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ATMOSPHERIC EXTINCTION MEASUREMENT S AT ND-YAG AND DF LASER
W AVELEN GTHS PERF ORMED IN CONJU NCTION WITH TUE JAN

PROPAGATION TESTS, JUNE-SEPTEMBER 1975

1. INTRODUCTION

This report describes the operation of the NRL Infrared Mobile Optical Radiation
Laboratory (IMORL) and presents the results obtained for a series of measurements per-
formed in conjunction with the JAN Baseline Demonstration Laser (BDL) propagation
tests during the period June through September 1975. To effectively assess linear atmos-
pheric effects and to provide in-situ molecular absorption values appropriate for the BDL
laser during the Series B high-power tests, the NRL field measurements f aci l i ty  P reViOUSl Y
used for Nd-YAG and DF laser transmission studies at Cape Canaveral Air Force Station
(CCAFS) was deployed and operated prior to and during the Series B tests.

A knowledge of molecular absorption and aerosol extinction values effective for the
BDL laser during the high-power propagation tests is essential for interpretation of calor-
imetric data associated with the high-power runs. (Molecular scattering is negligible at
the wavelengths of interest , that is , near 3.8 pm . and aerosol absorption is currently under-
stood to be a minor component of the total aerosol ex tinction,) More importantly, com-
parisons of measured high-power focal-spot sizes to theoretical predictions must use rep-
resentative values for atmospheric absorption which enter nonlinearly in contributing to
the focal-spot-size budget of a thermally bloomed beam. The IMORL facility was used
during the Series B tests to gain added confidence in values used for atmospheric
molecular-absorption and aerosol-scattering coefficients appropriate to the TRW -Capistrano
Test Site (CTS) location for the BDL shot times.

The extinction data taken for the 22 DF lines and for 1.06 pm 3 month s prior to
the JAN tests during the 1975 Florida experiment were available at the outset of the
Series B tests; however the extent to which the data analysis and interpretation had pro-
gressed by the start of the JAN tests did not yield high confidence in having available a
well-understood , high-accuracy predictive capability for atmospheric molecular absorption
at DF wavelengths Today, after nearly a year of continuing analysis , including refine-
ment of data-processing techniques combined with the requisite comparisons of the field
measurement results to predictive models , the situation has substantially improved. One
can in fact predict molecular absorption at the DF frequencies contained in the BDL out-
put spectrum with high reliabilit y over a moderate temperature range for any value of
absolute humidity likely to be encountered in the field . The latter knowledge resulted
from a continuing crosscomparison of the field~r “asurement results to (‘alculational models
which have been upgraded by the inclusion of im proved information derived from labora-
tory measurements. Experimental data for molecular absorption measured in the field
during the Fl orida and Capistrano experimeiits are compared to current versions of such
predictive models in Section 3 of th is report and wi ll be described in detail therein ,

Manuscript submitted August 30, 1976 .
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The additional confidence in molecular absorption values and in the assessment of
aerosol effects gained by car rying out actual measurements concurrent with the BDL tests
is certainly justified in terms of the important role which these data have in the analysis
of the JAN propagat ion results.

The IMO RL fa cility is housed in several large instrumented van trailers which con-
tarn a vanetv of laser sources and large optics , including a combustion-driven CW DF laser,
a precision 91-cm-diameter Cassegrainian transmitter telescope, and a comparable-size re-
ceiver telescope.

A detailed description of this facility is contained in a report describing the earlier
experiments conducted at the CCAFS location in Febru ary and March 1974 and repeated
during the following year (1) .  An abbreviated description of the experimental apparatus
with emphasis on the features added for the JAN tests is contained in Section 2. The
experimental procedures used and a description of the routines and procedures used for
analyzing the data are contained in Section 2 as well .

Section 3 describes the results obtained during the two measurement periods , one
prior to Series B (30 July through 22 August 1975) and the second in conjunction with
the high-power tests (10 through 23 September 1975). Section 4 enumerates the obser-
vations and conclusions which can be drawn from the results.

2. EXPERIMENTAL FACILITIES AND PROCEDURES

2.1 Experimental Site

The apparatus used in the low-power extinction measurements at the TRW Capistrano
Test Site (TRW-CT’S) (‘an he grouped into two categories; that. used for optical measu re-
ments and that devoted to supporting meteorological measurements. The equipment was
housed in several van trailers whose positions during the experiment are shown in Fig. 1.
The extinction-measuremen t equipment was contained in the laser transmitter and pump
trailers (positions 10 and 11 in Fig. 1) and in the receiver trailer located either at the
terminus of the 5-km path position (8) or at the “zero-path” posi tion (9), which was used
for calibration. Meteorology support was provided by instrumentation contai ned in the
NR I.  meteorology van (7) and in the electronics trailer at the transmitter end of the path
(12).

Station power was provided by TRW for the equipment at the receiver end. The
transmitter site was self-sufficient , with storage of supplies provided by the supply trailer
(13) and electrical power provided by a 75-kW diesel generator (14) .

2.2 Optical Instrumenta tion

2.2. 1 Laser Transmitter Facil ity

The transmitt er facil i ty is self-contained in the t ra nsmi t te r  and pump trailers ( Fig. 1).
Figure 2 shows t h e  l ayou t  of the transmitter trailer. Half of the interior is occupied by

2
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Mg . 2 — Transmitter trailer

the t ransmitter telescope and i ts  mount ;  all of the optics and laser sources are contained
within  the telescope frame. The other hal f of the trailer contains measurement electron-
ics , vacuum pumps , gas storage , tools, and working space. Heat exchangers for DF and Nd-
YAG laser cooling, a fluorine -cylinder enclosure , and a che mical scrubber box are mounted
benea th the trailer floor. The pump trailer houses the large , two-stage’ vacuum pump re-
qu ired by the DF laser. A 20-cm-d iameter vacuum line’ connects the vacuum l)U~~P in its
trail er to the DI” laser exhaust scrubber mounted beneath the transmitter trailer.

2.2. 2 Transmitter Optical System

Figures 3 and 4 are schematics of the transmitter optical systems. Figure 3 shows
the layout of the 91-cm-aperture Cassegrainian telescope , which has an effective focal
length of 32 in and is supported by the optical bench depicted in Fig. 2. This bench is
supported by piers sitting on the’ ground and is vibrationally isolated from the trailer ,
providing support for the lasers and transfer optics shown in Fig. 4. Of note are the UeNe
alignment laser ( L i )  and it. s beam expander (BEI ) . the Nd-YAG laser (L2) and its beam
expander (BE 2 ),  and the DF chemical laser (L3) . The DF laser beam is collimated and
matched to the entrance pupil of the’ Cassegrainian telescope using a variety of flats and
high-f-number spherical mirrors.

The lieNe’ align ment laser and Nd- YAG lasers are combined by a dich roic beam-
combining plate (Dl) ;  this coaxial beam is added to the DF laser [warn by another di-
t’hroit ’ beam-combining plat e (D2 ) .  The resulting colinear beams , which have been matched
to the en trance pupil of the Cassegrainian telescope , are delimited Lw a pupil m ask (M )
and bro ught to the system focal point (f )  by the off-axis parabolic mirror (OAP). The
beam is then modulated by a chopper (C) and transmitted via the Cassegrainian telescope
sy stem . Additional details concerning this system can he found in Ref. 1

—
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2.2.3 DF Laser

The DF laser was engineered by Henry Bobitch of TRW Space Systems , Redondo
Beach , California. The device uses a 15-cm linear supersonic nozzle to achieve a gain vol-
ume approximately 1 cm square by 15 cm long. This gain volume is situated between two
~aF 2 Brewster windows. The long gain path provides approximately 2.5 W multi l ine
TEM 00 output , using a gold flat and a 2-rn-radius-of-c urvature , 95%-reflecting output win-
dow, or a 0.1-to-0.5-W TEM 00 single line output using an intracavity grating. The gas
consumption rates used allowed routine continuous operation of from 3 to 4 hours daily.
Figure 5 shows the single-line output power spectrum for the various lines used in the
measurements. A more complete descri ption of the DF laser and its characteristics are
contained in Ref . 1.

0 5  1 1 I
SD ~
Dci

0 4 -  -

‘CA

0 -

0

~~~ O 2 -  “- .

~~~~~CLI

- rJ ~t H I J Tr ~WAVELENGTH ( ~m )

Fig. 5 — DF laser power spectrum

2.2.4 Nd- YA G Laser

The Nd-YAG laser is a CW device operating at a wavelength of 1.06 Mm. It is used
as a source for extinction measurements to allow aerosol extinction to be monitored ,
since there is virtually no molecular absorption in the atmosphere at this wavelength.

The laser , a GTE Sylvania Model 605, uses a Nd-YAG laser rod set in a “double el-
liptica l” reflector , is pumped by two 500-W incandescent lamps , and is limited to a low
order mode by an aperture in the laser cavity. The output power is approximte ly 0.11 \V .
The mode structure of the laser is fu rther improved during beam expansion through the
use’ of a spatially filtered laser collimator. The output of the coll imator is a smiio ~ th ,
Air~ dis t ribut i on of 2-c-rn e 2diame’ter ~-~t I i  an output  l)OW&’t of u~q-r ox imat ~’l y So a

2.2. 5 lIe L\I ’ .1 Iigri am en t Laser

The’ a l ignment  laser , t o  whi t -h both t Il t ’  t r a n sm i t t e r  and u l t imate ly  t h e ’ receiver are’
aligned , is a Spet I r a-Phv sics ~lodeI 125. Tb 15 laser d(’velo l ss approximately  75 tiiW in a

6
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“TEM like ” mode , Because the laser is used for collimation through the Cassegrainian
system , the output is spatially filtered and collimated to a smooth “tophat” distribution
of approximately 2.5-cm diameter.

2.2.6 Receiver Trailer and Op tical System

The receiver is housed in another van trailer. The receiver optical system collects the
transmitted beam after it has traversed the measurement path and the received intensity is
accurately measured using the detector/integrator. The optical system is supported by a
massive steel optical bench which , like the transmitter, rests on piers sitting on the ground
and is thus independent of the receiver trailer motion.

91-cm SPHERE
3 3 - r n  FOCAL LENGTH

FLAT

TV CAMERA

_- DETECTOR / INTEGRATOR

I MOVABLE

APERTURE PLATFORM

FLAT BEAM
SPLITTER

Fig. 6 — Optical receive r used in the extinction measurements

As shown in Fig. 6, the optics of the receiver system consist of a 13.3-rn-focal-length
spherical mirror and auxiliary flat mirrors used to fold the beam inside the receiver trailer.
The entrance pupil of the collecting mirror is unoccluded. Operating the sphere off-axis
results in minor problems with aberrations , which do not affect the operation of the
detector/integrators , since the image size can be 1.3 cm in diameter and still be integrated .
Only when the effects of scintillation and beam wander cause the incident beam to wander
off the receiver mirror are problems encountered . For the measurements at TRW-CTS , a
television camera was used with a bearnsplitter in the receiver optical train such that the
size and position of the 1.06-Mm spot on the receiver mirror could be monitored from the
transmitter trailer using a TV picture and microwave relay link. This allowed beam align-
ment to be monitored remotely during BDL firings,

7
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~! 2 7 Ext inct ion Measure ment Apparatus

III,- JLms~~I tIt -r~ extinction measurement scheme is depicted in Fig. 7. Initi ally the
r~t : ~. ‘f t i -  sta t t r \  and mobile detector responses is determined with the mobile de-
1,’, T .A r in ps  1 2  Sn -‘ In posit ion B the’ losses to the atmospheri c path and optical ele-
nwnt~ c mt .i~L 1rt-d I O n -  loss to the optical ele ments alone is measured by placing the
t r ar .ii~ 1 t t - ~ c r. ’ s - i ’. s r  adj acent to one another in the calibration location shown in Fig.
I flw ‘~~1 ,  al r ?~~‘,i~~ measu red during c~dib ration is factored out of the long-path
r ‘s~ mt-as t~r’ - -’ient to ~ield the loss due solely to atmospheri c effects. Such a measure-
I C ti. ’ l i n iq u c- iii ict ’s u c of the following features:

• l), t , tor ~ wh ic h rel iably measure total power;

• -‘ rat i ometer  which accurately determines the ratio of the responses of
detectors;

• .“. data link which sends a signal from the mobile detector back to the
ratmomete r located in the transmitter trailer (a distance of 5 km) .

STATIONARY DETECTOR

CHOPPER MOBILE DETECTOR C POSiTION A

MASK 91 -c m CASSEG RAINIA N

MOBIL DETECTOR , ( PQSITION B )

TRANSMITT ER RECEIVER

Fig. 7 — Atmospheric-extinction measurement scheme

2. 2.8 Detector/lntegra tors

Figure 8 is a schematic of the detector/integrator. A liquid-nitgrogen-cooled lnSb
bottom-wi ndow detector views the top of the integrator interior.

The optical integrator assembly is designed so that the lnSh detector response is
proportional to the spatiall y integrated Int ensity in the incident beam and insensitive to
smal l changes in location of the input beam with in the integrator input aperture . Dif-
fusely reflecting interior surfaces and baffles prev enting directly reflected light from il-
lu minating the detector element are used to achieve these results. The integrator collects
all of the incident radiation which enters the device vertically after being folded from the

8 
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horizontal by a gold-coated flat mirror. A kinematic mount is employed to provide con-
sistent positioning. The positions of the mobile and stationary detector/ integrators are
shown in Fig. 7. Figure 9 shows the integrator/detector spatial response to a narrow
1.06-pm beam incident on the detector. The response ideally would show a “tophat”
dis tribution which would be independent of wavelength . The InSb detectors used are
sensitive’ over a wavelength interval from about 1 to 6 pm , allowing the same detectors to
he used for the 1.06-pm Nd-YAG and 3.8-pm DF extinction measurements.

2 2 9  Ex tinction-Mea surement Electronics

As previously discussed , the ratio of the signals developed by the two InSb detectors
must be reliably determined both for the zero-path calibration position and the long path .
The electronics which have been developed were shown to work quite satisfactorily during
the field measurement program conducted during 1975 at Cape Canaveral , Florida.

Figure 10 is a block diagram of the electronics. A 37-Hz 50% chopper alternately
sends the radiation to be ratioed to each of the two detector/ integrators. Signals from
both detectors are amplified by identical preamplifiers.

The preamplifiers each contain a filter and an amplifier with switch-selected gain.
The front ends provide stable biasing and stable , low-noise amplification for the InSb de-
tector signals. The fil ter rejects as mu ch noise as possib le wh i le preserving th e squareness

Bottom—Window
lnSb Detector

-- 
D i ffusing Cones

- . - - 
Incident

V ~~ ‘ Kinematic Mou nt

Fig.  8 — L)ctector/intcgrntor

9
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of the ’ 37-liz waveforms , providing an indication to the users that the’ dt’tecte rs are
ahgne’d and working properly. The frequency-response curve of the f i l t er  is si~ -h that
~i7 liz is on the’ flattest part . The’ preampl ifiers are provide’d wi th 1 2 selectable’ gain
values in a logarithmic progression of four steps per decade’ of ampl i f ica t ion .  This feii-
tu re flile )WS the signals derived from the preamplifiers to be of a similar level for the tuned
ratiometer and data link while ’ covering both a wide range of incident power on the ’ do-
tectors and the’ detector response to 1.06 and 3.8 pm.

As shown in Fig. 10, the two 37-liz electrical signals are fed into the rat iometer .
The’ signal from the stationary detector pre amplifier goes directly to tile’ denominator
input of the ratiometer , since both units art’ Positioned in the transmitter trailer. At all
times the signal from the ’ mobile ’ detector pre ’arnpl ifie ’r is transmitted to the’ numerator
input of the ratiometer via the ’ GaAs data link .

A voltage— ~’ontrolle’d oscillator (VCL) ) is use’d to encode the’ mobile-detect or signal
amplitude onto the GaAs laser beam so that the lase’r pulse’ repetition rate ’ is proportional
to the’ signal amplitude. A frequency-to-voltage converter (FVC) is used to decode’ the
signal at the translnitt4’r site’ to recover the original sign al . The int ensity of the GaAs laser
beam is not important as long as it is adequate to trigger the silicon aval anche photodieide ’
receiver.

The complete dat-a 1111k was included in ti~c’ system whenever the mobile detector
was used in th e B position. In ti le A position tile ’ VCO and FVC We’re cOtil) le ’d dire ’e’tly
toge ’t.Ii& ’r. I’revious experime’nts Ilad shown this to be an adequate procedure to avoni
‘rrors due ’ to long-term variat ions ill ti le ’ V(’() and FVC t ’le’ctronics. The’ GaAs t ransmit  -

te ’r and silie -on avalanche diodeS ck’tcet.or t’Ofllhiil i tt iOll j lOst’(l 110 stability l rohle’ms d uring
either th e’ I”lorida or the California expt ’r ime ’nt s.

‘l’lit’ rat ie)n le ’te ’r include ’s precision mat e -he ’d bandpass fil l e’rs o select the ’ funda rn e’nt-ai
frequency of Uuc ’ chopped inputs , pre ’cision re’e’t I fic ’r e -ir cuits . a tIl l i e l Li e’ dc-ratio cire -u i t . anti
a Bessel f ’it or to average the O u t  put . ‘l’llt ’ rat it )  circuit  use’s a single logar i thmic transistor
j iill e’t le) fl to perform all 11(1111 ine ’ar signal e)p e ’ratiot is. Errors t h a t  mig ht ot he’rwise’ arise
fro m mismatches he’t wet’u se’ve’ral t ransistors are’ thus  el iminated . The’ rat ioinet e’t’ also Ill -
eludes a self-ca libration fc’at tir e and an t  omatic gain rangIng to allow a large’ in l i t i t  dyna fl lic
rang e’ .

‘i’ii.’ rat Ionlc ’te ’r responsi’ iS i l i t  i’iil io ii a llv slow; it has an effectiV e ’ nve’r agtng t m It’ of
-l .3 s 81111 a set t l i n g  I inn ’ of 1 7 s . The Iloi si’ bandw id th of 086 li z  is e’e i t I i l :t l c l i t  to :i
lock -in a~ iplifie ’~ wi th the ’ sanls ’ averaging t ime ’ . tint , unl ike ’ a l e i c k—in amplifier , the ratio-
,ne ’t er is in s, ’’i sit  ivi ’ te s  e i i e i i i i i in g  harmon ics , require ’s no phase-re ’fe’renc i ’ inpu t , and t e s l t ’r-

• i l ls’S mtith ’ra te elri Its (about ~Y~- in t he’ cllopping freque ’iit-v - Ant 01112)1 Ic gain ceint re el ( .“.( ~~
(‘

~

e ’ts ~is’s wi Ii i  Ifl lie I era t e’ t ’h IIII gc’s i l l  t i le’  iasi’i’ l i l t  t ’II Si t V . ‘J’Ii is A ( ( ‘ (iOe’s lie  i~ t ’atl5l ’ t i’ 21 I lSIi ’ t l
e’rr ’ ‘Is iii t i l e’ rat ionic-Ic r ou tpu t , ii fe ’at lire ’ required be’t’ati se’ of t h e’ lo ng se ’t I h u g  t i f l i s ’.
rat i oI1ie ’t S I  error t~ ls ’s s tha n I ) 2 . whit -h is ne’gl igi hle ’ wit II respect I o ci t Ii or nli ’asur enle ’n
tlII t ’e ’ r t a l i l t  it ’s ‘l’hs ’ ccerr. ’e - t e ’sl ra t i o  r of l i i i ’  mobile ’ to s t a t  i t in ary e ie te ’c te i i ’  signals lake ’s i l i t e e
2 l e s e ’ i i i i t  i to th  th e  r a t i , in is ’ t i ’ r  e i e l l p t i t  R ~ s ws ’il I ls  l i i i ’ P f l ’ i I l l i P l if i e ’I’ gain sel l i l i g s  Su it - 5 - an
in t . ’ge’r ga in  sell ~ng s i t  g etirr s ’si) oIiils t e i  an actual  ~‘8~ii G of 10-’. l , t i le’  r at io  r c i f  t i l e ’ ni e ) l i i t e ’
l i i  st a t  is ’i i ~irv sli ’l~’ t ’’r 2~i g I 1 a I s  Is
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G8 10g1/4
r - = R —  ‘ RGm

or

r = R 1O~~’ 
- tm )/4

So, in practice, th ree numbers are’ recorded for each separate extinc t~jn measurement:
R , Km ’ ~~~ gs•

2.3 Meteorological instrumentation

Meteorology support for the TRW BDL experiment , wh ich was provided by NRL ,
consisted of:

• Two micrometeorology stations ,

• An aerosol particle-size spectrometer and atmospheri c CO2 level monitor , and

• A data-processing system for rapid reduction of meteorological data.

Each of the two micrometeorology stations was situated near an end of the low-
power propagation path. One micrometeorology system was housed in the electronics
trailer and was located at the site on Camp Pendleton (Fig. 1). The other micrometeorol-
ogy system was associated with the NRL meteorology van and was located near the 1.6-km
BDL target site. The two micrometeorology stations are duplicates. Figure 11 is a block
diagram of these stations. Measurements include wind speed , vertical and horizontal wind-
direction components, air temperature , barometric pressure, dew point , and solar insola-
tion , The sensors for ea ’h of these measurements are mounted on a portable tower
approximately 5 m high and separated approximately 25 m from the station itself.

SENSORS

WSO I I MONITOR 1
I 9-TRACK

_______ 

INTERFACE I P E
o~ 0 ACQUISITION I

INSOL O SYSTEM

~~
ETER

_
DISP L A J

• 
Fig. 11 — Me’te orol ogicai measurement system
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All mete’orological parameters shown in Fic~. 11 are recorded e’ach second along with
date and time’ on digi tal tape at each meteorology station by the data acquisition system.
Most of the sensors used in the meteorological measurements are calibrated i)rior to field-
ing the e’xperiment , Primari ly using factory-supplied (‘alibratlons. Exceptions are the de’w-
point measurements , These units are calibrated periodically throughout a day by a sim ple
switch to calibrate operation.

In addition to the instrumentation used for measurements shown in Fig. 11, the
N R L  meteorology van contains an atmospheric CO2 monitor and an aerosol particle-size
spectrometer. The aerosol particle-size spectrometer is a Particle Measuring Systems, Inc.
( PMS) device capable of counting particles in four size ranges fro m 0.1 pm to 4.0 pm in
radius. The sampling head for the aerosol particle-size spectrometer is mounted on a sep-
arate tower near the other meteorological se’nsors . All measurements are digitally recorded ,
and the data are processed off.line.

In addition to the meteorology station used at the transmitte r end of the 5.65-km
path , the’ electronics trailer houses an extensive , computer-based data acquisition/processing
system , including a Nova 1220 computer with a 32K-word memory , three Link tape drives
with a self-contained operating system , a keyboard CRT display with hard copy unit , a
high-speed line printer/p lotter, and two nine-track digital tape drives. Tile computer sys-
tem is used to reduce , average, tabulate, and plot meteorological data off-line using data
tapes produced during the experiments. These tapes are processed off-line at about an
8-to-i reduction from real time to yield tabulated 1- and 10-minute average’ values of
each of the meteorological parameters . In addition , time-h istory plots of any selected se’t
of these variab les, such as contained in the next section , can be produced using existing
programs.

2.4 Procedures Used for Data Acquisition ,
Reduction , and Analysis

A particular sequence of laser line m easurements was used throughout the experi-
mont (set’ Table 2) for the following reasons:

• Initial optical alignment of the DF laser cavity and external transfer optics made
use’ of a ileNe alignment laser beam reflected in the sixth order by the DF lase’r cavity
grating, resulting in a cavity alignment for 2633.979 cm 1 . Onl y a minor grating adjust-
ment was then required to produce oscillation on the P2 8 DF line at 2631,067 cm~~ .
Accordingly DF laser extinction measure ’ments we’re performed in a sequent -c’ starting
with the ’ P2 8 tine.

• Aft e’r additional laser lines were selecte’d ill the order of increasing wavenumber ,
the P28 line’ was repeated , followed by a decreasing orde’r , witi l each lflt ’asure ’me’nt se’t
ending in a th ird measurement at the P28 line. Three distinct measurement at this line
provided an immediate estimate of exper imental reproducibility and also se’rved to indicat e
temporal variability of the atmosphere during the total t inie devoted to a hon g—pat Ii measure’-
mont run. 
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Tile me’asurement procedure involved two distinct modes of operation , depending
on the location of the mobile detector. A typicah day ’s operation usually began with a
nl(’asurement of the detector re’lative response for each DF lase’r line with the mobile
detector placed in the’ tran smitte ’r trai le’r. These runs , designated A runs , were’ made’ to
provide’ a day-to-day measure of the relative response of the two detectors and associated
measurement electronics.

After an A run the mobile detector would be moved to the receiver trailer , and the
transnllssion ratios would again be measured for each DF Inss’r line ’ , For long.path inca-
surements the receiver was located about 5 km from the transmitter. On some (lays how-
ever tile receiver trailer was placed next to the transmitter trailer to make the zero-path
measurements ne’e.’ded to ‘alibrate the longpath dat-a . When the mobile detector was lo-
cated in the receiver , the run was desLgnated a B run. Because data from tile two distinct
types of B runs must be processed diffe ’re ’ntly, the B-run designations were later changed
to BO and 85. In this manner the proc ’ssing programs were able to distinguish zero-path
B runs from long-path B runs.

After the ’ B run the mobile detector would be returned to the transmitter for another
series of measurements. This final measurement series, designated the C run , was perform ed
to determine whe’the’r the relative response of the two detectors and associated optics had
changed appreciably since the’ earlier A run. The proce’ssing programs preserve the separate
designation of the C runs but otherwise tre ’at them as though they were A runs.

‘rho e’xperimental data were re’corded in notebooks at the field site. These data were
hater punched onto card s and then transmitted to tile KRONOS time-share system of tile
CYBERN E T compute ’r network operated by Control Data Corporation via a remote batch
ternlinal. The raw data include the me’asured ratio of the two de’tector signals , the gai n
settings for the’ two preamplifiers , and an identification for each of the 22 DF hase’r hines

• investigated . Similar measurements were also made for the single 1.06-p m line of the Nd-
lAG laser.

A series of 15 computer programs was developed for processing data from the tra ums-
mission experiments. These FORTRAN .hanguage programs were intended for iilteractive’
proce’ssing on the KRONO S system.

• 2.4 . 1 I ’rogra ,n DO2KMU.- Zer o-Path Ratio
(‘u rve Fitting

Program l)O2KMII i rocesse’s all of 1-lie ’ zero-path measurements (A , BO , and C nulls) .
hach nwasure ’nu’nt is fi rst nlatched with the’ spectral WaVt ’))Umbpr of th e ’ laser l i ne ’, and

• the ’n tIle ’ re’eord e’d ratio is appropriat ely scale’eI to tilt ’ preamp lifie ’r gai n se’tt ings. A least -

squaru ’s-e ’rror i ol nomiah is e’akulated for tile ’ wave ’numbe ’r-rat io pairs in e’acll ru Ii - Base’d
on I lie ’ significance of the ’ improve’me’nt in the ’ fit ’s e ’oe’fficit ’nt of dot e’rnunatton tha t  couhd
he e)bt aullt ’d b using a high er order peuiv nomial , the ’ pro~Tani automat ic -a l l y iu’le’ e ’t s a cu rv e
fit po lynomial of not more t han third order.
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‘File ’ re ’sulting polynomial is evaluated at the wave ’ulumbers corresponding to each mea-
sure’d line . The scah’d ratio , its deviation from the calculated pol yn omia l value , and that
d evi at iou i  relative to the standard deviation of the other points in the fit  are all written to
the ’ printer output file. The polynomial coe’fficients are wri t t en to a separate file , from
wilicil the’s’ e’ai~ later be read by program DO3KMH .

A curve fi t of the measured ratios offers several advantages. It allows the calibration
points to be interpolated to cover lines which may have been missed during the zero-path
calib ration runs. The curve fit also tends to smooth some of the variation observed in
the data . Finally, the curve fit and its related output provide an excellent method for
examining the data for potential errors which may have occurred in the data-recording
process. Past experi ence has generally uncovered a few lines (less than 1%) whose mea-
sur ’me’nt parameters were not correctly transferred from the experimenter ’s notebook to
the input data file . ( A new automatic data-logging procedure will hopefully eliminate
most of these problems during future experiments.) The most common of these errors
occurs when an incorrect spectral-line identification causes the measured line to become
associated with the wrong spectral wavenumber. Since a gross error for one line can ad-
versely af fect the final results obtained for all the other lines , errors of this type should
he located and corrected as early as possible. In practice the DO2KM II program is often
run two or three times before all of these errors have been eliminated ,

2.4.2 Progra m DO3KMH: Zero-Path
Transmission Calculations

For each zero-path run , program DO3KMH reads the ’ polynomial coefficients from
the file ’ generated by program DO2KMH. The polynomial is evaluated at the wavenum-
bt’rs corresponding to each of the 22 DF lase’r lines (e’ven if a particular line may have
been omitted fro m the zero-path calibration run ) . After all the zero-path runs occurring
on a given day have been processed , the A run is averaged with the C run (if the latter
run was made) ; the BO runs are averaged if more than one of these runs were made
For t’ach line the ratio of the average of the B runs to the average of the A and C runs
represents the actual transmission of tile transmitter-receiver system at tilat corresponding
wavenumber. It is this transmission coefficient that  is used to normalize the long-path
measurements.

I ’ Ideally there should be no difference between the A run performed prior to the B
runs and the C run performed afterward . The program output must be examined to de-
te ’rmine whether the system response changed appreciably between the A run and the C
run. It may he necessary to discard data from days when a significant change was observed .

2. -1.3 Progra m DO4KMII :  Zero-Path
Correction Factors

Program DO4KM }( reads the transmissions from the ’ file’ gene’rated by program
• f lQ3KMl I , For each DF wavenumber , the ’ program calcu late ’s the  average of tilt ’ /-ore-

path transmissions ohtaine’d on those days prior to the’ long-path runs and til e ’ul tile ’ av-
erage’ transmiSsit )n obtained afte’r the last hong-pat h measureme’nt - Tile’ “be fore ” and
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“after ” transmissions are linearly interpolated on a day-by .day basis to yield the best es-
timate of the zero-path transmission for each of the long-path-measurement days.

By using this interpolated transmission , the long-path transmission data can be nor-
malized to determine the absolute transmission. Recall that to calculate the long-path
transmission the B-run ratio is divided by the A (and C) run ratio of that day. So the
absolute transmission will be the long-path transmission divided by the zero-path trans-
mission as . eterpolated for that day . The program combines the two latter quantities to
produce (for each laser wavenumhe’r and for each day ) a multiplicative correction factor.
These correction factors are wri t ten to an output file for later use by program DO5KMH.

2.t4 Progra m DO5KMH: Laser Extinction
Calculations

Program DO5KMH calculates the absolute transmission for each line measured over
the hong path. The measured ratio is first scaled according to the preamplifier gain and
is then normalized by the correction factor appropriate for that particular spectral wave-
number on that particular day-. (This latter information is read from the output file gen-
erated by program DO4KMI-l .)

In addition to the absolute transmission the coefficient of extinction (based on the
known length of the path) is also calculated . These results and the date , time , line iden-
tification , and spectral wavenumber are then written to the output file .

2.4.5 Program DO9KMH: Molecular Absorption
Calculatio ns

• Program DO9KMH compares the extinction coefficients produced by progra m
DO5KMH with those calculated by the best molecular absorption algorithms currently
available. Each of the 22 DF laser lines has its own algorithm which expresses the mo-
lecular absorption as a polynomial function of both air temperature and water-vapor
pressure .

For each measured line an input file of meteorological data n~ scanned to obtain the
air temperature and the water-vapor pressure at the time of the’ optical measure ’ment.
( Program D15KMH produces the me’teorological data file by combi ning the meteorological
measurements made at each end of the’ path .) Once the molecular absorption is calculated ,
it is subtracted from the observed extinction. Depending on the’ quality of the algorithm ,
this (t iffe ’rence represents the’ amount of extinction due to nonmolecular effects . The’se
effects are’ generally attributed to aerosol ext inct ion , and the Iatte ’r diffe’re ’nce’ is refer red
to as the “de’rived’’ aerosol ext inct ion (DA E). Finally , the ’ measure’d e’xt m e t  ion, tile cal-
culated molecular ahsorpt ion (CM -‘c 1, and tile’ d erived ae’rosoh e’xt i net ion art’ writ t en to an
output file.
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2.4. 6 Progra m D I O KM I I :  Aerosol Extinctio n
Calculations

Since the wavenumber dependence of the aerosol extinction would not be expected
to change appreciably over the wavenumber range of the DF laser lines , it is assumed that
the derived aerosol extinctions produced by program DO9KM II either will be constant or
will vary slowl y with time. For each run , program D 1OKMH performs a least-squares-
polynomial fit of the derived aerosol extinction against time. The resulting function is a
polynomial of order not more than two.

This polynomial then represents the best estimate of the aerosol extinction during
the DF laser measurement runs. The function can be evaluated for the time correspond-
ing to a given DF measurement to obtain a smoothed estimate of the aerosol extinction.
The latter quantity can be termed an “adju sted” aerosol extinction (AAE). If the adjusted
aerosol extinction is subtracted from the observed extinction , the resulting difference repre-
sen ts an “apparen t” molecular absorption (AMA) . Along with the information provided on
the input file (generated by program DO9K MII ), ti-ic adjusted aerosol extinction and the ap-
paren t molecular absorption are written to the output file , The output file is used by pro-
gram DO8KMII to product ’ molecular-absorption graphs and by programs D 11KMH and
D14KMH to produce aerosol-extinction graphs. An example of the tabular output file gen-
erated by program D 1OKMII is given in the next section.

Program D1OKMH also contains coding which allows data from specified DF laser lines
to bt ’ excluded from the curve fit. Thus lines for which the molecular-absorption algorithm
is suspect can be prevented from having an adverse effect on the nature of the least-squares-
polynomial fit. After calculating the fit without these lines , the program then uses the re-
sulting polynomial to estimate the aerosol extinction for the excluded lines. As for the
other lines, the aerosol extinction thus obtained is then used to determine the apparent mo-
lecular absorption.

lii this manner an estimate of the molecular absorption for a suspect line can be pro-
duced which is independent of the estimate provided by the molecular-absorption algorithm
for that line. When the absorptions obtained by this technique agree with those predicted
by the algorithm, the quality of the algorithm then can be established (at least to within an
overall additive constant). Finally large discrepancies between the apparent molecular ab-
sorp tion and that predicted by the molecular-absorption algorithm readily enables the iden-
tification of those DF laser lines whose algorithms require further refinement.

24 . 7  Graphics Programs: DO8KMH , D J I K M H , and D14KMH

Programs DO8KMH , D11KMH , and D 14KMH produce graphs which are intended to
provide a means for visually examining the results of the optical extinction measurements.
At this stage the data are further refined by iteratively graphing the D1OKM H results , ad-
justing the D1OKM H input , and rerunning the D1OKMII program.

2,4,8 Progra m DO8K MH: Molecula r .4 bso rp t ion Graphics

Program DO8K MFI plots the apparent molecular absorption (obtained from program
DI OK MII )  as a function of water-vapor pressure for each of the 22 DF laser lines. A solid
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line indicating a least-squares fit to these data and a dotted line representing the molecular -
absorption calculation are also shown on these graphs. The graphs allow the quality of the
molecular-absorption algorithm to be estimated by observing whether or not the algorithm
agrt’es with the experimenta lhy determined absorptions. Those lines for which the agree-
ment is not good can he flagged in the D1OKMFI input file , removing them from the curve
f’ts. The apparent molecular absorptions can then be recalculated for the remaining DF laser
hines. Plots gererated by program DO8KMH are includ ed in Section 3.

The lines singled out by these graphs are given a high priority for further investigation
in a series of independent laboratory measurements. These controlled laboratory measure-
ments lead to newer algorithms for those lines. Then the new algorithms are compared with
the long-path experimental results. This process is now being carried out jointly by NRL
and Science Applications Inc., Ann Arbor , Michigan [2 ,3] .

2 4 , 9 Progra m D I I K M !I :  Aerosol Extinction Graph ics

Program D 11KHM plots the derived aerosol extinction (obtained from program
D 1OKM }l) as a function of time for each long-path-measurement day. The curve-fit esti-
mates of the apparent aerosol extinction produced by program D 10KMH are also included
in the graphs. Data points which are seen to deviate significantly from the calculated fit
can be further scrutinized .

2.4.10 Program D 1 4 KMH .’ Combined .4 erosol Grap hics

Like program D11KM U, program D14KMH produces a graph of the derived aerosol
extinction as a function of time for each long-path-measurement day. In addition to the
DF aerosol determinations at 3.8 pm , the Nd-YAG extinction measurements at 1.06 pm
are included in these graphs. (Since there is negligible molecular absorption at 1.06 pm ,
the observed Nd -YAG extinctions are attributed to aerosol scattering effects.) Finally, the
aerosol extinction calculated from independent measurements of particle-size distributions
are presented for comparison purposes. Examples of the graphical output of program
D 11KMH are presented in Section 3.

3. EXPERIMENTAL RESULTS

3.1 General Comments

As stated in Section 1, two separate experimental measurenlent series we’re conducted
in conjunction with the JAN propagation test series. Tables la and lb summarize the men-
sure m e’nt sclle’dule during each series. Table in lists the times during which DF e’xtillcti oll
nle’a.curenle’n ts we’re’ made’, including those runs done for tile’ zero-pat~h calibration e’onfigura-
tion descri bed earlier. Aerosol particle distributions me’asured with the ’ PMS aerosol spt ’t --
trt )me’ter syste m in the NRL meteorology van are shown in this section of tile’ re ’port for the
times indieate’d in column 5 of Table in. Table lb contauls similar i n f o r m a tion  but in adth i-
tion in t ’l e i de s  i list of the’ RDL shot Ilumbers and times and lists the  corresponding tinws for
which PMS data are’ si lowil .
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Table I a —-- Extinction Measurement Schedule
Prior To Series B Tests

I E:~~t~~~ tI~~
flay h a t . - 

M..asurernent h im.- t)at~e

~ 
~~ , R u

2 1 1  7 30 ~n .ro h I
212 7 31
213 8 1  • 

-

217 5 ~ 1645 • 1800 1700
180(1

218 8 0 1615 1745 1600
1700

219 8 7 1-1 2 3 )  1515 1500
22( 1 8 8 1100 1 1 4 5  1100
224 8 12 1700 1740 170(1
225 8 13 1150 1230 1200

1 4 1 5  1500 1 500
226 8 1-I 1350 • 1-13 0 N.~

• 1545 1630 N A
227 • $ 15 1200 1230 ,200

1630 ~7 15 1700
232 $2 0
233 8 2 1

8 2 2

Table lb — Extinction Measurement and BDL Shot
&‘hedule During Series B Tests

J J F~~ t l~~ 310(1  HiM.
h)a v I)at , ’ Me a ir em~-n t l’i m.’ ~,hot Shot I )ata

~~~~~~~~ r Sail 
- Num her Time ’ R.- eee r e l

253 9 1(1 (zero ~ea t h h —

255 9 12 1 1 ( 5  1215  V U - l O S  120() 120(3
1 3-i .  1 - I - I S  VI ,I-166 1120 1400

\ ‘h . l -167  1012 1700
\ I , l - 1OS 1825 180(1

258 9 15 1200 12 - I S  V l . I -169  1259 1303)
2~’9 \ I . l -170  1233 130(1
259 9 16 1 500 1515 • 1601)

V I , I -  171 182(1 1S0()
200 9 17 V I . I  172  1133 12(10

1 333) 1 1:30 V I , I - 1  73 13:32 1400
1 1:30 15 15 ~~I _ l - 1 7  I 1 1 1 7  1500

\~l , I  175 1650 1700
V I . I - 1  19 10 1900

261 9 1$ 1(133) 1130 \ I . I i 77 10 - IS 11( 33 )
- \ I . I -1 7 9 1 (0-I 1-10(3

V I I  I $ t l  I~~l2 1000
202 9 19 1015 

• 
12 3 5  V I I  I S I  I 123)3)

\ h . I - 1 $ 2  352:1 1500
1 . 1  183 1807 ISOt )
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3.2 Measurement-System Optical -
Efficiency (‘al ib rat ions

Figure’s 12 and 13 .ert ’ plots of the optical-system efficiency versus wave’numhe’r as
te ’rmin t ’d d u r in g  the /t ’ro- ea th  fins  cri er and suhse ’quent to the ’ 5—km-path  rne ’a$ur ctneIl  Is
us ing ilk ’ prex’e’tlure ’s out  l tne ’tl i i i  Se ’ i t i c  ii 2. 1 2. l ’lt t  t r ausmissle in curve’s obtained for the ’

.3 r i c e u - ~ /.e’ r e c - l c a t h  nlt ’asure ’me’nt ~L i ’  l ist ed In l ( l ) le ’~’ I a and l i c  art ’ ~ahe le’d as to i L i ,  , wit_ l i
th e’ solid t u f t ’s oht ~uned prio r t o  an t i  t h e  ~i ,csh ~- . i cu rves  su lcs e ’qu e ’nt te e tile ’ ~‘ -kru data.
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‘l’he curv e for d a y  211 , unl ike ’ the other  curves , has a st ’e ’ond de’ri vative that is marke ’dlv
nonzero . On cIa 211 the ’ zero—path calibr ation data did not span t h e ’ entire’ rang e of 1)1”
wave ’nu iniit ’ rs, and (l ie ’ ends of this C U  rye ’ repre se ’h it au ex t r apo l a t i on  of t h e’ least-squares curve ’
fi t  performed by program DO2K MI 1. That is , no data were obtaine’d for the’ regions at the ’
t ’iiI hs of t h e ’ e’U rc’ e’. Though th e’ iii format ion proviele ’d at t h e ’ cent e’r of th e’ curv e is as valid as
that of iUlV of the’ oj le’r curve ’s , ti ie ’ day - 211 curve was subsequently dise ’arde ’d becatise of
the undesirable (an d wholly artificial) effects introdu c ed by extrapolating the ’ curv e’ f i t .

As se’e’n in Fig. 12, a maximum spre’ad in measured e’fficie’nc of 67”~ to 73”~ for any one’
wavt ’te ’ngth was observed. When (ht ’ data for days 212 and 213 are’ ave’r age’el . the ’ resu lting
curve ’ (averaging about 7 1’~-) is smootlle ’r than any of the ’ individual runs , The’ zero-path-day
data taken at the ’ e’n ei of the ’ firs t experiment se’rie’s are more’ Closel y clustere d and yield an
average transmission of about ( 13’ . ‘l’Ills 5’~ differ e’nce’ indicate’s a loss iii t ile’ aVe’ragt’ corn-
billed e ’ffic ie ’ne’v of the’ te ’n optical surface’s bet we ’e’ii the ’ focal p Oillt of the transmitter  ( Fig.
4 )  and the’ e’n tr tu ie’e’ to the’ de’tector;inte ’gr ator ( Fig. 6). That tile ’ individual runs take ’ii on
ela s 232 ti lr ough 23-I ar e’ more’ t i g h t l y  grouped probably re’fle’cts t i l t ’ incre ’ase’el precision
re’alize ’el in the ’ nle’asure’me ’tlt procedure whici l the ’ fie ’iel te’am gzun e’ei from repeate ’d pract ice
in data colle ’ction during the me’asu rc’me’nt period.

The’ zero-path data e’ohle ’cte’d during th e’ se’conel me ’asure’me ’nt series associate’d wi th  t i l e ’
BL)L te ’sts are’ shown in Fig. 13. T h e  average ’ efficien cy ( ini t ia l ly  about ~(Y~ ) shows a smal le’r
absolute ’ tiecre’ase than observed during tile ’ firs t hal f of tile’ two-part  me ’asure’nu’nt se’r le’s .

The’ averaging and ekuhy inte ’rp olat ioil proe’t’elure’s ele’scribeel in St’ct ioii 2. -1.3 were’ used to
model the ’ ze ’r o- iiathl trzu lsmission e’orre ’ctioii factors applied to e’aeil long-path me’asurt ’me ’nt
using til e’ data  siie wn in i” igs . 12 and 13. If  all of t i l e ’ runs shown in these two figure ’s were’
ave’rage’el anti use’ei as a ti me’-i ndepe ’nele ’n t corr e’c ( ion , t ile ’n a max imun ~ spre’ael ci f e ’ff ic ’ le ’ncy
valu e’s from 64’~- to 73 would lie’ included in th ie ’ ave ’rage’, ah ecu t I ~vice’ t h at  oiise ’rve’d for
ave ’ragc ’s i i ie - luehi ng u n iv thos e’ runs pe’rforme ’d in a 2-or 3-clay period (before ’ or a f te r  a I 0—to-
20-3 SV pci-ted of long-path nieasurt ’1l~ell ts ’h ,

The’ I in e ’rarlv int c ’r i io l at e ’d eip tie -al- t ’t ’f it ’ie ’ne ’v feat nrc’ inc luded in the ’ e lat a- r e ’duction pro-
ce’eh ti re ’ is a best gue ’ss under the ’ circumstance ’s, I t  is ine ’luele’d because’ e’vtdenct ’ in Figs. 12
and 13 points to a gradual sv st enL i t  I t  ehe ’e’rease’ in e’ffie ’ie’ncy over t l ie ’ e’X perirn e’n ha l period t i t h e ’

to e ’ tihl t i i i t ie ’el t X  posure’ c c l ’ t he op t i c al surfa e ’e’s te )  t h e’ e’nvir onm e’nt -

3.3 t )t’te’e’tor Relative ’- Re’sponse (‘ai ibra t  ions

~ s prev iously ehe ’se ’r ibt ’d , an A run was i ‘~‘rf orme ’d wit  ii both  detect ut’s hoe ’~ I ccl in ( l i e ’
r an sn i i l  t e ’r t ra i ler  prior to a long-pa t h  run , wh it -h was usually followe’d l a t e ’r liv a C ni t i  elU—

i c i le at  ing  the ’ A-run c -on f igurat ion.  Figure ’s 1-1 and I ~ show the ’ curv e’s ci i i t ~U lie ’(l for eIe t e -~-tor
re l a t i v e ’ re ’ sh c o t t s c ’ as a t u i i e ’t i c in of w-av e ’iium iie ’r t i l l  each of the ’ lo t ig -p a t l t - n i e ’a sur t ’me ’nt ela s
li st ed in t able ’s I a au t h l b . Figure ’ i - I  shows t h e ’ :\— ai ic l— ( ’ -r t i t i  av erag e ’s t I M ’] to  l le i rmaII ~-e t i l e ’

l i - ru t i  da ta  fei r (h i t ’  f i t - st measure ’me ’ui t sc ’s S l c ’ l i  - c o u t i t e a r a h i l e ’ eIa t ~ from t h e ’ Se ’c O l l c l  5c ’~ slc ’fl  a t e ’

~i i c ’~v t i  i i i  l” ig . 1 ~c . l i i  all c ases t h e’ t k i i ’ u i i a l i / ; I I I , ’Il  c urve ’s Si loWli  a l t ’ ~ ‘lie’l ;i t e ’d liv ( : i )  c~\ a i t i a t
t i t e ’  I c e i l ~~~1~~nii~U f i t s  to  t h e’ -‘ 311th (‘ runs  at e ’ac ’ii of  t h e ’ lase’i’ fi’ e ’qu e ’ute ’it -s , i i i )  a~ ~‘rJg1li e ( l i e ’
two  v a lue ’s t i t u s ul i t a i i ie ’t l ( t i r t i v lc le ’cl both all ~ ant i  C’ run Wt ’re ’ ili ade - e’li a gi~ e’ t i  clay ) and
uiv e’it ing this  av e’ra ge’ normal ization e’onstan t , anti (e)  int e ’rpe -hi at lag bet we’e’n numeri c -al va lue ’s
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Nih , htl’3 ’ Oih ’l ’ i4II ~ eM

t i t u s  c e i i ( ~ i i h i e ’eh wi th  si i a i g i i (  - l i ne ’  se ’gi i i e ’ i l t s .  ‘ l ’lu ’ d a ta  gi ’aphie ’el t i e  t” ig. 1-I  sh te iw ; i e ’eeii ~ i s( e ’iit  iy
r e ’h e r eeehi le ’u hhe ’  w ii v e’ i ie i i i ihe’ r  de ’pe’ i i e le ’ i ie ’e’ of t h e ’  f a i n t l y e f  t i e r i i i i ihi , - at  h e m  e ’ l irv e’s ae ’e - o i I i ( i a l i i e ’ t l
by ,i gr adual wav e’ le ’ i i g t h-u i ule’ ~i e ’ i i t l e ’ i i t  e ie ’e ’re’asc ’ i i i  l e ’ s p e e i i s c ’  w i t h  h i i t ’r e ’ i l s h i i g  e’xp e’ r t n ie ’ i i t a t
c lay . ‘ ( ‘h i t s  he ’h iavior  c -an lit ’ at t i ’ ib i i l e ’ t l  to a sl i g i i l  c l i i  ( e ’ rc ’ i t t  i i i i  e le ’g r at la (  iou i i i  i e ’ f l e ’ ’ -t i c i l y  he ’
t we ’ e ’i i ( l i e ’  e’iiopp e’r (‘ anti  (l ie ’ h u t  fo ld ing  wi r i er  F o i l e e w i h i g  it wh it - u b i d s t h e ’  i ie ’aiii  t i u t e e
( l i e ’ i i i ed ~~le’ e i e ’ t e ’e ’tor Ml )  in (he ’  e ’u ih i hra ( i ee i i  e e l  . i e e i i  ( l” ig. - i )

i ’lu ’ i i i e d i i l e ’ t i e ’ ( e ’ e t e r was i-e’p h~it ’t ’e l p r i c e !  t i e  ( l i e ’  s t a r t  e e l  ( l ie ’  se’e ’ e i i i e h  Se’i ’n ’s oh i i i e ’ase i r c ’ i i i e ’ i i t s
t ht ie ’  t e e  a t e Ss of v at ’ iueei i l  i i i  the  h i t i e i i t l  - i l i l r og i ’i i  de’war ;  bou t - c’ ( i i i ’ fauii i l y of t’e’sleouse ’ curve ’s  ~h ie ewi i
i i i  F ig.  I ~ is f l a t t e r . In  (i o t i i  hgure ’s ( l i e ’  u i i ax i ml i f l i  e ’ii~iu ige ’ in re ’Spouisc ’ eibs e ’rve ’tl at any  ch i l e’
wave ’ le ’ui gt hi  ove’r t h e’ co urse ’ e e l  ( l ie ’  e ’xp e’i ’i i iie ’u i l - al se ssion is atpi’ ox i u i i a ( e ’ l v  - ( ‘  t e e  5’ . wi t h  a h e n i t

I -  t e e  I ~e - e - h i a i i ge ’  e hse ’rve ’tl fur ru i is  made ’ te i i  e - e e i i s e ’ e ’ t i t i v e’ e l ay s . ‘( ‘in ’ b a t  t e ’ r  figur e ’ is t v p i e -~ei
of i i i . ’ var ia t ions  ohse’rve’el t i e ’ t we’ e ’ i i  value ’s i i i e ’a suir e’ d i i i  .\ an t i  ( ‘ ru i u i s  c i i i  ( l i e ’  sam e’ da y for a
glve ’ui h u e ’ a i i e l  re ’~er c ’ se’iils ( l i e ’  f e i i id a i i i e ’u i t a i  i’t ’p r ce t h i i t ’ i h i l i h y  i u i i i e ’ r e ’ i i t  i i i  ( l i t ’  uil e ’asti re ’i Iie ’n ( pro-
e ’e ’ t ie i r e ’ ,

h u e ’ sys t e ’ i i i i i ( i c -  e h e’ e ’re’ ase’ i i i  ( -l ie’  wav e ’I e ’ u ig t i i  e I e ’ i e e ’ h l e l e ’ u i (  r e’sp en isc’ r , I ( i e i  fu ’ eni i  s t a r t  t o f in ish
cc l au e’xpe ’nin e ’iita h se’ ssnei i  is i i u (  pai’ ti e ’ul i i - t y s i g i i i f i c ’a u i t  , sine -c ’ ( l i t ’  cle ’ e ’( e ’ r ( c c r  i’e ’ i a ( iv e ’  re’spoii se
is u i ce r u i iah i z e ’ t l  d a i l y  i i s l i i g  ( l i e ’  in ’oce ’t iuu ’e’s e le ’ se ’r ibe ’d t ’itrl ie ’r .

3, -I ‘l’atcetkthem ol’ Results (rem l’r ngrimi 1) 1 ~~KMII

‘l ’h i e ’ f i t i al  ou tpu t  fr eeiii  ~er ecgruun 1) 1 OKMI u s  ln ’t’se’n (e ’el in ‘(‘ ah i l e’ 2. ‘l’his li s t i n g  is (lie ’ re ’-
s t i l t  iii fe i t i r  i t e ’ra t iv e ’  re ’Iiu ie ’me ’nls of ( - l ie’  t y p e ’  tl e ’sei ’iht ’tl i i i  Se’e ’ h i e n i  2 .

I n i t i a l  cll t ’ f le ’ei l t i t ’ s  w i t h  ( l i e’  t ’~ ~ I’ ti , ant I 1’ i 10 ti ne ’s t O e 1 to th e ir  e’xe ’t t i s iec i i  Irt ini t h e’ c urve’
l i t . ’. cale ’ i i l a t e ’ e l  by ( l i e ’  ~ei’eegraui i .  Si ihes e ’e t iu ’u i t  r e ’fi i ie’i t t t ’ i i t  of t h e’ t’~ ~i a nti t’ 1 S ;tl ( ~c e % - t t h i u l l s  ( ‘( ‘ able ’ 3)
I cy  ~V e e e e e l s e ’t al. I 2 J  r e ’si i lhe’d i i i  Ih i e ’ j r  si t t ’ t ’e ’ssi u l re ’uu i s t u i te ’ i n t ’ i i ( -  i i i  (-lie’ c u rve’  (‘i t -s . ‘l ’ l ie ’ se’ i ini c i - ove ’ t l
ab gee r i ( h i u n s  e ’ i i h i a uue ’t ’d ( l i e ’ se ’ l f— c t e i i s i s t e ’ i i e ’v e e l  ( l i e ’  d a t a  set t e e  t i n ’  ~~~~ wii e’re’ s in i i t i ~et ( t e t i t  lt ’SS
se ’ve ’he ’  ) e l i f f i e ’ i i h t  ic ’s e’ e e i l e l  lie ’ l e l e ’ u i t  l f ie ’el  cv i t h i  ( l ie ’  l’ 1 ( ’i , iu i el  I’ ., -l h u e ’ s .  ‘ I ’h i i is , w i t h  ( l ie ’  i i i t de ’e ’ii l,i i -

;i i is t i r j i h i c e i i  . i lgen’ i i i i i i is  i l e e i V  :iva ii al i (e ’ , ( l i e ’  hec ’~ l ~egi’ ( ’e’ ili e ’ h i t  het ’ l iv e ’ e ’ ii ( lie ’ tdise ’ rve ’cl t e c t i ç  t i~et hi  t’te ’ld
u iie ’ : i s t i re ’u i i e ’ i i ls  an t i  ( l ie ’  t i i e ’ e e r e ’t u ’ a i  p re ’tl i e - t i e e i i s  (has e ’tl c c i i  i~ie ic ’l ie ’i it le ’ uhl  hih e ii’ ate ei’ y i i i e ’ a s i u i c ’iii e ’ i i t s )

is ac ’l i i e ’v e ’e h whie ’ u t  ( -l i e’ I’~ 6, l’~ I t ) , au th I’.,] line ’s 3u ’e’ e ’xc ’ l i i cle ’el fr u e u i i  ( l i e ’ curve’ h i t s  t i s e ’ e h  t o

e’s t i u i i ~ le ’ th e’ i e ’ i t e s e d  e ’x ( i u ie ’ i i e n i ,

(“or e’ae li  1)1” l ine ’ ii ie ’ as iiu’e’e l eeve’r ( l ie ’  I c in g pat h , ‘l ’ a i e lc ’  2 l i s t s ( l i e  c l ay ,  t i u t i e ’ , h u n  ( NlOl ) l ’ ) ,
sl ee ’t ’t c a l  l ine ’ i ele ’ u i t i f i e ’a t . ie i i i . wave ’n t i n i h i t ’ r  I - I l , i i i  ( e ’ni i e e ’r ab i r e ’  ‘I’ (

‘( ‘), wa ( e ’r v , i ) e c e i  I ei ’ e ’Ssiire ’ I’
( ( e e r l ), u i i i e l  ( l ie’  fedloc v iuig ~eie’ f 1i e ’ i e ’ t i t s  of i ’ x ( i u ie ’ t i e e i l  (1 ( 111 1 ) ( l i t ’  i l ie’I i Si ih - e’eh e’ \  ( i u i e ’ t i e e i i  ( I’~’(’i’ 1.
( l i e ’  e ’ , i ie ’ i i l , t t e ’ e I  u i ie i l e’ t ’ iula r  ul i s i e r l i ( i t e u i  ( ( ‘~e I , -~ ), (- lie ’ e l i - r i c e - e l  , u e ’ i e , ~t ih  e’ ~~I l t i e ’ ( u e e ; t  ( I  ) . \ I ’ ) ,  ( I t e ’ : i e i I t i s I e l
,ie ’rci se il e ’ x t u u i e ’ t i e e u i  ( ,\. -\ i ’ )_ un ie l  ( - l ie ’ a l eh ia r ’u i (  i u i e e h e ’ e ’i i c ; i u  a h e s c e l h e t i e i u i  I ~~~ .1k ) .  ‘ i ’ht e t l , i t a  t a l e i i l a l e - e i
iie’ r e’ %v e’r e’ ti se’t l t e e  p ree dt ie ’e ( - l ie’  i e l e i ( s  l e l e ’ se ’ i i t e ’ e l i i i  ( l i e ’ i ie ’x I t e,’,’ t e  suicse ’t ’t i t e i i S
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Table 2 — (Continued)
‘Cø l 01 1*0 ,10 FC T IcCIIO P ’ e , l F a S I J ’C F u F I d I S  CA P ISTaa ’C C’C, i07 5
flA TO c l i n t  I’PF& TFI7 eec 1i08”f ’ I i ’ ,TFNflrt ro ll rosw~ e., ni us ,,cc ’ *1,1’ I’~i 4 k M I ’

f l a Y  7 10 1  44101 111,1 l , 0 0 c I ’ C C C O P F O  I P n e T  cua  0*1 5*0 A M a
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1120 i i O Q  5’. P2—’ . 2 7 01 .4 4 9  711 , 44 14 .7,’., .0751 .0 1011 .0441 .0405 •0147
770 i i l O  ‘CS Pi~~ ‘7 i 7 .6~ ’C 72 . 47. 14 ,7-4 .1113 1 .1417 .03’.4 ,Ci4 I7 .l4 iO
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7110 i i i ~ 0’. Pi~~’. 7c7 ,4 I.. 112.77 i4 .7-0 .ii 4O •fl h i S  .0472 ,fl4~ 9 .07.111
770 l i 2 i  0’. 07.4  2~~’i.°~~7 72 .71 i” .I O ,711104 .01711 .04’A . 74 7-I, .01 14
1170 i i2l PS P 3 . 5  # 1 7 .1*0, ~?,70 i4 ,#,0 ,771 ,*7 • 0 7 ) 3  . 0 4 04  , 0 4 1 7  . 0 7 i 5
770 1124 56 07.9 0,05.P07 - ~?,47 14 ,1,0 .1004 ,057) .04*1 ,0474 .051 0
770 ii P ~ I’S 01.1, ‘4’,,i97 77,91 14 .0,9 .0757 .011’. .04-i a ,0454 .077?
270 112 0 0’. ° ? — i O  7 50 0 • Q 0 A  72 .95 14 , 69 . 1 7 1 10 .117,79 .OAO i .04*0 .01100
770 li i i  55 P3 .7 1570 , ’.77  ‘1 .00 14 ,S4 .1209 .055’ .0S’7 ,9450 .07 79
770 ii)? 06 P 2 — l i  ‘.‘1•4~ 2 71 .01 14 .1,0 •0~ Si .011,7 , 7 1 4 5 4  ,714071 .0171
770 111 3 5’, P 3 . 1 1  7645 ,17 5 ‘1 .0? 14 ,50 ,0041, .05 1 1 .041’. ,fl410 .0507
2271 i i i ’ .  06 P7—I? 75? 7 .’ci 71 .0 1 14 .50 .01107 ,0747 .05”. ,0471, .04 27-
2110 i i 3 A  45 P3—S 2”i .l’S ‘1 ,04 14 .0,1 .01100 .030,1, .04’4 .01,7’. .0120 ,
270 ii3 ~ 11’, 03 1 7 7  ‘465 .771 111 ,01 , 14 .1,1 .01191 .0511 .0150 .0470 .0471
720 i i39 PS P2—S ‘7-111. 057 111,07 14 ,10 .01179 .0 17-11 .0451 •0457 .016?
270 1111 4 115 ‘Pi— i O ?A 5c .?i9 77.1’ 14 ,1,4 .0544 •0193 .04’I .0155 .0479
77(1 l i i ’ .  A’, •P2-4 7777 , 709 72.5’ 14 ,1,2 .0790 ,77607 .07711 .04 171, .01 54
7777 l i l A  05 ‘P1~~1, 7 757 ,9511 ?7,~ 5 14 .51 .1324 .0119 1 .04’i .0455 .01150
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2777 1474 117 P 7 . 7  16’5,115 1 ‘5 .10 14 .30 .il’.s .1004 .0707 • 0 7 6 4  .00011
770 1427 1111’ P 7 — I ,  7500 ,jlQ ‘5 .1’. 14 .27 .1 510 .71693 .0917 .0744 ,011,7
770 l’,?~ 1171. P 1—9 ? f ’ Si . l ’ OIc  ~5 .i1 14 .21, • 10’.O .04511, .057.4 .0710 .0 111
2211 i4 30 let’ P7— ’. 770 1 .499 ‘5.20 14.24 .094 0 .711191 .0540 •0720 .0711
270 i4 1i A~~ P i’-~ 2 7 1 7 .5111 ~5.1’C 14 .74 .7202 .1440 .0761 .0174 .14 711
770 1437 1111, P 1 — 7  2 7 4 11,44 7 75 ,710 i4 .24 .1024 ,01771, .01,011 .0700 .0174
270 1437 RI, 07.7 2750,094 ‘5.07 14 .24 .1 244 ,04i7 .0’C’11 .069’. .0540
770 1440 41, P 1— S 77411.414 25.0? i4 .25 ,i?41 .05977 .05’7 ,0511i •057,7-
720 i44 i 07, P 7— A 1”i.057 25 .00 14.25 .1011 .010,0 .05’4 .01,77, .0117
720 1442 117- oi.c 7Al 7 ,3~ 6 74 ,9’ 14 .2’. .01104 .0774 .05071 .067i .0131
770 1443 117 P2—S 71 ,05,1105 114.07 14 .20, .1141 .05011 •0 7 1’. • P 7 C S I’, .0477
2110 1440 RI, P 1—A 2544 .197 74 ,07 14 .74 .ilI. 5 .070’. .0550 .77717 .05 711
7711 1463 01, 07—10 751177,047, 74 .90 14 .71 . l l i i  .0559 .0A4’ .070~ .0701
7110 14 54 1171- 01—7 7570, ’72 115 ,00 14 .23 .12 111 .07-40 .0564 .01,11 .07-7’.
770 140,9 AC. P2—i? ‘.?7.19i ‘5 ,0 1 14 .71 •00?S .77117 .0500 .06110 .0115
77 4 1 1500 CI I, P 1 — 9  2 5 7 1 . 17- 9  ‘5 ,04 14 ,71 .OQil ,010,c .05’S •05114 .01110
770 iSO? 115 P3—lI 2405 .771 75.04 i4 .?i •i 0~ 7 .0490 .0551 ,0’.74 .05 011
2714 1501 Os P2— CC ?S’i.0~~7 ‘5 .04 i4.,’I .04 79 ,0354 .05111 .0570 .01(14
‘20 14 ,76 ‘7. P i — i O  C ” 5 6 . ? I 9  ‘5 .11 14 .211 ,I354 .0375 .71010 .0 749 .01,05
1170 1414 51, ‘P 7 — 4  777 7 ,1770 ‘5.11 14 .74 .i 1 1 1  .0550 ,0’.4’. .0710 . 04 0 1
770 1430 14 1. • P i — A  7 5 7 .0 A S  ‘S.Ot’ 14 .26 .i4O i .0117.1 .0540 ,01,91 .0710

2?4 1700 55 P2—A 2631.057 19,60 ii .17 .0721 .0300 .0421 .04110 .0241
1124 i 101 p0, P2— 7 26~ 0,,AA 3 i9 .S7 II. ?? .13711 •OMPu .011’? .04110 .011911
224 1704 115 P2—S 26110.119 10 .41 11. 76 .1045 .0493 .011’? .04110 •0565
224 1700 , 116 Pi.9 2691.606 19,41 11.15 .0751 .0191, .0357 .04110 .02113
774 1707 115 02—5 2101.999 19.31 11.75 .0700 .0240 ,0450 .04110 .0220
774 170 11 55 P 1 — A 2717 .0,311 19 .33 i l. 74 .17111 •i iSS .00,117 .04110 .17311
7114 171 0 115 P i—7 2747.997 iQ .27 11. 74 .0700 .0795 .0495 .04110 .03111
724 i 7 i 3 55 P2—i 2760.094 19.17 ii . 73 .01145 .7165 .0461 .041177 ,O1A~
774 u i ’ .  116 P 1— S 2792,414 19 .10 II.?? .10111 •0543 .04”. .04 110 .0510
724 i l l S PS P2— A 26”i .0~ 7 10 .00 Ii.?? .06111 .0790 .0157 .04110 .01101
??4 i 7?0 11’, P’3 ’, 261 7 .3116 19 .0’. i i. 11 .06911 .OiQS .00,01 .04110 .0?iA
1174 il?i 11’. P7—9 2605.1101, 19 .04 11. 74 .0057 .0411 .0515 .04110 .04117
274 1727 I’S P3—I 20,44 .197 19 .01 il.1 4 .0759 .777-3 .0591, .04110 .0270
774 1 174 56 P 2—177 2550,091, 19 .01 11 . 74 .1719 .0544 .057’. .04110 .0110
1124 11?’. PS P1— 7 20,10,572 111 .00 11. 76 .11 7-S .07- Ic .0S’.l .04110 .07,114
7 24  1726 PS P 2— l i 7551, 95? 111 .90 1 1 . 76 .0117.? .0111, .0” ,’” .04~ 0 .0111?
774 1721 ‘Cc P 1—A 2545 .115 111.011 i i . 75 .0910 .947 11 .044? . 0 4 4 0  .0490
774 1730 115 P2— i ? 70,27.19k 111.9’. i i . 7t’ ,0714 .0312 .0427 ,77440 .77764
774 1731 PS P3— 0 20,71,771-9 111 .0’. i i. 71, .0757 .0111 .0427- .04110 .0777
774 1711 56 P 1— t O  2465.l’i 1 11 .94 1 1. 77’ .094 0 .047? .04511 .04110 .71450
774 i71 ~ PS 0P~ P 27 - 1 1. 0 51 111 .94 l i . 76 .051,9 .7100 .0100 .04110 .01110
224 1703 05 •Pi —l0 2655 .219 19 .60 i i . 7C” .0171 .01 111 .04’S ,7741171 .0741
774 1700 116 P7~ 4 2727 .109 19. 10 11. 74 .0546 .047.9 .0 177. ,Ø411 71 .017.’.
274 1714 125 •Pl—A 2757 .91111 10 ,11 11 . 7? .111’ .777’4 ,I1107- .774110 .07-1’.

• 0140111’. 110 ,15 W ’ .lC~ 4101 FII’iIIflfi) 11500 T I - f ( ‘I C ’I v f  F I T .

Table continues.
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Table 2 — (Continued)
“ CL OF La SIP 10110 ,COI O P , MFA SICPS ’MFNYS CAPIS T PAN I’I. 1916
rC* 1a F I L F I  CP Fa T FC1 54 110 1144$ $71 1111 011 FOP 00800,,, 011004 , *121’ fli400l’

‘C A Y 1 101 ~0OF
’ 111 ,11 wav rNuI2plP I P 101 CMA OAF 11*11 AMA

775 I i ’ . ?  115 07.11 ;s’1 0’7 71. 17 12,0,1 .0649 .0338 .03’I .0790 .0150
‘711 11118  45 P 2 — i  7 6 0 0 , , 5 03  2 1 , 3 9  i ? , 57  . i l 5 ~ .011 10 .0279 .O?45 .097-1
725 1201 45 772~ 71, 76A 0~~j79 ‘1.44 12.11? ,71117q .0579 .0301 .0310 ,71650
726 120? 11’. P1.0 2501.7 -06 ‘i.41 iP. 6i .07911 .0417 .01711 .03i11 .04111

I i  225 i20 3  56 P 2 — S  7 9 1 , 9 9 9  ‘1 . 49 17.59 .0599 .0254 .0174 .0370 .0279
77’. 1711 4 56 P 1 — C C  7 7 1 7 . 518 7 1 . 6 2  i 7 . S 9  . 1 64 ?  .1253 .02719 .0325 .1216
2?’. 1205 P0, 01— 7 14’.947 ‘i.57 12.54 .0555 0308 .0?4R 033A ,O?7fl
77’. 1747 11’. 0241 7750 .094 71.59 i2.53 063A .0372 .02114 .0341 .0296
776 1200 P5 ~ I—5 2767 .414 ‘i.64 17 .5 0  . 0 1151 .00 ,1 4  .02 7 7 . 03 51  . 06 00
7?’. 1 7 1 0  05 P 7 — P  A’l.0I7 ‘1.61 i P ,40I ,0545 .0317 .03711 .0366 •O?59
276 i2 i 4 46 P0—S 6 i 7 . 1PC,  7 1 . 7 1  17 . 4 2  06 16  . 0 7 0 1  . 0 4 1 5  . 0 1 7 7 -  .02 40
775 1215 P’S 07.9 24475 ,4 43 5, 71.79 17.40 .01144 .7450 .0144 .01111 .041,1
2?’. 1717. R I  P 3 . 5  1104.107 71 80 17 .19 .0740, .0771 .0471 .01716 .0160
770 i? i7 P5 P2~~10 25~ 0.09A 21 .81 1,7.19 .112’, .0648 .0474 .0391 .0715
72’. 1 . 1 1 1  55 03.1 71177.0,72 71.11? 17 .31 .1050 .06)8  .044? .0396 .0564
726 1218 45 P 2 — i l  24’1.452  2 1 . 42 17 ,3 7  . 0 7 0 7  .0 13 9  . 0 1 7 1 9  . 0 3 9 6  .031i
7?’. 12 1 0  45 P3~~ P ~~5 45 , 1 75  ‘1. 93 1 2. 3 6  •04 I ~, .0 48 1  .0445  .0441 .0675
725 1220 P6 0 2 — 1 2  262 7 ,14 1 7 1 . 94 12 . 3 5  . 0 7 1 7  . 0 3 1 1 ,  . 0 4 0 1  .040 71, . 0 3 1 1
775 1221 45 P 3 ~~ 9 252i. 7’.9 21 .110, i?.34 .0711 .0334 .03711 .0411 .0106
7711 1271 P5 P 1— lI 24011.721 71. 7111 17.32 .0695 .43476 .0411 .0471 .04.66
775 1225 05 0249 251 1,0 07 71.90 17. 30 .06471 .0313 .03711 .0411 .02i11
775 17 00 115 ‘P1— il 765’..219 71.4? 17.64 .0149 .031~ .0410 .0305 .0444
276 l205 05 •P7—4 ~771 .109 7i .54 17,56 .01197 .0501 .0l~~7- .031i .0366
2?’. 02011 I’S ‘Pt—A 2761 .97-8 ‘1.57 1?.Si .0971, .070,9 .0707 .0346 .0630

275 1427 P7- P — A  24’I.07-7 7 .43 12.07 .0677 .0307 .0170 .0310 0367
72’. 1479 I’S 0 — 7  7 50 5 , 1101 ‘2, 4? 12 .05  . 1 1 6 1  .09 40  . 0 3 2 1  . 033 0 . 093 1
275 1430 P71, P2.6 26710 .179 72,41 i ..00 .0977 .0499 .0478 .037-6 .061?
225 i43 1 06 Pj.9 2601 .7-06 22.40 1 .00 .0100 .0399 .0102 .03711 .0319
7?’. i43 2 56 02— 5  2 1 4 1 1. 9 9 9  77• 19 12 .00 .0696 .02471 .044~ .0391, .0300
72~ 1433 P6 P)—71 2711.518 72.37 17.00 .14115 .1)96 .07710 .0409 .i076
775 1434 P 6 P 1 — i  77 4 1 1 . 9 4 7  77,34, t ’l . 7 19 .4165’, .11793 .010’. .047? .0234
725 1434 071, P2— 3 757.094 22,15 11 99 .0114 .0353 .0341 .0422 .03i7
725 i434 P0, ~ i—5 2762,414 22,36 11.99 .0969 .05116 .03711 .042? .0547
275 1435 51, P2—A 2611,0111 72 .35  1 1 . 9 9  .0694 .1130 5 . 0 3 7 0  .0 43 1 .026 1
225 1418 06 03.5 2 6 1 1 . 7 ~~6 7 2 , 7 1  1 i , 0 9  .011114 . 0 10 4  .174 710 ,0458 . 0 1 4 1 6
77’S 143 41 R~, P2— 9 605 911 6 72,30 11 .99 .0599 .0415 .0454 •0404 .0415
72’. 1440 ~ A P 3 — S 7S04.iSl 77.29 il. 99 .01145 .0265 .0540 .0469 .0177-
775 0441 A f ,  ~2—iO 2S~0.006 72.27 i1.99 lisA .064? .0516 .0472 .0695

770 1441 56 P 3 ~~ 7 2570.52? 72.27  11.99 .lO~ 7 .0611 .0471 .0477 .07-in
77’; 1442 P6 P 2~~I l  75’1 .952 72.26 1 0 . 9 8  .0969 .0113 .0525 17414 .01547 225 1443 P6 03.8 244S,175 27,25 11. 08 .0961 .0414 .0497 .0475 .04116
725 1444 07- P2~~12 21127.191 ‘7.21 11 .071 .0990 .0309 0590 ,0475 ,04?4
775 1446 06 0 1— 9 2521. 789 72.?0 11 . 98 .0141 .0327 .0417- 0471 .071?
775 i4 47  56 P 3 — 1 0  2 4 0 5 . 7 2 1  22 . 1 9  1 1 . 98 .0 9211 . 0 46 11  .04 ’?  .0 457  . 7 7 4 5 8
725 1447 ~6 P7—A 2611.067 72,18 11. 911 .0677 .0305 .031? .047-1 .0210
225 1429 P5 •P1~~10 2 6 8 5 . 2 1 9  72. 4? i ? . 0 ?  0705 .0 121 . 0474  .03 49  .04 47
225 0 433  I ’S •02.4 7 1 77 . 1 0 9  ‘2.37 1 .00 .0751 .0417 .020 6 . 0409 . 0354
2211 1434 PA ‘P1—6 757 .008 27.16 11.99 ,001,7 .0715 .07’? .042? .0640,

7?A 1359 P5 0 7—9 2 6 3 1 . 001 ‘1.46 12.22 .0692 . 0 31 1  . 0 371 1  .036 9 .0324
725 1 4011 P 5 P 2 — i  24’6,9 ’3  ‘1. 44 1 2 . 2 3  . 12 3 5  .0854 .03 111  .03 712  .0 1153
2711, 140 1 05 P 2 — I ’ , 7641h119 72 . 4 4  12 .23  .0922 .051 ! . 04 11 .0395 .0 112 7
726 1402 115 P1— 0 7661.11.06 71.44 12.23 .0796 .77406 .0390 .0407 .03119
72 11, 14 1) 3 ‘.0, P7~~5 7701.990 71.44 17.24 .0697 .0256 .04 11 .041 8 .0269
77 71 1404 115 P 1— P 2717 .53 11 21.44 12.24 .i694 .1217 .0477 .0427 .1267
77 6 1405 55 P1— 7 2747.497 71.44 02.24 .06411 .9300 .0309 .0436 .0257
7771, 1406 05 P 2 — 1  2 7 ’ 0, 0 9 4  2 1 . 44  12.24 .01110 .0364 .0456 .0443 .0387
7 76 1 4 0 8  55 0 1.5  2 7 5 2 . 474 7 1 .4 5  i? .25  .0069 .0602 .0311 7 .04115 .0514
??6 1409 95 07—71 2611.01 ,1 21.45 12 .25 .0690 .0312 .03511 .0459 .0221
72I ” 1 4 1 3  115 P3— S 2617 .3~ 11 21.45 12.26 .0735 .0199 .0536 .0464 .0271
726 1 4 13  05 P2— 9 2 6 0 5 . 11 146 7 1 . 45 1 2 .26  .0937  .0445 .049? .046 4  0473
776 1414 1111 03.1, 2594.i97 71.46 12 .26 .0770 .0211 .0490 .0461 .0307
777- 1415 5’, P 2 — I C )  7 0 , 4 7 7 , 7 1 9 6  ‘1.45 i2 ?6 . 1 1 1 6  .0647 .0459 .0460 .0656
7771. 1415 P5 P 1—i 7570.52? ‘1.45 12.26 .1017 .0617 .0420 .0460 .0577
7771 ’ 141 6  A S p 2 — 1 1  70, ’ 3 , 957 ‘1. 44 12 .26  01170 .03 311  .065? .0457 .03 53
2 70, 1 4 1 7  55 P 3 — A  2 0 , 4 5 . 1 7 5  2 1 . 43 1 2 .2 6  .0 07 8  .04~~0 . 04 911 .0452 .0526
7 771 , 1 4 1 9  P ’S ~ 2~~I 2  2 5 7 7 . 3 9 1  2 1 . 4? 12 .26  .073 ’.  . 0 3 1 5  .0470 .0 4 4 6  .02 119
7714,  142 0 45 P 3 — 4  2 5 2 $ . ?1,9 7 1 , 3 9  12 .2 5  .07 116 . 0 3 3 3  . 0 4 7 1  04 11 .0 3 3 1 1
276 1 4 2 1  716 ~3 — 1 f l  247 .5 . 7 2 1  2 1 . 1 1 1  17 .2 5 . 09311 .0415  . 0 4 7 - I  . 047?  0 51 4
776 142? 715 02~ 11 2 4 ’ i . 0 7 - 7  7 2 . 3 1  12 .25  .065 4 . 0 3 1 7  . 034 ?  .0 41 ?  • Q ~~47
77 71, 1 4 0 1  1115 ‘ p 1 - I T  7 7 -~~5 . ? i 7  ‘1. 44 1 2 . 2 3  . 0 1 1 7 0  . 0 3 7 5  . 0’.’.? . 039 ’ .  .0 ’. ’’
770 14 0 4  85 ‘ P 2 — A  7 1 7 7 . 109 7 1 . 4’ 17 .24 .06 7 5  .44411 .0 1 71  .0 47 ’  .0 3 96
727 - i 4 0 7  PS •0 i~~~ 7 7 7 - 7 . T~’0 7 1 . 4’. ‘.24  . 090 1 , 7 7 6 3  . 0 7 7 1 1  .044 0  .054 ?

‘If’,IIt t S  L!’IFS w ” T ~~ C” , r~~r ~~C i l  I f l F f l  1 0 0 1 2  11.1 011041  F I T .

Table continues.

26

~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘

~~~~~~



- 
~~ ‘T-.=s’: ~~.:~, .

‘ 
~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-.———- -- ,---. ---

NR L REPORT 8058

Table 2 — (Continued)
~I’4 OF I 45 1 4 1 2  F , I I SC T I I I P, U FAS U PF ’4119 TS (‘ * P i S T O * N O, 107541410 F l I F : (‘I ’ F A T F r  RI fiOC’kI I12 T F12O FC FflP 00 8044.  0 1 1 4 0 4 .  *121 ’ 0 14 17.0)’

O A T  T I A F  ‘I1’r L I7 -F  I A V F 1 2 I C S O F P  I P FIT CM4 0*11 *A11 AMA
777- IS ” e ’  RI,  02—8 2611,07-1 70.57 I ? ,?? ,07-64 .0311 .0356 .0385 .0281
776 1c” ~ Pt , 02 .7  76’5 , P ’ . 3  70 55 17 .71 . 1 7 3 8  .0854 .01714 .03115 .01153
775.  l S~~~ 06 P 2 4 6  711,11 43.179 20.62 17,74 .0040 .05)3 .0477 .0385 .0555
7.’ - lc~ o 21 1. 0 1 — 4  7 6 0 1 . 7- 0 6 ‘0. 60 1 2 , 24  0 7 7 7 1  . 04 0 8  . 017 0  . 0 3 1 1 5  .0393
726 1600 117- t ’ 2 — 5  2 1 4 3 1 , 0 99 70 . 41 12.75 ,071,67 .02611 .0199 .0385 .0272
776 I A 0 ~~ UI” P1 . ~ ? 7 I 7 618 70 , 67 17 .76 .11 , 0 5  . 1 7 1 6  . 03 4 0 . 03 1 1 5  . 1220
776 16 10 Pt’ P 1 — i  2147, 09 7 20.68 12 26 .0620 .0304 .0117- .0383 .0235
7771~ 1 6 1 1  07- P 7—i 27’fl .094 70,59 17 ,26 .0178 .0367 .0411 .0185 .0193
7~~A i I , i i  RI’ P 1 - S  7107 , 414 ‘0.62 12 ,21 . 088 9 .06 0 6 .02 81 .03 45 .0504
2714. 161 4 7.4 ’- P 2 . 8  7 6 3 1 . 0 7 - 1  ‘0. 61 17.21 0640 .011? .0117 .03115 .0264
726 16 1 6 RI ” P 1-S 2 A I 7 .7~~6 70 . 60 i ? . ? 7  .0 599 . 0 2 01  .039 11 .03 85  .0214
776 1 5 - I l  P0 , P2 49  7505 ,1106 70,65 17,26 .0097 .0447 0540 .03115 .0602
776 1 7 - 1 11 PC. P 1 - I ,  2594 . 19 7 20. 51 1 ? . 2 6 .0 1 7 3  .027?  .04’. I .03 85 .0338
276 1 6 1 0  RI, P7—1 0 2540.096 20.46 1 2.25 .1085 .0649 .0416 .0385 .0700
776 1 7 - 1 0  P 7- 0 3 — 7  7 6 3 0 .572 2 0 . 46 12,25 .10 711 .0620 .047-3 .03115 .0698
726 1621 511, P 1- A  7545 3lS ‘0.311 12.24 .0940 .0482 .04.77 03AS .0524
776 II ,?? P71 P2~~i?  ?5 2 7 39 1  ‘0 .3 3  1 7 . 2 4  .06 7 11 . 0 3 1 7  . 0 3 7 - i  .0385 .0293
276 1 6 2 1  P 7- P1 .9  2521 .77-9 ‘0.29 l? ,23 .06114 0136 .0140 0385 .0700
725, 15. 24 1171’ P1—10 2446.121 20,74 17,23 .07167 .0418 .01714 .03115 .0477
776 171,25 117- P .S 26’i.O’i 20.70 i7 ?? .0531 .0111 .0220 .03115 .0146
77 6 150 ,7  50 • P i — 1 4  2 6 7 - 6 . 7 2 9  70 . 56 1 7 . 23  .081? . 0 3 2 9  .050 1  . 0 3 1 1 5  .0447
777. 161 0  115. ‘07.4  7 7 7 7 . 109 ‘0, 66 l ? . 2 6  .078 1  , 774917 .0 7 9 3  .03115 .03411
7771, 1 6 1 2  46 •~~ l~~6 ? 7 ~~7 , c A 7 1  ‘0. 61  17.21 . 0 9 i 1  0157  . 0 I ’ S 4  0385 .0526

7 ’7 I ’ 7 1  I ”- P 7 ’ S  06’1.0 7-7 70.45’ 10, 50 .067-’ .0744 • 07 3 ,  . 0 1 1 1 3  . 07 1 1 7
7 77  1 708  P 4 5 7 .7  7 6 0 5 , 1 1 43  ‘1.01 11. 5? .1 174 , 0 4 0 7  . 0 1 7 7  • 0 7 4 S , 0’19
2 7 7  i ? 0 4  0’. 02—6 14’0 .179 ‘I.08 11.0,1 . 0 1 1 I 7  . 04 4 i  . 0 3 ’ l  .07*4 .0573
777 1 2 1 0  0’. P 1 — 4  27-’ .1, 7-07, 71.17 11.55 .07- I A  .0 197 . 0 27 0 , 1 7 7 0 1  . 0 1 7 1
7 77 1 2 1 1  117- P 2 — S  7 7 7 1 .009  ‘ 2 . 1 7  1 1 . 6 1  .0511 .11242 .07911 .0247 .0734
‘77 i ? i i  P S P 1—P 7117 .7-18 71. 1 7 1 1 . 61 . 1 4 4 8  . 1 1 4 5  . 0 1 0 1  . 0 7 0 7  .1151
777 172 1  06 P I— 7  774’.697 ‘1 . 7 1  1 1 . 5,0 . 05 10  , 0 7 A 5  .0?” .  .0 70 6  . 0776
777 1711 P 5 02 4 1  2 7 5 0 .09 4  ‘ I . ? ?  11. 611 .0667 .0 145 .011 7 01475 .436?
777 1216 116 P 1— S 779~~ , 4’I. 7 j , 1’, 1 1 . 7 - 1  . 0 8 1 4  . 0 6 0 1  . 0 7 7 - 7  . 0 7 1 1  .057 5
771 1?1~ “7- 07 .4 7117 i ,O7 - 7 72 . 1’, 11. 7.1 .0667  .0207 .0271 77 .0111 .0744
777 12171 50, 07 . 5  76 I7 .i’6 ‘l.l” II. ”? .05’S . 0 i 9 0  . 0 1 1 5  . 03 7 6  . 07 0 0
7 77  1 7 1 0  ‘45 P2— 9 7605 ,876 2I. 11 1 1 .67 .0764 .0474 014’. •71 ,’O .0440
277  l 7 i Q  “7- P3.6 0544 .i91 71. 17 1 1. 6? •067-Q .0764  .04 10 .01~ 9 .0140
777 i 7 ? 0  06 P 2— I n  2611 0 .09 7- 71 . 11 1 1 . 7 - I .1014 . 0 7 - 18  . 0 1 0 7 -  . 0 1 7 3  . 0 7 0 2
777 1220 05 91.7 7570 ,572 71. 37 11. 7 -i .1004 .07-01 .17402 , 0 3 1 1  . 007 5
777 1721 il’. P7~~l i ?6’1 ,562 7i. 17 i 1. A I .07-A l .2174 .4)1’.? .0117 .0344
277 1 722 115 P 3 . 0  7 64 6 , 175  ‘ 1 . 17 1 1 , 7 - I  . 0 8 7 5 ,  . 0 4 7 1  . 0405  .0 140  .063 5 ’
777 1 0 7 1  ‘46 P 7 — I ?  7 5 7 7 , 1 9 1  7 1 . 17 l i so .0601 .47 105 .0”.’- .0144 ,14757
77 7 i ? ? 1  46 01.9  7 ’ . 7 1 , 7 7 - 4 )  ‘1 . 17 1 1. 7 - 0 . 0547 .4 3 1 2 1  . 1 4 1 1 0  .0 34 4  . 0708
?‘7 172’ 45 P1 .10 7 4 6 6 . 7 ?i ‘1 . 17 1 1 . 6 0 . 0 8 2 0  . 0 4 7 - 1  . 0 1 5 6  . 0 1 4 8  . 0 4 1 1
777 1725 AS P 7 — A  2 1 1 1 1 . 0 7 - 7  ‘1, 17 1 1 . 60 . 0540  . 0 2 4 6  . 0 7 44  , f l 3 5 7  . 0 1 0 8
77 7 i ?04  06 ‘0 1 . 1 0  ?6” . . ? i Q  ‘ 1 . 08  I I . S 1  .0 64 1  . 0 1 1 0  .0~~’l _ 0 7 4 0  . 0167
77 7  12 1 7  71’. ‘P 7.4 7 7 77 111 0 ‘1 . ? ?  1 1 , 58 , 1 4 5 , 37 . 045. 1 . 0 1 7 1  . 0 1 0 2  . 03 1 1
777 1214 46 P i — 6  7 7 5 7 , 0 7 - 9  ‘1. 11 i I.~- I .0879 .0716 .011- 4 .0109 .0670

~77 i7.’. 4 P A  07 . 7  2445 , 4 6 1  70 .9~ 1 1 . 7- C. . 0900 . f l ’ I 1  . 0 1 ” —  . 0 i~~5 .O ’l ’ .
777 1645 R7-  P 7 . 7 -  ?6 ’47 . l ’ Q  ‘0. 4? I I . C”' .0715 . “.~~ C- .0?’0 .0144 .0 6 ’. .’

7?? 164 14’ 05, P 1— 9 767.1.7.~ 7- 20.01 1 1 . 7.5 , 0S6 9 . 0 39 1 . 0 1 5 0  . 0 7 0 1  .016,,
777 16’? 5’. 92- 5  7 0 1 . 494  ‘0 . 9 1  l i . ’ , 7  . 0 4 7 - 6  . 0744  . 0 7 7 1  . 0 2 1 1  . 0 ’S ’.
777 I ’- ’? 9~~ 01.71 2 7 17 .6’’ ‘0.91 11. 11’ ? .1144 .1156 . 0 1 4 0  . 0 2 1 1  . i i l l
777 1A’~ PC. P 1—i 7147 ,991 ‘0.90 11 .69 ,O’.S? .07811 .0 1 5 4  . 0 ? ’1  . 0 7 1 ?

$ 777 15,4 0  07-  P2—i ; 7 1 1 0 , 7~ ’7~. ‘ 0 . 4 ) 2  1 1 . 64) . fl~~ I C C  . 0 14 9  . 1 1 7 5 9  , 0 7 7 0  . 0 18 4
777 lI,~~l 0 6  P I ~~’. 7’. .’.’.” .  ‘0. 114 I l . 7 1  . 0 7 6 7  . 057 6  . 0 I 7 1 1 -  .074 6  . 0 6 0 7 -
7 27  2667 011. 0 2.8  ? 6 ’ I . l~~1 ‘0. 718 1 1 .7 ?  .0520 •Il ,’QQ .0221 ,14755 .7’ I ”~~
777 2 7 - 6 1 0,, P 7 — S  ;7 -I’ .i116 777~~~8S I I . ?? • 2 5 2 ?  .0 197 .01 11’ . 0.’7-’. .0718
7 7 7  ~~~~~ 06 07~~4 0 7 S , 0011,  77 , 111 1 1 , 73 .2 2 16 . 0 4 2 8  , 0 7 0 1  . 7 7 7 ’  . I5~.’.1
777 l6~~ I ’” P1—f , 24c’.I~~7 70.87 i i , ?’. ,flS7 -0 .0 ’” ’  , 0 .’’2 8  , 0 ’ C C I  . C ’ ’ ~
777 I ’ - ’- ’- 00 P 7 . 1 0  7 6 1 1 0 , 04 7 ,  ‘2 , 11,. I1. ?c .097-? ,07-’I ,01 ’~ .0290 ‘ 7 - 7 ’

27 7  IA ’ .6  ‘.5. P 1 . 7  2 5 7 0 , 5 7 7  ‘O . 4)~ I I . ?” .n ’2 011 . 0 6 1 1  .‘.‘‘“ .0790 0 7 - I l
7 7 7  ~~~~~ ~ 6 P 7 — I l  2 4 ’ 0.6’2 ‘0 . 7 1 7 -  1 1 . 71’ • f l 6 5 5 .  •~~~7 7 ?  . O ,’7 . 1  .0740 .0, 1 2 ’,

7 7 7  I I - ’.~ RI ’, 9 7.0  ‘, ‘. ‘ . l? S ‘0. 85 1 1 . 7 2  .0~~7 - I  . 04 14  . 0 4 0 7  . 7 1 0 7  , f l 7 ,54

‘.‘‘ i I, 5 4  A C, P 2 — I ? ; c ; ’ , l O i  ‘0 . 46 1 1 . 7’ . 0565  . 0 1 7 0  , 7 ? ’7 -  , O 1 I 7- . 7 ’ -. ”

~~,‘7  ‘00 “ 7- 9 1 — 9  1 6 7 7 , 7 7 - 4  ‘0 . 94 ii . 7’ . 0 7 - 0 4  , 7 7 7 7  .7~~’ 7  • 71?S  , I l I ’ .’l
‘‘~~ ‘(‘I 07- P1.10 ; ‘.7 .7 -. 7 ’ I  ‘0 .0 1  I I , ?’ , 217 I 3  .047 .4  . 0 1 4 4  . 0 1 1 4  . 0 , 7 4

1 7 2 1  011, 9 7 . 4  C? ,  ‘ 7 , 0 5 7  ‘‘ .‘l I i  • ‘‘2 • 0 5 1 0  .0 1 7 1  . 1 4 , 0 ’ 2  . 0 7 7 4  .0 4  ‘7-

‘ ‘7  IC.’” P5 • P i — I ~ ;ssc . 2 l 9  ‘2 . 9 ’  11. 1.5 . 0594  .0 1 11  . 0 1 0 1  . 7 14 4  .0 , 0 0
7•~~? 1 11,48 1, ’. 0 47 . 4  7 7 7 ~~170 ‘0 , 4)0 1 1 . 7-’ • 74 7 - 6  , I 0’ .1 ’S . I ’ I T ’  .0 ’ ’ 7  • 0 145

‘‘7 4 1 . 6 0 116 09 1.0  , ‘ 7 e ’ , 97 - 8 ‘0, 4 ’2 I I . ? ?  • 0 0 5 4  • 0 ? ’ 7  . I ’ I ’ ”  .0 ’’ ’  .0621

1F~~- 11T0 c I Tc-FS W~~I(’ 
W F PF 04C 1 I’C I I  1 1 0 0 1 1  0 5 . 1 1  C4 ~~2 0 F  F I T .
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Table 2 — (Continued)
11JR$~ 011 (, 09~~R 1 1 * T i N C O l f l 6  M11 * S U PPMC7 - 4TS ~ *P l ST8 *MO , 1975
0 8 4 7 8  1111. 111 1’P5’*’T7t’I 90 C%0I7.$114 1 112711119011(0 P OP 00111104 . 0 1 3 4 0 4 .  *7-51’ 014407 -

0*47 01011 110014 11411 V h V P 4 l I l 0 8 F 8  0 P F I T  CW * 0*11 A *? *0*
733 1 1 2 7  46 P2.8 7 6 3 1 . 0 6 1  1 7 .6 7 1 7 . 1 1  .04 11 .03 10 . 0 1 7 1  . 0 15 3  .0 175
23’. 1 12$  P 5 P 7.7 26 ’5. 41,3  2 7 .35 1 7 . 1 6  . 1078  . 0830 .0721  .0 2 6 7  . 0 0 1 1
233 1 1 3 1  05 P2—6 2640.179 17 .63 12 .07 .0737 .05 1 1  .07 ?6 .020 0 . 0 5 3 7
7’.’. 1 1 3 2  PS P 1 — 0  2 6 0 1 . 6 0 6  11 .67- 12 ,0 5  .057111 .040 4  .0 110 . 0 7 1 0  .0 3111
753 1 133  43 P2 - S  2 7 0 1 . 999 4 1. 7? 1 2, 00 .0471 .0268 .04 10 .92311 .0190
755 1 1 3 7  11’. 01 .11  2 7 1 7 3’8 2 1 . 7 7  1 1 . 06 . 1407  . 111?  . 0 2 7 0  .0753 . 1 1 4 . 1
253 1 1 4 2  55 P 1 ’7  7 7 4 7 . 9 0 7  17 . 1111 1 1 . 87 .0574  . 0 3 0 1  .0 271  .0280 .023 6
756 1 1 4 1  113 7 1 2 — 1  ? 7 ’ O . 0 9 4  17 . 00 1 1 . 85 .0684 .0163  . 0 3 7 1  .0293 0.119
756 0 1 ’7  #5 P 1 — ’ .  2 7 9 7 , 414 38 ,01  1 1 . 7 1 3  .08811 .059 ? .0296 . 0 3 1 4  .0514
75’. i 1’~ PS P2—71 2671.07-7 18 .08 11.71’ .0641 .0307 0?’Q .0171 .0720
755 I I ’ S ?  PS P 1 — S  2 6 i 7 . ~~~6 18 . 17 1 1 . 7 - 1  . 035 11 0 l 9 1 1  . 0 3 1 1 0 .037 0  .0770
2’.’. 115 4 56 P 2 — 9  2 6 0 9 . 7 1 0 6  1 8 . 2 3  1 1 . 8 9  .0791 . 0 4 3 7  01’4 . 03 72 .0459
755 I I ’ . ’ .  PS P1- f ,  7504 . i97  1 7 1 . 2 6  1 1 , 9 0  0681 .0 77- 6  . 0 4 1 3  . 0 3 3 ?  .0140
755 1157 45 P2 .10 25710 .096 18,31 11 .91 .1052 .0647 .0405 .0 33 1 .0720
755 115 * #5 P3.7 2670,672 18.171, 1 1 . 02 .0961 .0520 .0347 0333 .06711
266 1700 715 P 2 — l I  pc ’1 .457  5 9 , 67 1 4 . 4)4 .0647 .034 0 .03 03  .0311  . 0 117
7’.’ . 120? 115 P3—71 ;3~ 5.375 18 .41 12.00 .07131 .0481 .03s1 .0 329 . 062 3
765 1204 96 “ 2 — 1 7  252 1. 101 18 . 6 1 i ? . 0 7  .0647 . 0 3 2 8  0 3 2 0  . 0 3 2 3  .0124
755 1 .071’ 115 43.9 ?57~~,77-9 111 .66 1 2,13 .06111 .03 38 .0300 .0317. .0327
766 120 1 #5 P 1 — 1 0  74 96 . 7 7 1  18 .59 17 . 1 5  .07 87  .0411 1 . 0 3 0 1  . 0 3 ) 7  .04 10
756 1709 P6 P 2 — S  ? 6 1 1 . 0 C . 7 111 . 62  1 7 .2 1  .0550 0 1 i 7  . 02 4 7  . 0 10 1  .0 756
765 1 1 30 05 ‘P 1—1 0 26115 .710 27 .61 17.00 .0600 .0311 .0750 .01*9 .0412
755 1 1 3 9  45 • P 2 — 4  2 7 7 7 . 109 17 .111  1 2 . 02 .0561 .04 79  II0714 . 0 770 .0703
766 1i4’ 45 Pi—6 2 771 7,97-9 17 .06 1 1 .711 .0900 .0738 .017- 7 .0106 .0595

70,6 5 )59 710 07~~~A 7 7 - ’ l . 0 7 - 7  %9 ,41 17 . 56 .049 4 . 03 1 0  .057 7 , 07,47 .03 4 4
‘55 28 00 117. 4 ’? - ?  ~‘5’5• P A 3  20 .60 1 7 . 671 .1511 .0871 1 .0#’A , 0 7 - 7 0  .0 11011
756 14 03  P6 P 2 - A  1640.170 19 .44 1 2,56 .1)85 ,p670 .07-’A .07-711 .0567
75’. 2 40 4  PC. 41—9 249i 6071, 19 .4? 12.65 .1019 .0410 .0570 .0674 .0415
766 1406 571, P 2-S  7701 ,400 10 .40 12.53 .01165 .0261 .76871 . O A 2 I  .0734
763 1477 RI,  P l ” ~ 21 2 1 .518 10 . 11- 17 . 63 . 1 8 6 1  •)730 .061’ .05.11 .17371
755 1 8 1 0  P5, 0 2 — 4  2 4 9 1 . 7 1 0 1 1 ,  10 . 30 I ? . ’. )  . 0 0 1 9  . 0 4 1*  .0 501 . 0602  . 0 1 i 7

7 756 1 4 1 1  P 6 1 ’ ? — 3  7 7 ’ P . 0 9 4  19 .78  17. 61 .0070  .0 3 7 9  .0 7 - 5 0  .0599 .03 *1
755 1415 P6 P 4 - S  1797• 414 10 .20 17. 48 .i?P7 ,0t’2 2 .09*’. .06111 .07.24
765 1 4 1 ’  P1, 07.9 24’1.07-7 10 .111 12, 411 .0786 .0311 .04719 .0576 .0700
756 i 4 i O  45, 93.. ’. 27 -l 7 .3~ 7- 19 .11 17.47 .0187 .0207 .0540 .057-8 .0710
16’. 1420 01, P7— 9 6I15 40I 6 20 .09 17 .-.? .10011 .0467- .~ 8’7 .0611”. .0441
755 l424 f l I-  P 3 . 7 -  25C 4 1 9 7  19 01) 1 7 . 4 7  .0890 . 7777  . 0 6 2 1  . 0650 . 03 4 0
766 1472 0 11, P 2 — i a  75 8 0 . 0 9 6  19 ,05 i7 .61 . 1206  .07 .56 .0840 • 7 557  01 1A
‘s ’. 147 4  44 11- 4 1_ 7  2 5 7 0 . 5 2 ?  10 .00 12 . 47 . 175? . 07- 2? . 0 7 - 2 ’ .  .0660 . 0 7 0 ?
.‘~~“ 1426 46 P7 —I l  2451.962 1 11 .911, 1 7.41 .0805 .0347 .011411 ,7542 .015 3
266 I..77 47, P 3 _ S  7 54 5 175  1 11 . 94 i 7 . 46 . 1 1 0 7  . 04719 . 0 6 1 0  . 0 53 Q  .0568
755 1470 217- 07~~~i ?  0 4 2 7 . 191 18 . 719 1 2 . 46 .0859 .01 74  . 05 ’~ . 061 1 . 0 1 7 1 1
755 1471 06 93.0 2”71. 77-~ 19 .85 1 7.46 .0995 .11347 .0541 ,Ø574 .4)111
766 I ’.1? RI ,  “ ‘ — 1 0  445- .7’ l 2 9 .85 17. 47 - .0051 .04 86 . 0 4 7 - 7  , 7570 0~. 10
‘cc i.14 011, 07.8  ;~~~ i o ~~i 1 ’ 4 . 714 1 2 . 46 .07 19 . 0 0 17 . 0 4 0 7  . 0 5 1 1  .07011 ’
‘c~~ 140 1 ‘1111’ ‘ 0 1 — i t  ? 0 a 5 . 7 I 9  10 . 411 1 7 . 5 7  . 1 0 5 - i  . 0 14 1 . 07 7 0  .0636 .0424
27 -7- 1-.OQ 116 ‘97— u 0 7 7 7 ,709 1~~.3? 4 2 , 67 •0Q77- .060? .0474 .06476 ~7 7 7 0
‘~~“ I ’ l l  Pt . “' I - A  70 ’ .1,9’.71 19 .7’ 17 .44 .l ? l I ”  .0 7 7 7 -  .0040 . 059 1  . 05 .25

768 2 7 1 2  ‘47- 97.4 76’4 .07-7 ‘4,10 11 .50 .451 1. 0314 .07117 .077-? .0164
768 17 15 PS P 7 — i  2446,71 7 - 1 ‘4.63 1 1 ,70 .167-A .0971 ,7741 ,077-? .0004
7571 l ? I 8  05 0 7 — 6  ? # ‘ 0 . 1 7 9  ‘4 .52 1 1 . 2 1  . 1 1 0 1 . 06 47  .07” , 0 7 C . ?  .05 10
758 I ? i ~ R5 91 .9 24~~i . 7 - 0 5  ‘4 .~.’-0 1 1 . 7 1  . 1 1 7 1 ”  0478  . 0 7 1 6  • 7 7 7 , 2  . 04 0 ?
7511 172 1 PS P — S  7 7 0 1 , 999 74 , 4? 1 1 , 2 7  . 004 6 . 077 1 . 0 7 - 7 4  . 07 * ? . 0 1 8 1
2’.A I ? , ’? PS p 1 — ’  2 7 17 .519 ‘4 ,111 I l .?? . 7 2 7 4  . 1 3 1 0  . 0 7 1 1 4  . 0 7 7 - 7  .1182
‘68 2 2 2 4  P 5 P i — 7  7 7 4 ’ . 997  “' . 1 1  1 7 . 2 3  . 1 0 7 1  . 0 1 14  .0 7 ’7  .0 7 7 - ’  .0109
‘68 17 25’ ‘44 P 7 . 1  7 ’ 0, 0 9 4  74 ,74 1 1 . 74 . 1 1 9 ’  . 0 195  . 0 8 2 1  • 7 7 I , 7  .0714 , .
77-8 1728 45 P 1—S  0757 ,414 ‘4 .27 IL ?’. .1104 ,77-47 .07’? .017-? .061 ,’
764 177° 115 07 .5  241 1 ,07- 7 -‘4 .24 11 .25 .1004 .03,5 .01’.7 .°  .0 16? .0,” . ,’
748 121,) 446 P1— S 2411.’”?’ 74 .1 0 11 .76 .101’ . .0210 ,7#75 , 7 7 A 7  ,f’cT
7571 1 2 7 2  16 P 7 ~~ 9 75 -0 5 .7106 ‘4.7 1 11 .73 ,4206 .0474 •7711? .11167 .061’.
7671 1 2 1 1  ‘45 4 3 . 1 5  249’..19 7 ‘‘..75’ 11 .73 .lI°1 .07717 .0004 .0 7 6 .’ , 04 ,4)

768 1 2 1 4  05 “ -‘- 7 0 24’0, 0 9 7- ‘4 , 1 1 i T .?? . l 4 0 1  . 01.66  , f l 5 1 7 , 0 7 ’ . ’  .0 7 4 1
768 I , ’~~A 0’, I ’ ) . ?  ,‘ S 7 7 ,~~~’? “. . ‘. .‘ 1 1 .70 .I’.5’’4 ,47-75 .004 1 , (T 7 5. .’ . 0 1 2 0 4
77-8 4 7 1 7  06 “ ‘ — 1 1  , ‘ 5 4 1, G 5 7  “..‘. 7  3 1 , 1 0  . I l ’ f -  .0144 , 0 7 0 7  , 0 7 ’ . ,’ • 01,.,
‘Sq 7 . ’1’~ 116 P l ’ ~~ .1 5 4 5 , 1 7 6  ‘, , 7 -71 i l . 1 8  . 1 1’ ’. . 7 4 0 7 -  . 0,84  • C ’ 0 ?- ’ . 0 7 - I ?
“~ll I , ”O “5 P 2 — i , ’ ~~~~~~~~~ ‘..~~~C 11 .11 .004 1 . 7 1 1 ’ ,’ .0’. ’ I  . 0 ’ ? - ’  .,‘ I 8 I
“I’ I ‘“ I  ‘~ 6 0 1 . 4 )  7 - ? I . 7A Q ‘‘.5. ’~ I 1 . 2 4 ”  . 1 1 1 4 1  .0 1 1 . 0  .0~~,’I  . ,‘ ‘~~~‘ .0 ‘‘ ‘1

I . ’” • ‘~ ‘~ “1.20 ,‘ ‘.‘. ‘. .~~ ‘I  ‘‘‘ 7. I l  • is • I l l ’ .  .0,. ,.’ , 0?- ’. I , ,‘l ’ ..’ , 0- .  I 1

“~A I . ”.. 45 I’2~~0 l . ’ 7 , 071 7 .. . CI ’ . l ’ . I - .  .0 4 ) ’ ,’ .011 .’ , 0 ’. l O  • , ‘ ‘ 7- ’

I ‘ I ? -  AS “ I — I l  ‘ “‘, ‘- ., ‘ I Q  ‘. . ‘- 4  I ‘ .. ‘~ ‘ .1  ‘0 ’. .0148 ~~~~~~ 0 ’ ’ ’
“. 0 4 . ’ - 1’ , ‘4 7.’ . - C ’ ’ , ‘“‘2 ‘.. , 1S 1’ , , ’~ .2 1 . 4  . 7” ’ ” . ,‘~~7 7  7 C ’ , ’ .7 4 1 1 1
‘‘ ‘I 4 ’ . ’’ 11’.. ~~I ’ ’ . I ,  T ’ . ’ , 4 A $  ‘‘. , . ‘ I  I i ..’’ . 1  I U ~~ , :~~4 I C l  . , C C ’ l . 0’ 7. ’ , (‘ 5 . 1 ,

I, ~~ ~. 1611 S 0 5 1( 0  ol ‘.11 4 071. 11014 1~ I 1, 14 1 , - ’  . l - ’ .’4 I I T .

‘I’III )IC COflt i flLll7S,
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Table 2 — (Continued)
12P1, 011 1*6118 1 1 0 T ! P 1 C 7 1 0 1 - ,  011 *51J4 11N 11#7 S C *P I S T R A P 9 O .  1975
113*7* 11)111; CR118711 0 so (010401- ’ ; 1471112 0 11(0 FOR (008004. D 1 1 4 0 0 ,  *121’ 01441111 ’

0*47 71011 110011 11 119 11 w0 V !NU MPE#  7 P 1107 CM * 0*11 8*11 *0*
759 1507 P5 52— 5 2 6 3 1 .0 6 7  30.50 1 1. 2 0  .042 ? .02 115 .0 117  .0095 .032 7
759 1500 85 02-7  2 6 ’ 5 . 8 7- 3  10.4 0 1 1 . 1 0  .0 1182 .0766 . 0 1 1 6  .0 129  .0753
259 15 1 1  45 P 2 — S 2 67-0 . 179  30 .48  10 .99  .063 1 .044 1 . 0) 9 0  . 0 1 6 1  .0470
259 15 12 115 0 1 — 9  2 5 9 i . 6 0 6  10. 48 10 .94  .052 11 .03571 , . 0 1 7 7  .0 175 .0353
269 15 13  95 P 2 — S  2101.990 10. 4 7 10 .09  .0416 .0209 .0207 .01*9 .0227
259 1516 #5 51—8 2717 .538 10.49 10. 77 .1260 .1096 . 0 1 7 - 4  .0226 .1034
259 151$ 115 0 1 — 7  2 7 4 2 .9 9 7  10.56 10 . 76 .0445 .0235 .02)0 .0748 .0197
759 1520 PS 02—3 2730.094 10.63 10 . 74  .0554 .0293 .0261 .0266 .02 *8
759 1523 95 P 1 — S 2 7 62 . 43 4 ‘10 .74  1( 1 .7? . 0722  .0497 .02711 .0 77111 .0434

4 759 1324 115 P2 — a 76 1 1 . 0 5 1  10. 77 10. 7 1 .0 57’ 0274 .024 * .0293 .0279
759 1525 85 03-5 2 6 ) 7 .3 116 3 0 . 8 1  10 . 7 1  .04*9 .0 1 6 3  .0176 .0298 . 0 19 1
259 1S27 #5 P 2 — 9  2 606 .806 10. 1111 10 . 60 .0649 . 038 1  .02 11* . 030 71. .0343
769 152 11 P5 P3— 6 2594 . 1 9 7  10. 9 1 10 .68  .03*4 .0716 .034* ‘.0 300 .0775
?59 1530 PS 4 2 — 1 0  2 5 11 0 .0 9 6  10. 98 10 .67  .0994 .0609 .01*6 . 0 3 13  .0 681
230 153 2  P5 0 3 — 7  2 5 ’0 .52 2  10.09 1 0 . 6 7 1 .  .0944 .0573 .037 1  . 0 3 13  .063 1
769 1533 85 5 2 — 1 4  2551. 95 2 11,0 0 10 ,45 .9600 .02 911 .0307 .034?  .02118
759 1535 05 9 3 — 8  7545 .315 1 1 . 0 1  1 0,6 3  . 0701  .043 8 .0353 .030 8  .04*3
760 153 9 49 P 2 — i l  2677 . 3 9 1  ‘ 1 1 , 0 2  10 . 6 1  .0560 .0272 .0289 •O707 .0263
759 1540 PS 0 3—9 2 6 7 1 . 77- 9 ‘11.03 10 .59 .0613 .02119 .0124 .0286 .0327
750 1542 115 P3-10 24 90. 771 11.04 10 .57 .0670 .0421 .0247 .0271 .0399
250 1543 PS P2—A 2611 .067 11.0’. 10,57 .04 75 .0270 .020’. .0263 .0212
759 1510 56 ‘P1— 10 267-6.219 10.49 11.04 .0677 .029? .0293 .0 143  .0432

4 759 1617 P 5 • P 2 — 4  2 7 2 7 .30 9  10. 53 10 . 77 .0 540 .0417 .0 121  .0237 .0 303
759 162 1 95 ‘01.6 2 7 7 1 1 .958 10.61 10.14 .0690 .0615 .00’S .0274 .04 16

- ( 75.0 133 8  PA 02~~8 2 6 ’ 1 , 4 77 - 7  29 . 14  1 7 .9 9  . 0500 .0376 .11) 14 .011’ .0366
761) 1139 07- 02—7 746’5.P11 3 29 ,11 12.91 .1009 .0998 .011 1 .915? .07151
77-0 1 3 4 2  071,  02 . 7-  1 6 ’ 7 . l 7Q  ‘9 ,10 12 , 96 . 04 5 1  .05 77  . 0 12 6  . 02 0 1  .056?
77-0 1343 PA P 1 — 9  2 5 9 1 . 7106 29 .09 17.99 .0619 .04 17 .0277 .02 17- .04 73
2”- O 1344 06 P 7 — ’ .  7 1 0 1 . 0 9 9  29.08 13.00 .747’ .0255 . 4 1 7 7 2  .02 10 .0248
77- 0 1147- #6 P1—s 77i7 .S’l71 29,116 1 3.02 .1’.410 .1117 .0211 1 .025’. .17,4
760 134 0 05 ° l — 1  7 7 4 7 • 491 29 0? 11 .04 .0576 029 1 . 0 7 7 4  .0 79 1 . 0 2 1 4
760 I I ’ . )  06 92. 1 17 ’0 .054 ‘9 .00  1 3 . 0 5 .0 7 ,0 0  . 0163 . 0 3 2 7  .113 1 1  .0119
760 1156 P6 P 1 - ’, 7797.414 79.95 11 .07 .01164 .04)5 .0770 .0142 .0617
71-0 1359 P 6 P2 .8  2 5 ’ i . f l 7 - 7  ‘11 . 90 7 1 . 09  .0 555 . 0 3 3 1  .07’’  . 0357 .070 6
760 1400 P5, 01~~5 24 I 7 .3~~5. 2 8 . 89  11 . 00 0S9 7 . 0 2 0 0  . 0 3 1 1 7  , 717- 6 .0272
760 i 4 0 ?  06 0 2 — 9  1506. 804 79 80 1 3 . 1 1  . 0 9 1 1  .0461 • 0 3 4 0  .03 7- 0 .044 ?
760 1 4 0 3  #6 P3 .6  7 6 94 , 1 4 7  79 . 87 1 1 . 1 2  • lC~~ 04  .0781 .0480 .0371 .0199
760 1404 PA P 2—IA 24110.096 28.96 13 .13 ,10971’ .0645 .0451 .037 1 .0775
760 1406 #6 07~~~7 4 7 6 7 0 , 5 ? ?  79 ,85 11 .15  .1092 . 0 71 , 27  .0410  . 0 3 7 0  .07 77
76 4 3 1 04 7 116 P 2 — I l  26 ’L452 271 .94 17. 16 .07-67 .0133 .0374 ,4137-0 .0799
760 1409 P6 P 3 . 7 1  7644.175 771.111 13.17 ,~~A7 1 .0476 .0155, .0361 .0608
760 14 1 0 P 6 P 2 — I ?  752 7 . 19 1 ‘8 .71?  1 3 . 171 .07 75 .03 1 2  . 0 4 7 - 3  .0 37- 0 . 04 16
760 14 1 2  PA 91.9 ? S 2 1 7119 ‘9 . 112 11 . 70 .0144 .0 130 .0 4 1 4  . 035 1 .0 193
760 1 4 1 3  07- ° 3 — i O  7496 ,1121 271 , 00 13 . 2 1 .07 ’. ’.  .047 1 . 0701  .034 ’.  .04 09
760 1414 47- P 7 — 8  2 4 ’I . 06 7 ‘9 . 90 13 . 2 7  .0604 .0314  . 0 1 7 0  , 7 3 3 8  .0 166
760 13 4 1  06 ‘ P 1 — 1 0  24 116.2 1 9  ‘9 . 1 1  1 7 . 95 .0565 . 0 1 1 7 . 0 3 7 4  . 0 1 0 6  . 0 4 7 1
77-0 1149 P1. ‘p 7 .4-  7 1 7 7 . 109 79 .0 1 1 3 . 0 3  . 06 0 1  . 0 5 12  .11091 . 02 80  .0 173
760 1 354 01. P 1—7 - 77 7 -7,9119 ‘9.06 11 .06 .0918 .0175 .0201 .03’S .0641

760 2 440 07 07.8  2572.07-7 2P.90 1 1.i9 .0660 .0133 .0727 .0770 .0340
71.0 1 4 4 0  P 7 P 2 .7  2A ’ S . P A I  2 9 , 99 13 , 1 0  . 1 1 1 6 . 0 9 2 0  .0 196 .0770 .01105
760 1441 P 7  P 2 7  24’6,P 0 3  20 . 0 1  7 3 . 1 9  . 1 1 1 6  . 0 0 1 9  . 0 1 9 7  .0776 . 0989

• 760 1444 87 P7.71, 77-80.1 79 ‘9 ,116 11 .17 .087 7 .0516 .11141 .0744 .0631
75. 0 1447 07 P 2 — 9  2 6 9 1 . 7 - 0 7 -  29 .09 2 3 . 1 3  .0 659 .04 16 .07 4 ’  . 0 7 7 - 2  .0196
77- 0 1450 07 0 1 — 9  1 7 1 7 .518 79 .00 13 ,116 . 1 54 1  . 1 1 4 1  . 0 7 0 2  . 02 80  . 1 2 1 5 1
760 41.53 07 02~~9 6 ’ 1 .0 7 - T  ‘0 , 2 1  1 . 04 .9545 , 0179 • 0 7 7 - 8  .0798 .074) 9
740 11.55, P 7  P 7.0 7 6 0 5 . 805 70 . 1 ?  l 7 .~~3 . 0 7 1 5 - 3  .045 7 . 040 6  .0~~I A  .0 647
700 1459 P 7 P 7 — 1  2 6 7 0 . 5 72  29 .14 17 .96 .007 -7  .0608 .01’9 .0334 .0611
760 1 6 0 7  07 01.9  2446 ,17 5 79 , 21 17 . 7 9  . 0 71 4 8 .0450 . 0 170  . 03 5 ’  .0406
7 50 iSO ’.  P 1 P 7 — S  7 5 7 1 . 0 7 1 7  79.17  12. 77 .0631 ,7112 7 .0700 .0370 .077-I

0111270119 I I N F S  7 - 1 1 - 1 ( 4  7 - F OP 1 4 0 1 ’ L I ” ' F O ’  149)11 1611 CU 0 V F C I T .

Table continues.
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DOWLING, ET. AL.

Table 2 (Concluded)

1281 1311 1*5118 E I I I I o C T I O $ .  M7 -* SU Q FNENOS C *P )ST Q *N O . 7975
(387* FIll , (08117-TED 111 (0104’HI I1-I7FWOF C 1108 (006404. DIiKNH. *121’ 0144114

(3* 47 71011 7-1301 1 )811  01y116110111A I P E A T  (011 * 0811 8*11 *0*

281 2 0 4 3  95 52—8 2 6 3 i . 0 A 7  76 .3 1  13 . 62  .0702 .0)44 .0338 .0212 .0430
77- 1 1049 116 4 2 — 7  2633. 883 76. 20 1 3 .6 3  . 1 1 8 0  .0934 .0226  .0772 .0908
781 1033  AS 42— 11. 2 6 1 1 0 . 1 7 9  76 . 0 3  13 . 6 1  .0901 .0562 .0140 .0272  .0620
77-1 1034 45 4 1 — 0  2 5 9 1 . 6 0 6  ‘S. QQ 1 3 .60 .0 77 ?  .0436 . 03 4 1  .0272  .0403
26) 1053 #6 42—6 2 7 0 1 .499 73. 94 13 . 5 9  .03611 .0275 . 0 3 i 4  .02 7?  . 0 3 1’
761 7041 US 0 1 — 8  7 7 2 7 .318 75. 07 2 3 . 5 0  .1560 . 1 3 8 1  . 0 2 1 1 7  .0272  .179 15
261 1)72 96 4 1 — 7  77 42 . 097 25. 13 1 3 . 2 3  .043 1 .0309  . 0 ) 4 2  .0272  •0179
761 1 1 1 1  #6 P7—3 2 2 4 0 . 0 0 4  75,73 1 3.23 .0634 .03 79 .0256 .0272 .0367
761 1 ) 1 3  AS P 1 — S  2 7 62 . 414 73. 72 1 3 , ) ?  .078 ? .063 3 .0 149  .027 ? .061 0
271.1 1 1 1 4  45 P7— A 2 6 1 2 . 0 7 - 7  25, 77 11 .14 .0459 .0 33 7 . 0 2 7 4  .0217 .0 184
761 1 1 1 6  AS P 3 — S  7 6 7 7 . 106 75, 7 3 1 3 . 0 9  .0 441 .0203 .02 7 7 -  .07 7 7  . 02 8 9
761 1 ) 1 *  A S P 2—9 2603.807- 75.75 13 .04 .0794 .0466 .03 7 8  .027?  .0622
767 112 0 PS P 3 — S  7364 . 197 75. 78 13.00 .0836 .029? .0374 .02?? .03*4
77- i 1 12 1  ~~‘ P 2 — i n  23110.006 75.79 12.97  . 10 7 7  .0549 .0 324  .2 272 .0735
781 1122 #3 03— 7 2 5 1 0 .5 7 ?  76, 80 12 .9 5  .0801  .06i~ .0 27 1 .0772 .0619
77-I 1 12 3  116 P 2 — l I  763 1. 412 ‘5.71? 7 2 . 91 .0598 .0 3 3 7  .027 - I .0277 .0378
76 1 I I ? ’ .  US P 3 — A  7545 .3 1 5 ~S.84 12. 8* .0 783  •0479 .0104 .0272 .0311
77- I  1 1 2 7 -  86 P 2 - i ?  7377 , 19)  23 .86 17 .8 6  .OS A 1 . 0 3 2 4  .02 7 -0  .02 17 . 0 3 1 1
76 1 1 1 2 1 1  45 4 3 — 0  S 7 l . 77-9 73 .88  17.8?  . 070 ? . 0 3 3 2  . 0 170  .0272  .0410
76 1 2 1 2 0  AS 1 1 3 — 1 0  2468 . 7 2 1  75, 99 12. 70 . 0796 .04? ? . 0 3 7 4  .027 ? .0624
28 )  1 1 3 1  86 P 7 .8 2 5 3 2 . 0 5 7  75. 93 72 . 7 5  .0 5 0 )  . 0 3 73  . 0 1 7 - A  . 0 772  .07 10
761 1 4 3 5 1  85 ‘P1—I n 27 -716.219 78.12 71 .6? .01*3 .0335 .0349  .0 777 .0 4 7 3
762 2 0 50  PS ‘42—4 2 7 7 7 .3 0 9  75. 711 7 3 , 5 7  .0790 .0 318 .02’;  .02 7 7  . 0 5 1 7
782 1 ) 1 ?  AS ‘ P 1 - A  ‘107 .958 24,77 13 . 7 0  . 08 73 .0746  .00 10  .0772 .0653

4 7152 1 1 0 1  #5 P 7~~ 8 2 47 i .A A 7  74 . 04 1 1 . 5 8  .0 7 4 0  .0 707 .0441 . 0 4 ) 0  . 03 7 1
25.7 1 1 0 2  84 47.. ? 75’S ,AA1 24 ,97- l).7,6 • ) 7 9 A  . 0 1 1 2 0  .0408  .042 7 . 08 7 1
267 1 1 0 1 1  11’ #7.5 0 5 7 1 0 . 2 7 9  75 .0 11 1 1 . 5 5  . 0057- .0 4 7 4  .04’? .0469 .0487
77-7 I I I )  85 P 1 — 0  7 6 5 2 , 7- 06  ‘~~.i’  1 1 . 40 .0~~6i  . 0 3 7 9  , 04 4 2  , 4148 7  .0 31’
76? I i i ?  P~~ #2~~6 7 0 1 .649 ‘3. l~ 1 1 . 47 . 0119 . 0 7 1 1  .03 07  0491 .0745
76? 1 1 1 4  ‘S P l — ~ 7 7 1 7 .5’s 26 . 70 1 1 . 41 .i679 .1147 .0407 .0596 .11?’
78? 1 1 1 1 1  P5 P 2 - 7  174 2 , 907 ~~~~~~ 1 1 . 46 .0664 .0 787 . 0147 .0’.?’. .0 119

4 262 1 1 7 0  46 # 2 - 3  2 7 ’ f l . 0 4 4  74 ,35 1 1 . 49 .0975 .03 79 .059 7  .0 53 4 .0302
771’? 1 1 2 7 -  8S P t — S  7 7 5 7 ,414 25.9 5 7 1 . 6° . 2 0 3 5  .0 554 .0487  .05611 . 04171
77-7 1 1 27 1  8~~ P7.8 27-11.07- 7 ‘5.00 11.83 .0732 .0297- .04’S .0 57-6 .0 156
76? 2 1 3 8  AS P 3 — c  ? 6 1 7 .3~~8 78 . 0 0 17 .0 6  . 0715 . 0 I ~~0 .060 7  .0 6A 4  . 0 1 9 7
27,2 1 1 3 0  #6 07.4 24(1 5 ,806 26 , 871 1?.? ’. . 1 2 1 3  . 0430  . 07 - 7 7 -  . 0688  .05 27
76 7 1 1 4°  PS 0 1 — 7 -  159’. . I 9 C  76 .6 7 -  17 .6 5  ,0077  .0216 .071’? .069 ? .013 6
76? 1 1 5 1  06 # 7 — 1 0  2 5 4 9 . 0 9 6  25, 7-8 17 . 65 . 12°0 .0445 .06’4 .0690 .0 70 °
24? I I ’ . ?  56 #1.7 2 4 7 0 . ’ . ? ?  76 .7-6 17 .66 .1764 .0 5 ) 3  .084 1 .0540 .0664
762 1) 5 4  P5 ° ? “ l I  76’ 1.962 25. 56 17 .85  .011 717 .0114 .06~ A .06~ 7 ,079S
782 1) 5 8  #5 #3-8  754 ’ ,117S 23 ,66  1 7 . 7 - S  . 1 1 7 1 0  .0478  . 0 7 - 9 3  .05714 .069 ’.
762 1 1 5 0  96 P 2 — I ?  2 5 2 7 . 7 9 2  75.66 17.65  .0974  . 0 3 ) 7  .0677  .0578  . 0156
76? 12 0 1  06 03— 9 2671, 77-0 23.56 72.65 .0910 .0110 .0601) .0574 .0766
26 7 12 0 3  P S P 1 — 1 0  14915 . 7 7 )  73 ,87 -  17, 65 . 1 0 1 6  .0470 .0S45 .067-8 . 0447
771’? 1207  86 P P _ A  1 6 1 1 . 0 7 - 7  75,86 12 .65  .041 *2  .0171  . 0 4 7 - 0  .II SSS .0 7?71’
76? 7 1 0 6  P5 ‘P 1— b 287-6.729 75.04 il.59 •04A60 .0304 .01711 .0435 .0414
711’? I l l S  #5 ‘P2 —4 7127 , 309 76 .?? 1 2 . 4 1 , 41#51  .0449 . 0 4 1 4  .06 10 .0161
76? 1 1 2 1  P6 ‘P 1- A  2 7 7 - 7 , 97 -P 76.6? I I . ’ . )  . 1 1 1 0  .0595 . 0 42 ’  .06 19 . 0 5 7 1

‘ f l114fl47~~6 1 1 1 2 1 1 6  w 4 ( ( H  911 (111 € K C L I I O F I )  11800 7611 (01107 - P 1 1 ( 1 ,
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Table 3 — Coe f ficients for the Molecular Absorption Algorithm
(( ‘MA = A04 A1*’1’+A2*1h 1120+A3*’F*PU20+A1*P1120*P1120+A5 *’1’*P}120*P }120)

LIN F’ A0 Al A2 A3 A4 A5

1 2 10 2, 780E.02 -1.594E-05 2 .102E-03 -7.438E-06 3.014E-05 -2 . 852E-07

139 1.552E-02 -9 .069E-07 1.862E-03 -7.376E-06 2.460E-05 -2 ,148E -07

P., 12 1 .390E-02 -2.444E-06 1 .848E-03 7 .699E-06 2.298E-05 -1.901 E-07

P38 3.012E.02 2.889E-05 2 094E-03 -1.384E-05 8.605E-06 8.232E-08

P~ l 1 1.678E-02 2.862E-05 1.992E-03 1.323E.05 9.179E-06 6.249E-08

P.~7 -l, 172E-02 5.021E-05 2 .475I’~-03 -l . 966E-05 6.723E-06 3.918E-07

P., 10 1,704E-02 1.879K-05 1.886E-03 9.963E-06 l.094E-05 l.358E-08

P 3t 7 .406E-03 -3.380E-05 1.145E-03 4 047E-06 3.073E-05 ~3.543E-O7

P.9 .1.978E.03 .7 649E4)(~ 3.500E-03 -5.o28E-ot ; l.397E-05 - 5.240E-08

P.~5 2.203E-03 1.1 15E-06 1.707E-03 -5.656E-06 2.009E-05 -1.505E-07

P2S 6.353E-03 -6.577E-05 1.627K-03 1.096E-05 3.620E-05 -5.064E-07

12 7 2.822E-03 .1 498E-05 6 32 1E-03 5.12 1E-06 5.253E-05 .3.650E-07

P~ 10 1.965E-03 -1.805E-06 2 .722E-03 -5.12 1E-O6 3.052E-0S -2,363E-07

1.76 1.6 19E-0l 2. 168K-06 4.358I’~O3 -6.776E-06 3.576E-05 . 1,948F-07

P~ 9 8.7 18E-03 -l.558E-05 2.670E-03 -1.725E-06 .I 235E~ )5 -4.2 76E-07

125 1. 176E-04 -1.961 E-06 2.393E-03 -6.111 E-06 3.072E-05 -2.61 OE-07

P 1 8 l.159E-02 -2.934E-0.-1 5.935E.03 6.229K-05 1.147E-0l -1.493E-06

12 4  3, 074F~-03 -5.804E-05 3.182F~-03 6.1 76E-06 5.1 83E -05 - 5 57.11’~-O7

7 2.337K-03 -7.795E-06 3.131 E-03 -l .457E-05 2.39.IE-05 -1.01 2E-07

P23 1. 1 StiK-Ol 1.903E .05 3.566 K-03 .1 ,32 1E.05 3 l .I9F~-O5 -2. 31 1 K-07

P 1 6 3 95.1F-03 2 .2 . 1-I K-0 5 6.354E.03 -1 .187K-05 4.787E-05 -2. 226E -07

P~ 5 1M76E-03 7 .367E-06 5.321 E-03 -1.224E-05 5.032E-05 -3.352E-07
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3.5 Aerosol Extinction and Meteorological Measurements

The derived aerosol extinction (DAE) values corresponding to each long-path optical
measurement obtained by processing the data with programs DO9KMH and D 1OKMH and
which are tabulated in Table 2 are plotted in Figs. 16 through 29 together with plots of
supporting meteorological da ta. The solid squares shown in Figs. 16a , 17a , etc. are DAE
values for the P28 laser line, and the open squares correspond to values for the remainin g
DF laser lines measured in the sequence described in Section 2.4. The legend at the upper
right of Fig. 16a applies to the symbols and curves shown in Figs. 16a , 17a , etc. Included
in the plots Figs. 16 through 29 are 15-mm averages of aerosol particle distributions as
measured by the NRL meteorology van , graphed once per hour on the hour during the
optical extinction measurement times. These figures contain records of additional aerosol
data plus other meteorological parameters recorded throughout the entire day during which
the optical data were taken: particle counts for each of the four PMS spectrometer ranges ,
wind speed and direction , effective aerosol cross-sectional area calculated for each of the
four PMS ranges, partial pressure of water vapor , relative humidity, air temperature, baro-
metric pressure, CO2 concentration , and solar radiation. The water.vapor concentration
and relative humidity shown are calculated from the measured values of dew point. The
discontinuities in the smooth record s of the meteorological data are due to meteorological
sensor and data acquisition system adjustments (usually performed when optical data were
not being taken).

~ EXT (1.06 .tm)
D DAE (2655 .863 cm’1~~2792.434 cm ’

~~

DAY 217 2617.386 cm ’~~ 2496 .72 1 cm~~~)
0 

• DAE (P 2-8 DF laser line at 2631.067 cm’’)

Fitted curve for DAE data 

Aerosol ext inction at 1.06 pm calculated
d fro m measure d aerosol particle dist ributions

— - — — Aerosol extinction at 3.8 pm calcula ted
fro m measure d aerosol particle distri butions.

a
.

1600 1700 1600 1600
TI lIE

Fig. 16a — Aerosol extinction vs t ime

32



- ,  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 

.----—--.-‘-.-- .---.-. . —.- -‘--- - —-—
~

—.- - . — —.—-——..-.—-- - —.—— . — -— ---. .

~~

—--— —

~

‘1—. - —A,

NRL REPORT 8058

a, V., l~~eI  UI.
I. UlaI t ~~~~~~~ S
0~• • i-fl
a,, i.e 8l• . t.1.fl •#

.t ,n sail ,, .
• a... 1.06,

~iI St C~~ VILSI flU U
—‘ • i.e

• ~~.1S # 1’IC
. ~~~~~~~

,
‘1.. . ~~~~~,a

7-

a
U V

.4
a .

Si
— a

a

~ 1 
0

a
(1

‘0

7-

‘0
— o~’ ~ S ~ ~ I ~ 1 ~BI N GEOIIETR IC M(I~N RIIDIUS IMICRONS I

Fig. 16b — Particle distribution during optical
extinction measurements

b
— ‘ *II A S S  UPS

IS SIi.t t ~~~~~~ Siii. • t.C
SI! 01 iii • t ue at
e&~lW Spill, . W.A4

• 18.81 5Pit St CS, • 115.15518‘b 
~~~~~ s,’ eat

— 
‘ 55. 0.15 18V18

S ~~~~~l
S ~~~~~ I
a-x . — .

a
U

a S a

.
41
-j 0 •
U
I-

.P S

a

S

‘O

‘0
— 0~’ ~ s ~ a ‘i i i ’Id’ s a 1

~iè~io ’
B I N  GE O MET RIC MEAN RA DIUS ( MICR ONS I

Fig. 16c — Particle dis t ribution

33

_ _ _ _ _ _ _ _  - — -~~~~
.
~~~~~~~~

-
~~

-- 
~~~~

-
-~~~~~~~~~~—~~~~~~~~~~~~~~~~~~—



_ _ _ _ _ _ _ _ _  

~~~~~~~~~~ ~~

.-. -- —-- - ---

~~~~~~~

—----

~~~~~ 

--

~~~

------

DOWLING, ET. AL.

,

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I~1 ~~

—

~~~~~~~~~~~~~~~~
—---

~~~~~
._- i~

4 I

Ills I IS lii. .5 Cs IS I~~ IS

HOUR OF 0RY2 17 HOUR OF 0AY2 17

Fig. 16d — Particle counts, wind speed, and Fig. 16e — Area, water-vapor pressure, and relative
horizontal wind direction vs time humidity vs time

ii h~~~~~~~~~~~~

1 ;~ 1TIT~T~ ,~.HOUR OF D R Y 2 I 7
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Fig. 28e — Particle counts, wind speed, and Fig. 28f — Area , water-vapor pressure, and relative
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Table 4 summarizes the observations which can be made as a result of examining the
data shown in Fig~. 16 through 29. The days on which long.path extinction data were
taken are listed in column 1; the figures which show observed aerosol extinctions at 3.8
and 1.06 pm , measured aerosol distributions, and related meteorological data for each of
these times are listed in column 2; and the extinction measurement times are listed in
coLumns 3 and 4. The adjusted aerosol extinction (AAE) and calculated aerosol extinction
( CA E)  values shown in the set of figures are summarized in columns 5 through 8. Ob-
served aerosol densities in nu m ber of particles per cm 3 per pm radius are listed in column 9.
Wind information , water-vapor concentration , air temperature, and barometri c pressure
(averaged from the graphical (lata~ are summarized in the next five columns. Atmospheric
extinction coefficients measured at 650 nm for the times indicated in column 16 are
listed in column 15.

The following observations can be made on inspection of Table 4:

• The aerosol extinctions observed at 3.8 pm are relatively unifo rm , varying from a
minimum of 0.025 km 1 to a maximum value of 0.08 km ’1 .

• The agreement between the observed AAE and the calculated CAE values for 3.8
pm is generally good , within a factor of 2 extreme difference and usually much
better agreement, indicating that the PMS data used in a Mie scattering calculation

(assuming the aerosol re frac t ive index to be that of water vapor) gives numbers for
3.8-pm aerosol extinction in good agreement with observations.

S The agreement between measured and calculated aerosol extinction (AAE and CAE)
for 1.06 pm is not as good as for 3.8 pm; the calculated results are consistently
5O~ to 60% of the observed values. Possibly the assumption of water index of
refraction for the smaller particles, which are more effective in scattering 1.06-p m
radiation , is not as reliable as it is for the 3.8-p m case.

• The summary meteorological information in columns 10 through 14 show that uni-
form weather conditions persisted throughout the experiment, with winds generally
between 2 and 4 rn/s from the southwest, off the Pacifi c Ocean . (The site was ap-
proximately 10 km intand~. Little variation in water-vapor pressure was observed , as
can be seen in column 12 and also by an examination of Figs. 30a through 30v .
which show the molecular absorption for each DF laser line studied as a function
of water-vapor pressure .

• The local hazes present during portions of the experiment give rise to some of the
moderately high scattering observations at 650/pm (column 15 of Table 4). It  is
interesting to note that- the 1.06-nm data do not show the large incre ases observed
in the visible, although the trends in the two observations are consistently in the
same direction.

3.6 Molecular- Absorption Measurements and
Comparisons to Calculations

Figs. 30a through 30v show the vari ation of the apparent molecular absorp t ion with wat er-
vapor pressure for each of the 22 I)L~’ laser lines studied . The molecular ahsorpt.ions OI)t aifled
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Fig. 30g — Molecular absorption vs water-vapor Fig. 30h — Molecular absorption vs water-vapor
pressure, P210 UP laser line pressure, P36 DF laser line
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Fig. 30i — Molecular absorption vs water-vapor Fig. 30j — Molecular absorption vs water-vapor
pressure, P29 DF laser line pressure, P35 UP laser line
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Fig. 30k — Molecular absorption vs water-vapor Fig. 301 — Molecular absorption vs waler-vapor
pressure , P28 DF laser line pressure , P27 DF laser line
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Fig. 30m — Molecular absorption vs water-vapor Fig. 30n — Molecular absorpti on vs water-vapor
pressure , P110 DF laser line pressure , P26 DF laser line
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Fig. 300 — Molecular absorption vs water-vapor Fig. 30p — Molecu lar absorption vs water-vapor
pressure, P1 9 DF laser line pressure , P25 DF laser line
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Fig. 30q — Molecular absorption vs water-vapor Fig. 30r — Molecular absorption vs water-vapor
pressure, P18 DF laser line pressure, P24 UP laser line
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Fig. 30s — Molecular absorption vs water-vapor Fig. 30t — Molecular absorption vs water-vapor

pressure, P17 DF laser line pressure, P23 DF laser line 
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Fig. 300 — Molecular absorption vs water-vapor Fig. 30v — Molecular absorption vs water-vapor
pressure , P16 DF laser line pressure , P15 DF laser line

from the Capistrano measurements are shown as crosses; similiar data taken earlier in 1975
at Cape Canaveral, Florida, are shown as open boxes. The latter data are included because
the wider range of water-vapor pressures encountered in Florida permits the molecular-
absorption algorithms to be tested under more demanding cond itions.

The solid line on each graph is a least-squares fit of the Florida data against water-
vapor pressure. The dashed line indicates the molecular absorptions predicted by the algo-
rithm. In most cases the agreement between the experimental ai~d calculated values is good
Larger discrepancies are observed for the P16, P1 10, and P2 4 lines , since these were not
included in the curve fits used to estimate the aerosol extir ~tion. The solid curv e provides
a better estimate of the molecular absorption for these lines,
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A summary of the comparisons of measured and calculated values for midlatitude
summer condi tions (14.26 torr of water vapor) is given in Table 5. For each DF laser line
investigated , the table lists : the line identification , the line position , the experimentally
determined molecular absorption at 14.26 torr , the stan dard deviation of the empirical
curv e fit , the calculated molecular absorption for 14.26 torr , the percentage difference
between the measured and calculated values (normalized to the calculated value), and the
standard deviation of the experimental curve fit expressed as a percentage of the calculated
value.

The diffe rences between experimental and calculated values for molecular-absorption
values are within ± 20% for all but the P1 1(i and P24 lines. The standard deviations of
the curve fits are always less than 20% of the calculated values. A~ present the good over-
all agreement between modeling and experiment, as evidenced for 20 of the 22 DF lines
studied , shows that existing calculations of molecular absorption for 90% of the DF laser
lines of current interest should prove quite reliable.

The coefficients for the least-squares fi ts of the experimentally determined molecular
absorptions are given in Table 6. Within the temperature range corresponding to these meas-
urement conditions (about 15°C to 35°C), these coefficients provide empirical relations
which can be used to further increase the accuracy of atmospheric molecular-absorp tion
predictions for each of the 22 DF laser lines investigated.

3.7 Molecular Absorption and Aerosol Extinction Durin g the
JAN Baseline Demonstration Laser (BDL) Laser Shots

Analysis of the optical transmission data obtained with the IMORL DF laser improved
or validated the computational algorithms available for predicting molecular absorption at
DF laser frequencies. By using the known relative line strengths of the BDL (given in Table
7 [51 ), the line-weighted molecular absorption for the BDL beam can be calculated. This
calculation and the best-estimate aerosol extinction (obtained from section 35)  are listed
in Table 8 for each of the BDL shots. These results permit BDL molecular-absorption
effects to be distinguished from aerosol-scattering effects, thereby aiding the interpretation
of the BDL data.

4. CONCLUSIONS

The measurements of optical system efficiency shown in Figs. 12 and 13 represent
the largest source of uncertainty in the measurements presented herein. Averaging of the
data taken on two runs perfo rmed on the same or consecutive days yields curves of average
efficiency versus wavelength with an uncertainty of between ~1% and ±2.5~~, depending
on the data set. During the first experimental session , a chan ge in average system ef ficiency
of from 71~~ to 66~~ was observed ; the corresponding observations (luring the second session
were 70% to 67%. (The small optical surfaces involved in this calibration were cleaned
prior to the start of the second session; the large mirrors were not, due to lack of facili ties
in the field.) A conservative experimental uncertainty of ±2 .5% in optical system efficiency
represents the worst-case contribution of this factor to the overal l measurement uncerta inty.
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Table 5 — Comparison of Measured and Calculated Molecular Absorption for ¶
Midlatitude Summer Conditions (14.26 torr partial pressure H 2 0)

Line Experimental Std. Dev. Calculated
Line Position Absorption a Absorption (Ex p - calc)/calc a/calc

(cm ’) (km- 1) (km 1) (km 1)  (%) (%)

P310 2496.721 0.0516 0.0024 0.0514 0.4 4.7

P39 2521.769 0.0364 0.0046 0.0366 -0.5 12.5

P212 2527.391 0.0340 0.0014 0.0346 -1.7 4.0

P38 2546.375 0.0561 0.0048 0.0511 9.9 9.3

P2 11 2553.952 0M360 0.0058 0.0365 -1.3 16.0

P37 2570.522 0.0701 0.0037 0.0648 8.2 57

P2 10 2580 096 0 0736 0.0120 0.0678 8.7 17.7

P36 2594.197 0.0364 0.0027 0.0308 18.1 8.8

P2 9 2605.806 0M554 0.0083 0 0513 8.0 16.2

P35 2617.386 0.0221 0.0024 0.0229 -3.5 10.7

P28 2631.067 0.0302 0.0048 0.0360 -16.0 13.3

P27 2655.863 0.1023 0.0044 0.1004 1.8 4,4

P110 2665.219 0.0460 0.0064 0.0381 20.5 167

P26 2680.179 0.0639 0.0043 0.0600 6.6 7.2

P19 2691.606 0.0435 0.0032 0.0463 -6.1 6.9

P25 2703.999 0.0284 0.0036 0.0300 -5-3 12.0

P18 2717.538 0.1456 0.0036 0.1437 1.3 2.5

P24 2727.309 0.0437 0.0026 0.0574 -23.8 4 5

P17 2742.997 0.0311 0.0042 0.0350 -11.1 12.3

P23 2750.094 0.0457 0.0051 0.0425 7.6 1L9

P16 2767.968 0.0764 0.0071 0.0876 -12.3 8.1

P15 2792.434 0.0661 0.0068 0.0705 -6.3 9.6

77 

J T .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-
~~~

-
~~~~~~~~~~~~~~~~ - ----~~~~— ---- ----------—--- - -~~~~~~~~ - — --~——--- -- _~~~ g~~~



r 

-

DOWLIN G , ET. AL.

Table 6 — Coefficien ts for Calculation of the Empirical Molecular
Absorption (EMA = a + bP + cP2 ) as a Function of

Water-Vapor Pressure

P310 0.02647 0.001762 
- 

0.0

P39 0.01443 0.001543 0.0

P2 12 0.01371 0.001422 0.0

P38 0.03005 0.001828 0.0

0.01774 0.001279 0.0
P37 0.04292 0.001907 00
P2 10 0.04852 0.001761 0.0
P36 0.00589 0.002843 -0.0000493

P2 9 0.00435 0.004861 -0.0000899

P35 0.00208 0.001404 0.0

P2 8 0.00264 0.001609 0.0000228

P27 0.00092 0.006361 0.0000522

P110 0.00235 0.004320 -0.0000883

P26 0.00004 0.004481 0.0

P19 0M0864 0.003323 -0.0000617

P2 5 0,00000 0.002000 0.0

P18 0.00014 0.009122 0.0000758

0.00012 0.003396 -0.0000237

0.00035 0.001006 0.0000805

P23 0.00142 0.002419 0.0000480

P16 0.00525 0.003808 0.0000828

0.00158 0.003619 0.0000633

78

_ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _



NRL REPORT 8058

Table 7 -
~~

- Measured Bl)L Power
Spectrum

Laser Wavelength Relative Power
Line (prn~ (%)

P 1 6 3.613 0.7
P 1 7 3.646 2.1
P 1 8 3.679 5.5
P 1 9 3.714 11.0
P 1 10 3.752 6.9
P2 6 3.721 2.8

3.765 4.8
P2 8 3.800 18.6
P2 9 3.837 12.4
P2~ ° 3.875 6.2

3.915 0.7
P~6 3.855 2.1
p~ 7 3.890 9.7
P38 3.927 10.3
p3 9 3.965 4A

P3 10 4.005 2.1

Table 8 — —  Molecular Absorption and Aerosol Extinction
During the BDL Shots

(‘nleula t .’d
A ir Water-Vapor 

~1oI,’,~ i lii r Aerosol
l)ay ‘flrne ‘I’t ’nip*’rat .uri’ PreSsUre Ahsi ’r 1’t ion Ext ncttoti

( C) (torT) 
(~(fl 

- 

~) (km~~ 
)

256 1200 1$4~ 11.9-I 0.0.190 0.0331
255 1420 19.00 12.1 7 0.0505 0.0565
255 1642 17 .00 12.25 0.0501 0.0500
265 18)5 16 .75 12.00 0 049.1 0.0500
268 1259 26.15 12.87 0.0509 0.0760
259 1233 30.73 11.16 0.0.152
259 1820 27.25 8.50 0.0377 0.0300
260 1133 ~9.85 9.79 0.0-113 0.0350
260 1332 29.22 12.74 0.0501 0.0350
260 11-17 29M7 13.17 0.051-1 0.0262
260 1650 29.50 2.25 0.0-186 0.0300
260 1916 26.00 1 1 . 50 0.0469 O t)300
26 1 10.1$ 26.37 13. 66 0.05:12 0, 0272

I 1-10.1 27.6 1 8.65 0.0381 0 (125( 1
I 1 5-12 26 .2 1 9 ( 12 0.039:1 0.0250

:‘i:’ I .~ 26 25.17 10. 78 0.04-17 0.0500
I 52:1 25.99 1 2.0( 1 0.0-I 83 0.050()

2 1807 21 .75 1265  0. 11508 0.0500
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The daily variations observed in the detector relative-response (A-and-C-run) averages
were ± 1%. When combined with the uncertainty in the optical system efficiency and assum-
-ing ± 1% uncertainty in a 5-km measurement , an overall transmission measurement uncer-
tainty of ±4. 5% results. Due to the exponenti al relationship between transmission and ex-
tinct ion coefficient , a fixed uncertainty in transmission will result in a larger uncertainty
in extinction coefficient for higher transmission values. Thus the highest transmission values
observed , about 79% for the P2 8 or P35 lines of DF, yielded extinction coefficients of about
0.0-I km 1 with an uncertainty of ±18% , whereas the 30% transmissions occasionally mea-

sure d for the P2 7 and P 18 lines yielded extinction coefficients as large as 0.2 km 1 with a
±4 0% experimental uncertainty .

Experience with this experiment in Florida and California argues for better monitoring
and control of the zero-path optical system efficiency. A system of air curtains is present ly
being installed toward this end. Uncertainties due to detector/integrator responses are cur-
ren tly being studied by the use of alte rnative geometries to that shown in Fig. 8 with the
goal of reducing this factor below the 1% level.

The data acquisition and reduction procedures described in section 2.4 are based on
the assumption that aerosol extinction is wavelength independent over the DF laser spec-
tral region (3.6 to 4.1 ~m) and are not sensitive to differences between weakl y wave-
length dependent molecular effects ( H20 and N 2 continua) and extinction due to aerosols;
additional data are required to sort out these effects. Accordingly, the DAE values de-
rived from the curve fits shown in Figs. 16a, 17a , etc. and tabulated in Table 2 should re-
present the time variation of aerosol extinction during a measurement sequence. This is
readily apparent only for certain runs , in particular those taken on days 217 (Fig. 16a),
218 (Fig. 17a), 219 (Fig. 18a), and 220 (Fig. 19d). Note that the measured aerosol ex-
tinction at 1.06 .zm in each case behaves in the same manner as a function of time as does
the DAE curve f i1. for these examp les. For other cases, notably days 220 (Fig. 19a), 226
(Fig. 22a), 255 (Fig. 24a), 259 (Fig. 26a), and 260 (Fig. 27d) there appears to be a re-
peated , small dependence of the AAE values and DAE curve fit upon time. The small
quadratic dependence of the AAE values upon time evidenced in this latter group of runs
could result from a residual , monotonic increase of AAE with increasing wavenumber , not
completely accounted for in the analysis procedures used (see Section 2.4) . The magnitude
of the AAE values and fitted DAE curves for these cases is small , generally between 0.03
and 0 045 km -1 . Only in these cases do the repeated convex upward shapes of the DAE
vs. time curves become apparent , indicating that if this shape is evidence of an ~‘rror in
the molecular continuum absorption model used L 6 1, or an indication of a smal l wavelen gth
dependence of aerosol extinction in the spectra l region in question that such effects only
become apparent for low attenuation (high transmission) conditions.

Future experiments combining laser extinction and high-resolution transmission sj ivc-
troscopy will be conducted to stud y such questions in greater detail , particularly th e mag-
ni tude and shape of the N2 and 1190 continuum ahsorptions in the LW laser region.

The PMS data used independently to predict scattering at 3.8 p in worke I s u rp r i s ing ly
well in this experiment , lending confidence to this approach. In the earlier Florida exper-
iment the agreement between the PMS-based predictions and the ,- \AE values is not as
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good. A larger variation in aerosol composition (most likely due to changes between off-
chore and ocean wind conditions at that site) is responsible for the differences observed
in the two experiments. This is a complex problem which is currently being actively
studied . The data base contained in this report should prove useful in furthering the de-
velopment of techniques for modeling aerosol extinction.

Though the data from this experiment shown in plots of molecular absorption versus
water-vapor pressure (Figs. 30) are not very useful in validating the predictions shown on
the same plots (due to the limited range of humidities observed), the data consistently
agree with the experimental curve fits derived from the Florida experiment.

The detailed information contained in this report as regards aerosol distributions ,
absolute humidities, wind patterns, and related optical effects on 3.8-pm propagation as-
sociated with the TRW-CTS location should prove usefu l as a reference for the planning
and analysis of future DF laser propagation tests to be carried out using the sites described
herein.
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