185. 40
420 3183. 41
400 3102. 30
400 3703. 58

380 4389. 97

360 4408. 51

340 3110. 71

340 4115. 18

320 2908. 82
320 2924. 02
320 3066. 38
320 3855. 84
280 3840. 75

280 4395. 23
280 4408. 20
260 3118. 38
240 4128. 07
240 4132. 02

220 2924. 64
220 4099. 80
220 4105. 17
220 4407. 64

Spectrum

II

II

II

II

II

II

II

Energy levels

k

2425-25254
323-31722

0-31398
2425-26738
2311-25112

3163-35483
553-31937
137-31541

2968-35193
2425-29418

2220-24993
2153-24830
2112-24789
2809-34947
2311-26605

3163-37531
3163-37352
553-33155
553-26480
323-26353

2153-24899
2220-24899
2687-34746
2220-26438
2311-26506

2968-37151
2220-26605
2153-26506
2311-24993

Term combination

3d* 4si o
3d3 4s2 a ^FsH-
3d3 4s2 a *Fiy-
3d' 4si a
3d* 4si a

-3d* 4pi

-3d^ 4si '

-3# 4s' '

-3d* 4pi

-3d* 4pi

3d3 4si a 5F5 —3d^ 4p
3d^ 4s2 a *F4y, - " -

3d3 4s2 a *F2y,

3d^ 4si a 5F4

3d* 4si a

3d^ 4si 4pi

3d^ 4p'
3d3 4si 4pi

3d* 4si a
3d* 4si a ^Biy-
3d* 4si a
3d3 4si a -

3d* 4si a

3d3 4si a 5F5 -

3d' 4si a J^Fs -

3d' 4s2 a *Fiy,-

3d' 4s2 a *F4H-
3d' 4s2 a *F3y,-

3d* 4sia6Dij^-
3d* 4s> a »B2y,-

3d' 4si a «F2 -

3d* 4si a 6D2K-
3d* 4si a oDsK-

3d' 4si a 5F4 -

3d* 4s' a ^Dm-
3d* 4si a

3d* 4s' a "DsK-

y
X
X

y
y

z ^Gi
X *Gly^
X *G3H
z

y

y 'ny.

y
y
z

y

-3d* 4pi

-3d* 4pi

-3d* 4pi

-3d' 4pi

-3d* 4pi

-3d' 4p' z 5D|
-3d' 4pi 2 sFl

-3d' 4s' 4pi w *F\y,

-3d* 4p' 2/ *D3h
-3d* 4pi "

y *D 2H

-3d* 4pi

-3d* 4pi

-3d' 4pi

-3d* 4pi

-3d* 4p'

-3d' 4p'

-3d* 4pi

-3d* 4p'

-3d* 4pi

y
y
z 'G3

y
y

z 5F5

y
y
y «F5>^

609065 O - 62 -29 437



Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spc c-

trum.

Energy
Levels
in K

5 2092. 44 553-48329 14 2549. 28 II 11908-51123
2. 5 2384. 00 II 8842-50775 16 2552. 65 I 137-39300
2. 5 2384. 28 0-41928 12 2552. 96 II 13609-52767
4 2386. 96 J 10892-52774 5 2553. 67 II 11515-50662
4 2388. 92 I 11101-52948 7 2554. 86 I 137-39267

5 2390. 87 I 137-41950 5 2558. 90 I 323-39391
5 2391. 26

\

2220 — 44026 28 2562. 13 I 323-39342
6 2392. 90 2425-44203 10 h 2564. 23 I 15265-54251
5 2397. 78 I 553-42246 15 2564. 82 I 323-39300
5 2398. 27 J 553-42237 5 2568. 39 I

5 2399. 96 I 0-41655 30 2574. 02 I 553-39391
10 2406. 75 323 — 41861 6 2511. 29 I 553-39342
9 2407. 90 \ 137-41655 12 2620. 29 I 8716-46868
8 2412. 69 J 323-41758 19 2630. 67 II 14656-52658
6 2413. 03 J 0-41429 5 2640. 69 I 9825-47683

11 2415.33 I 0-41389 17 2642. 21 II 14556-52392
11 2416. 75

\

553 — 41918 6 2643. 16 I 137-37960
8 2417. 35 137-41492 6 2644. 36 II 34746-72551
9 2420. 12 I 553-41861 20 2645. 26 I 323-38116
9 2421. 06 I 137-41429 11 2645. 84 II 14462-52246

9 2421. 98 I 323-41599 12 2647. 71 I 0-37757
4 2423. 38 137-41389 19 2651. 90 I 137-37835

11 2428. 28 \ 323-41492 6 2652. 92 I 15265-52948
8 2432. 02 J 323-41429 6 2653. 83 I 15104-52774

12 2435. 52 J 553-41599 7 2655. 68 II 35193-72837

6 2439. 10 I 553-41539 20 2656. 22 I 323-37960
4 2441. 89 553 — 41492 4 2658. 98 II 14656-52253
9 2479. 05 II 13543-53869 4 2659. 61 II 17911-55499
6 2479. 52 II 13609-53927 24 2661. 42 I 553-38116
6 2482. 31 II 11908-52181 4 2665. 96 I 0-37499

18 2501. 61 I 0-39962 4 2671. 67 I 137-37556
8 2503. 02 II 8640-48580 38 2672. 00

T T
II 107-37521

10 2503. 30 0-39935 5 2673. 23 II

9 2506. 22 II 8842-48731 50 2677. 80 II 36-37369
20 2506. 90 0-39878 36 2678. 57 II 209-37531

32 2507. 78 I 137-40001 50 2679. 32 II 209-37521
24 2511. 65 323-40126 24 2682. 87 T T

II 107 — 37369
24 2511. 95 { 137-39935 24 2683. 09 II 0-37259
10 2514. 64 II 9098-48853 6 2685. 14 I 9637-46868
9 2515. 15 137-39884 9 2685. 69 II 36-37259

24 2517.14 I 323-40039 6 2686. 36 I 9637-46851
32 2519. 62 323-40000 2686. 51 I 553 — 37765
55 2526. 22 } 553-40126 140 . 2687. 96 II 339-37531
28 2527. 90 II 12706-52253 22 2688. 72 II 339-37521
16 2528. 47 II 12545-52083 20 2689. 88 II 36-37201

20 2528. 84 II 12622-52154 30 2690. 24 II 209-37369
?530 18 553 — 40064 32 2690. 79 II 107-37259

4 2534. 52 II 11296-50739 16 2696. 99 I 10893-47960
8 2545. 98 0-39267 16 2697. 74 I 11101-48158
8 2548. 69 II 11515-50739 6 2698. 73 I 9825-46868
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Vanadium — All Observed Lines

Intensity

and
Character

Wave-
length
in A trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

^T*^ mm

L J. LIXI

I

Energy
Levels
in K

4 2699.11 I 9825-46863 14 2847. 57 II 20242-55350
90 2700. 94 II 339-37352 9 2848. 77 I 0-35092
50 2702. 19 II 209-37205 4 2849. 05 II 13491-48580
6 2705. 22 II 0-36955 9 2849. 18 I 137-35225

70 2706. 17 II 209-37151 10 2850. 69 II 22274-57343
2850. 77 II 14656-49724

20 2706. 70 II 107-37041
14 2707. 86 II 36-36955 18 2852. 87 I 13802-48845
22 2711. 74 II 339-37205 18 2854. 34 II 20280-55304
8 2713. 05 II 107-36955 26 2855. 22 I 0-35013

16 2714. 20 II 209-37041 8 h 2857. 94 I 9637-44617

85 2715. 69 II 107-36919 24 2859. 97 I 137-35092
20 2722. 56 I 10893-47612 32 2864. 36 I 323-35225
4 2723. 22 II 209-36919 10 2866. 42 I 9825-44701

32 2728. 64 II 36-36674 22 2866. 59 I 15104-49978
24 2731.35 I 11101-47702 28 2868. 10 I 15265-50121

5 2733. 90 II 107-36674 18 2869.13 II 20363-55207
13 2739. 71 II 0-36489 4 2869. 96 II 2687-37521
12 2742. 41 II 36-36489 28 2870. 55 I 553-35379
4 2742. 67 II 3163-39613 14 2877. 69 II 14462-49202
8 2747.48 II 19113-55499 14 2879. 16 II 2809-37531

19 2753. 40 II 19192-55499 46 2880. 03 II 2809-37521
8 2760. 12 II 13512-49731 50 2882. 50 II 2687-37369

12 2760. 70 II 19192-55403 50 2884. 78 II 2605-37259
18 2765. 67 II 12706-48853 19 2888. 25 II 14656-49269
8 2766. 46 II 13595-49731 50 2889. 62 II 2605-37201

11 2768. 56 II 12622-48731 120 2891. 64 II 2687-37259
6 2773. 68 I 11101 -47143 70 2892. 44 II 2968-37531

12 2774. 28 II 12545-48580 120 2892. 66 II 2809-37369
6 2774. 72 II 19113-55142 190 2893. 32 II 2968-37521
6 2775. 76 II 19192-55207 8 2894. 58 I 0-34537

18 2777. 73 II 13742-49731 48 2896. 21 II 2687-37205
7 2783. 78 I 13811-49723 12 2899. 20 I 137-34620
3. 5 2785. 54 I 14515-50404 15 2899. 60 I 0-34477
7 2785. 69 I 13802-49689 48 2903. 08 II 2605-37041
9 2797. 02 II 16341-52083 8 2903. 70 I 0-34429

10 2797. 80 II 16422-52154 11 2904. 13 I 323-34747
11 2798. 76 II 16533-52253 20 2906. 13 I 137-34537
12 2799. 45 II 13491-49202 120 2906. 46 II 2809-37205
12 2802. 80 II 13543-49211 65 2907. 47 II 2968-37352
16 2803. 47 II 13609-49269 6 2908. 44 II 20343-54716

4 2805. 54 II 18294-53927 320 2908. 82 II 3163-37531
12 2810. 16 II 18294-53869 95 2910. 02 II 2687-37041
12 2810. 27 II 18354-53927 70 2910. 39 II 2605-36955
8 2817. 50 II 18269-53751 75 2911. 06 II 2809-37151
8 2836. 52 II 13609-48853 7 2914. 30 I 16573-50876

4 2838. 06 I 0-35225 50 2914. 93 I 323-34620
8 2841. 04 II 13543-48731 I 16729-51026
4 2844. 93 I 14549-49689 8 2915. 33 I 137-34429
6 2845. 24 II 20363-55499 6 h 2916. 02 I 10893-45176

16 2846. 57 I 16 2917.37 II 2687-36955
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

SpG C-

trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

8 2917. 93 I 11101-45361 9 3031. 01 I 10893-43875
T TII 2968 — 37205 36 3033. 45 II 20363-53320

50 2920. 38 II 2687-36919 38 3033. 82 II 14656-47608
95 2923. 62 I 553-34747 6 3041. 42 II 16341-49211

320 2924. 02 II 3163-37352 12 3042. 26 II 16341-49202

220 2924. 64 II 2968-37151 30 3043. 12 I 137-32989
8 2926. 26 I 323 — 34487 30 3043. 56 I 0-32847
7 2930. 13 II 14462-48580 30 3044. 94 I 323-33155

95 2930. 81 II 2809-36919 30 3048. 22 II 20280-53077
9 2932. 32 II 20623-54716 12 3048. 89 II 16422-49211

28 2934. 40 II 2605-36674 6 3050. 40 I 11101-43874
15 2935. 87 I 323 — 34375 22 3050. 89 I 0-32768
12 2937. 69 I 137-34168 9 3052. 19 I 137-32891
4 h 2938. 25 II 14556-48580 24 3053. 39 II 14556-47297

120 2941. 37 II 3163-37151 60 3053. 65 I 0-32738

60 2941. 49 II 2687-36674 9 3053. 89 II 16533-49269
30 d 2942. 33 I 553—34530 160 3056. 33 I 137-32847

2942. 35 I 0-33976 190 3060. 46 I 323-32989
30 2943. 20 I 0-33967 19 3063. 25 II 20242-52878

140 2944. 57 II 2968-36919 320 3066.38 I 553-33155

15 2946. 53 I 137-34066 26 3067.12 II 14462-47056
8 2949. 17

T T
II 22274-56171 18 3069. 64 I 323—32891

30 2949. 63 I 137-34030 22 3073.82 I 323-32847
40 2950. 35 II 2605-36489 13 3075. 27 I 15104-47612
85 2952. 08 II 2809-36674 20 3082.11 I 553-32989

16 2954. 33 I 137-33976 6 3087. 06 I 9545-41928
12 2955. 80 I 553-34375 12 3088. 11 I 9637 — 42010
11 2957. 33 I 323-34128 6 3089.13 I 9637-41999
34 2957. 52 II 2687-36489 500 3093. 11 II 3163-35483
55 2962. 77 I 323-34066 26 3094.20 II 16422-48731

80 2968.38 II 13742-47420 7 3094. 69 I 9545-41848
16 2972. 25 II 19133-52767 O /I24 3100. 94 T TII 16341 — 48580
6 2974. 22 I 9637-43249 400 ?102. 30 II 2968-35193

12 2975. 65 II 13512-47108 340 3110. 71 II 2809-34947
16 2976. 20 II 13512-47102 12 3113.57 II 23391-55499

50 2976. 52 II 13595-47181 260 3118.38 II 2687-34746
32 2977. 54 I 553-34128 10 3120. 73 II

oA/oo r"A/iro20623 — 52658
8 2981. 20 II 19166-52700 50 3121.14 II 3163-35193

12 2988. 02 II 13595-47052 20 3122. 90 II 23391-55403
6 2989. 60 II 13742-47181 200 3125.28 II 2605-34593

10 2994. 54 II 30673-64057 34 3126.22 II 2968-34947
10 2996. 00 II 13512-46880 70 3130. 27

T T
II 2809 — 34746

6 2999. 24 I 9637-42969 55 3133.33 II 2687-34593
34 3001. 20 II 13742-47052 28 3134.93 II 20363-52253
12 3003. 46 II 13595-46880 20 3136.51 II 20280-52154

6 3008. 61 II 13512-46740 20 3139.74 II 20242-52083
12 3013.10 II 13512-46690 26 3142.48 II 17911-49724
18 3014. 82 II 13595-46755 20 3145.34 II 3163-34947
10 3016.16 I 9825-42969 7 3145.97 II 2968-34746
24 3016.78 II 13742-46880 6 3146.23 II 20617-52392
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

5 3151.32 II 20522-52246 14 3377. 62 I 9825-39423
5 3164.83 II 8842-40430 22 3400. 40 I 8716-38116
7 3168.14 II 8640-40196 7 3402. 57 I 8579-37960

420 3183. 41 I 137-31541 7 3417. 06 I 8579-37835
700 3183. 98 I 323-31722 6 3418. 52 I 8716-37960

I 0-31398
15 3425. 07

;^ uu T RR*^ — "^1 Q"^?DDJ JXvJ

1

X IJ
l/ioc: no T TX X

55 3187. 71 II 8640-40002 6 3489. 47 17242-45892
70 3188.51 II 8842-40196 7 3493.17 II 8640-37259

100 3190,68 II 9098-40430 12 3497. 03 II 20981-49568

7 3193. 92 I 15063-46363 5 3500. 82 19145-47702
9R m T X J? # ^±jyo ^ o T T1 X RRZ19 _ ^7'^Aq

7 3199. 82 I 15001-46244 7 3505. 69 13802-42318
100 3202. 38 I 323-31541 75 3517.30 II 9098-37521
60 3205. 58 1 10893-420/9 20 3520. 02 II 8640-37041

60 3207. 41 1 553-31722 15 3524. 72 II 8842-37205
10 3208. 35 II 8842-40002 30 3529. 74 I 9637-37960
55 3212. 43 I 11101-42221 30 3530. 77 II 8640-36955
10 3214.75 II 9098-40196 75 3533. 68 I 9825-38116
28 3217.11 II 16533-47608 15 3543.50 I 9545-37757

I 323-31398
75 3545. 20 II 8842-37041

c
-3 O 1 TX 1 nRQ'^ — 41 9snXKJOy J *tx /ju X ^ JDDJt c. 1 qR9'i — '^7qAn

7 3233. 19 I 11101-42021 7 3556. 25 I 17242-45354
20 3237. 87 II 16422-47297 75 3556.80 II 9098-37205
7 3249. 57 I 553-31318 7 3560. 60 II 8842-36919

7 3250. 78 II 23391-54144 15 3566.18 8579-36612
T T
i. 1 CViJHJ IjXUOD T TX X RA^n — AA7Z1

18 3254. 77 II 16340-47056 7 3568. 94 17055-45067
5 3255. 65 I 8716-39423 7 3571. 04 I 17242-45237

18 3263. 24 I 0-30636 12 3571.65 I 17117-45107

140 3267. 70 II 8640-39234 12 3573. 52
J

17182-45158
/ X. iil

T T
1 X 7 '^^^77 R7 1 71 1 7 — zmrmqX/XX / — tJUDy

12 3271. 64 1 137-30694 7 3582. 81 I 17242-45145
10 3273. 03 1 10893-41437 75 3589. 76 II 8640-36489

100 3276.12 II 9098-39613 65 3592. 02 II 8842-36674

14 3279. 84 II 19113-49593 75 3592. 53
7 T T

1

1

LvXLj — H73DO T T
X X qnqfl — Aqi q

12 3283. 31 I 323-30771 6 3605. 59
7 3284.36 I 11101-41539 15 3606. 69 I 10893-38611

12 3289. 39 II 8842-39234 7 3616. 72 I

19 3298.14 I 553-30864 6 3637. 76
JLc.

-lOQO 7/1JCvOt IH T T
X X X ^ 1 H^AQ — 49091XHjT-y 'tC.KJL.X

7 3309.18 I 9637-39847 7 3643. 86 I 14515-41950
7 d 3321. 54 II 19113-49211 15 3644. 71 I 11101-38530

3321. 68 I 15265-45361 12 3648. 97 I 16450-43847

14 3329. 86 I 9825-39847 12 3656. 71 16573-43912
12 3356.35 I 9637-39423 26 3663. 59 } 16361-43649
14 3365. 55 I 9545-39249 8 3665. 14 16729-44005
7 3376. 06 I 9637-39249 26 3667. 74 16450-43707
7 3377.39 I 9637-39237 12 3669.41 II 20363-47608
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Vanadium — All Observed Lines

Intensity
3,nd

Wave-

in A

Spec-
trum

Energy
^ V XO

in KXXX XV

Intensity

^ V» a 1" a + tfs T"

Wave-

in x\

Spec-
trum

Energy
ijCveis
m IS.

18 3671. 20
J

10893-38124 4 3781. 39 15572-42010
10 3672. 40 16917-44140 7 3787. 14 J 15104-41501
30 3673. 40 I 16573-43788 55 3790. 32 I 2220-28596
30 3675. 70 I 2220-29418 10 3793. 61 I 0-26353
18 3676. 68 I 17136-44327 120 3794. 96 I 2425-28768

32 3680. 11
{

16729-43894 60 3799. 91 2153-28462
60 3683. 13 2153-29296 60 3803. 47 J 2311-28596
20 3686. 26 I 11101-38221 9 d 3803. 78 I 10893-37175
50 3687. 47 I 16917-44028 3803. 90 I 323-26605

140 3688. 07 I 2311-29418 20 3806. 80 I 11101-37362

110 3690. 28
\

2112-29203 32 3807. 50 2112-28369
160 3692. 22 2220-29296 55 3808. 52 J 0-26249
48 3695. 34 I 17136-44190 24 3809. 60 I 2220-28462

110 3695. 86 I 2153-29203 110 3813. 49 I 137-26353
400 3703. 58 I 2425-29418 10 3815. 51 I 2112-28314

190 3704. 70
\

2311-29296 15 d 3817. 84 553-26738
60 3705. 04 2220-29203 3817. 98 J 11101-37285
10 3706. 04 I 15104-42079 140 3818. 24 I 0-26183
14 3708. 72 I 15265-42221 24 3819. 96 I 2425-28596
4 3713. 96 I 553-27471 24 3821. 49 I 2153-28314

34 3715. 47 II 12706-39613 60 3822. 01 323-26480
5 3718. 91 48 3822. 89 J 2311-28462
5 3722. 00 I 15001-41861 32 3823. 21 I 2220-28369
5 3722. 20 I 18198-45057 7 3823. 99 I 8476-34620

26 3727. 34 II 13609-40430 5 3826. 77 I 8413-34537

5 3728. 34 II 20242-47056 180 3828. 56 137-26249
6 3729. 04 14949-41758 5 3830. 27 }

30 3732. 76 II 12622-39404 3.0 3832. 84 I 13802-39884
16 3734. 43 I 15078-41848 30 3834. 22 I 13811-39884
5 3737. 99 I 14910-41655 8 3835. 56 I 8413-34477

9 3738. 76 15270-42010 8 3836. 05 8476-34537
4 3740. 24 J 15270-41999 17 3839. 00 J 8579-34620

10 3741. 50 I 18438-45158 12 3839. 38 I 14549-40587
24 3745. 80 II 12545-39234 8 3840. 14 I 10893-36926
4 3747. 98 I 15572-42246 60 3840. 44 I 8716-34747

22 3750. 87 II 13543-40196 280 3840. 75 323-26353
4 3751. 78 8579-35225 12 3841. 89 \ 323-26345
4 3753. 27 I 13802-40437 40 3844. 44 I 0-26004
4 3755. 70 I 18302-44921 34 3847. 33 I 137-26122
4 3759. 32 I 20830-47423 12 3849. 32 I

5 3761. 44 15270-41848 8 3851. 17 8579-34537
9 3763. 14 J 15572-42138 4 3852. 10 8476-34429
4 3769. 07 I 13802-40326 130 3855. 37 I 0-25931

22 3770. 97 II 13491-40002 320 3855. 84 I 553-26480
4 3774. 11 I 13811-40300 7 3858. 68 I 8579-34487

4 3775. 19 15270-41752 8 3859. 34
}

8716-34620
4 3775. 72 \ 18680-45158 16 3862. 22 137-26022
4 3776. 16 15771-42246 14 3863. 87 10893-36766

28 3778. 68 2311-28768 140 3864. 86 137-26004
5 3779. 65 10893-37343 24 3867. 60 323-26172
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

AH
"2 070 CO

/ U. 5o T C 771 A1 CQQlb / /i — 41599 00 1C\~7^ LA3973. 64 T TII 11515 — 36674
J.O 3871. 08 { 11101-36926 4 3979.14 20768-45892
J 3873. 64 10893-36701 4 3979. 42 I 19023-44146

160 1 07C no3o / D. Do '20*2 A 0 Q 0 n CO39o0. 52
44 Jo /b. yu 1*27 OCQ'2n13 / — ^5931 /I

4
'2 Q 0 >l 1 A39o4. 34 14910 — 40001

An 1 Q~i L no3o /b. uy CC2 OZ.'2/ICbb3 — ^D34b 7 0 n 0 ^ z. n39o4, 6U 14949 — 40039
1 A 3878. 71 II 14656-40430 7 3988. 83 15001-40064
J, u 3883. 89 I 15689-41429 42 3990. 57 I 14949-40001
7 TTim '2Z.OO'2lllUi — 36o23 20 0 n n 0 on3992. oO 15001—40038

55
o o Q n TO3o7U. lo '2 0 '2 0 z. noo3^3 — £.b\J^d.

A4
'2 Q Q ? TO399 /. 12 T TII 11908 — 36919

7
1 n 3o91. i-C

*2 /I34 3998. 73 15063 — 40064
JO 3892. 86 323-26004 13 4005. 71 II 14656-39613
7 3894. 04 I 18174-43847 4 4023. 17 15270-40119
7 3o96. 16 o/lo — 34375 9 4023. 39 T TII 14556 — 39404
7

o n n "7 no3o^7. Do 18259-43912 9
/I no T 004031. 83 19078 — 43874

£.6. n
o o n o o3o9o. 02 1868U — 44327 12 4035. 63 T TII 14462 — 39234

i i 3899. 13 II 14556-40196 9 4042. 64 15270-40000
il n 3900. 18 I 18372-44005 4 4048. 62 I 137-24830
11 h 37UI. Id lobl3 — 4414U 0 028 yi n c rv q z.4050. 96 171o2 — 41od1

190 3902. 25 553 — dblll 0 028
yi n C T "2 c4051. 35 17242 —41918

39U3. 26 T T
11 llVUo — 3 /b21 4 Add OZ.4053. 26 T CO"7A '20Q'2C15270 — 39935

3904. 47 14515-40119 22 4057. 07 \ 17117-41758
oo 3906. 75 I 8579-34168 10 4057. 82 15689-40326

55 39U9. o9 553 — 26122 lo AC\d 0*24063. 93 TTACC yiTZ.CC
1 /U55 —41655

8 391U. 79 O/n'2 '2'2Q7Z.c)413 — 337 /o io A n7T C /I4U /i. b4 T C CTO A AT OZ.155/2—40126

T 7 3912. 21 0/1 T "2 '2'2QZ.7o41J — 3370

/

5 ^ noo 0*24Uo2. 73 OC^C '2yiA'2A754b — 34U3U
/I 3912. 89 8579-34128 90 4090. 58 \ 8716-33155

li 3914. 33 II 14462-40002 4 4091. 94 I 9545-33976
8

0m / /IT3916. 41
T T
II T 1 CT C •27n >1 111515 — 3 /U41 1 A14 yi noo /IT4U92. 41 OZ.'27 '2^AZ.Z.963 / — 34066

8 392U. 49 0^7Z. '2'2Q7Z.o4 / D — 337 /

0

1 /I n14U 4U72. 07 0*2TT OZ.7^02311 — 26 / 3o

oo 3921. 90 0 >1 "7 Z. '2'2QZ."7o4/6 — 3396/ Q7 4093. 50 OC yi C '2'2QZ."79545 — 3396/
io 3922. 43 8579-34066 5 4094. 28 { 17242-41660

3924. 66 15063-40536 70 4095. 49 I 8579-32989
12 3925. 24 innoz. A A A CkC19U26 — 44495 220 ^AQQ on4099. oO OOOA 0 Z. Z. A C2220 — 26605
16 0 n 0 "7 003927. 93 15U01 — 40452 /! Z.46 /I T no T z.41U2. 16 Oyi"7Z. •200j1"7o4 /6 — 32o4 /

o n 3930. 02 ITim '2Z.C'2QlllUl —36539 1 0lo 4104. 40 T"70y10 ^TCOQ
1 /242 —41599

1 o
Ld. 3931. 34 14949-40379 20 4104. 78 15771-40126

3934. 01 I 8716-34128 220 4105. 17 2153-26506
12 3935. 14 14910 — 40315 5

^ T AT ACl4107. 49 QZ.'2*7 '2'2Q"7Z.9637 — 33976
8

000/ 00
3936. 28 8579 — 33976 9 yi T A 0 004108. 22 T"7ACC yiT'iOn17055 — 41389

4 3937. 53 15063 — 40452 loO yi T AO TO4109. 79 OTTO 0Z.yl'202112 —26438
4 3938. 20 19078-44463 700 4111. 78 2425-26738
/I

H 3939. 33 I 15001-40379 9 4112. 33 I 17182-41492
3.0 3941. 25 14949 — 40315 1 0lo /I T T "2 CO4113. 52 QOOC O^TOO9o25 — 3412o
7 3942. 01 11101 — 36461 5 yl T T yt CI4114. 53 15665 — 39962

12 3943. 66 8716 — 34066 340 yi T T C TO4115. lo OQTT OZ.Z.AC2311 —26605
8 3950. 23 140 4116. 47 I 2220-26506

11 3951. 97 II 11908-37205 14 4118. 18 15724-40000
7 3963. 63 14 4118. 64 8716-32989
4 3968. 09 II 11296-36489 18 4119. 46 8579-32847
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

14 4120. 54 I 8476-32738 13 4297. 68 I 17117-40379
14 4123. 19 I 15689-39935 13 4298. 03 I 17055-40315

ibU C.LDJ —cojy 1 4JUb. cl.
107 OIIC^13 / — ^13353

9 4124. 07 I 9825-34066 11 4307. 18 I 0-23211
240 4128. 07 I 2220-26438 13 4309. 80 I 323-23520

9 4128. 86 I 15665-39878 3. 0 4313. 89 I 14949-38124
^^240 4132. 02 I 2311-26506 36 4330. 02 I 0-23088
ioU An4U 117 0*2011

5 4136. 11 I 15078-39249 3. 0 4334. 09 I 9825-32891
5 4139. 26 I 15270-39423 60 4341. 01 I 323-23353

3.5 4150. 67 I 4 4342. 83 I 15104-38124
3.5 4152. 66 I 80 4352. 87 I 553-23520

4iD7. 07 ^^il — ^b^4_) lu 4^D4. 70
5 4171. 30 I 15270-39237 12 4355. 94 I 137-23088
8 4174. 01 I 13802-37753 4 4363. 52 I 2220-25131

18 4179. 42 I 2425-26345 4 4364. 22 I 17055-39962
12 4182. 59 I 2220-26122 12 4368. 04 I 323-23211
1 /I A 1 QQ Q

A

4 4^bo. bU 1 71 17 A nnni1 /II / — 4UUU1
14 4191. 56 I 2153-26004 11 d 4373. 23 I 21603-44463
5 4197. 60 I 15265-39081 6 4373. 83 I 17182-40039

5 4198. 61 I 2311-26122 8 4375. 30 I 21646-44495
4 4200. 19 I 2220-26022 950 4379. 24 I 2425-25254

io 4^U7, Ob OAOC 0^.1 ~IOCHCD — dOi. id.
QO /I -5 Q n c c4^oU. DD 1 70 AO ACtni^A1

/

dHd — 4UUb4
5 4218. 71 { 2425-26122 550 4384. 72 { 2311-25112
5 4224. 14 I 15724-39391 380 4389. 97 I 2220-24993

9 4226. 62 I 15689-39342 7 4392. 07 I 2153-24915
4 4227. 74 I 13811-37458 3.5 4393. 09 I 15078-37835
n4 4^^7. 07 iDbbD — J7^UU 4^7^, o4 QA ~1 U "Jl OOQo4 / b — jiddy

28 4232. 46 I 15771-39391 280 4395. 23 \ 2153-24899
14 4232. 95 I 15724-39342 110 4400. 58 I 2112-24830

14 4234. 00 I 15689-39300 6 4403. 67 I 15063-37765
4 4234. 52 I 0-23609 7 h 4406. 15 I 8579-31268
Q "i^!>o, Io iiJbbD — ^7<C b /

1 onioU A A n A AA44Ub. b4 OAOc, 0 t;i 1 od.Hd.D — dOLLc.

4 4240. 36 I 15724-39300 220 4407. 64 I 2311-24993
8 4257. 37 I 15001-38483 280 4408. 20 I 2220-24899

9 4259. 31 I 137-23609 360 4408. 51 I 2153-24830
9 4262. 16 I 14949-38405 I 2112-24789
4 n ii A /n O 1 A441^1. 14 OM 0 9A771dlLc — <i4 111.

44 4268. 64 { 15063-38483 3.5 4415. 06 \ 15001-37644
4 4269. 76 I 14910-38324 50 4416. 47 I 2153-24789

4 4270. 32 I 14549-37960 9 4419. 94 I 2220-24839
36 4271. 55 I 15001-38405 50 4421. 57 I 2220-24830
3d 1 D. 7b 14747 — iODC."t 7 44/CJJ. ill

3.5 4282. 91 I 15063-38405 2.5 4423. 91 I 20813-43411
34 4284. 06 I 14910-38246 3.5 4424. 56 I 11101-33695

4 4286. 42 I 15001-38324 7 4425. 71 I 14910-37499
3.5 4287. 81 36 4426. 00 2311-24899
3.0 4291. 30 \ 14949-38246 9 4427. 31 { 21603-44184

26 4291. 82 17242-40536 24 4428. 52 2153-24728
17 4296. 11 17182-40452 18 4429. 80 2425-24993
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
ST

trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

2.5 4430. 50 I 15270-37835 16 4571. 78 I 15689-37556
-7

1 faU

{

Ldd Id. — ^oiib A n4U Hb 1 1. 11 U —CIOHI
34 4436. 14 2112-24648 11 4578. 73 { 15665-37499
50 4437. 84 I 2311-24839 2.5 4579. 19 I 15724-37556
65 4441. 68 I 2220-24728 50 4580. 40 I 137-21964

7 4443. 34 I 21646-44146 4 4583. 78 I 15689-37499
c n5U A A A A O 14444. d.LDi — ^4d4o Ob HbOO. JO jci — cclcl
5 4449. 57 I 10893-33360 13 4591. 22 } 19145-40920
5 4450. 90 I 19078-41539 100 4594. 11 I 553-22314

48 4452. 01 I 15063-37518 8 4606. 15 I 137-21841

2. 0 4452. 70 I 14910-37362 2.5 4609. 65 I 11101-32788
3. 0 n A A C I- c n4456. 50

{

c. U /I ^1 T 7/14oll. /4

}

15665-3 / 343
32 4457. 48 2220-24648 18 4619. 77 323-21964
9 4457. 76 I 15104-37530 5 4624. 41 I 8476-30095

80 4459. 76 I 2311-24728 4 4626. 48 I 8413-30022

160 4460. 29 I 2425-24839 8 4635. 18 I 553-22121
6 A A QQ 1 Qno^ /IT /I "JTiVU^o — 414^ /

r /I n ri -74b4U. U /

{

OH 1 b — JU\JCC

48 4462. 36 { 15001-37404 5 4640. 74 8579-30121
3.0 4464. 27 I 19145-41539 10 4646. 40 I 8579-30095
3.0 4464. 75 I 15724-38116 2.5 4648. 89 I 19189-40694

3. 0 4465. 50 I 15572-37960 2.5 4666. 14 I 15270-36695
Q7 A A m i47iU — ^ / coo \.c A U~7 r\ A Q4b / U. 47 o / lb — 3U1^1
3.0 4468. 76 } 15104-37475 1.8 4684. 45 I 15270-36612

30 4469. 71 I 14949-37316 2.5 4686. 92 I 15078-36408
9 4474. 04 I 15771-38116 4 4706. 16 I 15572-36815

16 4474. 71 I 15265-37606 6 4706. 57 I 17242-38483
2. 0 A An C. O Q44 lb. 07 14747 — ^ 1COD o 4 /ID. bo 1 / lo^ — ^o4Ud
6 4480.04 \ 15001 37316 5 4714. 12 I 17117-38324

30 4488. 89 I 14910-37181 2.5 4715. 89 I 19026-40225
6 4490. 80 I 14949-37211 4 4717. 69 I 17055-38246

8 4496. 06 I 15724-37960 3.0 4721. 51 I 15724-36898
5

A AQL O C4496. ob 1 AO A Q 1"71 D114747 — i 1 Loi. AT)') QA4 / cc, ob
{

1 C771 "lAQIQLb 1 1 i. — Pb7^0
3.0 4497. 40 \ 21646-43875 3. 0 4729. 53 15270-36408
9 4501. 95 I 11101-33307 2.0 4730. 38 I 15689-36823
6 4514. 19 I 15689-37835 2.0 4742. 63 I 18805-39884

11 4524. 22 I 15265-37362 1. 8 4746. 63 I 16361-37423
3. 0 4525. 16 lobbb — il Ibl 3. U An AO CO4 / 4o, be

\3. 0 4527. 99 \ 3. 5 4750. 98 16573-37615
3. 0 4529. 30 I 15270-37343 2.5 4751. 56 I 15572-36612
6 4529. 59 I 15104-37175 3.0 4753. 93 I 16729-37758

3. 0 4530. 79 I 5 4757. 48 I 16361-37375
3. 0 4533. 92 4 A~lUU i.14 / bo. bj lb4DU — ^ / "ici

3.0 4537. 66 } 14549-36580 10 4776. 36 I 16573-37503
3. 0 4540. 01 I 15265-37285 4776. 52 I 19189-40119
28 4545. 39 I 15771-37765 8 4786. 51 I 16729-37615

8 4549. 65 10 4796. 92 16917-37758
2. 0 4551. 84 } 14515-36478 1.4 4799. 77 0-20828
7 4553. 05 19023-40981 10 4807. 53 17136-37931

22 4560. 71 15724-37644 10 4827. 45 323-21033
5 4570. 42 15771-37644 11 4831. 64 137-20828
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Vanadium — All Observed Lines

Intensity
d.XlU

Wave-
IcHH til

1X1 A
Spec-
trum

Ene r gy
Xjc V t; J.S

in W111 r\.

Intensity
and

Wave-
iengLn
in A

Spec-
trum

Energy
Levels
in i\.

9 4832. 43
J

0-20688 2. 0 5418. 09 19023-37475
1 4 4833. 02 13802-34487 3. 5 5424. 08 J 19026 — 37458
1.4 4848. 81 I 21603-42221 3.0 5434*. 18 I 19078-37475

24 4851. 48 I 0-20606 0. 8 5437. 66 I 19145-37530
2.5 4862. 61 I 20830-41389 1. 2 5458. 12 I 19026-37343

36 4864. 74
{

137-20688 0. 9 5471. 33
1. 6 4871. 26 17242-37765 1. 8 5487. 22 14549-32768

46 4875. 48 I 323-20828 6 5487. 92 I 19145-37362
4 4880. 56 I 9637-30121 1. 8 5489. 94 I 14515-32725

55 4881. 56 I 553-21033 2. 0 5504. 87 I 13802-31962

2. 0 4891. 60
\

5 5507. 75 19023-37175
1. 6 4894. 21 17055-37481 1. 0 5511. 18 J 19145-37285
4 4900. 62 I 17117-37517 1.6 5545. 93 I 8579-26605
7 d 4904. 29 I 9637-30022 5 5547. 07 I 8716-26738

4904. 34 I 17242-37626 2. 5 5558. 75 I 13802-31786

6 4925. 65
\

9825-30121 2. 0 5561. 66 13811-31786
2. 5 4932. 03 9825-30095 10 5584. 50 J 8579-26480
1. 6 4966. 12 I 23935-44066 1.6 5586. 00 I 15001-32898
5 5002. 33 I 19023-39009 7 5592. 42 I 8476-26353
6 5014. 62 I 19145-39081 2. 0 5601. 38 I 19078-36926

2. 0 5051. 63
J

21646-41437 5 5604. 94 8413-26249
2 5 5064. 12 0. 9 5624. 20 J 18805-36580
2.5 5105. 14 I 14 5624. 60 I 8579-26353
8 5128. 53 I 18438-37931 5 5624. 89 I 8476-26249
8 5138. 42 I 18302-37758 4 5626. 01 I 8413-26183

1.8 5139. 53 19078-38530 28 5627. 64
J

8716-26480
5 5148. 72 J 18198-37615 0. 9 5632. 46 553-18302
3.0 5159. 35 I 18126-37503 0.7 5633. 90 I 19078-36823
1.6 5169. 94 I 18086-37423 0. 9 5635. 51 I 19026-36766
5 5176. 77 I 6 5646. 11 I 8476-26183

1. 4 5192. 01 18120-37375 8 5657. 44
\

8579-26249
8 5192. 99 J 18680-37931 8 5668. 36 8716-26353
1.6 5193! 62 I 18174-37423 22 5670. 85 I 8716-26345
8 5194. 83 I 18259-37503 1. 4 5683. 22 I

4 5195. 36 I 18372-37615 85 5698. 52 I 8579-26122

1. 4 5206. 61 18174-37375 65 5703. 56
J

8476-26004
3 0 5216. 59 18259-37423 40 5706. 98 8413-25931
2.5 5225. 77 I 18372-37503 0.8 5708. 95 I 19189-36701
2. 5 5233. 75 I 18513-37615 0. 8 h 5716. 21 I

8 5234. 07 I 19023-38124 5 5725. 64 I 19078-36539

1. 4 5240. 20 18680-37758 60 5727. 03
\

8716-26172
8 5240. 87 \ 19145-38221 12 5727. 66 8476-25931
1.2 5260. 98 I 18438-37441 16 5731. 25 I 8579-26022
3. 0 5353. 41 I 19078-37753 3. 0 5734. 01 I 19026-36461
2. 5 5383. 43 I 20828-39399 16 5737. 06 I 8579-26004

3. 0 5385. 14 21033-39597 8 5743. 45
{

8716-26122
1.0 5388. 30 } 20688-39241 1.2 5747. 70 19145-36539
0. 8 5397. 87 20606-39127 3. 0 5748. 87 15270-32660
7 5401. 93 19023-37530 1.2 5752. 74 15078-32456

10 5415. 26 19145-37606 1.2 5761. 41 8579-25931
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
XCllU LXl

111 Z\

Spec-
trum

Energy
X-iK^ V V? i. O

111 £\,

Intensity
and

Character

Wave-
idlSLll

ill r\.

Spec-
trum

Energy
XjCVc i &

17-1

5 5772. 42 15572-32891 1. 2 h 6282. 33 17242-33155
2. 5 5776 64 J 8716-26022 14 6285 16\J Lm \J^ 0 X J 2220 — 18126
0. 8 5782. 61 I 8716-26004 14 6292. 83 I 2311-18198
0. 8 5783. 50 I 21841-39127 12 6296. 49 I 2425-18302
3.0 h 5784. 38 I 22314-39597 2.0 h 6311. 50 I 26738-42578

4 h 5786. 16 21964-39241 1. 0 6324. 66 17182-32989
1. 6 5788 56 15078 — 32349 5 6326 84 15063 - 30864
2. 5 h 5807. 14 I 24899-42114 4 6339. 09 I 15001-30771
1. 6 5817. 06 I 15270-32456 3. 5 6349. 48 I 14949-30694
2.5 h 5817. 53 I 24993-42177 1.0 6355. 58 I 17117-32847

4 h 5830. 72 25112-42257 3. 5 6357.30
J

14910-30636
6 h 5846 30 25254 — 42353 1. 8 6358 82 17242 — 32964
0. 8 5850. 32 I 15572-32660 2. 5 6361. 27 I 17182-32898
3. 0 5924. 57 I 15063-31937 1. 6 6379. 36 I 17117-32788
2.0 5978.91 I 15001-31722 1.0 6393. 28 I 17055-32692

1. 4 5980.78 9637-26353 2. 5 6430. 47
J

15771-31318
2. 0 6002 31 J 9825-26480 1. 6 6431 63 15724-31268
4 6002. 63 I 8476-25131 1. 0 6433.18 I 15689-31229
2. 0 6016. 12 I 21603-38221 0. 8 6435. 16 I 15665-31200
1.4 6025. 41 I 14949-31541 5 6452. 34 I 9637-25131

32 6039. 73 8579-25131 0. 8 6488. 05
\

19078-34487
7 6058 14 8413-24915 4 6504. 17 9545-24915
1. 4 6067. 26 I 21646-38124 8 6531. 43 I 9825-25131

34 6081.44 I 8476-24915 2. 0 6543. 51 I 9637-24915
90 6090. 22 I 8716-25131 1.2 6558. 02 I 11101-26345

2. 0 6106.98 11101-27471 0. 8 6565. 88 9545-24771
20 6111 67 { 8413-24771 4 6605 97 \ 9637-24771
42 6119.52 I 8579-24915 1. 2 6607. 83 I 10892-26022
1. 4 6128.34 I 8476-24789 0. 8 6623. 54 I 15771-30864

20 6135. 38 I 8476-24771 4 6624. 85 I 9825-24915

13 6150.15 2425-18680 1. 0 6633. 26
J

11101-26172
6 J 231 1 —1 851

3

1. 0 6643. 79 15724-30771
1. 6 6189.35 I 2220-18372 0. 6 6693.* 66 I 21603-36539

32 6199.19 I 2311-18438 0. 6 6708.07 I 9825-24728
9 6213.87 I 2425-18513 5 c 6753. 00 I 8716-23520

32 6216.37
J

2220-18302 0. 8 6760. 12

2. 0 h <jC XO. J i. 4 c 6766 49 8579-23353
9 6224. 50 I 2311-18372 3. 0 6784. 98 I 8476-23211

30 6230. 74 I 2153-18198 1. 2 6786. 32 I

7 6233. 20 I 2220-18259 2.0 6812. 40 I 8413-23088

4 6240. 13 2153-18174 0. 7 c 6829. 94
J

8716-23353
12 D^H^. OX ?1 1 2 — 1 8126^XX^ XwXCv 1.2 6832. 44 8579-23211
50 6243. 10 I 2425-18438 0. 9 6839! 58 I 19023-33640
20 6251. 82 I 2311-18302 0.9 6841. 90 I 8476-23088
6 6256. 90 I 2220-18198 0.8 c 6870. 88 I 19145-33695

6 6258.57 2112-18086 0.7 6871. 56 15572-30121
4 6261.22 { 2153-18120 0.6 6894. 00 19026-33528
6 6266. 32 2220-18174 1.0 6974. 50 19026-33360
9 6268. 82 2425-18372 1.8 7026. 07 19078-33307

12 6274. 65 2153-18086 0.6 7063. 69 11101-25254
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Vanadium — All Observed Lines

Intensity
and

Character

Wave-
1 fin crt"V»

in A

Spec-
trum

Energy
X^C^ V c ± 0

in "K"JLIi iv

Intensity
and

Character

Wave-
length
in A.

Spec-
trum

Energy
Levels
m Js.

0. 9 h 7092. 08
J

1. 2 h 8045. 71
r\ r-

0. 5 7102. 58 17242-31318 1.

0

8051. 89
2. 0 7148.15 I 1. 2 8093. 48 I 8476-20828
0. 6 7151. 36 20768 — 34747 0.7 8102. 44
0.6 7182. 08 18805 — 32725 1.0 8108. 59 25112-37441

1. 2 7264. 29 20768 — 34530 0, 0 n 8109. 07 24899 — 37227
0. 7 7321. 44 J 17117-30771 10 cw 8116. 80 J 8716-21033
3. 5 7338. 92 I 17242-30864 0.

9

1-n 8136. 79 I 24830-37117
3. 0

"7 O IT / IT /I7356. 54 17182 — 30771 2.5 8144. 59 n/iio on/no8413—20688
0.9 7358. 66 20789 — 34375 0. 8 8154. 55 0 yi onn o~n co24899 — 37158

2. 0 7361. 39 T~7r\c/i on/I/17054 — 30636 c 8161. 07
J

8579 — 20828
1. 0 7362. 49 J 19189-32768 1. 2 8171.35 24993-37227
2. 0 7363. 16 I 17117-30694 0. 6 8180.21 I 20768-32989
0. 8 7385. 95 19189—32725 3.0 oloo. 71 8476 — 20600
0.5 h 7393. 49 2.0 Ol 0~7 0 08187. 33 25112 — 37322

1. 0 n 7485. 90 20813 — 34168 2. 5 Ol 00 0~7
8198. 87 8413—20606

1. 0 n 7488. 08 15270-28621 3.

0

8203. 07 J 25254-37441
1. 0 n 7492. 44 2. 0 8241. 61 I 8476-20606
1. 0 h

"7 1 7 0 -7 p7578. 75 24915 — 38106 2.5 c 8253. 51 8/16 — 20828
0. 8 h 7591. 24 24771 — 37940 2. 5 8255. 88 0C"70 OA/008579 — 20688

1. 2
1

n 7596. 92 19189 — 32349 0. 4 n 8280. 39 257^1 — ioU04
1. 0 h 7598. 28 J 18805-31962 1. 6 8282. 37 J 26172-38242
2. 0 7624. 81 I 25131-38242 A "7

0. 7 8324. 42 I 25931-37940
0.4 7701. 37 18805 — 31786 1.2 h 8331. 23 26004 — 3o004
0.7 7704. 81 25131—38106 1.2 8342. 03 OZ.1 00 OOl t\f26122 — 38106

0. 7 h 7851. 18 0. 6 8402. 81

1.2 bl 7865. 51 vo 1.0 8499. 52 26480-38242
1.0 7896. 40 0.5 8534. 49 21646-33360
1.2 h 7898. 81 0.5 bl

0 / 0 yi n /8624. 86 VD
2.0 7937. 92 I 24728 — 37322 5 c 8919. 85 Vo24 — 210^j

2.5 c 8027. 39 I 8579-21033 2.5 c 8932. 93 9637-20828
1.2 8028. 13 I 1.0 8971. 62 9545-20688
1.2 h 8035. 38
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YTTERBIUM

Yb, Z=70, M= 173.04, Ratio 7^=2.723

Yb I Normal state of valence electrons 6s^ 'So =0. I.P.= 50000 K
Yb II Normal state of valence electrons 6s' %>^=0. I.P.= 97000 K

References
Wavelengths

:

W. F. Meggers and B. F. Scribner, J. Research NBS 19, 651 (1937).

W. F. Meggers, unpublished material (1961).

Classification and Spectrum Assignments:
Yb I, W. F. Meggers, unpublished material (1961).

Yb II, W. F. Meggers and G. Racah, unpublished material (1953).
Yb III, W. F. Meggers and B. F. Scribner, J. Research NBS 19, 651 (1937).

Relative intensity of ytterbium lines observed in an arc of copper containing 0.1 atomic
percent of ytterbium

Strong lines of ytterbium

Intensity Wavelength Spectrum Energy levels Term combination
A K

3200 3694. 19 II 0-27062 4/'<6si 2SoK—4/"6pi

2600 3289. 37 II 0-30392 4/i46si 2SoK—4/i46p'

1900 3987. 98 0-25068 4/"6s2 iSo —4/"6s'6pi iPl

500 2891. 38 II 0-34575 4/i^6si 2SoK—4f"5(ii6si 34575!k
340 3464. 36 0-28857 4/"6s2 >So —4/i35di6s2 28857f

280 2970. 56 II 0-33654 4/"6si 2SoK—4/"5di6si 336545m
180 2750. 48 II 21418-57765 4/i36s2 2F|h—4/i36s'6pi 5776541^

140 2653. 74 II 21418-59090 4jri36s2 2riK—4/'36s>6pi 590903H
140 5556. 48 0-17992 4/i46s2 >So —4/»6si6pi

130 3031. 11 II 0-32982 4/»6si 2SoH—4/"5di6si 32982f;^

75 7699. 49 19710-32695 4/"6s>6pi sPi —4/"6si7si 'Si

70 3454. 07 II 26759-55702 4/iW6si 267591U—4/'35di6»i 55702,H
70 3476. 31 II 0-28758 4/i^6si 2Sou—4/i35di6si 28758!^^
70 3478. 84 II 30224-58961 4/i35d'6s' 302241k—4/"5di6pi 589615H
65 2464. 49 0-40564 4/"6s2 iSo —4/i46si7p' 40564!
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Ytterbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intens ity

and
Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

8 2116 65^ 1.x. w« \J^ ITX X 55 P67? k^ TTX X 71418 — ^887"^

11 2126.72 II 0-47006 3.0 2680.40 II 26759-64056
2.0 2161. 60 II 2.0 2683. 42 II 44438-81693
A 2185 70 ITX X 0 — 45737 1 0X u 2684 1^ TTX X JCJ / X D7DUO
7 2224 45 ITX X 0 — 44941V I T / 1 J. 3 5 2687 96 TTX X "^0774 — A741 A

5 2320 81 IT 4 2695 43 ITX X ^1 ^"^7 — ^,8770

2. 5 2362. 88 II 21418-63727 2.0 2696. 62 II 32371-69444
12 2390. 73 II 21418-63234 2.5 2700. 80 II
1 4 2398 01 IIX X 0 — 41 688\J ~ X\J\J\J 3 0 ?708 84 TTX X

3 0 2421 36 IIJi X 32371 —73658 g ITX X "^1 "lAR — ^>84'l0

3 5 2447 25 IIX X 28758-69608 2711 79^ 1 X X» 9 / ITX X 71 41 8 — ^18784

4 2460. 24 II 30224-70858 8 2712. 66 II 30563-67416
65 2464. 49 I 0-40564 24 2718. 35 II 31980-68756
2 0 2484 87 IT 30563 — 70794 3 0 2722 19^ / C ^« X 7 ITX X 34390 — 71 114j7*t^/u /xxx*T

1 0 2502 00 IT 21 41 8 — 61 374iL X^ X*J \J X ^ 1 ^ 1 6 ITX X 71 c;A8 — A81 RO

4 2505 46 ITX X 31 568 — 71 469 3 0 ITX X 'i4-i90 — 709'^4

1.6 2508. 04 II 8 2741. 71 II 33494-69957
20 2512.05 II 21418-61215 8 2747. 58 II 32371-68756

c. ^ X u. J yj ITX X 33052 — 7278(1 2 ^ 7748 0"^ T TX X
'^4t;7c; _7n9t;4

7 75?2 4P T TJ. X 21 41 8 — 61 051C.X^X\J \JX\J^X 3? 974Q AA TTX X "^1 i;a8 — ^79-^9

9 L- JJ 1 m OH TTJ. X X 0 u / JU« *tO ITX X 71 41 8 — R77ARtX*TXO ZJ 1 / o_j

38 2538. 67 II 0-39379 12 2751. 45 II 30224-66558
2.0 2550. 04 II 3.0 2759. 00 II 37516-73751

1 n L.J^C.M X^ TTX X '?0??4 — 69'^9'i Qy 7760 78 ITX X
Qo ?5'S? 69 T TX X ^1 A3? _ 70794J X\J^ C 1 \J 1 / *^ Qy 7761 "^8 ITX X

^ern-i 9 _7i 777

^ ^ u ^« ^

u

TTX X 1 1 J 1 -} X 5 97AA 4P ITX X 7i;0t;9_7i 777

4 2571. 35 II 31980-70858 12 2771. 33 II 34785-70858
1.8 2573. 13 II 32371-71222 24 2776. 28 II 34785-70794

CZj / D. X

T

TTX X 1 4X T 7784 66 ITX X 'i'^494 — Ag-^gi;

A TTX X k%o — 701 36^ X\JJ C- IKJXJsJ 2 7787 96 1

1

X X 30774 — 6608?

?61 5 26 ITX X 30224 — 68450 A 2793 28£. / / J % X.\J ITX X 33654 — 69444
14 2617. 00 II 21418-59619 3.5 '2794.44 II 35019-70794
8 2634. 31 II 3. 0 2795. 08 II 37516-73283
U ?A'?Q 44 TTX X 31 568 — 69444 2 5 2795 31 IIX X

1 9± £- 7641 90 TTX X 2797 79 IIX X

1 1X J. T T TXXX '^46'i6 — 77487 1 4X *T 7798 71 ITX X 30224 — 65951
16 2644. 30 II 33052-70858 6 2799. 38 II
4 2646. 44 II 33494-71270 12 2800. 05 II 28758-64461
A ^ f . •to T TX X •i^ni 9 — 777Rn P 0 781 0 7?CsJ X\J m 1 C ITX X 32371 _A7939
4 ?648 fiO T TX X 7'?05? — 70794 9 2814 53 IIX X 30563 — 66082

7# 0^49 79 TTX X '^494 — 71 ?22J 1 X£-X.C 4 2816 35 IIX X 30392 — 65888
4 2650. 73 II 30224-67939 20 2821. 15 II 31980-67416

140 2653. 74 II 21418-59090 14 2824. 97 II 30563-65951
Ok^k 11^ 0-?D. X X TTX X 7R'?Q 98 ITX X 30563 — 65876

TT1 X 78*^7 70 ITX X 28758 — 64056

TTX 1 J>X-?DO D7UOU 4 L. O^T» 7 0 TTX X 37i;i A — 72780
12 2666. 11 III 34991-72486 2.0 2842. 58 II 32982-68150

?666 98 TTTXXX 34656 — 721 40^ ~\J 1 CX~\J 32 h^ t. 11 2847 17Cm \J~ 1 % X 1 IT 27062-62174
8 2668. 74 II 33494-70954 14 2848.44 II 33052-68149

55 2671. 98 I 0-37415 3.0 2849.33 II 44498-79583
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Ytterbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
Energy
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

50 2851. 12 II 26759-61822 9 2962. 52 jj 34390-68135
8 2851. 86 II 33494-68549 3. 0 2963. 21 II
3. 0 2853. 41 II 46170-81205 6 2963. 45
2. 5 2853. 68 II 34575-69608 18 2964. 75 jj W b. k » W^ f \ t

8 2854. 13 II 35832-70858 280 2970. 56 J J 0-33654

6 2854. 49 II 40036-75058 6 2982. 49 JT 33052-66571
6 2858. 33 II 30224-65200 3.0 2982. 66 II 32371-65888
6 2858. 46 II 32982-67955 4 2983. 70 33052-66558

14 2859. 38 II 35832-70794 28 2983. 98 jj 30224-63727
60 2859. 80 II 21418-56376 13 2985. 08 TT 35059-68549

8 2860. 40 J J 5 2985. 87 J J 32982-66463
20 2861. 21 II 31632-66571 6 2990. 36 II 35019-68450
14 2861. 33 II 35019-69957 9 2991. 87 32982-66396
28 2867. 05 II 30224-65093 4 2993. 93 jj 35059-68450
3. 5 2870. 06 24 2994. 80 J J 30563-63944

6 2873. 50 J 4 2995. 86 JT 32982-66351
4 2885. 97 II 33494-68135 10 3000. 46 II

10 2886. 26 II 30563-65200 3. 5 3002. 61 41679-74973
28 2888. 03 II 26759-61374 44 3005. 76 jj 31632-64891

500 2891. 38 II 0-34575 14 3009. 39 JT 31980-65200

6 2893. 63 II 35059-69608 9 3010. 62 JJ 32371-65577
4 2896. 90 II 46170-80679 8 3014.43 II 30563-63727

12 2899. 71 II 28758-63234 22 3017. 55 35019-68149
2. 5 2902. 40 II 33494-67939 22 3026. 67 jj 33052-66082
3. 0 2902. 92 II 38342-72780 130 3031. 11 J J 0-32982

3. 0 2906. 88 II 37078-71469 8 3034. 64 J J 31980-64923
4 2908. 32 II 30224-64598 3.5 3037. 99 II 32982-65888
5 2909. 19 II 33052-67416 8 3039. 67 35832-68720
8 2909. 47 II 30563-64923 11 3042. 65 jj 33494-66351

12 2911. 52 II 35059-69395 3. 0 3044. 01 J J 30392-63234

2. 5 2912. 86 II 31568-65888 6 3046. 48 J J 34390-67205
24 2914.21 II 35832-70136 5 3047. 06 II 33654-66463
20 2915. 27 II 26759-61051 6 3063. 13 30224-62861
2 5 2916. 43 II 39379-73658 3. 0 3063. 67 jj 34785-67416

40 2919. 34 II 31632-65876 16 3065. 04 J J 28758-61374

8 2921. 12 II 32982-67205 2. 5 3076. 02 J J 26759-59259
6 2924. 23 II 32371-66558 14 3089. 10 II 28758-61120
3.5 2927. 85 II 37078-71222 10 3093. 87

^j
31632-63944

5 2934. 35 4 3100. 71

8 2935. 10 II 34390-68450 6 3101. 36 J J 33654-65888

3 0 2937. 18 II 37078-71114 4 3102. 07 J J 32371-64598
6 2939. 52 II 31568-65577 8 3107. 76 II 34390-66558
6 2940. 51 24 3107. 90

jj

40036-72202
4 2942. 04 II 32371-66351 12 3115. 33 32371-64461

20 2945* 90 II 34785-68720 8 3116. 70 J J 31980-64056

A 2946. 30 II 40036-73967 26 3117. 80 J J 26759-58823
2.5 2946! 76 II 43956-77882 7 3136. 75

jj
33052-64923

4 2950. 32 II 35059-68944 32 3140. 92 28758-60586
6 2955. 31 II 26759-60586 11 3141. 72 34575-66396
2.5 2957. 63 11 3145. 06 34785-66571
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Ytterbium — All Observed Lines

Intensity
and

Character

Wave-
length

Am A
Spec-

Energy
Levelstrum .m K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Ene r gy
Levels
in K

4 3145. 55 II 7 3438. 71 II 34575-63648
4 3153. 17 II 33494-65200 14 3438. 85 II 31980-61051

J i. JJt OD D

7 3155. 17 II 32371-64056 5 3446. 89 II 32371-61374
4 3162.31 I 12 3452. 41 I

10 3163. 79 II 33494-65093 70 3454. 07 II 26759-55702
7 3165. 20 II 35832-67416 26 d 3458. 28 II 40036-68944

^ X D7, U D JHDO, JO
17 3180. 92 II 33494-64923 50 3460. 27 I

55 3192. 88 II 30563-61874 5 3462. 36 II

10 3198. 65 II 31980-63234 340 3464.36 I 0-28857
34 3201. 16 II 31632-62861 70 3476. 31 II 0-28758
X J.

-lOT 7 1 Q± / . X O TT ^9Qfi9 — Azirm A
/ u

7 3218.33 II 35019-66082 7 3482. 57 II
7 3225. 86 II 30224-61215 12 3485. 76 II 32371-61051

6 3239. 20 II 32371-63234 12 3488. 42 II
5 3239. 60 14 hw 3495. 92 II

x^ _5 / . Oc. ^7n7R — Ac;^77p 1 U 1 0 — ODD 1

1

18 3261. 50 II 30563-61215 7 3517. 02 I 19710-48136
2600 3289. 37 II 0-30392 32 3520. 29 II 30563-58961

18 3305. 27 I 7 3545. 71 II
20 3305. 73 II 31632-61874 14 3549. 82 II 33052-61215
7 JJi-J, XX 5

11 3319. 43 I 28 3560. 33 II 21418-49498
7 3333. 06 II 33654-63648 24 3560. 71 II 34785-62861

34 3337. 18 II 7 h 3563. 94 II 31568-59619
40 h 3342. 94 12 3570.56 II 33052-61051
11 7

/

7 3347. 53 II 35059-64923 7 3574. 54 II
5 3351. 08 II 50 3585. 47 II 21418-49301

7 3351. 24 II 13 3606. 48 II 33494-61215
14 3352. 49 5 3610. 24 II 31568-59259
i^t y -)DXX. JU
7 3363. 64 II 20 3619. 82 II 28758-56376

34 3375. 48 II 26759-56376 11 3634. 54 II

7 3376. 62 II 24 3637. 76 II 21418-48900
4 3382. 58 n 7 3648. 13 I

on iio /. Dl g j^cc 7-2 1 7QQ0 — ACL'^'^QX 1 yy £. HD JJv
7 3390. 24 II 24 3669. 70 II 27062-54304
4 3390. 32 II 5 3670. 69 II 38342-65577

7 3391. 10 II 37078-66558 14 3675. 08 II 30563-57765
7 h 3394. 44 II 32371-61822 5 3690. 56 II 34785-61874
7
1

IT no? A _ c;QA1 Q JOvH, X 7

5 3404. 11 II 35832-65200 7 3698. 59 II 35832-62861
7 3412.45 I 7 3700. 57 I

20 3418.40 I 5 3710.33 II 28758-55702
50 3426. 06 6 3724. 22 31980-58823
11 3428. 47 II 34785-63944 18 3734. 70 17992-44760
34 3431. 14 55 3770.10 17288-43805
6 3434. 62 II 8 3774. 32
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Ytterbium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

dhar actp -

Wave-

in A.

Spec-
trum

Ene r gy
T vpl

i-n K±1.1.

6 h 3791. 74
{

1. 4 5009. 52 II 32982-52938
10 3839. 92 1. 0 5067. 31 II 34575-54304
20 3872. 85 I 17992-43805 1.8 5067. 80 I

20 3900. 86 19710-45339 4 5069. 15 I

3.0 3904. 82 II 38342-63944 13 5074. 33 I 24752-44453

8 3911. 28
{

3. 0 5076. 75 I 25068-44760
1900 3987. 98 0-25068 1. 2 5135. 99 II 33052-52517

55 3990. 89 I 19710-44760 0.8 5147. 03 II 38342-57765
3. 0 4007. 36 I 1. 2 5184. 18 II 33654-52938
4 4052. 28 I 3. 5 5196. 09 I

5 4077. 28 II 38342-62861 5 5211. 59 I 25271-44453
26 4089. 69 2. 0 5240. 52 II 30224-49301
7 h 4119. 26 II 6 5244. 11 I 24752-43816
4 4135. 09 II 34785-58961 2. 5 5257. 51 II 34390-53405

28 4149. 07 I 19710-43805 9 h 5277. 08 I 24489-43434

7 4174. 57 2. 0 5279. 56 II 34785-53721
20 4180. 82 II 30392-54304 1. 0 5300. 95 II 37516-56376
9 d 4218.56 II 37516-61215 10 5335. 15 II 30563-49301

4218. 64 I 24752-48449 1. 8 d 5345. 67 II 35019-53721
7 4231. 99 I 17992-41615 5345. 85 II 40918-59619

4 4277. 73
\

3. 5 5347. 22 II 35019-53715
7 4305. 96 1. 8 h 5351. 33 I 24752-43434
4 4316. 96 II 30563-53721 9 5352. 96 II 30224-48900
3. 5 h 4393. 76 I 25068-47822 1. 8 5358. 66 II 35059-53715
3.5 h 4430. 22 I 24489-47055 1. 8 5363. 66 I

26 4439. 21
\

17288-39809 1. 0 5389. 87 II 34390-52938
5 h 4482. 44 24752-47055 0. 8 5432. 74 II 47680-66082
5 4515. 17 II 26759-48900 2.5 5449. 30 II 35059-53405
2. 0 4553. 59 II 30563-52517 0. 8 5478. 52 II 40036-58284
5 h 4564. 00 I 19710-41615 3. 5 5481. 94 I 24489-42726

38 4576. 21 17992-39838 2. 5 5505. 50 I 24489-42648
12 4582. 36 \ 17992-39809 1. 0 5524. 55 I

4 4589. 22 I 25271-47055 5 h 5539. 09 I

8 4590. 84 I 140 5556. 48 I 0-17992
2.5 4598. 37 II 31980-53721 2. 0 5562. 07 I 24752-42726

2. 0 4683. 83 II 32371-53715 1. 2 5568. 11 I

2. 5 4684. 28 1. 2 5586. 35 I 24752-42648
11 4726. 08 II 26759-47912 2.5 5588.47 II 35832-53721
10 h 4781. 89 I 3. 5 5652. 00 II 30224-47912
10 4786. 61 II 31632-52517 0. 4 5686. 53 II

2. 0 4816. 40 13 5720. 01 I 27678-45155
2. 5 4820. 25 II 28758-49498 0. 6 5749. 92 II 49009-66396
2. 0 4836. 95 II 33052-53721 0. 6 h 5755. 90 I

2.5 4837. 47 I 24489-45155 1. 6 5771. 67 II 31980-49301
1. 0 4851. 16 II 24333-44941 0. 6 5803. 45 I

2. 5 h 4894. 63 0. 6 5819. 43 II 46548-63727
1.6 4912. 38 { 19710-40062 2.0 5834. 00 II

42 4935. 51 19710-39966 2. 0 5837. 15 II 32371-49498
1.4 4937. 23 II 37516-57765 1.6 5854. 52 I

8 4966. 91 19710-39838 0. 5 5897. 23 II 48923-65876
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Ytterbium — All Observed Lines

Intensity Wave- Energy Intensity Wave- Energy
and length " " Levels and length P^c- Levels

Character in A in K Character in A in K

1 2 5908 38 IT 31980 -48900 1 2 6678 17 27678 —42648
1 0 5989 32 I 2 0 6727. 61 II 33052 -47912
2.5 5991. 51 II 35832 -52517 2.0 6768! 70 25068 -39838
0. 6 6052.90 II 32982 -49498 55 6799.61 17992 -32695
0 ft 6054 56\J\J -J \ m —' w T 1 4X« ~ 6934. 04 IIA X 33494 — 4791

2

3 5 6152 58 IT 33052 -49301 2 0 6999. 87 IIX X

1 8 6246. 97 II 33494 -49498 1 0X « w 7043* 80 II 47680 -61873
3.5 6274.' 80 II 31980 -47912 0.9 h 11^0,, 47 24752 -38552
0.8 6308. 15 II 33052 -48900 0. 8 h 7305. 25

\

24489 -38174
2 0 h 6400. 40 I 27678 -43298 1. 0 h 7313. 10 24752 -38422

2.0 h 6417. 97 I 27678 -43255 1.6 h 7350. 09
1.2 6432. 73 II 32371 -47912 2.5 7448. 33 24752 -38174
1.0 h 6463. 15 II 3.0 h 7527. 56 25271 -38552

20 6489. 10 I 17288 -32695 75 7699. 49 19710 -32695
1.6 6643. 54 I 27678 -42726 0.7 7895. 12 24752 -37415

14 6667. 85 I 25068 -40062 7 h 8922. 62 II 44498 -55702
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YTTRIUM

Y
Y, Z=39, M=88.91, Ratio 7^=1.399Uu

Y I Normal state of valence electrons 5s^ 4:d} '^T>iy=Q. I.P.= 52650 K
Y II Normal state of valence electrons 5s^ % =0. LP.= 100000 K

References
Wavelengths

:

A. Gatterer and J. Junkes, Spektren der Seltenen Erden (Specola Vaticana, Vatican, 1945),
below 7350 A.

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John WUey &
Sons, New York (1939), above 7350 A.

Classification

:

Y I, Y II, and Y iii, W. F. Meggers and H. N. Russell, J. Research NBS 3, 733 (1929).

Molecular Spectra:
YO, W. F. Meggers and J. A. Wheeler, J. Research NBS 6, 239 (1931).

Relative intensity of yttrium lines observed in an arc of copper containing 0.1 atomic
percent of yttrium

Strong lines of yttrium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1500
1300
1200
1200
1000

1000
1000
950
900
850

800
800
800
750
600

550
500
500

3710. 30
3600. 73
3774. 33
4374. 94
3611. 05

3633. 12
4102. 38
4077. 38
4128. 31

3788. 70

3242. 28
3601. 92
4177. 54
4142. 85
3327. 89

3620. 94
3216. 69
3549. 01

II

II

II
II

II

II

II

II

II

II

II

II

II

1450-28394
1450-29214
1045-27532
3296-26147
1045-28730

0-27517
530-24900

0-24519
530-24747
840-27227

1450-32284
840-28595

329fr-27227
0-24131

3296-33337

530-28140
1045-32124
1045-29214

4di5si a ^Ds —4d'5jB' z ^Fl
4d'5si a —4(ii5p> z =D§
4rfi5si a —4d'5pi z 'Fj

IDs
4di5s» a ^T>2 —4d'5p> z 'D^

5s2 a JSo —4di5p» z iPf
4rfi5s2 a 4cP5s'5pi V ^^la
4rfi5s2 a 2D,H—4rf'5s'5pi y ^F^^
4d>5s2 a 2D2K—4d'5s'5pi V 'Djj^
4di5sia3Di —4rf»5pi 3F?

4di5s« a —4(?5p' y ^Pi
4rf'5s' a 'Di —4(?5pi z ^D!
4rfi5s' a 1D2 —4di5p» z ^Fl
4d'5s2 a 2D,ji—4di5si5p> y ^Df^
4d>5si a 'D2 —4rf'5)B» z iF|

4di5s2 a 4d'5si5p» a; ^Pfn
4di5si o 'D2 —4di5p> y ^Pf
4rf»5si a —4di5p« z 'Dj

<55



Yttrium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

3. 5 2243 06L. L.~ ^ ^ \J\J A. X. 0 — 44SA8 1 RX ^ 3021 73 TX DJ\J — JJOLH
1. 6 2354. 20 I 530-42995 10 3022. 28 I 530-33608
8 2367. 25 III 725-42955 3. 0 3026. 49 II 26147-59179
1.4 2373 83 3 303A T TX X 9H7'^n _ AT Al^n

2. 5 23fi'S 24 c; 3044 84J?UHH. 0*T
TX

=^1. 6 t. "T J. ^» V ^ ITX X 22 304R 37 TX t;'*n — 333c;q

16 2414. 68 III 0-41401 2.5 3047. 11 I

38 2422. 20 II 3296-44568 7 3055. 22 II 29214-61934
6 t. *T U U« w J.

TT
X. X 24647 — ^1^27'S 7 308A 8^^ T TX X 2 Al 47 — c;8c;33

2. 5 2490 42 TX 530 —40672 A h 3091 70-?U 7 X. / u TX

1. 2 2540 28 2 *i 3093 7A T TX X 32284 — A4=;97

1. 4 2547. 57 11 3095. 88 II 1045-33337
1. 0 2550.17 5 3111. 81 I 10529-42656
2.0 TX A 3112 04J'X x^. ut T T

X X 0—321 24

7 2694 21 2 5 3114 28^ X X H. c 0 TX

3. 0 T
J.

7 3128 77 T TX X 27227 — 1;91 79C 1 CC 1 J7X / 7

11 2723. 00 I 530-37244 10 3129. 93 II 27532-59472
2. 5 2730. 08 I 0-36618 12 3135.17 II 1450-33337
2.5 2734 XTJ. X 24(^47 — Al 200 1 4X H 3173 OA T T

1 X 28394 — ^19900CO^/H _?77UU

8 2742 R3 T
J. 0 — 3A4^2 28 3179 41ji. 1 y, Hx T TX X 840 — 32284

16 2760 10 TX 9 31 91 31^ X / X. TX XX-/OU *Tt.DOO

3. 5 2785. 21 II 23776-59670 300 3195. 62 II 840-32124
1- 4 2785. 59 II 24647-60535 280 3200. 27 II 1045-32284
1.4 2791 20 TX 0 — 31181 7 280 3203 32 T TX X OHU J?^UH7

3.5 2800 11 TTX X 2344^ — 47 ^iOO 321 A A9 TTX X

3. 0 281 3 A4 I t;^n — 3A0A1 800 3242 28 T TX X 1 4R0 — 32284
44 2817. 01 III 7466-42955 40 3280. 91 II 14098-44568
2. 0 2818. 86 I 10529-45994 2.5 3308. 47 II 28730-58947
5 2822 TX 1 n^29 — 4^948 AOO 3327 89J jc 1 • 07 T TX X 329A — 33337
2. 5 282^^ 37 TTX X 2921 4 — A4R97 7 3340 38 TX 1 AOAA — 4^994

5 282A 38 TTX X O^ll^ — t;9i 47 20 33A2 00 TTX X 1 4833 — 44'iAa

8 2854. 43 II 24647-59670 11 3388. 59 I 15246-44748
3 0 2856. 30 II 23776-58776 6 3397. 04 I 16234-45664
1. 2 28R7 87C.OD 1,01 X X 341 2 47 TX

11 2aaA 48L. OOO. HO TX 1 1 AO — 4c;994 2A 3448 82 T TX X -^pgA — 32284

2 0 2897 M T TX X ?aA47 — 1;91 47 9 -j^cn 9RJ?H_JU. 7_^ TX 1 A234 — 4'i204

1 6 2898. 82 II 23776-58262 14 3467. 88 II 3296-32124
18 2919. 05 I 0-34248 22 3485. 73 I 17116-45796
2.0 h 2930 03 TTX X L- t ^ JC OXD^U 220 3496 09 TT

1. X

32 h 294^; 94 T T TXXX 7AAA — 41 401 1 0X u TX 1 4949 — 4'^3'^fl

44 9948 40 TX ^_^*tU» UX T T
J. X

40 2964. 96 I 530-34248 500 3549. 01 II 1045-29214
2 0 2973. 91 II 24647-58262 17 3551. 80 I 14949-43096

55 ^Qld ^9 TX 0 — 33A08 70 J ^ -} L-^ \J /
T
J. 0 — 281 40\J t. *JX ~W

3 5 2980 T T
X X 28394 — Al 934 TX

85 2984 2A TX t;-in —34030 94 43 TX 1 2 —43704
8 2995. 26 I 530-33907 34 3576. 05 I 16234-44190

16 ^77D. 7H T
i.

n — 333Ci8 420 3c;84 R2 T TX X 840 — 28730

8 3005. 26 I 0-33265 38 3587. 75 I

6 3018. 95 I 10529-43644 13 3589. 69 I 15246-43096

456



Yttrium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

5pe c—

trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

-r-v

trxim

Energy
Levels
in K

360 3592. 92 I 0-27824 38 4204. 70 II 0-23776
1300 3600. 73 II 1450-29214 8 4213. 02 16234-39964
800 3601. 92 II 840-28595 4 4213. 54 { 14949-38675

lUUU 3611. 05 II 1045-28730 ib 4217. 80 10529-34231
550 3620. 94 I 530-28140 28 h 4220. 63 14949-38636

240 3628. 71 II 1045-28595 8 4224. 25 I

1000 3633. 12 II 0-27517 60 4235. 73 II 1045-24647
350 3664. 61 II 1450-28730 220 4235. 94 530-24131

r
D 3668. 49 II 28394-55645 4251. 20 J 15246-38762

20 3692. 53 I 17116-44190 36 h 4302. 30 15712-38949

1500 3710. 30 II 1450-28394 280 4309. 63 II 1450-24647
7 3718. 12 I 16817-43704 5 4316. 30 11360-34521
7 3738. 61 I 16597-43338 11 4330. 78 10529-33613

14U 3747. 55 II 840-27517 J. u 4337. 29 15712-38762
6 3749. 89 I 16436-43096 6 4344. 65 16436-39446

1200 3774. 33 II 1045-27532 44 h 4348. 79 I 16234-39223
160 3776. 56 II 1045-27517 6 4352. 33 11278-34248

6 3782. 30 II 29214-55645 6 4352. 70 \ 16597-39565
OCA850 3788. 70 II 840-27227 4357. 73 16817-39758
150 3818. 35 II 1045-27227 80 4358. 73 II 840-23776

460 3832. 88 II 1450-27532 12 4366. 03 U360-3A257
7 3847. 87 II 1200 94 T T

II 3296 — 26147
8 3876. 82 15 h 4375. 61 17116-39964

48 3878. 28 II 1450-27227 QO 4379. 33 I 11079-33907
3. 0 3887. 77 I 11360-37074 3.0 4385. 48 J 11360-34156

6 h 3904. 59 I 10 4387. 74 I

5 h 3918. 25 I 10937-36452 3.0 4394. 01
{

11278 — 34030

6 h 3930. 11 I 3.0 4394. 67 16817-39565
24 3930. 66 II 3296-28730 ioU 4398. 02 II 1045-23776

440 3950. 36 II 840-26147 90 4422. 59 II 840-23445

15 3951. 60 II 3296-28595 8 4437. 34 I 11079-33608
6 h 3955. 09 I 10

A A A *i / /4443. 66
\

11532 — 34U30
360 3982. 60 II 1045-26147 13 4446. 63 11360-33842

4 3987. 50 I 11360-36431 c. U 4465. 27 I

95 4039. 83 I 0-24747 4 4473. 89 I

240 4047. 64 I 0-24699 17 4475. 72 I 11278-33614
950 4077. 38 I 0-24519 18 H^lo. 96

\

11^: /o — 336Uo
9 h 4081. 22 I 18499-42995 16 4477. 45 10937-33265

200 4083. 71 I 0-24481 ii 4487. 28 I 11079-33358
1000 4102. 38 I 530-24900 30 4487. 47 I 10937-33215

6 h 4106. 39 I 18512-42858 3. 0 4491. 75 I 11532-33789
8 4110. 81 I 15246-39565 2.5

yi yi n o a*^4492. 42
\

1136U — 33613
32 4124. 92 II 3296-27532 50 4505. 95 11079-33265

900 4128. 31 I 530-24747 5 4513. 58 I 15327-37476
750 4142. 85 I 0-24131 8 4514. 01 I 15329-37476

10 h 4157. 63 I 15712-39758 4 h 4522. 05
\

16436-38544
240 H J. O / . DC T

J. 530-24519 90 4527. 25 11532-33614
200 4174. 14 I 530-24481 44 4527. 80 11278-33358
800 4177. 54 II 3296-27227 10 4544. 32 15477-37476
12 4199. 28 II 840-24647 10 4559. 37 15222-37148
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Yttrium — All Observed Lines

Intensity
ajid

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Jm u -J ^qnA 1

1

HvUO. XX
o un 4573. 56 I 16817-38675 3.0 4909. 00 I 16066-36431

4581. 32 15327-37148 10 4921. 87
J

11360-31672
3.0 ^tiRI 77 AQ'xn q-i 1 AT AA _ AAO nXDX*tO — JOHC U

11 *t3 /O. DD X/XXO J700DD J. u /iqcn AAHyjU. DO

^ADd fin 00 4q7A -in
_

1 RAqq '^Qcq7Xot77 — ^OD7

/

1 t: 4613. 00 I 15477-37148 8 4982. 13 II 8328-28394
i / U 4643. 70

J

0-21529 7 5006. 97 18512-38479
17 h HDUO. XOX-Jy J 1 \jc.\J

c jU / u. ^x 1 qi AQ -^QQAA17140 — ^OODD
6 HDUO, Oy y c c;n79 1 qDu f X 7

7 /IAA7 47too 1 m ^ 1 X-J/yt ^ / HX^ 7 R ^nR7 AJDUO / . He.
T T
I X R7A'? _ 9fl'*OA0

/

Hj — COJ7H
4670. 82 I 2.0 5088. 18 19028-38675

J. / U 4674. 84 530-21915 14 5119. 11 II 8003-27532
5 HO 1 Om JD 1 Qi ziR — zinm 7X/XHO *tU_?X /

^nJ>U CI 01DX^^. T T
1 X OUU^ — C 1 Di. 1

22 T T1

1

^PQA — 94.A47J L./\j ^HOH/ X c CI -jc onDIJD, C. U 1 RAqq _ 7q A7XOH77 — J l70

1

7 /lARQ 77 y 1 AT _ "XlAlf^XDX-Jy JIHIO 00 jXyO. tJJ
TT
1

1

^ AnqR — '^'^'^7XnU70 — jjjjl
ID 4696. 81 I 15994-37279 65 5200. 41 II 8003-27227

4708. 85 15222-36452 100 5205. 72 II 8328-27532
5 t / t J. 03 1 trqq/i _ -371 AOX_?y/n / XHO X ^ R9dn RiD^HU. OX 1 flm 9 _ 77c;rrLOD i.C — J 1 DOO

14 ^70Q C-lt / to. XUJ^y ^XO/t nt cooq 09 T T
X 1 fl'^OR _ 97097

n 47*^9 "^7 u ^%0r\ 7R T T
X 1 R7A'^ — 97^'^9

7 4741. 40 I 16159-37244 5 5380. 62 15327-33907
1^ 4752. 79 15327-36361 15 5402. 78 II 14833-33337
34 A7An QR*T / OU. VO Dj\j — tX-3ty 1 AX. 0 jHx 1 . u^ T AnAA — '\A^'>'\XDUDD — jHDc.i.

1.4 A7Rn 1

R

H 1 OU. lo 1 t;999 _ Al 7A A C^5^ "27 1 ^All — '^'^qn7LDH II — ^J7U

/

1 n A7R1H / ox. UH
_

^ 1 07R — %'>^ RRXX^ / 0 JAXOO X J 1 RRAA — A9AR
1 1.Lj 4786. 58 II 8328-29214 48 5466. 46 I 11532-29820

4786. 89 15477-36361 7 5468. 47 15327-33608
15 A7qQ "in 1 1 070 _ ^^^ qnqXXU 17 JXyUy A0 cd7'i •jq T T1

1

1 Am R — '^99RAXtUXO JCCOH
4 HOUn. JL Xj^t / — JJOX^O AD c^on 7^ T T

X 1 1 '^RR'^ — 91 9A

D ARfl/l R1HOUn. OX 1 c-a^q _ 7 AT A _
^ Aqjq — '\'K^ AR

7 Di 4817.38 YD 2.5 5495. 59 I 16066-34257
Di 4818. 20 TO 16 5497. 41 II 14098-32284

12 HOXy. On 1 nq'^7 — "^1 ARnL\jy J 1 — JXOOU 9n^ u 1 ^RAA — ^AO'^n

10 to^^. X^ X3->^y — ^OUOX 1 7X /
ccnq qnDDU7, yU T T

1 X Rnn"^ — 9A1 A7OUUJ — tOXH/

io T T
1

1

OUU^ — C.O 1 JU A cci •» AJ 1 Rd77 — ^'^ AnRi-DH 1 1 ^^DUO
b 4839. 15 15477-36136 8 5521. 63 I 15327-33432

OD 4839. 87 11532-32188 5521. 70 II 14018-32124
46 'to'lD. Oo 1 1 97R _ "^1 qnqXX^ 10 — JX7U7 1 Ai. 0 t;c;9A 7A 1 AT liq — A9ARXDXIJ7 — JHC-HO

34 AQ^O AQ 1 1 n7q ARnXXU/7 — ^XOoU c;n OOC 1 , DH ^ 1 97R _ oq'^AAXX^/O — C.7 JOH

iU AQ^A OCi — ^DOX /
cc/il A'^D3HX, 0^

_
1 ^71 9 —LD 1 LC JJIDJ

7r 4854. 87 II 8003-28595 8 5544. 61 I 15327-33358
H 4856. 70 15477-36061 II 14018-32049

28 ARt;Q QA 1 nq'^7 — ^i "^nRXUy> / — JX3UO AD ^^iziA n9 T T
X X 1 AnQR — "^91 ?AXHU70 Jc.±c.H

4 /1Q7Q Ac:Ho / 7, DD T C'soq _ acm 7XD^^7 — JDOX. 1
cccA A'^DDDO, Hj ^ 'i9AA — ^'^9'^R

160 tOO^, 07 T T R7A'^ — 9q91 ZlO/H^ — cm At RRA7 7^ LDH 1 1 JJHJL-

4 4886. 28 16159-36618 12 bbll,^2 I 15864-33789
3.5 4886. 65 15994 — 36452 1. 6 c c 0 1 no n CQQ/1 '21Qn713774 — JJ7U /

8 4893. 44 11079-31508 42 5581. 87 11079-28989
95 4900. 12 II 8328-28730 1.4 5590. 96 15477-33358

458



Yttrium — All Observed Lines

Intensity

Character

Wave-
length
in A

Spec-^ XT

trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

tmm
Energy
Levels
in K

1.4 5594. 12 I 16159-34030 3. 5 6088.00 I 16817-33238
8 DbUo. i!)

T
1 14 bl bU07. lU

1.0 5623. 91 I 16066-33842 11 bl 6096. 78 TO
5630. 13 I 10937-28694 Qy hi 6107. 82 TO

1.6 5632. 25 I 15864-33614 9 bl 6114. 73 TO

1.4 5632. 89 I 16159-33907 5 bl 6127. 38 TO
8 1 95 bl oijc, Ub lU
8 5648. 47 I 15712-33412 8 6135. 04 I 17116-33412

J u 5662. 94 II 15683-33337 1 n 6138. 43 I 530-16817
6 5bl5.21 I 11079-28694 75 bl 6148. 36 TO

1.2 bb92. 63 I 16597-34156 8 6151. 72 TO
11 b /Ub. / J

T
1 55 bl Ai AC nobibb. Uc> lU

1.6 5720. 61 I 16436-33912 38 bl 6182.23 TO
5728. 89 II 14833-32284 finou 6191.73 I 0-16146

10 bl 5730. 12 TO 40 bl 6199. 82 TO

1.4 5732. 09 I 16817-34257 30 bl 6217. 96 TO
6 5 /4p. OD T 1 "71 1 A 1 /I COT

i /lib — ^4DZi 20 / O CO T
1 n 1 AnAAU — ibUbb

1.2 bl 5746. 93 YO 18 bl 6236. 72 TO
L. O hi 5764. 22 TO 1 6251. 05 I

5 5765. 64 I 16817-34156 8 bl 6275. 01 TO

2.5 5773.86 I 16597-33912 4 b 6295. 46 TO
7 D /Oi. 07 T T11 i4o^^ — ^lLch 1.6 b An A onb^ib. aU
1.0 bl 5800. 00 TO 1.6 b 6338.10 TO
1 n hi 5818. 58 TO bU 6359. 48 TO
2.0 5821. 87 I 16066-33238 1.0 6369. 87 TO

1.4 5832. 27 I 17116-34257 5 6402. 01 I 530-16146
0.6 b

r Q -J Q n "7 lU 70 AAit; nn T1
c;in 1 AnAADju

—

ibUbb
1.0 5858. 83 TO 1.6 6437.18 I 18499-34030
1 n 5871. 83 I 16817-33842 1 2 h 6501. 23 TO
1.6 5876. 14 TO 1.2 h 6518. 33 TO

1.6 5879. 96 I 16146-33148 1.2 h 6535. 84 TO
1.6 b lU 6 Ac;iQ AnbD^o. bu J 1 QAQQ H7QQ
2.5 5902. 96 I 16817-33753 0.8 h 6553. 84 TO
1. b D 5912. 19 TO o 6557. 39 I 0-15246
1.6 b 5931. 10 TO 1.0 h 6572.58

6 bl 5939. 08 TO 3.0 6576. 85 I 19238-34438
3. 0 5945. 72 I IbbV / — 3341^: 2. 0 /.CQ/I Q"7 T

1
cm 1 c"7i ob^U — lb / iA

1.6 5950. 02 I 16436-33238 8 6613. 75 II 14098-29214
D 5956. 41 TO 1. ^ 6622. 49 I 18512-33608

85 bl 5972. 04 TO 1.6 h 6636. 49 I 28989-44053

3.5 5981.86 I 16436-33148 3.5 6650. 61 I 19406-34438
70 bl 5987. 64 TO 1.8 AAA/I /inbbb4. 4U T

1 OQIA/I /l/IIAAA7^b4 — 44^bb
50 bl 6003. 60 TO 13 6687. 58 I 0-14949
8 6004. 65 1.2 h 6691. 83 I 29820-44760
8 6009. 19 I 17116-33753 0. 6 6694. 75 I 18499-33432

42 bl 6019. 87 TO 1.4 h 6699.26 I

8 6023. 41 I 0-16597 6 6700. 71 I 18512-33432
34 bl 6036. 60 TO 3.0 6713. 20 I 21529-36420
28 bl 6053. 81 TO 3. 5 6735. 99 I 19406-34248
9 bl 6072. 78 TO 16 6793. 71 I 530-15246
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Yttrium — All Observed Lines

Intens
and

Char ac

ity

te r

Wave-
length
in A

Spec-
truna

Energy
Levels
in K

Intensity
and

nhararfpi\^ XX JL. CJ_ V .

•

Wave-

in A
Spec-
trum

Energy
Xjc V X !D

i-il XV

6 h 6795. 41 II 14018-28730 5 7346. 46 16234-29843
1. 0 h 6803. 15 19148-33842 1. 2 h 7398. 77 \ 15477-28989
1.8 6815. 16 I 19238-33907 3.0 7450. 30 II 14098-27517
1. 2 6832. 49 II 14098-28730 1. 8 7494. 88 I 19028-32366
4 6845. 24 19148-33753 0. 7 h 7536. 71 I

1. 2 6858. 24 T T
II 14018-28595 3. 5 7563. 13 19148-32366

2.5 6887. 22 21915-36431 0. 8 h 7617. 72 J

1.8 6896. 00 II 14098-28595 2. 0 h 7622. 94 I 18976-32091
0. 8 6908. 26 I 14949-29420 0. 7 7652. 89 I 19028-32091
1. 2 6933. 52 530-14949 0. 5 7689. 49 I 18976-31978

2. 5 h 6950. 31 19028-33412 0. 8 h 7698. 00
1. 0 6951. 68 II 14833-29214 2. 0 7719. 89 J 19028-31978
1.0 6958. 04 15246-29614 2.0 7724. 08 I 19148-32091
2. 5 6979. 88 14949-29272 1. 4 7788. 42 I 16436-29272
1. 4 h 7008. 97 I 19148-33412 1. 4 7796. 32 I 16597-29420

1. 0 7009. 93 18976-33238 0. 6 7802. 52 15327-28140
2. 0 h 7035. 18 \ 19028-33238 1. 8 7812. 16 16817-29614
3.0 7052. 94 I 15246-29420 3. 0 7855. 52 I 17116-29843
1. 4 h 7054. 28 I 18976-33148 11 7881. 90 II 14833-27517
0. 9 7075. 13 15712-29843 1. 0 h 7999. 33 I 17116-29614

1. 2 7127. 92 15246-29272 0. 9 8329. 61 32188-44190
3. 5 7191. 66 J 15712-29614 2. 5 8344. 43 J 16159-28140
1.0 h 7195. 93 I 36361-50254 0. 8 h 8365. 64 I 24481-36431
3. 5 7264. 17 II 14833-28595 1. 8 8450. 36 15994-27824
0.9 h 7293. 08 15712-29420 0.8 h 8528. 94 24699-36420

0.9 h 7330. 62 10 8800. 62 0-11360
0.5 7332. 96 II 13883-27517 2. 0 h 8835. 85 II 14833-26147
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ZINC

Zn, Z=30, M=65.38, Ratio ^=1.029

Zn I Normal state of valence electrons Sc?^" iSo =0. I.P.= 75767 K
Zn II Normal state of valence electrons Sd^° 4s^ %k=0. I.P.= 144891 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

Classification

:

Zn I, C. W. Hetzler, R. W. Boreman, and K. Burns, Phys. Rev. 48, 656 (1935).

Zn II, G. V. Salis, Ann. Physik 76, 145 (1925).

Intensities :
^

A. Filippov, Phys. Z. Sowjetunion 1, 289 (1932).

W. BiUeter, Helv. Phys. Acta 7, 841 (1934).

J. W. Schuttevaer and J. A. Smit, Physica 10, 502 (1943).

Relative intensity of zinc lines observed in an arc of copper containing O.I atomic
percent of zinc

Strong lines of zinc

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

1000
140
140

2138. 56
3345. 02
4810. 53

I

I

I

0-46745
32890-62777
32890-53672

3d'»4s2 iSo—3rf>''4si4pi

M'HsHp^ 3po_3(^io4si4rfi

3d"'4,s'4pi 3P^—3di»4si5si

Zinc — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

2.5 2025. 51 II 0-49354 20 3282. 33 32311-62769

13 2061. 91 II 0-48481 90 3302. 59 32501-62772

1000 2138. 56 0-46745 28 3302. 94 32501-62769

3.5 h 2756. 45 32311-68579 140 3345. 02 32890-62777

6 d 2770. 86 32501-68581 30 3345. 57 32890-62772
2770. 98 32501-68579

6 3345. 93 32890-62769

9 d 2800. 87 32890-68583 40 4680. 14 32311-53672
2801. 06 32890-68581 100 4722. 16 32501-53672

10 h 3072. 06 32890-65432 140 4810.53 32890-53672

26 3075. 90 0-32502 12 hi 6362. 35 46745-62458
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ZIRCONIUM

Zr, Z=40, M=91.22, Ratio 7^^1.436

Zr I, Normal state of valence elections 5s' =0. I.P.= 56077 K
Zr II, Normal state of valence electrons 4:(P 5s' Tii^=0. I.P.= 113175 K

References
Wavelengths

:

G. R. Harrison, Massachusetts Institute of Technology Wavelength Tables (John Wiley &
Sons, New York, 1939).

C'l&ssific&tion

'

Zr I, C. C. Kiess and H. K. Kiess, J. Research NBS 6, 621 (1931).

Zr II, C. C. Kiess and H. K. Kiess, J. Research NBS 5, 1205 (1930).

Molecular Spectra

:

ZrO, C. C. Kiess, Sci. Papers BS 23, 47 (1927).

Relative intensity of zirconium lines observed in an arc of copper containing 0.1 atomic
percent of zirconium

Strong lines of zirconium

Intensity Wavelength
A

Spectrum Energy levels

K
Term combination

900 3391. 98 II 1323-30796 4d25si a *Fi^--4d2 5pi z

750 3438. 23 II 763-29840 4d25si a ^Fau-—4'i2 5b1 z

650 3496. 21 II 315-28909 4d25si a *F2H—4d2 5p' z

550 3601. 19 I 1241-29002 4d^5s^a^Fi --4d25s'5p' X
340 3556. 60 II 3758-31866 4d3 b *F4H--4d2 5pi z

340 3572. 47 II 0-27984 4d25si a ^F,H--4d2 5p' z *G2h
320 3519. 60 I 0-28404 4d25s2a3F2 --4d25s>5p' X 'G|
280 3547. 68 I 570-28750 4d^5s^aW3 -—4(i25s'5p' X
280 3551. 95 II 763-28909 4(i25si a *F3H-—4d2 5p' z

280 3835. 96 I 0-26062 4d25s2a3F2 --4d25s'5p> X

260 3863. 87 I 570-26444 4d25s2 a 3F3 -—4d25si5p» X
260 3890. 32 I 1241-26938 4d25s2a3F4 --4d25si5pi X
200 2678. 63 II 1323-38644 4d25si a 4F4H--4di5s'5p' y
200 3279. 26 II 763-31249 4d25si a *F3^--4d2 5p' z

200 3481. 15 II 6468-35186 4d25si a 2F3H--4(i2 5p> z ^GlH

200 3576. 85 II 3300-31249 4d3 b «F3H-—4d2 5pi z

200 4687. 80 I 5889-27215 4d35s' a 5F5 -—4d3 5p' V 5G§
190 3479. 39 II 5753-34485 4d25si a 2F2>^-—4d2 5pi z 2G3H
180 3613. 10 II 315-27984 4d25si a 4F2H-—4d2 5p' z

180 3614. 77 II 2895-30551 4d3 b ^FjH-—4d2 5p' z

180 3623. 86 570-28157 4d25s2a3F3 --4d25si5pi w 'F§

180 3891. 38 1241-26931 4d25s2a3F4 -—4d25si5p' 2 •Gl
180 4072. 70 5541-30087 4d35s' a 5F4 -—4# 5 pi X 5D§
180 4081. 22 5889-30385 4(i35si a 5F5 -—4d3 5pi X
180 4227. 76 5889-29535 4d35si a 5F5 -—4# 5p' y
180 4239. 31 5541-29123 4d35s> a 5F4 -—4d? 5p» y 5F|
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Zirconium — All Observed Lines

Intensity
3.nci

CYi f T

Wave-
X^ X±^ LJ. J.

in A
Spec-
trum

Energy
JLJ^ V C X O

in K

Intensity
a n r1

Wave-
iC ngLii

in ±\

Spec-
trum

Energy
j_ieveis
in IS.

1. 8 2374. 42 I 0-42103 1.4 2717. 48 I 4186-40974
1 8 2384. 17 I 150 2722. 61 II 1323-38041
1.8 2388. 01 I 570-42434 16 2725! 47 I 1241-37921
1. 8 2389. 21 I 90 2726. 49 II 763-37430
1. 8 2405. 52 I 1241-42799 7 2727. 02 I 570-37230

3. 0 2419. 41 II 4248-45568 55 2732. 72 II 763-37346
10 2449. 85 II 4248-45055 160 2734. 86 II 315-36869
1.4 2457. 44 II 4506-45186 4 2737. 89 I

5 2487. 29 II 8153-48345 8 2740. 35 II 3758-40239
3. 0 2496. 48 II 7838-47882 12 2740. 51 II 4248-40727

12 2532. 46 II 763-40239 16 2741. 55 II 1323-37788
6 2539. 65 I 570-39934 120 2742. 56 II 0-36452

15 2542. 10 II 315-39640 75 2745. 86 II 763-37171
3. 0 2550. 51 I 570-39766 75 2752. 21 II 315-36639

15 2550. 74 II 0-39192 60 2758. 81 II 0-36237

3. 0 2556. 43 I 1241-40346 1. 4 2759. 48 I 1241-37469
4 2567. 45 I 1241-40178 8 2761. 91 II 0-36197

38 2567. 64 II 0-38934 10 2763. 03 I 4376-40558
110 2568. 87 II 1323-40239 22 d 2768. 73 II 1323-37430
140 2571. 39 II 763-39640 2768. 85 II 763-36869

5 2583. 40 II 4506-43202 19 d 2774. 04 I 570-36608
9 2589. 07 II 4248-42861 2774. 16 II 6468-42504
1.5 2589. 65 I 570-39174 9 2786. 86 I 5102-40974
5 2609. 43 I 570-38882 22 2790. 14 I 5102-40932

17 2630. 91 II 4506-42504 14 2792. 04 I 0-35806

9 2635. 42 I 1241-39174 10 2793. 39 I

24 2639. 09 II 763-38644 3. 5 2795. 13 I 570-36336
8 2643! 40 II 315-38134 18 2796. 90 II 5724-41468
6 2647. 78 I 570-38327 12 2799. 15 II 5753-41468

12 2650. 38 II 763-38483 10 2806. 78 I 4186-39804

8 2658. 69 I 4186-41788 4 2808. 16 II 315-35915
20 2667 80 II 315-37788 20 2810. 91 II 6112-41677
6 2669. 49 II 5753-43202 70 2814. 90 I 0-35515

II 7736-45186 44 2818. 74 II 7736-43202
13 2670. 96 II 4248-41677 8 2819. 56 I 5102-40558

200 2678. 63 II 1323-38644 6 2821. 56 I 570-36001
4 2681 76 II 763-38041 60 2825. 56 II 7513-42894

10 2687. 75 I 1241-38436 10 2827. 50 II 6112-41468
10 2692. 60 II 8058-45186 2827. 54 I 1241-36597
2.5 2692. 92 I 0-37123 7 2829. 81 I 4376-39704

18 2693. 53 II 315-37430 12 2833. 91 II 7513-42789
20 2694 06 II 5753-42861 9 2834. 40 II 6468-41738
8 2695. 43 II 4248-41337 4 2836. 49 I 5102-40346

11 2699. 60 II 315-37346 80 2837. 23 I 570-35806
85 2700. 13 II 763-37788 6 2838. 02 II 6112-41337

10 2706. 17 I 0-36942 14 2839. 34 II 6468-41677
8 2709. 33 I 570-37469 15 2843. 52 II 7736-42894

32 2711. 51 II 0-36869 75 2844. 58 II 8058-43202
16 2712. 42 II 315-37171 24 2848. 19 II 5753-40853
16 2714. 26 II 4506-41337 40 2848. 52 I 1241-36336
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
t riiim

Energy
Levels
in K

40 2851. 97 II 7736-42789 26 3005. 50 I 8057-41320
8 2854. 43 II 7838-42861 130 3011. 75 I 570-33764
3. 0 2856. 06 II 5724-40727 16 3013. 32 II 4506-37682

11 2860. 85 570-35515 10 3014. 44 I 0-33164
6 2865. 10 II 2895-37788 26 3019. 84 II 315-33419

,10 2865. 60 II 3758-38644 55 3020. 47 II 4248-37346
38 2869. 81 II 8058-42894 80 3028. 04 II 7838-40853
4 2872. 53 II 8058-42861 140 3029. 52 I 1241-34240

55 2875. 98 1241-36001 28 3030. 92 II 0-32984
10 2877. 55 II 3300-38041 55 d 3036. 39 II 4506-37430

3036. 50 II 4248-37171
4 2880. 83 J 5102-39804
4 2882. 09 II 4248-38934 5 3043. 25 I 570-33420
6 2883. 80 II 7838-42504 16 3045. 83 I 4186-37008

10 2888. 04 II 6112-40727 11 3049. 33 I 4186-36971
5 2889. 43 II 2572-37171 110 3054. 84 II 8153-40878

14 2892. 26 J 1241-35806 11 3057. 22 II 8153-40853
10 2898. 71 II 3300-37788 16 3060. 11 II 315-32984
7 2901. 62 II 13428-47882 14 3061. 35 II 763-33419
6 2901. 82 II 2895-37346 11 3063. 57 I 4376-37008

18 2905. 23 II 6468-40878 16 3064. 63 II 4248-36869

8 2907. 38 II 6468-40853 8 3065. 21 II 0-32615
10 2910. 25 II 8153-42504 17 3085. 34 I 570-32972
34 2915. 99 II 3758-38041 9 3090. 44 I 5102-37450
3. 0 2916. 25 570-34851 17 3094. 80 I 4186-36489

12 2916. 64 II 2895-37171 40 3095. 07 II 315-32615

30 2918. 24 II 8153-42410 17 3095. 82 I 4197-36489
8 2923. 85 570-34762 44 3099. 23 II 0-32257
5 2924. 64 II 14163-48345 110 3106. 58 II 8058-40239

36 2926. 99 II 14190-48345 18 3108. 37 I 4376-36538
18 2934. 61 II 2572-36639 34 3110. 88 II 763-32899

18 2936. 31 II 3300-37346 55 3120. 74 I 4186-36220
10 2945. 46 II 7736-41677 11 3125.19 II 4248-36237
36 2948. 94 II 7838-41738 50 3125. 92 II 0-31981
24 2951. 48 II 3300-37171 80 3129. 18 II 4248-36197
11 2952. 24 II 1323-35186 80 3129. 76 II 315-32257

36 2955. 78 II 14060-47882 22 3131. 11 I 4197-36125
50 2960. 87 0-33764 55 3132. 07 I 4376-36295
50 2962. 68 II 2895-36639 17 3133. 23 I 5102-37008
50 2968. 96 II 3758-37430 55 3133. 48 II 7736-39640
19 2969. 19 570-34240 28 3136. 96 I 5102-36971

36 2969. 63 II 2572-36237 110 3138. 68 II 763-32615
20 2976. 61 II 8153-41738 22 3139. 80 I 5102-36942
50 2978. 05 II 3300-36869 28 3148. 82 I 4376-36125
36 2979. 18 II 2895-36452 46 3155. 67 II 7513-39192
26 2981. 02 II 4506-38041 24 3157. 00 II 4248-35915

130 2985. 39 T 0-33487 50 3157. 82 I 4376-36035
4 2987. 80 II 9743-43202 I 5102-36760
8 2991. 41 II 0-33419 85 3164. 31 II 5753-37346

50 3003. 74 II 4506-37788 24 3165. 45 II 8058-39640
16 3005.37 4186-37450 140 3165. 97 II 1323-32899
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
m A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

24 3166. 26 II 6468-38041 60 3334. 25 II 8058-38041
"^1 7ff HQ T T

1

1

1 1 JO — Jv Lye. JH JJj'^, Od. T T Ac;nA — "i-AAiXK

30 3181.58 II 7513-38934 30 3338. 41 II 7736-37682
24 3181. 92 II 5753-37171 120 3340. 56 II 1323-31249

140 3182. 86 II 4506-35915 60 3344. 79 II 8153-38041

85 3191.21 I 0-31327 20 3353. 66 I 1241-31050
/X. y

U

T T1

1

OtDO — Jl 1 OO c o JJJ^, Jy T T
1 X OXXC. — JDyi-D

12 3197. 04 I 4186-35456 120 3356. 09 II 763-30551
4 3204. 35 II 7736-38934 85 3357. 26 II 0-29778

15 3204. 90 I 5102-36295 28 3359. 96 II 11984-41738

85 3212. 01 I 570-31695 24 3360. 46 I 5102-34851
7 jCi-^., DO T1 m no _ A99n 1X D JJOc., OO T TXX ormR — '^77RROUjO — J 1 1 OO

12 3212. 85 II 5753-36869 24 3363. 82 II 2895-32615
120 3214.19 II 763-31866 24 3367. 82 II 2572-32257
17 3222. 47 II 14163-45186 4 3368. 64 I 0-29677

32 3228. 81 II 6468-37430 6 3369. 26 II 9969-39640
T T
J. Jl J 1.D J i.L.Hy OA. J J 1 \j, Dy TX

100 3234.12 I 1241-32152 28 3373. 42 II 8153-37788
17 3236. 58 II 14299-45186 60 3374. 73 II 8058-37682

120 3241. 05 II 315-31160 17 3376. 27 II 7736-37346

50 3250. 39 I 570-31327 24 3311. II 3300-32899
T T
1 1 1H^77 — HD\JjD g '^'^7R "^nJJ 1 Q, JK)

T T
X X 707 Q — '^ 7/1'? n

/ OJO — J 1 HJ U

32 3254. 28 I 16978-47698 9 3379. 92 I 17556-47135
32 3260. 11 I 4186-34851 90 3387. 87 II 7838-37346
6 3264. 81 II 7513-38134 120 3388.30 II 0-29505

30 3269. 66 I 4186-34762 900 3391. 98 II 1323-30796
1 1, Id T T

I 1 AO AO. _ APT n Qn7 U JJyJ, i-c
T T
X X ^1 ^ _ 9Q77BJXD — c.y I/O

85 3272. 22 II 0-30551 26 3396. 33 II 7736-37171
160 3273. 05 II 1323-31866 6 3396. 66 II 13429-42861
200 3279. 26 II 763-31249 6 3397. 92 I 18277-47698

50 d 3282. 73 I 1241-31695 60 3399. 35 II 2572-31981
3282. 83 II 14733-45186 24 3402. 87 II 12360-41738

140 3284. 71 II 0-30435 30 3403. 68 II 8058-37430
22 3285. 88 II 8058-38483 90 3404. 83 II 2895-32257
24 3288. 80 II 763-31160 30 3408. 08 II 7838-37171

II 7736-38134
6 3408. 78

T TXI / / JO — ^OUD^ %A^ n 9RJHl. U. CD T TX X JJ\J\J JCOXD
12 3302. 67 II 9969-40239 6 h 3411. 79 I 17833-47135

II 17614-47882 60 3414. 66 I 570-29847
85 3305.15 II 315-30562 II 8153-37430

140 3306. 28 II 315-30551 12 3419. 11 II 1323-30562
O Djuy, 07 T T

1 1 / OJO — JOKJHi. X o j^xy . uu TX 41 RA — "^"^490

6 3311.34 II 5724-35915 25 3424. 82 II 315-29505
24 3313.70 II 7513-37682 4 3426. 93 I 8057-37230
34 3314. 50 II 5753-35915 10 3430. 29 I 1241-30385

12 3318. 51 II 6112-36237 160 3430. 53 II 3758-32899
24 3319. 02 JI 315-30435 18 3431. 57 II 7736-36869
60 3322. 99 II 6112-36197 22 3432. 41 II 7513-36639
6 3326. 41 I 4186-34240 18 3433. 91 II 8058-37171

60 3326. 80 II 12360-42410 60 3437.14 II 5724-34810
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
T iP vpl ^

in K

"7 C O75U 343o. 23
T T
11 / d3 —C70H\J inn100 3550. 46 I 0-28157

28 3440. 45 0-29058 280 3551. 95 II 763-28909
19 3443. 57 II 7838-36869 20 3554. 07 II 9553-37682
30 o /I /I / / T3446. 61 41c>D — 3317^: ^ Af\34U ^ C C Z. Z. A3d36. 60 11 3758 — 31866
95 3447. 36 0 — 28999 O A24 3558. 96 I 5102 — 33192

3455. 91 4186 — 33114 170 O C Z. Z. T A3566. 10 1
TOilT OAO~7r~1241 — 29275

18 3457.18 4197-33114 14 3568. 14 II 6468-34485
65 3457. 56 II 4506-33419 34 3568. 88 I 5102-33114
32 1 A CO Q'23458. 93

T T
11 / /3d — 3dd37 34U 1 C "71 A1^bl I. 47 T T11

A o ~7A n yi

0 — 27984
26 3461. 09 8057 — 36942 1 A34 1 C AO3573. 08 T TII 2572-30551

130 3463. 02 T T
11 ii7o4 — 4Uod3 n "7 n

1 /O ^ C "7C "7 Q3575. 79 I
CTA OOCOO570—28528

15 3465. 63 1241-30087 200 3576. 85 II 3300-31249
6 3469. 94 II 8058-36869 28 3577. 55 I 8057-36001

95 3471. 19 0 — 28o01 o yi24 3578. 23
T T
II

n~j A o~7/no9743 — 37682
4 3472. 90 41oD — 3<17 / ^ 1 yi ft14U ICO L on3586. 29 I

A O "7 A "7 /0—27876

20 3478. 30
T T
11 763 — 29505 70

*3 C OT O O3587. 98 T T11 AC~70 OA^OC2572 —30435
10 3478. 50 II 9743-38483 28 3588. 32 II 3300-31160
32 3478. 79 4376-33114 11 3591. 72 I 570-28404
28 3479. 02

T T
11 424o — 329o4 "7 U

7 n 3d93. 13 I
T"7AZ.A ^^OOO1/060 — 44oo2

1 fin190 3479. 39
T T11 CTca ^ yi ^ o

c

b7b3 — 344ob 14 1 CQQ OA3d99. 90 11 TATll yi O C A ^14733 — 42504

24 3480. 41 T TII 7513 — 36237 c c n550 O Z. AT TO3601. 19 I
TO/IT OAAAO1241 — 29002

200 3481. 15 II 6468-35186 26 3607. 38 II 9969-37682
30 3482. 81 I 570-29275 110 3611. 89 II 14060-41738
30 o yi o o m3483. 01 8057 — 36760 180 O Z. 1 O T A3613. 10 II 315 — 27984

ion120 3483. 54
T T11 6112 — 34810 22 O Z. 1 O "7A3613. 70 1

yiTOZ. '2nocT4186 — 31851

20 3485. 32
T T
11 7513 — 36197 ion180 o 1 yl "7"7

3614. 77
T T
11 OOnC '2 A C C T2895 — 30551

7 3495. 37 11956-40558 180 3623. 86 I 570-28157
650 3496. 21 II 315-28909 28 3630. 02 II 2895-30435
30 Ann CO3499. 58 11 3300 — 31866 22 1 L11 An3633. 49 T T

II TyilZ.'2 yiTZ."7'714163 — 4167 /

20 3501. 35 570 —29123 50 o z. "3 yi 1 c3634. 15 I
TOyiT OOTCA1241 —28750

13 1 c. f\i An3501. 49 8U57 — 36608 o o 1 L. AC3636. 45 T T
11 3 /5o — 31249

55 3505. 48 II 12360-40878 5 3638. 72 I 4376-31851
130 3505. 67 II 1323-29840 5 3655. 56 II 7838-35186
13 3506. 05 T TII nn/ n oo^oo9969 — 38483 32 O Z. Z. T OA3661. 20 T

1
C'7 n 0"70"7Z.570 — 27o76

7 3507. 67 T T
II 12 o / z. o T yi3662. 14

T T
11 TO/lOfi yiA"70"713429 — 40727

160 3509. 32 570 — 29058 T yi n140 3663. 65
T
1

32 3510. 46 II 4506-32984 20 3668. 45 II 3300-30551
320 3519. 60 0-28404 48 3671. 27 II 5753-32984
20 3520. 87 T TII 4506 — 32899 100 1 L~J A ~70

3674. /2
T T
11 0C~70 00"7~70

70 3525. 81 T T11 2895 — 31249 18 '7
^

"7 o on3678. 90 T T
11 14163 — 4133

/

14 3530. 22 5102 — 33420 7 3680. 3

/

T
1 1^41 — Zo4U4

11 3530. 85 II 14190-42504 48 3697. 46 II 3758-30796
70 3533. 22 I 1241-29535 120 3698. 17 II 8153-35186
34 3535. 16 8057 — 36336 11 ^ "7 A Z. Z. '2

3 /Ob. d3
T
1 idHi —com

18 3536. 94 T T
II 2895 — 31160 n n90

O "7 A O O Z.3709. 26 T T
11 o4do — 33417

7 3539. 01 T T
II 13429 — 41677 o yi24 *3 "7 T yt TO3714. 13

T
1 1/:41 — Zolb /

100 3542. 62 II 14190-42410 24 3714. 78 II 4248-31160
o o n280 C A~7 ^ O3547. 68 570 — 28 /5U oo

*2 "7 1 O Q ^3 /io. o4 T T
11 OQQC OQ77Q/i07D — l7 1 IO

20 3549. 51 II 9969-38134 34 3731. 26 II 14060-40853
34 3549. 74 8057-36220 6 3737. 39 I 5102-31851
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
1 ^^^^lengLn
in A

Spec-
trum

Energy

in j\.

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
m IS.

6 3738. 11 II 4506-31249 9 3941. 62 8057-33420
70 TTX J. 1 41 90 — 40878 3.5 •2QC-1 -l-J 1 1 A41 — 3AQ42XXOHX ^OvHc.

10 3750. 64 II 4506-31160 3. 5 3956. 79
no 3751. 60 II 7838-34485 85 3958. 22 II 4248-29505

6 3754. 79 I 14349-40974 7 h 3963. 80 I 16317-41538

12 3757. 79 II 14733-41337 44 3966. 66
J

1241-26444
60 T± 90 "^QAR 2A^ /DO. £.0 1 241 — 2A434
60 3766. 72 I 12342-38882 3.5 3972. 30 I 15720-40888
42 3766. 82 II 3300-29840 1 nJ. \J 3973.39 I 12761-37921
3 3767. 88 II 5724-32257 60 3973. 50 I 570-25730

90 3780. 54 I 0-26444 18 3975. 29
J

12773-37921
6 TT

J. X 6 "^977 Day jxjjoj

12 3786. 61 14 3977. 48 I 8057-33192
70 3791.40 I 570-26938 3 5 3978. 25 I

11 3792.40 I 570-26931 9 3978. 74 I 12342-37469

16 3796. 48 II 8153-34485 18 h 3981. 60
J

11017-36125
12 1 AQ7R — 420R7Xu/ / O Hc.\JO 1

26 3817.58 II 4248-30435 9 3982. 16 I 10885-35990
70 3822. 41 I 0-26154 14 3984. 75 I 4186-29275

I 5541-31695 6 3986. 80 I 570-25646

7 3827. 27 II 9 3988. 68
{

5023-30087
280 -? O / o T 0 — 2606? 7 570 — 25630
160 3836. 76 II 4506-30562 14 3989. 50 I 15120-40178
14 3838. 28 II 4506-30551 70 3991. 13 II 6112-31160
50 3843. 02

\

2895-28909 70 3998. 97 II 4506-29505

50 3847. 01 I 570-26557 3. 5 4001. 09
J

1241-26227
50 T± 0 — 25972 7 4002 55 4071 —29847
10 3855. 43 II 4506-30435 13 4003. 10 I 11017-35990

3863. 87 I 570-26444 7 4004. 40 I 12503-37469
70 3864. 34 I 1241-27111 7 h 4004.87 I 16978-41941

90 3877. 60 I 8057-33839 18 4007. 60
{

14989-39934
18 T1 J 1 KJ L.\J^ ^^ 18 4012 25 1 '^720 —40637

140 3885. 42 I 0-25730 14 4016. 98 I 12342-37230
PAD 3890. 32 I 1241-26938 J. X 4018. 38 II 7736-32615
180 3891. 38 I 1241-26931 36 4023. 98 I 5541-30385

9 h 3892. 03 I 15201-40888 11 4024.44 II 8058-32899
7 h T

1 70 4024 92 R249 — 300R7

14 3896. 53 I 570-26227 90 4027. 20 I 5023-29847
I 17143-42799 22 4028. 95 I 4186-28999

7 3897. 66 I 14697-40346 36 4029. 68 II 5753-30562

36 3900. 52 I 0-25630 44 4030. 04 4871-29677
3.5 "^Ql A "XAJ7LH, j'i

T T1 1 3. 5 4034 09 IT 6468 — 31 249

28 3915. 94 II 4248-29778 36 4035. 89 1241-26012
14 3916. 64 I 1241-26766 3.5 4040.24 II 7513-32257
55 3921. 79 I 570-26062 9 4041. 64 I 15201-39937

7 h 3926. 78 I 15720-41179 22 4042. 22
}

11258-35990
110 3929. 53 I 570-26012 55 4043. 58 4186-28910
18 3934. 12 II 2572-27984 44 4044. 56 4871-29588
18 3934. 79 II 5753-31160 36 4045. 61 II 5724-30435
6 3936. 06 II 6468-31866 55 4048. 67 II 6468-31160
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
T t^\Tf^^ cV v:; j. 0

in K

io 4U3U, T T •2 A /1 1 0 /I 7 A4I74. /b 11258 — 35091
18 4050. 48 4376-29058 7 4196. 13 { 12773-36597
11 4054. 43 1241-25898 55 4199. 09 I 5102-28910
/ U 4U_)D. ELK /1 0 ni /I A4ZU1. 4b 30^3 — 28818
OH /I 1'577'2 17/1'5'3 C c33 /1 0 no Qo4/CUo. 70 T T

11 3/33-29505

4Ud1. 41ob — <iOoUl y /1 0 1 1 i/i4a11. ^4 1/1A07 lO/lO^1469 /— 38436
140 4064. 16 I 5249-29847 18 4211. 88 II 4248-27984

7 4068. 72 10885-35456 7 4212. 62 I 10885-34617
1 an 4079 7n c;t:/ii '^nnQ71)341 — ^uuo /

2 A /1 01 "2 DA4a1^. ob /1071 oocnc4o/i — /18373
on 4U / 4. 7^ 4^ /b ^07lU 11 /I 0 1 D ^ C4a1o. 43 cino 000m3IU/ — /looOl

io HU / 0. 41 _ '5Q71 n410D — ^lO / lU J. 3 /lOon AC c no 1 0 Q71

n

3U/l^ — /lO/lU
22 4078. 31 I 4197-28710 6 4225. 46 12342-36001

180 4081. 22 5889-30385 180 4227. 76 5889-29535
O 4Uo^, l/i41 — /^U "2 CJ, 3 /I 0 "21 Al4^:^1. b^ T T

11 1 /II Al 1770014163 — 37788
ii 4Uo^. Uo 1 1 A/1 1 Ai 0 1;llb41 — ^bl^:D 1 A14 /1 0*2/1 U14/1^4. b^ cino oo7Tn31U/1 — AO/IU

1 A /I no/i m4Uo4, 1 /I AQ7 "XQi 7/114b7 / — ^7l /

4

1 Dlo /1 0*2 A nA4^^b. Ub 1 1 m 7 1 /I A 1 7llUl /
— p4d1 /

14 4085. 66 J 12761-37230 6 4236. 55 0-23597
7 4087. 69 12773-37230 9 4237. 43 I 11258-34851

1 A14 4UVU. _)1
T T
I 1 Ai 1 0 in t; CIbl 1^1 — jKiDDi. 1 QnloU A 0*20 "21

4/i^7. Jl CC/11 0Q1013341 — drILCi
1 A14 /I non 7Q4U7U. /7 7n /1 0 /I n 1/14a4U. ^4 A 071 0 0 /I /I 74o /I — Ao44

/

41)7:5. lb Hz> 1 b — ^looUl 7n/U AO Ai on4/:41. cnoi oocQcSU/l^- /10373
11 4094. 27 12342-36760 110 4241. 69 5249-28818
6 4096. 63 II 4506-28909 7 4253. 57 I 11258-34762

lU A r\QQ "iT4U77. il n 0 /I "2 DQ •7
1

/I 0 C A /I /I4A3b. 44 /I 1 OA 07A7141ob — /I / fa

14 41U /. dU ll7Db — ^b^:7D 1 Alb /1 0 c D n/14/130. U4 T T11 /I CnA 07QD/I43Ub — A /7o4

io /lino /in41Uo. 4U /I "27 A 0 071 n4^ / b — ^lo /lU
-7 A 0 A1 014Abl. a1 CC/11 oonno3341 — aVUUa

10 4119. 83 I 12342-36608 7 4261. 42 12761-36220
36 4121. 46 I 4376-28633 28 4268. 02 5023-28447

/ n /1 1 07 Q^.41/: /, 7b A 1 DA OQ/I n/14l0b — /104U4 7 /107'2 E^O
4/1 / ^, 3/1

T T
1 1 Ai 1 0 OQCnAbllA — A73Ub

4^ /fa — ^Oi)7D Q0 /1 07/1 774/1 /4. / /
/11DA 07C7141ob— /I /3

-7 /IT -J /I n41^4. ^1 1 07A1 lAQ/lO1/1 / bl — ^b74/i 11 /107A 704/1 /b. //I
/II Q7 07c;714l7 1 — C 10 1

D

14 4135. 68 J 5102-29275 7 4282. 03 I 17833-41179
3. 5 4140. 01 I 14123-38271 50 4282. 20 5249-28595
b /1 1 /1 7 "i 7414 /. ^ / l/iijU^ — ^bbUo ^. 3 /lODA i;i4AOb. 31 T T

1 1 7D1D n 1 An/o^o — ^llbu
TinilU A'\ AO on4147, ^L)

T T11 b4bo — JU!)b^: 1 nlU /I0Q1 on4/171. AU /117A 07A71

14 /lien Q741dU. 7 /
T T11 A/1 AQ m c t;ib4bo — ^uD3l 1 nlU /10Q1 IC4a71, jD /II DA 07/lDO41ob — A /40A

18 4152. 64 11017-35091 50 4294. 79 J 5541-28818
7 4153. 75 12773-36841 3.5 4296. 74 II 14163-37430

/ii c ^ 0/14lDb. /:4
T T11 D / ^4-/17 / /C)

oa^0 /lino DO i;dqq oqi 013007 — crJLCD
36 /ii ^1 0

1

41bl. tLl
T T
11 T 71 /

/im/i AD4^U4. bo 1 /I AQ7 17Q0114b7 1 — D IVcL

3d A'\ 1U41bb. ^b cc/ii OQKii;3341 — "2 t;
J, 3 /imo DO4^U7. OA /117A 07C;714^ to — C. 10 1 J

7 4169. 36 14349-38327 7 4317. 31 II 5753-28909
11 4171. 48 10885-34851 7 4319. 05 1241-24388

—J
1

/! 1 7 Q 0

1

41 / 7, oi
T T
11 1*2/100 •27'2/lA134^7 —i / J4b

-1
1

A lOI 1

7

4^Al. 1 /
1 0/11 0 AUll-.

lo /I T 0*2 '2 041o3. 3^ CI n 0 0 QOQQ 1 nlU /iio/i m4^/i4. 1 /11/lQ 17AAQ14^47 — J 1 4b7

Q7 /1 1 0 ^ Q41ob. b7 T T
1 1

i/iiAi lon/ii141b3 — ^oU41 1 Alb /I IOC /I /I4^a3. 44 cLDDQ oonno3007 — A7UU/:

60 4187. 56 11641-35515 3.5 4329. 56 570-23661
41 91 79 1 1 9^6 — 35806 3 5 4333 26 II 19433-42504

3. 5 4192. 10 12761-36608 50 4341. 13 11258-34287
3.5 4194. 01 12761-36597 3. 5 4343. 04 0-23019
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Zirconium — All Observed Lines

Intensity
3.nd

Character

Wave-
length
in A

Spec-
trum

Energy
ijcveis
m XV

Intensity
and

Characte r

Wave-
length
in A

Spec-
trum

Energy
Levels
m K

6 4346. 52 14123-37123 7 4539. 98 5102-27122
3 0 4347 22 570-23567 44 4542 22 J 5102 — 271 1

1

^ J.\J £- C 1 J. X d.

95 4347. 89 I 8057-31050 18 4553. 01 I 4197-26154
3.0 4348. 93 I 5541-28528 4 4553. 97 II 19515-41468
6 4358. 74 I 4186-27122 18 4555. 13 I 12503-34451

26 4359. 74 II 9969-32899 13 4555. 52
J

12760-34706
4360 81 4186 — 27111% ^\J\J <./xxx 4 4558 04 11258 — 33192

32 4366. 45 I 11017-33912 I

12 4370. 95 II 9743-32615 2.0 4562. 12 I

3 4373. 07 I 5889-28750 4 4565. 47 I 12342-34240

22 4379. 78 II 12360-35186 1.8 4574. 50 II 19614-41468
3 4394 50 570 — 23320 44 4575 52 0 — 21 849

12 4394.94 I 10885-33632 3.5 4576. 20 I 11641-33487
9 4395. 21 I 4376-27122 9 4582. 29 I 14791-36608
8 4400. 24 I 5889-28609 7 4584. 24 I 11956-33764

6 4402.95 4197-26902 1.8 4590. 16 11641-33420
A 4403 34 ITJ. X 9553-32257 13 4590 55 J 4376 — 26154

17 4413. 04 11258-33912 32 4602. 57 I 15120-36841
3. 0 4414.14 I 1241-23889 13 4604. 42 I 4186-25898
6 4414. 54 II 9969-32615 2. 0 4609. 15 I 12761-34451

22 4420.46
J

11017-33632 2. 0 4609. 29 5249-26938
n 4427 24lit- f • U. 1 18739-41320 2 0 4609 83 J 4871-26557
5 4429. 11 I 5102-27673 2.0 4610. 11 I 4376-26062

14 4431. 49 I 10885-33445 2. 0 bl 4619. 85 ZrO
8 4438. 05 I 4376-26902 19 4626. 41 I 14989-36597

7 4440. 46 II 9743-32257 2. 0 4627. 72 11956-33559
13J- ^ 4443 00 ITX X 11984-34485 3 5 4629. 07 II 20080-41677
2.5 4444. 33 11956-34451 60 4633! 98 570-22144
2.5 4448. 95 I 5102-27573 2.0 4634. 64 I 5541-27111
8 4450.28 I 10885-33350 2. 0 bl 4637. 78 ZrO

5 4455. 43 14791-37230 6 4640. 13 14791-36336
5 4456 30 J 14989-37422 18 4644. 83 J 14697-36220

10 I 11017-33445 I 11641-33164
II 9553-31981 3.0 4654. 38 I 12761-34240

2.5 4460. 34 I 5102-27515 8 4657. 64 I 11956-33420

8 4461. 22 II 8153-30562 3.0 4659. 49 5102-26557
4466 91 51 02 — 27482 I-/ 4667 14 J 5023 — 26444

2.5 4468. 22 I 11258-33632 22 4683. 42 I 12342-33688
4 4468. 79 I 4186-26557 6 4684. 25 I 5102-26444

10 4470. 31 I 12342-34706 2.0 4685. 19 II 19515-40853

17 4470. 56 12773-35135 2.0 4686. 57 11641-32972
4480 77 1 4697-37008 200 4687 80 5889-27215

4 4482. 50 I 15120-37422 44 4688. 45 I 1241-22564
2.5 4491. 56 I 4186-26444 2. 0 4691. 73 I 5249-26557
5 4494. 42 II 19433-41677 2. 0 4695. 04 I 17143-38436

2.5 4494.94 14989-37230 4 h 4700. 11
{18 4496. 97 II 5753-27984 4700. 18 4376-25646

50 4507. 12 4376-26557 9 4707. 79 11956-33192
2.5 4523. 13 17753-39855 160 4710. 08 5541-26766

55 4535. 75 4186-26227 14 4711. 92 12342-33559
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
m K

Intensity
and

Character

Wave-
length
in A

Spec-
trunri

Energy
Levels
in K

6 4713. 43
J

14791-36001 38 5078.25 11641-31327
in 4717 62 4871-26062 7# 5085 26 1 4791 —%Aa,^^

18 4719.12 I 14989-36173 4 5112.27 II 13428-32984
2.0 4731. 14 I 5023-26154 11 5115.24 I 16317-35861

26 4732. 33 I 5102-26227 4 5120. 42 I 15932-35456

3.0 4734. 36 18739-39855 7 5133.40 4186-23661
4739 48 15249 — 26343 24 51 55 45 J 1 2761 — "^21 ^i?

3.0 4742. 94 I 12342-33420 16 5158.00 I 16978-36360
3.5 4751. 91 I 5023-26062 3.0 5158. 67 I 12773-32152
5 4753. 05 I 15120-36153 6 5160. 99 I 11956-31327

16 4762. 78 14791-35782 7 5165.96
J

12342-31695
f ^ 477? 31 t;n23 — 25972 1 4 5178 99_^X / iJ« / / 41 ft6 — P34R9
18 4784. 92 I 5541-26434 8 5183. 70 I 5102-24388
14 4788. 67 I 5889-26766 2.5 5187. 03 I 15932-35206
3.5 4789.11 I 5023-25898 8 5191. 60 II 14163-33419

3.0 4793. 28 14349-35206 8 5201.15 4376-23597
9 5 4794 96 12342 — 33192X t /it- ^ X / I— 7f 5209 30 J 12503 — 31695

22 4805. 87 I 5541-26343 7 5224. 93 I 4186-23320
3.0 4806. 68 I 12761-33559 2.5 5243. 47 I 17060-36125

12 4809.47 I 12773-33559 10 5277. 41 I 4376-23320

16 4815. 04 5249-26012 6 5280. 05 12761-31695
4815 63 J 4871—25630 5 5294. 82 J 8057-26938

24 4824. 29 I 5249-25972 10 5296*. 79 I 8057-26931
16 4828. 04 I 5023-25730 5 5301. 97 I 17753-36608
9 4838.78 I 12503-33164 9 5311.40 I 4197-23019

5 4838. 98 I 12761-33420 2. 0 5321. 26 I 5102-23889
1.6 4841. 45 I 5249-25898 1.8 5330. 84 I 570-19324
1.6 4846.35 I 5102-25730 1.0 5338. 43 I 4871-23597

18 4851. 36 I 5023-25630 2.5 5350. 09 II 14299-32984
14 4866. 06 I 5889-26434 2.5 5350. 35 II 14733-33419

I 17556-38101
2.0 5350.90

J

18739-37422
g i;249 — ?573n 2 0 5351 92

9 4883. 60 I 5541-26012 6 5362. 56 I 4376-23019
4 4893. 12 I 12761-33192 1.0 5363. 35 I 5249-23889
1.6 4905. 08 I 5249-25630 1.4 5369. 39 I 4871 -'"3489

2.5 4930. 87 15201-35476 1.6 5382.37
J

5023-23597
0 H^JJ, OH 1 47R4 — '^'5047 5385 14 4186-22751
4 4948.76 I 4186-24388 2.5 5386. 65 I 5102-23661
2.5 4962. 30 I 14989-35135 1.4 5391. 18 I 5023-23567
3.0 4963. 72 I 15720-35861 1.4 5395. 88 I 17833-36360

1.8 4987. 82 16317-36360 2.0 5405.13 5102-23597
oo J X -J X ^ U J ^ 2. J ^ 7 5407 62 5889-24376
7 4996. 33 I 15201-35210 1.4 5413. 93 I 5541-24006
2.5 5011.46 I 17060-37008 1.6 5421. 86 I 17422-35861

20 5046. 58 I 12342-32152 1.2 5426. 36 I 16787-35210

7 5060. 39 15720-35476 2.0 5428.42 17060-35476
29 5064. 91 \ 11956-31695 2.0 5437. 76 1241-19626
9 5065. 22 18739-38476 1.2 5440. 41 4871-23246
8 5070. 26 14989-34706 3.0 5448. 57 5541-23889
6 5073. 98 4186-23889 0.8 5474. 92 16787-35047
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

n o
U. o 5477. 40

T
I 4871—23122 /TAT AT

6121. 91
A A r ^ A yi 0 A A8057-24388

3. 0 5478.33 I 17753-36001 1 6124. 84 \ 4197-20519
3. 0 5480. 83 I 5249-23489 DO 6127. 44 I 1241-17556
0. 8 5481. 16 I 28 / T 0 /I I" C6134. 55

A *1 / A AT0-16297
2.5 5486. 09 I 5023-23246 8 6140. 46

yiTA/ AAyi/^4186-20467

11 5502. 12 I 8057 — 26227 ^ ^. / T >1 0 A A
6143. 20 570-16844

2. 0 5507. 87 I 17060-35210 2. D 6155. 61 \ 12761-29002
2. 5 5517.11 I 5541-23661 D 6157. 71 I 19626-35861
0.8 5518. 05 I

coon A/IAA/5889 — 24006 2.0 / T / A A A6160. 20 T A"n 0 AAAAA12773-29002
6 5528. 41 I 18277 — 36360 3.0

/ T AA /I A
6189. 40 TAOAyi Oryi "Tf /19324-35476

1. o 5532. 30 I
r"AyiA AOOAA5249 — 23320 cD

/ T AA A /
6192. 96

J

yiOT/ AAPTA4376-20519
3. b 5537. 46 I 17422-35476 -I

1 6213. 05 4376-20467
/I n 5545. 32 I 17833-35861 Q0 6214. 69 17753-33839
1.8 bl 5551. 75 ZrO 14 bl

/ AA / r" T
6226. 51 ZrO

2.0 bl 5553. 17 ZrO 8
/ A H ~T A /
6257. 26

T A ^0 A A "T ^ A12773-28750

1. u 5612. 11
T
I 0—17814 A D

/ A / 1 AC6261. 05 ZrO
lU 5620. 14 I 4186-21974 3. U 6267. 06 11956-27908
3. U 5623. 53 I 4197-21974 J c Dl 6292. 84 ZrO
2.0 bl 5629. 02 ZrO 10

/AAA /

/

6299. 66
TAO^A AAATA12342-28212

2.0 bl 5629. 58 ZrO 1.2
/ 0 A yi 0 yi

6304. 34
ilO^/ AAAOA4376-20234

Li 5664. 51 I
r" T AA A A "7 r T5102—22751 O/I / 0 T 0 AA

6313. 02
nA"no AA/AA12773 — 28609

1. o 5666.28 I 17833-35476 2. t) 6314. 71 } 8057-23889
1 niU 5680. 90 I 4376-21974 6321. 35 I 12342-28157
1.2 5685. 42 I 18277 — 35861 1.8 / 0 yi A 0 /

6340. 36 TAT/T AAr"AA12761—28528
2.5 5708. 89 I 0-17512 4 bl 6345. 10 ZrO

b Dl 5718. 21 ZrO /L
•

0
/ 0 yi c AO6345. 22 T A T^O A A r" A A12773 —28528

It) 5735. 70 I 0-17430 0 Dl 6378. 56 ZrO
3. 0 Dl 5748.17 ZrO 3. U 6407. 00 1241-16844
1.4 bl 5778. 57 ZrO 4 b / yi T A OA

6412. 39 ZrO
13 5797. 74 I 570 — 17814 1.0 / yi A / T T6426. 17 AAT ^yi o"nAi22144 — 37701

2. 5 5847. 32 I
T ^"1 /I O O A A17143-34240 3. U

/ yi 0 yi 00
6434. 33

AAr/yi OATAn22564-38101
4 5868.27 I 1241-18277 r

D 6445. 74 J 8057-23567
9 5869. 50 I 15120-32152 1. 6 6451. 62 I 5023-20519

28 5879. 80 I 1241-18244 1.6 / yi r "7 / 0
6457. 63

TT/^T A"nAA11641-27122
7 5885. 62 I 570 — 17556 9

/ y| ~7 A AT
6470. 21 *IA~T/T AAATA12761 —28212

/I ^ A A T A A
5901. 09 I 570 — 17512 c Dl

/ M —70 TA
6473. 79 ZrO

2. 5 bl 5908. 61 ZrO u. y 6484. 35 5102-20519
11 5925.13 I 5102-21974 Q7 6489. 64 I 12503-27908
8 5935. 20 I

A T / A yi /I0-16844 1.8 / yi A 0 "1 A
6493. 10 12761-28157

9 5955. 35 I 0 — 16787 4
/ I" A 0 A /
6503. 26 I

TAP*AO ATA~T/12503-27876

2. 5 bi 5977. 80 ZrO /I / l~ A / 0 /
6506. 36

X~ T AA A A yi / "7

5102 — 20467
o
O 5984. 23 I 14989-31695 /I

Dl 6508.15 ZrO
1 /I

1. 4 5995.37 I 5889-22564 2, l5 Dl 6542. 90 ZrO
4 6001. 05 I

TAA^A AAAAA12342-29002 3.0
/ n n A n yi

6550. 54
TT/yiT A/AAA11641—26902

2. 5 6025. 36 I 1241 -17833 2. D
/ r* / A yi 0
6569. 43

r"AflA AAyi/"75249-20467

7 6032. 61 I
TTAr/ AAHAA11956-28528 1.6 6576. 56 A T r" A A T

0 — 15201
14 6045. 85 I 14791-31327 2.5 b 6578. 06 ZrO
8 6049. 24 I 19834-36360 4 6591. 99 Tiric/ A~nAA11956 — 27122

11 6062. 84 I 570-17060 0. 8 6596. 71 11956-27111
4 6120. 83 I 4186-20519 0. 8 6598. 84 570-15720
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Zirconium — All Observed Lines

Intensity
a.nd

Char acte r

Wave-
length
in A

Spec-
trum

Energy
Levels
in K

Intensity
and

Character

Wave-
1 pn o'1"Vi

in A
Spec-
trum

Energy
T ^ Trf^ 1 G

in K111 x\.

n
4 bb\Ji, c 1

lo^yio 0"7/ioo1^:34^ — ^ l'\oc AH TT T 0 007112. 82 11956 — 26012
1.2 6620. 56 J 18739-33839 1. 0 7113. 52 \ 12503-26557
1.0 6678. 01 II 19515-34485 1. ^ 7132. 95 I 11956-25972
2, 0 L LOO TO Hi / D — 1 v3^4 0. 8

"7 T 0 0 007138. 28 nO"7/T O/T//12761 — 26766
1. 0 6702. 12 11641 — 2655 / 1.6

~7 T >1 0 ~7 A7140. 74 TOO/IO O/OVIO12342—26343

' 1. 6 ^ *7 no LI6709. 61
J

4l7 / — 1 vUV

/

1. ^ n A A /I "7

7144. 47 totto o/t//12773-26766
2.5 6717.88 11017-25898 bU 7169. 09 J 5889-19834
3.5 6752. 73 I 8057-22862 7201. 62 I 15120-29002
7 o ibZ. 3o U — 14/o4 1.2 ~70 C 0 1 "7

7258. 17 11956 — 25730
8 6769. 16 12342 — 27111 3. 5

"70 /I ~7 Z.7264. 76 T /looo ooTr*o14989 — 28750

2. 5 6772. 07 luoob — 25646 U. 0 7284. 69 nocoo o/ooT12503—26227
1. 4 6787. 15 II 20080-34810 0 n 7306. 21 J 12761-26444
3. 0 6790. 85 I 12761-27482 U. b n 7307. 32 I

0. 7 6796. 68 14349 — 29058 2.5
~7 0 1 T / 07311. 62 •lO"7/T O/ilOil12761—26434

ft

4 6828. 78 11258 — 25898 3. 5
"7 0 T 0 TO
7313. 72 12342-26012

/I

4 6832. 89
{

570 — 15201 Q7
TO T 0 007318. 08 12773—26434

0. 6 6833. 67 11017-25646 1. U 7327. 82 J

1.2 6845. 33 I 10885-25490 D 7335. 97 I 4186-17814
1. 6 6846. 34 5023 — 19626 5

-70/10 0 /
7343. 96 14791—28404

9 6846. 97 Tine/ n/irrr~711956 — 26557 2.0
*70 -7 0 CO
7373. 50

loroo 0/0/012503 — 26062

2. 5 6849. 26 12342 — 26938 u. 0
-70-7/1 00
7374. 80 Tooyio onooo12342—25898

1. 2 6852. 56 { 12342-26931 7383. 63 14989-28528
0. 8 6854. 63 I 5249-19834 u. 0 n 7399. 30 I

0. 4 6857. 90 T/l/0~7 ooo~7ir14697 — 29275 1.4
~7 A OA 007400. 90

lOCOO O/OTO12503—26012
0. 6 6883. 23 5102 — 19626 1.0

*7 /I T 1 '2 n7411. 39 15120-28609

12 6888. 29 11641 — 26154 u. 0 n 7417. 89 14123 — 27600
3. 0 6900. 59 11956-26444 1. u 7422. 75 J 12503-25972
2. 0 6904. 36 I 1241-15720 1 ft1. u 7433. 10 I 14123-27573
3. 0 6907. 37 11017 — 25490 11

"7 yl "lO 0 L7439. 86 A1^ L T 1 Ol A4376 — 17814
2. 0 6916. 87 4871 — 19324 1.8 7467. 57 12342 — 2573U

0. 6 6922. 23 12773 — 27215 i. b
"7 yi 7 0 COIHIV, 58 T /I7QT 001 C714791 —2815

/

1. 6 6932. 38 { 11641-26062 7502. 92 } 14349-27673
3.0 6948. 46 I 11258-25646 ft Q 7506. 51 I

15 6953. 84 5249 — 19626 1.4 h 7515. 70 1 C7nrv oonrvo15700 — 29002
6 6966. 44 12761-27111 1.2

"7171*7 n C7517. 95 17753 — 31050

1. 0 6975. 91
iT/yiT oirOTO11641—25972 n Qu. 7 n 7521. 03 TC/IC7 oo7cn15457 — 28/5U

15 6990. 84 J 5023-19324 0 n n 7540. 62 15146-28404
8 6994.32 I 5541-19834 0 n 7544. 59 I 12761-26012
1. 0 7005. 46

ITOF"/ o/oot11956 — 26227 3.0
~7 C C T /! Z.7551. 46 127 /3 — 26Ulil

10 7027. 40
/I 0 ~n "tooo"74871 — 19097 0.7 h 7553. 00 /nOZ. T7/100418b — 1 / 4^:/:

2. 5 7057. 36
nOT^TO 0/00012773 — 26938 /I ~7ir C /I "70

7554. 70 4197 — 1743U

1. 4 7057. 96 J
0 c 7558. 45 12503-25730

14 7087. 30 I 4871-18976 1 01. 2 7560. 09 I 14349-27573
2. 5 7089. 43 I 12342-26444 0.7

"7 C / 0 0 T7560. 31 1 AOOQ OOOT 014987 — <:8^1Z

3. 5 7094. 46 I 12342-26434 X. £
T C / 0 TO7562. 12 51)23 — loZ4^

5 7095. 59 11641-25730 8
*7 / 0 "7 1 C7607. 15 510<: — 18^44

55 7097. 70 5541-19626 0. 8 7610. 83 I 4376-17512
O Q

1 i.\iZ, vl 1. 4 / Dx^. UO C 1 HOC

17 7103. 72 5023-19097 2.0 7621. 17 11258-24376
14 7111. 68 4186-18244 0.5 7621. 61 14791-27908
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Zirconium — All Observed Lines

Intensity
and

Character

Wave-
length
in A

Spec-
trum

Energy-
Levels
in K

Intensity
and

Character

Wave-
length
in A

Spe c-

trum

Energy
Levels
in K

3.0 7658. 60 I 4376-17430 40 8132. 99 I 5541-17833
i. O 1 OvU. oj 1 A^ 0"^ — 971 99 9 n DLHy — i / Di^:

1. 4 7704. 27 I 14697-27673 1.2 8188. 77 \ 14349-26557
1.0 7708. 42 I 12761-25730 4 8194. 73 I 10885-23085
0. 6 7722. 48 I 22145-35091 6 8201. 73 I 4871-17060

0.9 7723. 95 I 4871-17814 28 8212. 53 I 5249-17422
U. o 77AI; 7n /n RA — 1 7nAnHloD — ± /UOU 9 n Q9zin 77 1 71 A 1 9Q97C;

1. 0 7766. 55 I 11017-23889 4 8283. 81 } 11017-23085
0.6 7800. 74 I 21801-34617 0.7 8299. 81 I 12342-24388
1.2 7816.32 I 5023-17814 14 8305. 90 I 5023-17060

11 7819. 35 I 14697-27482 0. 7 8309. 50 14123-26154
Jm D 7050 an 1 AT 9'^ — 9 AQn9 n 7 ^^90 1 AOPCXi, ±0
4 7826. 72 I 14349-27122 1.4 8332. 44 I 17060-29058
9 7849. 35 I 5541-18277 5 8370. 23 I 5889-17833
3.5 7869. 99 I 5541-18244 12 8389. 41 I 4871-16787

1.4 7876. 25 I 22398-35091 7 8414. 00 I 5541-17422
i. O 7000 1

0

/ 00^. 1

0

ivKii-^ — 1 7nAn
/ 0 — i. 1 UDU 1 1 9t;Q 9'ifiQi;

1. 0 7897.98 I 4186-16844 0. 6 8457. 48 I 5023-16844
1.6 7908. 46 I 4871-17512 5 8464. 65 I 5249-17060
0.6 7924. 20 I 22145-34762 0.9 8495. 98 I 17143-28910

2.0 7940. 47 4197-16787 4 8498. 44 I 5023-16787
it) I7HH, Ox U. 3 Qi^l "X 7BODiJ. /o

8 7956. 66 I 5249-17814 0. 5 8515. 06 I 17060-28801
8 7959. 98 I 4871-17430 0. 8 8568. 54 I 5889-17556
2.0 7963. 63 I 14349-26902 0.7 8571. 05 I 12342-24006

16 8005. 27 I 5023-17512 1.8 8584. 21 I 15120-26766
u. /

n n ni 7 9*^480iiUi / — Li'\Cr} n 7 oDo /. On iiQt;^ 9'?c:q7

0.4 h 8040. 10 I 14123-26557 0. 5 8610. 24 { 11956-23567
2.5 8046. 05 I 14697-27122 0. 5 8641. 01 I

1.6 8053. 06 I 14697-27111 1. 0 8734. 86 I 14989-26434

2.0 8055. 29 I 4376-16787 1. 2 8749. 48 I 4871-16297
/I. U oni^c: 7ZL n A Q7A9 Q7

6 8058. 08 { 5023-17430 LO 8786. 23 I 11641-23019
15 8063. 09 5023-17422 1. 6 8804. 98 14989-26343
80 8070. 08 5889-18277 7 8836. 09 15120-26434

1. 0 8114. 28 5102-17422 6 8899. 52 I 12773-24006
2.0 8120.17 18739-31050
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Selected Publications of the National Bureau of Standards

Table of Wavenumbers, C. D. Coleman, W. R. Bozman, and

W. F. Meggers

:

Monograph 3, Volume I. 2000 A to 7000 A. 508 p. (1960) $6.00

Monograph 3, Volume II. 7000 A to 1000 ^ 542 p. (1960) $6.00

New Description of Thorium Spectra, Romuald Zalubas,

Monograph 17, 106 p. (1960) $0.65

Atomic Energy Levels, C. E. Moore:

Circular 467, Volume I. H to V (Z=l to 23) 206 spectra. 309 p. (1949) $5.50

Circular 467, Volume II. Cr to Nb (Z=24 to 41) 152 spectra. 227 p. (1952) $4.00

S
Mo to La (Z=42 to 57) }

Circular 467, Volume III.
j jj^ (Z=72 to 89)

[^^^ spectra. 245 p. (1958) $2.50

An Ultraviolet Multiplet Table, C. E. Moore:

Circular 488, Section 1. H to V (Z=l to 23) ; Selected Multiplets of 79

Spectra. 78 p. (1950). $0.55

Circular 488, Section 2. Cr to Nb (Z=24 to 41) ; Selected Multiplets of 46 $0.70

Spectra. 115 p. (1952).

The above publications may be purchased from the Superintendent of Documents, U.S. Government
Printing Office, Washington 25, D.C.

A Multiplet Table of Astrophysical Interest, C. E. Moore. A Reprinting of the 1945 Mul-

tiplet Table (Princeton Univ., Obs. Contr. No. 20) :

Technical Note 36 (PB151395), Part I. Table of Multiplets and Part II. Finding

List, \X2951A-13164A. 242 p. (1959). $4.00

The above Technical Note may be purchased by the PB number from the Department of Commerce,
Office of Technical Services, Washington 25, D.C.

U.S. GOVERNMENT PRINTING OFFICE : 1962 0—609065
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