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Prefaue.

Performance of a rocket-borne infrared tky survey requires a team effort.

Many individuals and organizations have contributed significantly to various aspects
of the program.

The telescope was developed, and subsequently modified for the southern

'II ,. . hemisphere experiments at Hughes Aircraft Co. under the guidance of Jackson
N

Steffes, Richard Heddon, and John Heintv.
Both the rocket attitude control systen) and payload recovery system were de-

veloped at Aerojet Liquid Rocket Co. (ALRC) under the direction of Mike Watson
and Clifford Chalphant. Special thanks fyo to Joe Meyer. John LaBuda. William
Frognone. Arthur Takeda, and Philip Meridith for their engineering genius and
excellent field support.

The northern hemisphere rockets were prepared and launched by the U.S.

Naval Ordinance Missile Test Facility (USNOMTF), We are especially grateful for
the untiring support of 'Gunner" Lloyd Briggs (USNOMTF), Ray Petracek (ALRC),
Gordon Halken (ALRC)0 and Fred Lemmon at New Mexico State University. The

Weapons Research Establishment in Salisbury and Woomera, Australia provided
the preparation and launch support for the southern hemisphere flights.

Overall design of the payload instrumentation system and telescope mounting
was performed by the Aerospace Instrumentation Laboratory of AFGL tinder the

direction of C. Nealon Stark, whose depth of experience and engineering ingenuity
were largely responsible for the success of the rocket program. We wish to parti-
culsrly acknowlodge Paul Hartnett, Daniel Nardello, Ed LaBlanc, Larry Smart,
and Thomas Campbell of the Wentworth lnstitute t'nr their coutulhi•Liuns1 to
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fabrication, Integration, and field support of the payload systems; and Charles

Howard, Raymond Wilton, William Miller, Eban Hiscock. and Philip Gustafson

(all of AFGL) for their valuable technical inputs and coordination of group efforts.

Richard Buck, Dale Costner. and Claude Gwinn of Oklahoma State University con-

structed the PCM telemetry decommutation system and provided in-the-field

telemetry support.

Design and development of the stellar aspect system, alignment of the optical

senscrs, refurbishment of the infrared telescope between flights and preparation

of the telescope for flight was accomplished in the Optical Physics Laboratory of

AFGL by Peter C. Tandy, David Akerstrom, Michael Mitchell. and Tony Romanelli

under the direction of Charles V. Cunniff. Peter Tandy designed the on-board sig-

nal processing electronics for the southern hemisphere experiment. Anthony D'Agati

supplied launch window calculations, advice and numerous computer routines neces-

sary for display and analysis of the flight data. A very special acknowledgement

is given to Leonard Marcotte whose intimate knowledge of computational techniques

with regard to the AFGL C DC 6600 computer facilitated the data reduction,

especially through the "Lets try this" stages. Dr. Robert Pelzinann generated the

Aitoff plot and many of the data reduction diagnostic graphics. He also was re-

sponsible for the data reduction on the limited area survey.

We are indebted to Dr. Thomas L. Murdock for his many helpful discussions

and assistance in the field.

We would like to thank J. W. Sulentic and W. G. Tifft for supplying us with their

RNGC catalog on computer tape produced under NASA Grants NGR 03-002-032 and

03-002-091. We are also grateful to R.S. Dixon for a copy of the OSU Master List

of Radio Sources on tape.

This program was sponsored in part by the Advanced Research Projects Agency.

We arc grateful to Colonel Mike Dow, Major Robert Paulson, and Captain James

Justice for their support.
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The AFGL Four Color Infrared Sky Survey:

Catalog of Observations at 4. 2 , 11 .0, 19.8, and 27.4 prm

I. INTROI)UGrION

The Air Force Geophysics Laboratory has conducted an infrared sky survey to

obtain an unbiased sampling of the celestial sources which are bright in the 3 to

30 pm spectral region. Specifically, the survey objective was to measure the

spatial and brightness distributions of a representative sample of tie classes of

objects which have strong infrared emission. To this end the experimental design

insured that the measured position was sufficiently accurate to readily identify

previously catalogued objects and to permit ground based telescopes to acquire new

sources for more detailed investigation.

Preliminary results of the northern hemisphere portion of the survey program

have been published by Walker and Price. This catalog contained measurements

on 78 percent of the sky made at effective wavelengths )f 4. 2, 11.0, and 19. 8 iim.

The present work extends and updates these data with the addition of data from

experiments flown in the southern hemisphere. For these flights a broad band

filter with a 27.4 Lm effective vavelength was substituted for the one at 4. 2 t•m. A

total of 37, 000 square degrees (90 percent) of the celestial sphere has now been

surveyed at 11 pm.

(Received for publication 17 September 1976)

1. Walker, R. G. and Price, S. 1). (1975) AFCRL-TR-75-0
3 7 3 .
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2. EXPERIMENT DESCIIIPTION

The survey data were obtained with small, cryogenically-cooled telescopes

flown above the atmosphere on rocket probes. The telescopes were doubly-folded

Gregorian i. design with a primary aperture of 16.5 cm diameter. The instru-

ments were equipped with internal baffles and stops to minimize radiation from the

telescope struct'jre ont,) the focal plane and to reduce the telescope side Iobe re-

sponse. Interference filters selectively isolated different portions of the focal

plane in the direction of scan permitting nearly simultaneous measurements in three

broad spectral bands.

The focal planes crnalsted of staggered linear arrays of detectors in each color.

Adjacent detectors in each color were overlapped at least one optical blur circle.

Thus, energy from a point source was always on at least one detector. The effective

wavelengths for the survey were 4. 2, 11.0, 19, 8, and 27.4 gm with effective band-

widths of 1. 5, 5. t, 5. 6, and 3.4 pm respectively.

At the conclusion of the northern hemisphere survey, the telescopes were

modified and refurbished. The sidelobe rejection was improved and the detector

widths in the scan direction were increased by 50 pcrcent. The northern hemis-

phere flights used detectors with a subtense of 3. 4 arc nin in the scan direction

and 10.5 arc min in the cross scan direction for a total solid angle of 3.0 X 10-

steradians. The effective cross scan resolution of a point source for all flights

was reduced from the 10.5 arc min subtense of the detector to 1. 1 or 7. 1 arc min,

depending on whether or not the source transited the overlapped region of the de-

tector array,

The infrared telescope was yoke mounted in a rocket fixed azimuth-elevation

system. An accurate geometric reference was established between the telescope

and the two other active components of the payload, the star tracker and stellar

aspect sensor, and carefully maintained. The payload was spin-balaiiced about the

longitudinal or roll axis of the payload which was made coincident with the sensor

azimuth axis, An optical fine guidance error sensor, or star tracker, commanding

a cold gas attitude control systerr, and accurately aligned to the telescope &uzimuth

axis, actively held that axis fixed in celestial coordinates. The sensor was deployed

in elevation to the desired angle and the payload rotated about the roll axis. Each

time the payload completed a 360' roll, the sensor elevation was stepped through

an angle slightly less than the total field of view. Thus, a continuous sector of the

celestial sphere was mapped.

The star tracker and attitude control system maintained the azimuth axis to a

selected star located near local zenith to within 12 arc seconds. An optical encoder

miounted on the deployment shaft of the telescope measured the elevation angle to

30 arc seconds. Azimuth values during a roll were obtained to 1. 5 arc min (10)

8!



with a stellar aspect sensor by observing stellar transits through an N slit focal

plane mask with an SI1 phototuhe. Thus, the geometric line of sight is known to

about 1.5 arc min accuracy.

An infrared source which transitted a detector produced an electrical signal

which was amplified, electronically band limited, then sampled, digitized and

transmitted to the ground on a pulse code modulation telemetry link.' The ampli-

fiers were ac coupled with their frequency response chosen to optimize the point

source system response while preserving as much information as possible on

extenJed sources. The ac coupling of the amplifiers tended to discriminate against

smoothly varying sources with angular extents large compared to the size of a

detector.

A total of nine rockets were flown to obtain the survey data. Seven flights

were launched during 197 1 and 1972 from the White Sands Missile Range, New

Mexico at a latitude of 32. 40 North. In September 1974 two additional flights were

launched from Woomera, Australia at 320 south latitude. The flight number and

launch dates are given in Table 1.

Table 1. Flight Numbers and Launch Dates

Flight No. Greenwich Date Julian Date

1 3 April 1971 2441044.9

2 29 June 1971 2441131.8

3 29 October 1971 2441253.9

4 18 January 1972 2441334.8

5 15 April 1972 2441422.8

6 18 August 1972 2441547.8

7 5 December 1972 2441656.7

8 4 September 1974 2442295.4

9 11 September 1974 2442302.6

Ninety percent of the sky has been surveyed at 11 pLm at least once and about

two-thirds of the sky was mapped two or more times.

3. DATA REDUCTION

Pursuant to the goal of obtaining measurements on as many types of celestial

sources which have strong infrared emission, the data reduction techniques were

9



maximi7e(i for the detection of real sources. Also, the detection of point sources

has been emphasived. Detailed analysis of the extended sources is currently under

way and the result will be published separately.

The data were reduced at the AIFGL computational center on a CDC 6600 digital

computer. The data vere digitally filtered to optlmine the sivnal -to-noise for a

point source, then cross correlated with an ideal point source system response.

The correlation amplitude is the best estimate, in the least square sense, for the

amplitude of a point source. Continuous, point-for-point, values for the mean and

rms noise were calculated for the raw data, the filtered data, and the cross corre-

lated data. Possible sources were selected on the basis that either the signal

amplitude to noise ratio (SIN) or the cross correlation amplitude exceeded a thresh-

old predetermined on the assumption that the noise had a guassian probability

distribution.

Positions and positional errors were then assigned to each possible source.

The elevation error was taken equal to the detector half height and the azimuth

error taken to be the positional change corresponding to the uncertainty in time in

determining the signal peak. Sources observed in different colors with overlapping

error boxes were combined as multiple color observations and the statistics of the

highest confidence color was adopted for the source. Thus, the data reduction does

not treat each color as a separate, independent survey but as a measurement on a

detected source in that color. The source positions were compared to selected

catalogs which had been transformed into rocket coordinates and associations were

made if the catalogued source was within a detector half height and full width. If

more than one source from a given catalog were within these limits, the catalogued

object closest to the observed position was adopted. Improvements to the aspect

.3olutions were obtained by comparing the observed positions with those of sources

associated with the IRC. 2, 3,4 Next, all potential sources were required to have

both its S/N and its cross correlation coefficient exceed the preselected confidence

level.

Observations on adjacent rows of detectors or in the roll-to-roll overlap re-

gions were then combined. Finally, flight-to-flight combinations were made.

Measurements made on a source on several flights were combined if their positional

error boxes overlapped. The S/N's of the individual detections were added in

quadrature if, and only if, those observations were made in a common color. A

second, and higher S/N threshold was then applied to the list of potential sources.

Only sources exceeding this value were included in the catalog.
T.iiuebauer, C. and Leighton, R. B. (1969) Two Micron Sky Survey, A Prelim-

inary Catalog, NASA SP-3047.

3. Neugebauer, G. (197 1) private communication.

4. Smithsonian Astrophysical Observatory Star Catalog, Smithsonian Institution,
(1966).
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The data reduction incorporated the two different confidence level criteria to

allow fainter sources to be selected by multiple flight observations, in keeping with

the philosophy of maximizing the selection of e'eal sources, and to account Ir

a source not having the same signal-t0-noise ratio every time it was meu - ed. The

vurlable itgnal-to-noise ratio --- Id have been due to the source being tntr- .iically

variable, 'o the responsivity varying from detector to detector and from flight to

flight, the non-stationary behavior ot thm noisedue to radiation from the earth

lt'OvtLot ; through the s•jelobe response of the telescope or a combination of these

factors. Under worst case conditions the responsivities varied from detector to

dc-tector by a factor of 2 and the noise varied by as much as a factor of 5 on 6 given

channel during a flight. Sources located in multiply surveyed regions were also

required to pass a confirmation criterion in order to be included in the catalog. To

account for the above effects, a confirmability weight, Wc, was determined in the
tfo'lowing manner.

;,eL Mc be the number of times a source was observed in color c in N times

the source position was scanned, Signal-to-noise ratios were calculated for each

detector channel in each color that rescawied the source position but did not detect

it again, The expected signal was an average of the observed values and the noise

was obtained from a data file which contained the calculated noise values for all

detector channels on all flights as a function of position. These signal -to-noise

ratio-i define a confirmability weight, wc, as follows:

w.= 0 If S/N < lower threshold,

wc 1/2 if lower threshold 5< SIN <" upper threshold,

we 1 if S/N •-upper threshold,

The total confirmation weight, We, is the sum of the N -M weights. V
The largest value of M, defines the color used for flight to flight confirmation.

A source was considered confirmed if Me was greater than W c. In the event that

the source was observed an equal number of times in more than one color, the color

yielding the largest Wc was used.

About five sources with amplitudes exceeding the upper threshold but which

falled the flight to flight reconfirmation were retained in the catalog. Due to the

scan geometry for the detection of these sources on the confirming flight, they were

confuised with nearby stronger sometimes extended objects. Sources reobserved on

a more sensitive, limited area survey flown in February 1974 were retained inde-

iendent of the confirmation on olter flights. A soui ce observed only in the 4. 2 Jim

hand and associated with an object In the IRC was retained in the Catalog if

N42 4 - W 4 . 2

II=

I.
,I
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4. SPURIOUS HOURCLS

During the cmurse of the program a number of phenomena which could produce

spurious sources were identified.
Cosmic rays ionize the detectors and produce signal pulses which are charac-

teristic of the impulse response function of the signal processing electronics.

These pulses thus were narrow and their rise times were faster than those due to

the transit of a real infrared source. The larger amplitude sources were easily
P identified on thi' basis and eliminated from the data. However, it was difficult to

distinguish these unique features for medium and low amplitude signals, Recogni-

tion of most of the medium amplitude pulses could be made on the basis that at the

brightness measured, the source would have to have been detected in another color
for any sort of reasonable spectral unergy distribution. A total of 4228 cosmic ray

pulses were eliminated using the above techniques, while an analytical model of the

system interaction with cosmic rays predicts an additional 2000 pulses with lower
amplitudes.

As noted previously, the non-stationary behavior of the noise is attributed to

the photon background from the earth that the detectors are exposed to through the

sidelobe response of the telescope. Inhomogenieties in the emission from the.
earth and earth's limb produced extended spurious pulses during normal scanning

or when the telescope was stepped to a new elevation angle. These outputs were

easily Identified because they occurred when the noise was high and were relatively Qt

wide angle effects and should have been almost cow. -letely eliminated in the final
data processing.

Three of the nine flights (flight numbers 2, 6, and ?) encountered unique prob-

lems which created spurious signals. For a brief time, flight number 2 detected
partIculate contamination at the beginning of the data taking period. Pntential

sources observed during this section of the flight were eliminated completely unless

the potential sources had absolute confirmation from overlapping flights. Flight

numbers 6 and 7 were plagued with correlated noise on all channels. Attempts to

reduce or eliminate this noise with a correlation compensating algorithm applied

separately to each channel were very successful. However, spurious pulses may

occasionally have been created or not removed by the compensating algorithm.

Failure of this algorithm would have produced an increased noise level and extended
pulses. All extended sources on these two flights which were not confirmed by

rescan were elimir.ated from the catalog.

Many real infrared sources were also detected which were not part of the

stationary infrared celestial background, Six sources were identified with planets,

seventeen with asteroids, and several more with artificial satellites. One meteor

was tentatively identified on the basis of color and observed high angular velocity.

12



The plariets Mars, Jupiter, and Saturn. and the asteroids Ceres, Pallas, Vesta and

Juno were identified by their characteristic spectral energy distribution and excel-

lent positional agreement with the ephemerides published in The American Ephem-

eris and Nautical Almanac, Por fainter asteroids the positions from the Epheme-
rides ot Minor Planets were used. We estimate all the planets .nd asteroids have

been cUminated from the catalog.

*1Artificial satellites were identified through positional agreement with calcu-

lated ophemerides which specifically account for the motions of the satellite in its

otbit, the payload in its trajectory and the telescope as it scans the sky and the

errors in determining each or these motions. Marny artificial satellites were

successfully identified and eliminated from the ce ,.
All these phenomena produce sources which coL.d have been seen on only one

flight, at a given celestial coordinate, Most of these spurious sources not otherwise
accoutnted for will have been eliminated by applying the confirmation criterion that

a source should have been confirmed if it was in a multiply surveyed region. For-

ttitous positional agreerneht with real celestial sources was avoided by eliminating

the real moving objects after flight to flight combinations were made.

With the data reduction tC.ohniques and selection criteria described above it is
Isttin,ated that fewer than two sources in the catalog could be due to spurious noise
peaks and no more than 12 entries are caused by change positional combinations.

Also, a small but uncertain percentage of the sources may have spurious multicolor 9,

combinations, As to the sournes observed only once, it is difficult to estimate the

number which may be spurious. Therefore, it should be kept in mind when using 4

the catalog that the reality of single observed sources does not have the same degree
of confidence as is given by rescan confirmation for multiply observed sources.

Rescan confirmation is a powerful criterion in eliminating spurious events.

5. TIE SJURVY

The survey detected 2363 sources In one or more of the survey colors. The
percentage of the sky surveyed and total number of sources observed in each color

are listed in Table 2,

5. American Ephemeris and Nautical Almanac, Naval Almanac Office, United
States Naval Observatory.

6. ERphemerin of Minor Planets, Institute of Theoretical Astronomy, Academy of
Sciences, U., 5., H.
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6. Tiiie CATALOG

The catalog is divided into three sections: The main table of observations,

an observing record of multiple observations, and a remarks section.

6.1 Table of OI,-rvalinms

COLUMN I - CATALOG NUMBER (GL)

The sources are arranged in right ascension. To avoid potential confusion the

CRI, numbers from Walker and PriceI have been preserved for those sources in

common with the present catalog. Some minor reordering has taken place as the

positions have beer. improved with the new data. New sources are numbered

serially beginning with 4001.

COLUMN 2 THROUGH 5 - COORDINATES

The measured right ascension and declination, precessed to epoch 1950. are

given in columns 2 and 3 respectively. The listed positions for the multiply ob-

server] sources are averages of the individual positions.

EsLtimates of the positional uncertainty in right ascension are given in column

4 (labeled EIA) to the nearest second or time and similarly for declination to the

decimal minute of arc in column 5 (ED). Since the geometric aspect solutions up-

dated through catalog cross checks resulted in uncertainties smaller than the size

of a detector, the adopted uncertainty for a source position was the effective reso-

lution of.a detector element in the focal plane. In the rocket coordinate system the

elevation error is ± 0. 85 or ± 3. 55 arc min depending on whether or not the source

transitted the detector overlap region, and the azimuth error is that correspond-

ing to the uncertainty in time in determining the signal peak. The listed errors are

these uncertainties transformed from rocket coordinates into celestial coordinates.

For multiply observed sources the individual errors were combined in a room sum

square sense with tlhe rms of the individual positions about the mean and divided by

the square root of the number of observations plus one.

The accuracy with whlich the geometric aspect was determined is shown in the

histograms in Figures 9 and 10. These plots show the distribution, in minutes of

arc, of the difference between the IRC and GL right ascensions, reduced to the

equator, and declinations respectively. The root mean square of these distribu-

tions are 1. 5 arc min in right ascension and 1. 2 arc min in declination. The

histograms show how well the .pdated GL position match positions in the catalogs

used for the updating but do not reflect the uncertainties in the individual measure-

ments of sources. These uncertainties are dominated by the lack of knowledge as

to where the source transitted the detector. The distribution of the positional

uncertainties listed in columns 4 and 5 are shown in Figures 11 and 12 respectively.
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Here, a bimodal distribution is evident, one extends out to 3 arc rnir and is domai-
nated by sources which have multiple observations, another with errors out to

4. 5 arc min which mainly consist of singly observed sources. The uncertainty in

the position of a source can be as large as 4. 5 arc miin even though the geomnetric

aspect is accurate on the order of 1. 5 arc minutes.

Figure 9. A Histogram of
the Differenlces in the Right
Ascension. in Minutes of
Arc Reduced to the Equator.
of the OL. Sources and the
IRC Objects Associated
With Them

-, i
U) I

rd~

U9 5 .9 1

D'UrLINH1IUN E R (rMITE5 OF ARC )

Figure 10. A Histogram of the Differences in the
Declination Between the QL Sources and IRC
Objects Associated With Them
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Figure 11. The Histogram of the Right Ascension
Uncetaintieu, in Terme of Minutes of Arc Reduced
"to the Equator, ot the aL Sources

A
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Figure 12. The Histogram of the D~cclnation
Uncertainties nf the OL Sources
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COLUMNS 8 THROUGH 9 - MAGNITUDES

The measured magnitudes and associated errors are given in these columns.

Column 8 lists the observed 4. 2 Am magnitudes and, in parentheses, its error.

Column7 gives these values at 11.0 Am, column 8 the 19.8 Am values and column 9

gives the 27.4 Aim values.
A blank entry in one of these columns indicates that the source was scannid

but not detected in that spectral band. Also left blank were the 4. 2 Am columns for

flights 6 and 9 and the 27.4 jim columns for flights 1 through 7 as the 27.4 pm band

was substituted for the 4. 2 Am band on these two flights. An asterisk (*) designates

. that the source was not scanned in that color due to system problems. A less than

sign (<) indicates that all measurements in this baild were in saturation and that the

tabulated value is a lower limit. Magnitudes listed for multiply observed sources

are the average of the individual measurements.
Calibration of the sensor was done for each individual detector and for each

flight. The same telescope and detector 'yptem was flown on the first six flights
and a different telescope and/or focal plane was used on each of the last three
flights. In-flight calibration by a light emitting diode'verified that the response

changed little, if any, during the course of the flight. Also, the calibration for the

first six flights showed a remarkable flight to flight consisxency in responsivity of

the individual detectors. These data were, therefore, combined. The responsivity

of each detector was calculated by a linear least squares fit of the observed system

magnitudes to values derived from published ground based photometry in the 2 to
20 Aim spectral region on IRC objects. Sources measured to be extended or to have

an uncombined signal amplitude to noise ratios smaller than the high level gate or

sources associated with objects measured to vary by more than half a magnitude I

were excluded from the calibration. The linear least squares calculation was

iterated up to five times by rejecting the largest deviation greater than two times

the standard deviation of the current fit. This limited rejection on the basis of poor

fit was felt justified since tha degree of variability for some sources is not ade-

quately known, and also because the source could have significant angular extent
compared to ground based systems buz small compared to the resolution size used

in the survey.
The adopted 4.2 Am magnitudes were either intc'rpolated from the 3.5 and

S. 0 Aim publishpd magnitudes or, In a minority of the cases, extrapolated from the

2. 2 and 3. 5 Am values. For the first s.x flights combined, 41 to 79 sources were

used to calibrate each detector in this color with q typical standard deviation to the
least square fit of 0. 25 magnitudes. Measurements, at or near 11. 0 Am (for

example, the N magnitude) and 19. 8 Am effective wavelength were adopted directly.

Eighteen to thirty-seven sources were used to calibrate each 11 m detector and

four to ten sources were used to calibrate each 19. 8 Mm Lhannel. Typical standard
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A'
deviations are 0.3 magnitudes at 11.0 Am and 0.4 magnitudes at 19. 8 Am. The

responsivities derived for this telescope and focal plane were, for the most part,
within 10 to 20 percent of the post-flight laboratory calibration performed on black-

body sources.

Each subsequent flight had to be calibrated Individually since each flight em-

ployed a different telescope and/or focal.,plane. As the number of IRC sources

detected for each channel was insufficient to give a good calibration, non-extended

sources observed on the first six flights were used to augment the calibration list.

Scaling factors for each color in the array were obtained by comparing the respon-

sivities of the detectors derived from the stars to the relative responsibilities ob-

tained in the laboratory. Channels with too few sources for a reliable least squares -p
fit were calibrated by icaling the laboratory values. Uncertainties in the calibra- •

tion of the last three flights were 0, 1 to 0. 2 magnitudes larger than that of the first
six. Calibration of the 27.4 im color was done by scaling the laboratory values to

the flux inferred from published data on CRL 268B, 2495 (IRC 30407), 17 Car, CRL

2390 (IRC 10420) and a blackbody fit to the energy distribution of Ceres, The
paucity of calibration sources means the uncertainties are rather large, 0. 5 to

0.7 magnitudes,
Comparisons of the measured survey magnitudes~on sources in the CIL catalog

with those inferred from published data in the literature are shown for the sources
in the present catalog in Figurus 13. 14, and 15 for the 4.2, 11.0, and 19, 8 Am

bands respectively. In these figures the differences between measured and published
magnitude are plotted as a function of measured magnitude. The range of values for

the source reported in the literature is shown by the vertical lines and the adopted
value for this source is yiven by the plotted symbol. In Figure 13 the crosses are

data taken from the extensive compilations of Hall7 on published 11 4m measure-
ments of stars. Extended sources have been eliminated from the plots but the large

amplitude variables have been retained.

These plots indicate a tendancy for the measured hrightnesses in the 11.0 and
19. 8 Am bands to be too high for the fainter source,, most of which were not used
in the calibration, For a survey that does not monitor all sections of the sky,
variable sources will be preferentially detected at their brightestj too faint a flux

will not produce a detection above the selection threshold. Variations of up to

1.,5 magnitudes at 11 Am have been observed for objects such as IRC 4 10011.
Merrill8 has measured several anonymous CRL sources to vary by a factor of two at

11 •m with time scales of a year. Even more important is the fact that the

measured responsivity of the detectors employed on the first six flights iu, highly

7. Hall, R.T. (1974) SAMSO-TR-74-212.

"8. Merrill, K. 1M. (1975) Bull. AAS 7443.
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non-uniform in olevation. Varintien of 10 to 40 percent from the adopted calibre-
tiore value with pronounced edge effects were observed. Again. low flux sources
transitting the depressed responsivity regions of a detector would not pass the first
gate. Deviations of up to halt a magnitude due to these causes could be expected,

F,,

IFigure 13. Comparison ofI I the Measured Magn1tudes at•'. ' •4, 2 Ar and the Measured

it 4 . Minus Adopted Magnitude for
IRC Objects. The vertical

F. bar represerit the range of
* ::,magnitudes derived from

a j*'. ?~ ~published data and the plotted
symbols are the adopted
values for the object

S U 4

M 
*rA1 

F M RI 11 .F

U')f

Figure 14. Comparison of the Measured 11. 0 lim
Magnitude and the Measured Minus Adopted
Ma nit des, The x's are based on the compilationof C111s7 the other symbols have the samne mneaning

as in Figure 13

28

-.................................. ..
,,,?.



. ..

S, V,
" .... .. ..... . ..L ..... . .. '

44•. ,.4'1 U

0.. .3

1flASfUiREU MRON ITULDE

Figure 15. Comparison at 19. 8 MLm Between the
Measured Magnitude and the Measured Minua
Adopted Ma nitudes. Symbols have the same 74
meaning as in Figure 13

The magnitudes listed in columns 8 through 0 are affected by another pheno-

menon which has been Investigated by Sayre et at. They found that the detector
responsivity depends on the geometry of the source observed, In the sense that an

extended source would give a larger response than a point source with the same
total flux, Our laboratory calibrations Indicate that the brightness of objects greater
than 5 arc min in extent may be overestimnated by as much as a factor of 4. 5, Also,

this phenomenon is strongly wavelength dependent,

The magnitude error listed in columns 8 through 9 is a combination of the

random errors of measurement and the calibration error.

The fluxes for a zero magnitude star arei

H( 4.2 •Am) a 3. 6 x IO- 1 5 w cm.2 Am"I

H(11.0 am) v C.3 x 10"17 w cri2m m"
H(19.8/Am) - 8.2 x 10" w cm-2" -M

H(27,4 Am) n 2.2 x 10 w cm-2 JmAM

COLUMNS 10 THROUGH 12 - ASSOCIATIONS AND COMMENT3
Sources In the IRC, Bright Star and/or other catalogs which have positional

associations with the OL source 'plus comments are given in these columns,

n, Sayre, C.,Arrington, D.,, Etienmanor, V1,, and Merriam, J. (1976) preprint
from March 1976 IRIS Meeting on Detectors.
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[RC associations in column 10 are based on positions given by Neugebauer

and Leighton and from an extension of the 2. 2 .m survey (designated by an E) of

Neugebauer. 3 The Bright Star number and the Bayer and Flamatead designations

are from Hoffleit. 10

The aisociations in column 11 are not inclusive but based on a heirarohy of

cataloga which are ordered by a subjective estimate of the information content

applicable to the source. Thus, an association with a star in the Dearborne catalog

ranks highly as that source is known to have a red spectrum. The order of the

catalog designation and their references are as followel
Order Prefix or Designation Reference

1 Bayer or Flametead Hofflett, D. 10

2 Variable Star Kukarkin, BV. at al&I

3 DO (Dearborne Observatory) Lee, O, J,, at a 1 13&I , 14

4 OC (General Catalog) Boss, B,15.

5 NOC (Revised New General Sulentic, J.W. and
Catalog) Tifft, W. 0.

IC (Index Catalog) Dreyer, J, L. E.1,18

SHARP Sharpless, S, 19

RCW Rodgers, A.W. et a&I0

BRIGHT NEB Lynds, B.T. 21

1HFE Hoffman, W.F. et a1 2

W Westerhout, G. 23
The Greek letters p and v are designated MUU and NUU to avoid confusion with

variable star designations.
Sources observed to have significant annular extent with respect to the sub-

tense of the detector have this fact noted with an EO in column 12. An EO desig-

nation does nnt necessarily apply to all spectral bands and all observations on a

source, but indicates that it was measured as extended in one or more colors a

majority of the times it was observed. Determining the extent of a source is best

done before the data are digitally filtered. Occasionally, a source may be in a
region where a baseline shift occurs, due to telescope stepping to a new elevation

for instance. This source may then be measured as extended when in reality it is
not, Thus, the EO designation is indicative, but not definitive.

Additional associations with the catalogs in order 6 above (NOC, IC, etc. ) and

associations with the Ohio State Radio Catalog edition 40, 24 are listed in the

remarks sections and are referred to by an R in colunn 12.

COLUMNS 13 and 14 - GALACTIC COORDINATES

The galactic longitude and latitude, in the 1,I and bit system, are given to the

nearest degree in columns 13 and 14 respectively.

*Because of the many references mentioned in the above text, refer to Reference
Page No. 153 for References 10 through 24.
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COLUMN 15 - OBSERVATIONAL RECORD

This nine character word represents the observing log for the source. The

first character contains Information on flight number 1, the second on flight

number 2, etc., (see Table 1). The occasional tenth digit means that the source

was confirmed on the more sensitive limited area survey flown on 16 February 1974

(Julian Date 2442094. 3).

A zero designates that the area containing the source was not scanned on that
flight. Detection of a source during a flight Is represented by a numberin the

appropriate character. The value of that character is a coded representation of

the colors in which the source it observed. For the first seven flights, and flight

10, the 4.2 Am observation was coded 1, the 11,.0 Am coded 2 and 19.8 m coded 4.

For the eight and ninth flights the 27. 4 pm observation was coded 1 while the 11, 0
and 10. 8 Am detections were coded 2 and 4 respectively, The individual codes were

added producing a unique value which is detailed as follows

Code Source Observed In Spectral Bands at

1 4, 2 or 37,4 Anm
2 11.0 Am only

3 4,2 mn plus 11. 0Am or 27,4 Am plus 11.0MAm

4 19,8 Am
5 4. 2 Am plus 1,4. 8 Am or 27,4 Arm plus 19. 8 Am

6 I I and 20MAm
7 all three colors,

A question mark (M) in one of these columns means that the position source

U was scanned but that the noise level was too high for confirmation, that is, wc
equals a 0 or 1/2, A plus (+) designates that the source was scanned on that flight

and should have had a signal-to-noise ratio high enough to be seen in at least one
of tho measured colors but was not (w equals 1). Note that a plus on one flight

may not be for the same color as a plus on another but denoteI a worst case (maxi-

MUM %A situation).
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6.2 Multiply Observed Sources

The individual observations for each of the multiply observed sources are

given in this section. The table is divided into two data blocks. In each data block,
the first column lists the GL number, ordered as in the main table, the next four

columns give the measured magnitude at 4.2, 11.0. 19.8, and 27.4 Jim respectively

along with their respective estimated errors in parentheses, and the last column
gives the Julian data of observation. A blank entry in the magnitude column

denotes that the source was not detected in that color (the 4. 2 Pm column for flights
8 and 9, and the 27.4 grm column for the rest of the flights are also blanked). An
asterisk (*) signifies that the source was not scanned in that band due to system

problems. Saturated signals in a color are indicated by a less than designation
(K). A plus (+) indicates that color should have been seen on the flight but wasn't
(wc equals 1) and a question mark (?) means that the signal-to-noise ratio in that

color was too low to have been seen (wc equals 0 or 1/2).

The individual magnitudes contained in this section indicate that the relative

magnitude calibration is better than the absolute calibration. Thus the uncertainties
in determining the system magnitude are greater than uncertainties in the measured

magnitudes relative to that zero point. The root sum square of the deviations of all

the sources in this section about their respective means in each color is calculated
to be 0(4. 2) = 0. m 2 3 , 0(11.0)= m m 3 5 , (19.8) = 0. m3 1 , o(27.4) = 0. m 2 1 . These
values include known, and measured, variable stars and therefore tend to be over-

estimates. The measured variability on sources observed during the survey, there-

fore, have an accuracy comparable to the values listed above.
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6.3 Rernarks

This section lists additional associations with the GL sources with the
"nebular" objects (NOC, IC, etc.) and with version RA40 of the Master List of

Radio Sources compiled by Dixon 2 5 which is an update of the earlier work of Dixon.

Associations are made if the catalog position is within the right ascension and

declination error boxes listed in the main table for the GL source. For a given

source in the "nebular" objects are listed first and there the radio sources are

listed in order of proximity to the GL positions.

The associations with the radio catalog, were made to provide the catalog user

with supplemental information which may be of value. No attempt was made to

prioritize the radio catalog references in terms of physical significance with re-

spect to the source.

25. Dixon, R.S. (1970) Ap. J. Suppl. 20.
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6.4 Reference List from OSU Radio Catalog Version RA 36

The list of references at the end of the remarks section defines the abbrevia-

tions used in the remarks arnd is taken from the master reference list supplied by
Dixon 2 5 with the Ohio State University Master List of Radio Sources.

Survey
Prefix Reference-

ADG Altenhoff, W.J., Downes, G.S., Goad, L.E. et al (1970)
Astrophys. Supplement No. 1.

ALM Lemarne, A. .(1968) M.N.R.A.S. 139:461.

AMWW Altenhoff, W. J. , Mezger, P. G. , Wendker, H. J. and Westerhout, G.
(1960) Publ. Univ. of Bonn. Obs., No. 59.

BEN Bennett, A. S. (196 3) M.NY. R. A.S. 127:3.
BK Beard, M. and Kerr, F. J. (1969) Austr. J. Phys. 22:121.

UM Manchaster, B.A. Aus. J. Phys. (1969) Astrophys. Suppl. No. 12.

BP Bailey, J. A. and Pooley, G. G. (196 8) V. N. R. A.S. 13 8:5 1.
BTD Beard, M. , Thomas, B. M. and Day, G. A. (196 9) Aust. J. Phys.

A strophys. Suppl. No. 11.
B2 Colla, G. , Fauti, C. , Fanti, R. , Ficarra, A., Formiggini, L. ,

Gandolfi, E. * Grueff, G., Lari, C.,* Padrelli, L.,* Roffi, G.,
&Tomasi, P. , and Vigotti, M. (1970) Astron. Astrophys, Suppl.

1:281.

B. 2. 2 Colla, G., Fanti, C., Fanti, R.,, Ficarra, A., Formiginni, L.,
Gandolfi, E., Lari, C., Marono, B., Padrielli, L., and
Tomasi, P. (197 2) "Astron. Astrophys. Suppl. 1:1.

B. 2. 3 Colla, G., Fanti, C., Fanti, R., Ficarra, A., Fo'rmiginni, L.,
Gandolfi, E., Lani, C., Marono, B., Padrielli, L., and
Tomasi, P. (1973) Astron. Astrophys._Suppi. 11j:291.

CR Crowther, J.A. (1966) Ph. D. Dissertation, Cambridge Univ.
CTA Harris, D.E. and Roberts, J.A. (1960) Pub. A.S.P. 72:237.
CTB Wilson and Bolton (1960, 1963) Cal. Tech. Bad. Obs. Report No. 2.
CTD Kellermanri and Read (1965) Cal. Tech. Bad. Obs. Report No. 2.
DA Galt, J. A. and Kennedy. J. E. D. (1968) A. J, 73:135.
DCC Day, G. A., Cashwell, J. L. , and Cooke, D. J. (197 2) Austr. J.

Phys. , Astrophys. Suppl. No. 25.
DGVW Davis, M. M., Gelato-Volder, L. and Westerhout, G. (1965)

B. A. N. 18:42.
DKM Milne. D.K. (1971) Austr. J. Phys. 24.

DM Downes, D. and Maxwell, A. (1966) Ap.J. 146:653.
DR Downes, D. and Reinhart, B. (1966) Ap j 144:937.

DTG Day, G. A. , Thomas, B. M. A., and Goss, W. M. (196 9) -Austr. .1.
Phys. , Astrophys. Suppi. No. 11.

DW Davis, M. M. (1967) B3.A. N. 19: 20 1.
DWC Day, G. A. , Warne, W. G. , and Cooke, D..!. (197 0) Austr. .1. Phys. ,

Sup~pl. No, 13.
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GC Davis, M.N. (1971)A.J. 76:980.
GD Goss, W.M. and Day, G.A. (1970) Austr. J. Phys. Astrophys.

Suppl. 13.

GM Gardiner, F.F. and Morimoto, M. (1968) Austr. J. Phys. 21:881.

GN Nicolson, G.D. (1965) Pub. A.S.P. 77:260.

GS Goss, W.M. and Shaver, P.A. (1970) Austr. J. Phys., Astrophys.
Suppl. 14, 1.

HC Holden, D.F. and Caswell, F.L. (1969) M.N.R.A.S. 143:407.

HR Hughes, V.A. and Rutledge, D. (1969) A.J. 74:604.

KES Kesterven, M.J.L. (1968)Austr. J. Phys. 21:369.

KLNS Kuzimin, A. D., Levchenko, M. T., Noskova, R. F. and Salomon-
obich, A.E. (1961) Soviet Astronomy 4:909.

LHE Long, R.F., Haseler, F.B., and Elsmore, B. (1963) M.N.R.A.S.
125:313.

LMH Large, Mathewson and Haslam (1961) M.N.R.A.S. 123:113.
MC McGee, R.X., Brooks, J.W., and Batchelor, R.A. (1972) Austr.

J. Phys. 25:581.
MCI Davies, F.T. et al (1973) Austr. J. Phys., Astrophys. Suppl. 28.

MH Mezger, P.G. and Henderson, A.P. (1967) Ap. J. 147:417.
Ww

MM Moran, M. (1965) M.N.R.A.S. 129:447.
MSH Mills, B. Y., Slee, 0. B. and Hill, E. R. (1958) Austr. J. Phys.

11:360.

MUL Muller (1959) Pub., Univ. of Bonn 52.

MW Wilson, M. (1972) M.N.R.A.S. 156:7.

NB Branson, N.F.B.A. (1967) M.N.R.A.S. 135:149.

NK Kawajiri, N. (1970) Pub. Ast. Soc. Japan, 22:165.

NRAO Pauliny-Toth, I.I.K., Wade, C.M., and Heeschen, D.S. (1966)
Ap. J. Suppl. 116.

OB-OZ Ehman, J. R., Dixon, R. S., Ramakrishna, C. M., and Kraus, J. D.
(1974) A.J. 79:44.

Rinsland, C.P., Dixon, R.S., Gearhart, M.R. and Kraus, J.D.
(1974) A.J. U:112. (References to other portions of the OSU
survey are contained in these articles. )

PK Higgs, L.A. (1971) M.N.R.A.S. 153:315.

PKS Ekers, J.A. (1969) Austr. J. Phys. Suppl. 7. (References to
other PKS Surveys contained in this article.)

PSR Taylor, J.H. (1969) Astrophys. Letr. 3:205.

SG Shaver, P.A. and Goss, W. M. (1970) Austr. J. Phys., Astrophys.
Suppl. 14:77.

SK Sinclair, M.W. and Kerr, F.J. (1971) Austr. J. Phys. 24:769.

TD Thomas, B.M.A. and Day, G.A. (1969).Austr. J. Phys. Astrophys.
Suppl. 11.

VRO Dickel, .T. R., Webber, J. C., Yano, K. S., and staff (1971) A. J.
76:294. (Additional references to the VRO survey in this-a'i-rdcle.)
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W Westerhout, G. (1958) B.A.N. 14:215.

YW Dickel, H. R., Yang, K. S., and Dickel, J. R. (196) Ap. J
1W:218.

3C Edge, D.O., Shakeshaft, J. R., McAdam, W.B., Baldwin, J.E.,
and Archer, S. (1957) M.R.A.S. 68:37.

3C Rev Bennett, A.S. (1962) M.R.A.S. 68:163.
%w'

4C(I) Pilkington, J.D.H. and Scott, J.F. (1965) M.R.A.S. 69:183.

4C(2) Gower, J.F.R.. Scott, P.F. and Wills, D. (1967) M.R.A.S.
71:49.

4CP Caswell, Ph.D. (1966) Ph.D. Dissertation, Univ. of Cambridge.

5C(3) Pooley. G.G. (1969) M.N.R.A.S. 144:101.
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