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DF Laser Propagation Analysis
Final Report

1.0 INTRODUCTION

The objective of this work is to obtain a model of the atmospher ic
absorption in the DF laser region (3.6 - 4.0 Mm) which is verifiable by

NRL field measurements. There have been four elements to the basic

approach. First, measurements have been made of a large number of

fundamental molecular parameters which affect the absorption of DF

laser radiation. Second, the absorption of each laser line was calculated

using these numerous parameters, and then fit with a simple analytic

model containing only a few coefficients. These coefficients give the
temperature and humidity dependence of the absorption. Third, NRL
compared their measurements with this simple model to establish its

validity. Fourth, SAl’s computer codes have been rewritten to facilitate
checks on the accuracy of the existing absorption coefficients at all the
wavelengths between the DF laser lines. The new code, SYNSPC, has
been used by NRL and SAl to calculate and plot the atmospheric ab-
sorption for comparison with both the NRL interferometer measure-
ments in the field and the SAl laboratory measurements.

The improven~~nts in the modeling of DF laser absorption can be
seen in Figures 1 and 2. NRL measurements are compared to both
the absorption calculated with the parameters from this study and the
absorption calculated with the parameters available prior to this study.
It is clear that the measurement of line parameters for which previous
estimates were in error has completely eliminated the early discrepan-
des  between the field measurements and calculations.
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2.0 SIMPLIFIED DF LASER ABSORPTION MODEL

A simplified model has been developed for calculating molecular

absorpt ion of DF laser radiation. A simple analytic function of at-
mospheric temperature and water vapor concentration was fit to cal-
culated absorption coefficient s for 27 DF laser lines. This provides
a convenient procedure for predicting atmospheric absorption of DF
laser radiation.

A least-squares fitting code was used to determine the coefficients
a0, a1, ..., a5 in the polynomial :

k = a0 + a1T + a2p + a3Tp + a4p2 + a5Tp2

where k is the molecular absorption coefficient (km4), T and p are
the atmospheric air temperature (°F) and water vapor partial pressure
(torr), respectively. The modeling coefficients a0 . . .  a5 are given in
Table 1 for each DF laser line. The calculated molecular absorption
coefficients used to derive the modeling coefficients are given in Appendix
A. Appendix B gives the calculated points and the analytical curve fits
for each DF laser line.

SAl’s standard line-by-line computer code [1, 2] was used to cal-
culate the basis molecular absorption coefficients given in Appendix A.
These calculations use empirical models of the water and nitrogen con-
tinuum based on Burch’s measurements [3, 4]. An SAl modified version
of the 1975 AFGL line parameter compilation was used along with pre-
liminary values of the DF laser wavenumbers [5]. The subsequent pub-
lished wavenumbers [6] are slightly more accurate. The AFG L corn-
pilation was modified to include recent SAl line parameter measurements
[7] for absorption lines near the P1(7), P1(8), P1(9), P2 (7) and P2 (9)
DF laser lines (see Table 2). The calculations include the effects of
sell broadening for H2O and HDO (broadened by H20). A nominal

I
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Table 1.

C O E f F I C I E N T S  CF L E A S T  S Q U A R E S  FIT

~K~~AC’ +A 1*T + A 2 *P H 2 0 +A 3 * T *P H 2 O + A 4 *P H 2 0 *P 1 1 2 04 A 5 * T *P H 2 0 *P H 2 0 )
tF

LINE A~ A l  A 2 A 3 ALl AS
9 3 ( 1 2 )  7. lf l 7E — C 2 — 5 . 3 9 9 E — . O5 2 . 8 8 6 E— O ~ — 1 . W?5~ — O5 2 . 5 9 8 E — ~~5 — 1.  114 2 E — f l 7
p 3 ( 1 1 )  5 .389E — C 2—6 . L lL l5 !—05  2 . 6 L l 2 E — O~~— 1 . (

~O 3 E — C 5  2 . 2 19~ — O~~— 7 . 6 3 6 E — ~~8
93 10) 2 . 8 3 L 4 E — 0 2 — 2 . 7 1 8 E 05 2 . 2 5 1E — 0 3 — 1 . 0 14 L l E — C 5  1 . 9 8 9 E — 0 5 — 7 . 8 2 2 E — 0 8
9 2 ( 1 3 )  2. 5 9 5 F — 0 2 — 2 . 3 5 0 E — 0 5  2. 196E— O~ — 1 . C 7 € ~ — C 5  1. 9 l 4 8 E — O 5 — 7 . 9 S 8 E — ~~8
?3~~~) 1 .5 9 5 E — 0 2 — 9 . 7 2 0 E — 0 6  1 . 9 6 7 E — 0 3— 9 . 1469 E— 36 1. 7 2 7 E — O S — 6 . 7 8 8 !— O 8
9 2 ( 12 )  1 .4 4 4 F — ~~2 8 . 46 e E O6 1.92 8E— O 3 — S . 2 ~~L l E — O 6  1 . 6 7 5 E — O 5— 6 . 5 1 1 E — n 8
P 3~~9) 3 .3 11E — C 2 — 3 . 1 ( 5 E — O 5  l . 7 9 3 E — 0 3 — 7 . $ L l 6 E — 0 6  1.563~ — O 5 — 5 .~~l 6 E — O 8
2 2 ( 1 1 )  1 . 9 L l 9 E — C t 2 — 2 .~~7 9 r — O 5  l . 7 2 L l E — O J—~~.E 7 5 E — C 6  1 . 5 2 7 E — 0 5 — 5 . 8 5 5 E — 0 8
23~~7) l~. 7 5 9 E — C 2 — 6 . 7 6 8 E — O 5  1. 7 4 6 E — O 3 — ~~.O 4 2 E — O 6  1. L I B 3 E — 0 5 — 3 . 9 8 3 E — 0 8
P 2 ( 1 c )  Ll .9114E_ 0 2— 2 . 0 14 6 E — 0 5  1. 7 C 6 E — 0 3 — 6 . 4 7 5E— 0 6 1. 4 146 E — 0 5 - 4 . 7 7 8 E — O 8
P3 (6) 5 .2 52 E — t 3  9 .C 1l1E-06 1.852 E— 0 3 — L l . C 9 S E — C 6  1 .L l 8 8 E — C S — 3 . 6 6 ~ E— ~~8
?2 ( ~ ) £ 4 . 9 1 5 E — C 3 — 7 . 1179E— 06 3 . 5 12 E — 0 3 — 5 . C 6 3 E — 0 6  1 . 3 8 L l E — 3 5 — 4 . 9 9 9 E - 3 8
P 3 ( 5 )  2 .4 1 5 E — C 3 — 2 .  6 4 7 !— 0 7  1 .7 8 1E — 0 3 — 7 .  167E—C6 1. 5 16 E — 0 5 — 5 .  ~ L l 5E —~~8
?2 (9) 3 . 0 36E — C 3— 14. 7 L 4 9E —0 7 2.21 1E —0 3— 5 .9 14 L 1E—C 7 1 . L l 2 8 E —~~5— 7 . 3 3 2 L - ’J8
P 2 ( 7 )  4 . 5 1 7 E — O 4  3.38~~P — O 6  6.~~67 E— O 3—~~.~~4 E E — C 6  3 . 1 3 6 E — 5 — 8 . 7 2 1E - ~~9
P1 ~1O) 1. 6 2 5 E — 0 3  Ll .9L 4 3E— 0 6 2 . 9 O 2 E — O 3 — ~~.7 L l 1 E — G 6  2. 1Ll 5E— ~~5—5 . Z4 17E -~~8
P2 (6) 2 . L~26E— C~Ll e. 3~~L l E — (~7 4. 4 8 1E— 0 3 — S . 3 5 0 E — C 6  2 . 8 5 7 E — C~5 — 4 . 5 3 3 E — ~~9

~ 1 ~~) 6. 69 L4 E—0 3 2. 147 1E—O 5 3. 1 06 E — 0 3 — 1.0 4 6 E 05 2. 4 L l 9 L C5 6. 858~ — O 8
P2 (5) — 6 . 1 9 0 E — C 7  2 . 5 2 2 E — 0 8  2 . 5 6 L l E — 0 3— S .  ~ EB— ~~6 2 . 1 E— .~5 — 7 .2 5 7 E — ~)8
P1 ~8) — 2 . 7 5 3 E — c 5  3 . C 9 ’4 E — ~~7 8 . 2 c o E — ~~ 1.6 6 8E — 0 5  3 . 5 6 9 E - O 5  1.02 3E -07
P 2 (11 ) 1 .5 11E—( ~L4 7 . 3 7 C E — 0 8  4 . C 7 5 L — O 3 — ~~.~~9 L l E — O €  2. 8 15E—t ~5 — B .  162E— 18
9 1 ( 7 )  2 . 4 6 2 E — 0 3 — 8 . 1 2 C E — f l 6  3 . 0 9 9 E — 0 3 — 1 . 3 8 2 E — 0 5  2 .6 18~~~O 5 — 1 . U h 1 E O7
P2 (3) 1.080!— ( 3— Li . 180!— C7 3.62~~~— O ~ — 1 . Z1 L4 2 E — C 5  2 . a 1 1 z — D 5 — 9 . 9 7 8 E — ~~8
91 (6) 5 . 128 E— C 3— 7 . 7 6 6 E — O 1  6 . 3 9 L l E — O 3 — i .~~82 E—C 5 4 . 1 9 1 E — O 5 — 9 . 3 5 L l~ — ? 8
P 1 (5) 1 .4 72 E— ~~3—3 .9O3~ — D 7  5 .495E — O 3— 1.5 88T ~— C 5  3 .929~ — T h — 1 . O 4 B E —~~7
p 1 t t ~) u .2 L l 6 r — c 3—S .e~~lE— O6 6 . 5 6 9 E— 0 3— 2 . 7 7 3 E — 0 6  3 .767~ — O 5 — 1 . L4 6 L l E —~~7
P 1( 3 )  1.402!— O ’l 1. C( 9 E— 0 5  5 .353E— C~ — I - 4 U S E — C 5  3 . 3 12 E — 0 5 — 1 .5 8 6 E - 0 7
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factor of 5 times the foreign broadening was used except for

and P2 (7) where a factor of 1 was used inadvertently. The fac-

tor of 1 may lead to 10% errors for high humidities and will be cor-

rected in the next set of coefficients. The factor of 5 however, may
itself lead to errors of 5% since it is j ust an arbitrary estimate. This

is because adequate values for the broadening of HDO and H2O are un-

available. The temperature dependence of the continua, absorption [8],

and of the vibrational partition function [9], were included.
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3.0 ABSORPTION LINE PARA METER MEASUREMENTS

The molecular absorption line strength, width , and center wave-

numbers are the fundamental parameters required to model molecular

line absorption of laser radiation. They are used to obtain the absorp-

tion as a function of temperature , pressure (altitude), and concentra-

tion. They are also used to determine the coefficients for the simpli-

fied expressions (see Section 2) used to expedite the calculation of at-

mospheric molecular absorption for arbitrary temperatures and con-

centrations. The absorption line widths, strengths, and relat ive wave-

numbers have been extracted from HDO data for the lines which affect

the absorption at important OF laser lines. The HDO data was ob-

tained on a separate NRL contract.

3. 1 Procedure for Obtaining Line Strength and Width Values

The basic spectroscopic data was provided on digital cassettes. A

TI 733 ASR data terminal has been modified so that it is possible to re-

place the more expensive digital grade cassettes with two hour audio

cassettes. The audio cassettes accept twice as much data aUowing

longer scans.

The first step in preprocessing is to read the cassette data into
a disk file on the computer . The data is edited to remove semicolons
inserted by transients during the spectrometer scan , to correct and com -
plete the header information , and to correct data lost or scrambled
during transmission to the computer. The data is then stored on a file
save tape for fu ture analysis.

The analysis begins with the measurement of about ten absorption

line positions on each scan. The wavenumber calibration constants for

each scan are determined by a least squares fit of the measured posi-

tions to the positions listed in the AFGL data tape [10]. The 100%

t1 ansmission voltage is calibrated by specifying the transmission at 

a8
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few selected calibration points in each set of data (scan). All of this

calibration data is added to the data file headings which already contain

the calibration values for the sample cell fill and other scan conditions.

The computer code SCALDATA is used to preprocess the data. The

measured voltages are converted into calibrated transmission values at

calibrated wavenumbers using the data from the file heading. Zero tran s-

mission calibration data are recorded at the beg inning and end of each scan.

Next, the SYNSPC computer code (see Section 4.0) is used to gen-

erate calibrated plots of the measured spectrum and to calculate and plot

the expected spectrum. These plots are used to select spectral reg ions

containing twelve or fewer lines for extraction of the strength and width

parameters. The program FITIN is used to obtain starting absorption

line parameters from the AFGL data tape for the particular temperature,

pressure, concentration and path length conditions of the scan. The start-

ing parameter values for lines which are not on the data tape (usually D20

lines) can easily be estimated by inspection of the measured and calculated

spectral plots. Using these starting parameters , the program FJTL~NES

(see Section 3.2) is run to extract absorption line strengths and widths

from the data.

3. 2 FITLINES -- A Program for Automatic Extraction of Absorption
Line Parameters from Measured Data

There are quite a number of different techn iques which various

authors have used to manually extract absorption line strengths and

widths from spectroscopic measurements. These techniques are quite

well suited to the manual extraction of line strengths and widths from

measurements of isolated lines if accurate measurements are made
of the 0% and 100% transmission base lines , and if the proper correc-

tions are made for the spectrometer spectral response function and for

the choice of the 100% transmission base line . However , these tech-

niques are not at all suitable for the automatic extraction of line strengths

9 
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ana widths from lines which lie near to, or are overlapped by, a number

of other irregularly spaced lines. At this laboratory [7 , 11], the manual

parametric fit of a synthetic spectrum to the measured spectrum was

used previously to deal with this difficult parameter extraction problem.

Unfortunately, for overlapped lines, the manual parametr ic fit requires
a highly skilled person , and is very tedious and time consuming.

A new method is now being used to extract absorption line param-

eters from spectroscopic measurements. It works with isolated and

overlapped lines. This method is semi-automatic and the computer

codes can be operated by relatively unskilled personnel for the simple

cases of overlapped lines. The cases of highly overlapped and multiple

lines, however , require the jud gment of personnel highly skilled and ex-

perienced in extracting absorption line strengths and widths from param-

etric fit s of overlapped lines. The computer code which executes this

method is called FITLINES.

With FITLINES, the estimated strengths , widths , and wavenumbers of

individual molecular lines expected in the region are systematically varied

to get the best least-squares fit to the measured data scan . The starting

line parameter estimates are obtained from the latest AFGL data tape ,

and from the visual inspection of the spectra.

The current version of FITLINES allows the simultaneous f itt ing of
up to 12 overlapped spectral lines. Any arbitrary spectrometer spectral

response function can be specified. Convolution of the spectral response

function is speeded by 5, 9 or 16 point Gaussian quadrature , depending on

the complexity of the spectral response function. The program also cor-

rects any errors in the 100% transmission base line. The code has been

written to use efficientl y a large number of fine interval (0.001 cm 1) spec-

tral data points , such as may typically be obtained with current data acqui-

sition systems.

I
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A detailed description of the sequence of steps performed by FIT-
LINES follows:

(1) The measured spectral transmission values, a measured
spectrometer spectral response function , and starting esti-
mates of the line strengths, widths and positions are read
in by the code and stored.

(2) The code selects a number of critical wavenumbers for each
absorption line and for the regions in between the absorption
lines. These points will be used for the first order , nonlinear ,
least-squares fit of the measured transmission.

(3) The transmission value at the selected wavenumbers is de-
termined from a second-order polynomial fit to the measured
data in the ± 0.3 V region around the selected point. The
user may specify other order polynomial fits. For the points
chosen between the lines the polynomial fit is made over
± 0.3 Vaverage region.

(4) The transmission values are calculated at the selected wave-
numbers from the estimated starting line parameters or , on
successive iterations, from the corrected parameters.

(5) The residual error between the measured and calculated trans-
mission values is computed. If the residual is less than a given
level the computation has given a successful result.

(6) If the agreement is not sufficir~ntly accurate , the partia l deriva-
tives of the transmission at each wavenumber with respect to
the various parameters are computed.

(7) A linear algebraic system, derived from the partial deriva-
tives and residuals, is solved for the corrections to the cur-
rent parameter values.

(8) The corrections are applied to the estimated parameter values
and the sequence of steps (2) through (7) is repeated until an
accurate fit is obtained or the specified number of iterations
has been performed.

11 
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The performance of FITLINE S is illustrated in Figures 3, 4 and

5. The solid curve in Figure 3 is the measured HDO and D20 trans-

mission near the P1(7) DF laser line. The X’s are the calculated

transmission values based on the starting estimates of the line param-

eters. Figure 4 shows the result of three iterations. Here the X’s are

the transmission values calculated from the parameters determined by

FITLINES. The fit converges quickly and gives an excellent representa-

tion of the measured spectrum. Figure 5 indicates how it is possible to

obtain strength and width parameters of limited accuracy even when the

line is weak and the spectrum noisy. The boxes on the top of the fi gure

give the residuals calculated by FITLINES. The residuals are the dif-

ferences between the transmission determined by a second order poly-

nomial fit to the data aroun d a selected poin t , and the transmission cal-

culated at the point using the line parameters extracted by FITLINES.

The scale is ± 2%. Thus it can be seen that the typical residual is only

a few tenths of a percent.

A similar code has been developed by Chang [121. It also uses a

nonlinear , least-square fit techn ique to obtain the line parameters for

two over lapped lines. A Gaussian instrument spectral response func-

t ion is used. This allows a more analytical approach to the program.

The input data for Chang’s code is obtained by digitizing selected critical

points from spectral charts.

3. 3 Procedure for Obtaining Relative DF Laser - - HDO Line Wavenumbers

The HDO absorption lines and DF laser emission lines were simul-

taneously recorded on a two-pen chart recorder. Typically each absorp-

tion -line , laser-line combination was scanned four times. The relative

positions were scaled graphicall y, and the results of the four measure-

ments were averaged. The current accuracy of the relative position

values is 0.015 cm~~. However the contract for the measurements

I
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which provided the raw data is still active. When the checks to elim-
inate the possibilities of systematic errors are completed , it should

be possible to improve the accuracy to 0.005 cm4. This is a reason-
able number since the purely statistical standard deviation of the mea-
sured values was 0.002 cm 1, which leads to a statistical error of the
mean of (IT = 2) of 0. 001 cm ’1.

3. 4 Relative DF Laser - - HDO Absorption Line Wavenumbers

The relative wavenumbers of HDO absorption lines and DF laser
lines have been determined from measured spectra. The results are
given in Table 3. As discussed in Section 3.3, the current accuracy

is 0.015 cm4. In most cases the separation between the laser line
and the HDO line is such that this accuracy will have a negligible ef-
fect on the calculated laser absorption. However, for a few HDO lines
[2727. 260@P2(4), 2704. 080@P2(5), 2594. 233@P3(6) and 2717.456@P1(8)]
this level of accuracy will lead to some uncertaint y in the calculated ab-
sorption at the laser lines. The improvement in accuracy discussed in
Section 3.3, should eliminate this problem.

3. 5 HDO Absorption Line Widths and Strengths

HDO absorption line widths and strengths have been determined
from measured spectra. The results are given in Table 4. Many of
these parameters have been extracted from overlapped lines which
were previously thought impossible to measure. Thus, while it is
thought that the parameters are accurate to 10% , there is the possibility
that in some cases parameters hace been included for lines which were

too badly overlapped to yield parameters to this accuracy. Only tim e and
experience can provide assurance that reasonable accuracy estimates are
given when this procedure is used. Comparisons with the AFGL values [10]
have been postponed until the measurements contract final report. This
will allow the latest version of the data tape to be used.

16
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Table 3.
HDO Absorption Line Positions

Relative to DF Laser Lines

Laser Line Wavenumber Relative Wavenumber
(cm
4
) (cm 1

)

AFCRL Absorption Line - Laser Line

1-0 P(4) 2816. 989 0. 6238

2816. 757 0. 3843
2816.219 -0.1547

2815.957 -0.4134

2815.712 —0.6613

2815. 185 - 1. 1874 ‘1
2814. 993 - 1. 3785

1-0 P(5) 2792. 973 0.5507
2792. 595 0. 1725
2791. 759 -0. 6674

2791. 390 - 1. 0302

2790. 917 - 1. 5086

1-0 P(6) 2768.634 0.6771

2767.574 -0.3828

2767. 277 — 0. 6847

2766.506 -1.4519

17
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Table 3 (Cont inued)
HDO Absorption Line Positions

Relative to DF Laser Lines

Laser Line Wavenumber Relative Wavenumber

(cm4) (cm
4)

AFCRL Absorption Line - Laser Line

2-1 P(3) 2751. 342 1. 2595
2750. 503 0. 4203
2749. 920 -0. 1637

1-0 P(7) 2744. 288 1. 2972

2744. 147 1. 1596
2743. 941 0. 9516
2743. 576 0. 5885

2742 . 366 -0. 6235

2-1 P(4) 2728. 060 0. 7595
2727. 870 0. 5701
2727. 528 0. 2290
2727. 260 -0. 0409
2727. 092 -0. 2062

2726. 625 -0. 6750

2726. 161 -1. 1377

2725.682 —1.6176

18
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Table 3 (Continued)
HDO Absorption Line Positions

Relat ive to DF Laser Lines

Laser Line Wavenumber Relative Wavenumber

(cm ) (cm )

AFCRL Absorption Line - Laser Line

1-0 P(8) 2719. 116 1. 5825

2718. 774 1. 2406
2718. 549 1. 0183

2717. 751 0. 2155
2717. 456 -0. 0763
2717. 189 -0. 3444
2717. 136 —0. 3972
2716. 913 -0. 6140
2716.810 -0.7225

2716. 271 -1. 2574

2-1 P(5) 2705. 513 1. 5254
2704.458 0. 4686
2704. 256 0. 2668
2704. 080 0. 0823
2703. 329 -0. 6621
2703. 093 -0. 8931

1-0 P(9) 2692. 150 1. 1493

19
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Table 3 (Continued)
HDO Absorption Line Positions

Relative to DF Laser Lines

Laser Line Wavenumber Relat ive Wav enumber
(cm 1) (cm4)

AFCRL Absorption Line - Laser Line

2-1 P(6 ) 2681. 052 0. 8809
2679. 215 -0. 9521
2678. 702 -1. 4633

1-0 P(10) 2666. 295 1. 0878

2664. 799 -0. 4075
2664. 446 -.0. ‘7598

2—1 P(7) 2657. 330 1. 4783

2655. 746 -0. 1106
2755. 459 -0. 3921

1-0 P(11) 2639. 660 1. 2675
2638. 728 0. 3520
2638. 557 0. 1817
2638. 153 -0. 2251
2637. 743 -0. 6315
2637. 554 —0 . 8230
2637. 359 — 1. 0155
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Table 3 (Continued )
HDO Absorption Line Positions

Relat ive to DF Laser Lines

Laser Line Wavenumber Relative Waven u mber

(cm4) (cm4)

AFCRL Absorption Line - Laser Line

2-1 P(8) 2632. 414 1. 3556

2632.125 1.0688

2629. 845 —1. 2113
2629.715 -1.3446

3-2 P(5) 2617. 726 0. 3505

2— 1 P(9) 2607. 194 1. 3970
2606. 935 1. 1372
2606. 517 0. 7145
2606. 311 0. 5160
2605. 999 0. 2007
2605. 183 0.6125
2604. 668 -1. 1279

C 2604. 440 -1. 3534

3-2 P(6) 2594. 905 0. 7260
2594. 223 0. 0307
2593. 980 -0. 2013

C 

2593.618 -0.5646

2593. 261 -0. 9401
2592. 882 -1. 3055
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Table 3 (Continued)
HDO Absorption Line Positions

Relative to DF Laser Lines

Laser Line Wavenumber Relative Wavenumber

(cm4) (cm4)

AFCRL Absorption Line - Laser Line

2-1 P(10) 2581. 046 0. 9618
2579. 837 -0. 2525

2579. 747 -0. 3464
2578.807 -1.2763

3-2 P(7) 2571.440 0.9280

2571.237 0.7210

2571. 162 0. 6477
2570.381 -0. 1363

2570. 140 -0. 3704
2569.961 -0.5480

2569. 302 —1 . 2070

2— 1 P(11) 2553. 110 —0. 8330

2552. 787 —1. 1553

3-2 P(8) 2546. 993 0.6291

2-1 P(12) 2527. 189 -0. 1940

3-2 P(9) 2522. 407 0. 6500

2521. 006 -0. 7465
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Table 3 (Continued)
HDO Absorption Line Positions

Relative to DF Laser Lines

Laser Line Wavenumber Relative Wavenumber
(cm4) (cm4)

AFCRL Absorption Line - Laser Lin e

2— 1 P(13) 2501. 461 1. 0427
2499. 768 -0.6495

3-2 P(10) 2497. 938 1. 2274
2495.666 —1.0337
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Table 4.

HDO Absorption Line Widths and Strengths

Laser AFCRL 1 23 1 ‘
Line HDO Line (cm ) S (10 

cm 
2) 

y (cm )
(cm u r n )  mol. cm

P (11) 2453. 008 . 0021 ± 25% . 1049 ± 25%
2460. 926 . 0022 ~ 100% . 0415 ± 100%

2471. 2446 2467. 995 . 0014 * 25% . 0813 ±25%
4. 0465 2469. 810 . 0058 ± 30% . 0560 ± 30%

P3(10)
2496. 7219

4. 0053 2497. 938 .0025 . 0758
2497. 263 . 0042 . 0946P2~131 2499. 768 . 0054 . 0698

2500. 4297
3. 9993

P ( 9)
2521 92 2522. 407 .0011 .0721

3 9655 
2524.464 .0205 .0886

P2(12)
2527. 3869 2527. 189 . 0014 . 0933

3. 9567

2539. 273 . 0232 . 0750
2544. 668 .0415 .0866
2546. 993 . 0567 . 0862

3I~8/ 2547. 822 . 0415 . 0727
2546. 3745 2548. 663 . 0308 . 0479
3.9272 2548.720 .0472 .0517

2549. 907 . 0402 . 0678
2550. 507 . 0245 . 0813

2553. 9539 2553. 110 . 0250 . 0771
3. 9155
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Table 4 (Continued)

Laser AFCRL -1 1 -23 -1 —1
Line HDO Line (cm ) Sj lO cm 

2 1 y (cm )
mol. cm /

~
)
3

(7) 2570. 140 . 0232 ~ 50% . 0907 ± 50%

2570. 5231 2571. 440 . 0232 ± 50% . 0509 * 50%
3.8903 2573.520 .0853 .0845

2576. 664 . 1498 . 0890
2578. 606 . 1378 . 0695
2578. 807 . 1410 . 0698

2580. 1021 2581. 046 . 1372 . 0797
3.8758 2582.303 .1896 .0915

2585.437 .1319 .0889

6 
2590. 826 . 1348 . 0847
2591.220 - .2479 .0913

2594. 2009 2593. 244 . 2317 . 0767
3. 8548 2593. 618 . 2291 . 0759

2596. 738 . 2197 . 0849
P (9)

2 05 8080 
2605. 183 . 1923 . 0917

6
3 8376 2606. 311 .3733 . 0927

2619. 762 .4171 . 0951
/ 2621. 733 . 5202 . 0852

2617. 3888 2622. 108 . 5575 . 0987
3. 8206 2622. 860 . 5069 . 0887

2631. 0667 2628. 459 . 4540 . 0965
3. 8007 2635. 600 . 6658 ± 20% . 0940 e 20%

~i
(h1) 2637.359 .6654 ± 20%. .0937 ± 20%

2 3° 3fl43 
2638. 557 . 7121 ± 20% . 0929 ± 20%

6 O.~~~~~ 2638. 728 . 4964 + 20% . 0880 * 20%
2640. 019 .0117 .0727

P3(4) 2641. 994 . 2547 . 0868

2640. 0749
3. 7877
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Table 4 (Continued)

Laser AFCRL i -1 ~
Line HDO Line (cm4) s(io 23 cm 

2) y (cm4)
mol. cm /

P (7)
2655 05 2655.459 .7711 .1010

3. 7653 2657. 330 . 5215 . 0989

P1(b0) 
2660. 518 . 5577 . 1053
2663. 293 . 9089 . 1030

2665. 2172 2664. 799 . 0252 + 30% . 1050 ~ 30%
3. 7520 2666. 295 . 8238 

- 
. 0980

2680. 1732 2680. 759 . 8344 ± 20% . 1060 * 30%

3. 7311 
-

P (9) 2689. 785 . 4449 . 1056
2692.750 .7516 .1126

2691. 6087 2693. 495 . 0293 ± 25% . 0788 e 25%
3. 7153 2695. 208 .4995 .1046

2702. 157 . 0867 . 1028
2703. 9983 2703. 093 . 0299 . 1075
3. 6982

2725. 687 . 2556 . 1083
P (4) 2726. 161 . 5261 . 1038

2 2727. 092 . 0043 + 30% . 0616 e 30%
2727. 3116 2727. 528 . 0085 30% . 0914 ± 30%

3. 6666 2727. 870 . 0074 + 30% . 0705 e 30%
2728. 060 . 0312 . 1095

P1(7) 2738. 923 . 4329 ± 20% . 1135 * 20%

2742. 9994 2743. 576 . 0106 ± 30% . 1008 e 30%
3. 6456 2743. 941 . 0918 -j 30% . 1186 ± 30%

26
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Table 4 (Continued)

Laser AFCRL 1 23 -1 ‘~ 1
Line HDO Line (cm ) ~~~ 2~ 

~
‘ (cm )

mol.cm /

2747. 412 . 1150 + 50% . 1125 e 50%
P (3) 2749. 920 . 0334 ± 50% . 1137 & 50%

2750. 503 . 0278 + 50% . 1070 * 50%
2750. 0962 2751. 342 . 5032 + 50% . 1072 ~ 50%3.6362 2753. 545 . 7728 ± 50% . 1121 * 50%

2756. 558 . 5171 ± 50% . 1080 * 50%

P (6) 2764. 551 . 7902 + 25% . 1024 * 25%
1 2767. 277 . 9160 + 25% . 1052 i 25%

2767. 9677 2768. 634 . 3951 ÷ 25% . 1015 * 25%
3. 6128 2769. 897 . 4237 ~ 25% . 1066 ± 25%

2772. 342 2772. 259 . 7660 ± 25% . 1062 * 25%
3. 6071

2789. 593 . 8775 + 25% . 0986 ± 25%
2792. 4362 2791. 759 . 8568 ~ 25% . 1004 ± 25%
3. 5811

P1(4) 2814. 993 . 5374 . 1000
2816.3794 2816.989 .4069 .0956

3. 5507

These strengths are per molecule of H20; that is, they are reduced by the
nominal value of the HDO natural abundance (the same units as used on the
data type).
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4.0 ATMOSPHERIC TRANSMISSION CALCULATIONS

Fully resolved atmospheric molecular absorption has been calculated
• — 1and plotted for all wavenumbers in the DF laser region (2480-2800 cm )

and the CO laser region (1900-2200 cm4). The calculations and plots
were made using existing SAl computer codes which were rewritten and

combined into a single program (SYNSPC). This reduced the size and

cost of the codes, while simultaneously increasing the ease of operation.

SYNSPC uses a modified version of the AFG L line parameter tape [10]

and includes all the molecules available on the tape. It includes models

of the water cont inuum, the n it rogen cont inuum , and the effect of water

sell broadening. The calculations can be performed for arbitrary values

of temperature , pressure (altitude), humidit y, concentration of absorbing

atmospheric gasses, and aerosol extinction.

4. 1 Physics of SYNSPC

The basic line-by-line approach has been used with some additional

sophistication to increase the speed and accuracy of the calculations.

The line -by-line calculations of the atmospheric transmission are made

according to the following expressions.

S.y.
k.(i7~) = E  — 2  2

i 1r[(i7-v~) + y
~ 

]

_ ZN~k~(i) -k3 S contT = e  X e  x e

or
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Q(296°K) 
— 

Qr (296°
~~

Qv (296 °
~~

Q(T) 
- 

Qr (T
~~ v(T)

where 
~r 

is the rotational partition function and is the vibrational

partition function. The expressions used for the partition functions are:

Qr(296
°
~~ ‘296°K’~ 

1 Linear Molecule

~‘ ‘T’
~ 

= ( T J where j =
/ 1 3/2 Nonlinear Molecule

Linear Molecules: C02, N~O, CO, 02
Nonlinear Molecules: H20, HDO, O3~ CH4

f -w.xl.4388/296\—d.

~ v~
296 K) 1r .kl _e 1

Q
~

(T)

where d
~ 
and are the degeneracy and wavenumber of normal mode i.

The integrated molecular number densities along the path are cal-

culated by:

— 
6.02257 x io23 273.16 -4N - 22.415 X ~~~~ PtP L  x 10

where
T = Temperature

= Total air pressure in atmospheres

= Partial pressure of absorbing molecules in parts per million

L = Path length in kilometers
(i) = Absorption coefficient for molecule j at wavenumber i~
T = Transmission
17 = Observation wavenumber

= Absorption line wavenumber for line i

= Absorption line width for line i of molecule j

29
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S~ = Absorption line strength for line i of molecule j
N. = Number of absorbing molecules per cm 2 in path for

~ molecule j
Aerosol extinction coefficient entered by user

k(
~

)cont = Nitrogen and H20 continuum

Empirical models based on the Burch measurements [3, 4 , 13] of
the nitrogen and water continua are included in k(17) . The water
continuum covers the regions (2400-2850 cm ) [4], and (800-1200 cm )

[13]. The nitrogen continuum covers the region (2389-2648 cm4) [3]. A
provision is made for the user to enter the aerosol extinction coefficient
k .S

The temperature dependence of the line strength is calculated using
the Boltzman factor and the vibrational and rotational partitions functions.

Thus : —

S — S 296°K 
Q~(296°K) 1.4388E~’ ~ j~~g J)~~

ij~~ 
..( X Q~(T) e

where Q1 is the partition function , E~ is the initial state energy, and
T is the temperature. I represents the transition identification, and
j represents the molecular species identification. The value of

depends on the temperature and species of the molecule, while Ej J
depends only on the particular molecule and transition involved.

4. 2 Calculated Atmospheric Absorption in the DF and CO Laser
Regions (2480 cm~~ to 2800 cm4) and (1900 cm4 to 2200 cm4)

The atmospheric molecular absorption has been calculated for a
number of different conditions in the DF laser region. The absorption
has also been calculated in the CO laser region for a nominal set of
conditions.
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Figure 6 gives the monochromatic atmospheric molecular ab-

sorption line transmission, without the cont inuum , in the 2480 -

2800 cm4 region for a 5 kilometer path and midlatitude sea level

conditions. Figure 7 is identical except a 0.1 cm4 trapezoidal in-
strument spectral response function is used to simulate the atmo-
spheric transmission as it would be observed by an interferometer.

Figure 8 gives the absorption coefficient for the previous conditions.

Figure 9 includes the Burch water and nitrogen continua , the instru-
ment spectral response function , and is done for conditions which cor-
respond to one of the measurements made by NRL. The calculated

atmospheric transmission for a 16 km path is given in Figure 10 for
infinite resolution, and in Figure 11 for 0.08 cm4 resolution. In both
cases the Burch continua are included.

The absorption calculated between 1900 and 2200 cm4 in the CO
laser region is given in Figures 12 and 13. For these CO calculations,
the parameters from the Januar y 1976 AFCRL data tape were used with-
out change. Recent measjirements by Chang [111 give values for the

H 20 line strengths in the CO reg ion which are typically 10% to 20%

stronger than the AFGL values. In individual cases the measured

strengths are a factor of two stronger. Dr. Chang [12] indicates that

the final calibration of his data may well eliminate the 10% to 20% dif-
ferences. Thus it would appear that the strengths of most of the very

strong lines on the data tape are accurate. However , these measure-
ments were only made for a few of the very strong lines and do not in-

clude the many weak lines which are so important in the more trans-
parent intervals.
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APPENDIX A

DF LASER ATMOSPHERIC ABSORPTION COEFFICIENTS

AS A FUNCTION OF TEMPERATURE
AND WATER VA POR PARTIAL PRESSURE
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15 2 .4 37 1—C2 2 .3751—02 6.333 1—04 4. 880 1—02
20 3.387!—C2 2 .3791—02 6.8281—04 5.8341—02

SO
o o .c 2.330 1—02 5.5 07 1—0 14 2 .385 1—02
S 0.4321—03 2.3301—02 6.083E—~~4 - 

3.0341—02
S 1.C591—C2 2.3301—02 6.4421—34 3.453E—02

12 1.61481—02 2 .3301—02 6.9391—04 4 .0471—02
15 2 .115 !—C 2 2 .330E—02 7.323E—04 4.518E—02
20 2 .9431—02 2 .3301—02 7.9891—04 5 .3531—02

- • 
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LI A f lC SU E I 1 C  ) .15C~~F I I C N  C CU F I C I I N T S  (K ~ — 1 )
AS A I U N C T I C 1 S  OF T L N PE~~A 2 E R 1  & h A T I I

LI  F~~EQ UE1. CY EFESS Ii2C
L I N s .  (Cfl—1) (I) ~1OBB) CONTTNUV?~ C C N 1 1 N U U ~ TOTA L TOTJ~L

2521.7693 50
C 0 .3  1.11971—02 14.9791—014 1.513711—02
5 7 .7 9 1 1—02 1. 1197 1—42 5 .562 1—04 2 .332 1—i ~2
8 1.2801—C2 1 .14971—02 5.9251—04 2.837E~ j 2

12 1.5671—C2 1.497 1— 32 6.4261—314
15 2.5461—02 1.14971—02 6.8131—014 4.1121—02
20 3.53141—C2 1.11971—02 7.482E—04 5.1061—02

70
O 0.0 1. 14711—02 5 .5263— 04 1 .S2 b E — 0 2
5 6.6861—C2 1 .4711—02 6.2461—04 2 .2021—02
S 1.1~.C1—C 1.4711—02 6.6961— 014 2.6371—02

12 1.7C 91—C 2 1.4711—02 7.316E—04 3.2531—02
15 2 .1921—C 2 1.471E—02 7.7961—011 3.7411—02
20 3.01461—02 1.14711—02 8.6261—34 4.6031—C2

SO -

0 0.0 1.4471—02 6.1331—014 1.5081—02
5.1031—C3 1.4471—02 7.0111—04 2.0571—02

8 9.5531—C2 1.4471—02 7.5601—04 2.4781—02
12 1.l1E71— C 1.4471—02 3.3191—04 3.0161—02
15 1.9C8 1—02 1.4117E—02 8.907E—0l1 3.4441—02
20 2.€551—C2 1.4471—02 9.9241—04 4.2011—02

P2 (12) 2527.367C 50 
-

0 D.C 1.3211—02 8.10141—04 1.4CiE 02
S 7.5911—C3 1.3211—02 9.0431—04 2.1711—32
6 1.2471—02 1.3211—02 9.ó23E—04 2.6651—02

12 1.53U—C 1.3211—02 1.01411—03 3.3621—02
15 2.11611—C2 1.3211—02 1.1021—0 3 3.9131—02
20 3.4431—C2 1.2211—02 1.2051—03 14.6851—02

70
0 0.C 1.30 01—02 8.11142E—04 1.3841—02
5 6.5201—03 1.3001—02 9 .14 5 51—u4 2.0461—02
S 1 .C721—C2 1.3001—02 1.0083—03 2.473E— 02

12 1.6671—02 1.3001—02 1.0941—0 3 3.0761—02
15 2.1361—0 2 1.3001—02 1 .1601—03 3 .5531—02
20 2.5701— 02 1.3001—02 1.2721—03 4.3971— 62

Sc
0 0.0 1.2801—02 8.753E—04 1.3681—02
S 5. 6631— 03 1 .2801—02 9.8461— 04 1.91451—02
8 9 .32 141— 03  1.2801—02 1.052 1—03 - 2.3181—02

12 1.45 11—C2 1 .2801—02 1.1451—03 2.81451—02
15 1 .6621—02 1.2801—02 1 .2161—03 3 .2641—02
20 2 .5911—C2 1 .2801—02 1.338E—C3 4.0051—02

A-3
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El A1? .cs1h16Ic ~ E 5 C F E 1 I C N  C 0 E F F I C I E N : s  (K ~ — 1 )  -

AS A FUK C i1 C )~ OF T1~ PL 8AT U }E & W AT E 8 VU-CE PAI I A L  P B E 5 SLJ i~1

LI F E I Q U I N C Y  T l r .P h ISS 82C h 2 L I N E
L1Nz. (C~~~1) 11) (TORE) COKTIK UU I CC NI1N U U ~ TOT AL TOTAL

13 ( 12)  24 115. 3S3 5 SC
0 0 .0 6 .6521— 02 5.913E— o3 7.41431—02
S 1 .131 11—C 2 6.6521—02 5.9231—0 3 8.5761— 02
8 1 .6591—C 2 6.1521—02 5.9241—03 9.3031— 02

12 - 
2.1151—02 6.1521—02 5.9331—03 1.0331—01

15 3.6971—02 6.6521—02 5.9351—03 1.1141—01
20 5.1211—02 6.1521—02 5.9431—03 1.2581—01

70 -

O c .o 6.6162—02 7.0021—03 7.3161—02
5 9.5901—Ci 6.6161—02 7.0131—33 8.2761—02
8 1.5771— 02 6.6161—02 7.0193—o3 8.8951—02

12 2.li511—C2 6.6161—02 7.0281—03 9.7701—02
15 3.14141—C 2 6.6162—32 7.O35E—~’3 1.0461—01
20 ‘4.3691—02 6.6161—02 7.0471—03 1.1691—01

so
C 0.0 6.4041—02 8.2442—03 7.2281—02

- 5 8 . 2 3 0 L — C 3  6 .4~~4 E — O 2  8.258 1—03 8 . 0 5 2 1— 0 2

~ 1.355 1—02 6. 4 0 141—0 2  8.268 1—0 3 8.~~8 5 E — G 2
12 2 .loSl— C 2 6.4C14E—02 8.2811—03 9.3401— 02
15 2.7061—C2 6.4041—02 8.2903—0 3 9.9391—02

• 20 3.76€E—C 6.4041—02 8.3081—03 1.1001—0 1

P3 (11) 2q71.2446 50
• 0 0.6 4.527i—02 5.42141—03 5.0691—02

S 9.5621—02 14.527E—C2 6.6723—03 6.1911—02
5 1.6371—C2 4.5271—02 7.4421—02 6.9083—02

12 2.5~~1E—C 2 ‘4.S271—02 8.14911—03 7.9173—02
15 3.2561—02 4.5271—02 9.2941—03 8.7131—02
20 4 .E1SE— C 4.5271—02 1.0661—02 1.0111—01

70
0 0.0 14.3971—02 5.3663—03 4.934E—32
5 8.4811—02 4.3971—02 6.8882—03 5.9341—02 -

8 1 .3951— 02 14.3971— 02 7 .8291—03 6.5741— 02
12 2.1611—02 4.3973—02 9.112E— 03 7.4763—02
15 2.7801—02 4.3971—02 1.0131—02 8.1873—02
20 3.661111—02 ‘1.3971—02 1.177 1—02 9 . 4 3 8E—0 2

so
0 O . C  4 .2 7 5 1 — 0 2  5.322 1—03 ‘ 1.8 11E— 02
5 7.3061—03 4.2751—02 7.1531—03 5.7251—02
8 1.203 1— C2 ‘1.279E—C2 8.2371—03. 6 .3101—02

12 1.1721—02 4.2751—02 9.8362—03 7.1343—02
15 2.11031—C 4.2751—02 1.1031—02 7.7641—02
20 3.34311—62 4.2751—02 1.3061—02 8.9282—02
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~~~~~~C F A I ft C S F H L~ 1C I E 5 C I F I I C N  C C F } F I C 1 L N T S  ( K t l — 1 )

A S A F U N C 1 I C ~’ CF T I N P E F A I U F F  £ IITU VA lOR PAETIa.L PRESSUIE

LI FEIQUENCY 11~~11 11155 L~ C ~2 L I N E
L I N x. (C~~~1) IF) (TORE) CO)~TI~~UU1 CCNITNUU~ TOTAL TOTAL

PJPj 257u.5 27 50
C G.C S.183E—03 3.9041—02 4.4221 02
5 6.5561—03 5.183E—03 4.0301—02 5.2041—02
S 1.C771—C 5.1531—C3 4.109E—~i2 5.7051—02

12 1.6721—02 5.1831—03 4.2181—02 6.4061—02
15 2.1431— C 5.1831—03 4.3021—02 6.9631—02
20 2.97’1E—C2 5.1831—03 14.4461—02- 7.9381—02

70
0 0.0 5.1492—03 3.7691—02 4.2841-02
5 5.67C1—C3 5 .11151—03 3.9221—02 5.0041—02
8 9.32611—C2 5.1451—03 4 . 0 1 7 1— 02  5. 1164 1—0 2

• 12 1.445!—C 5.11491—03 14.148E—02 6.1121—02
15 1.1591—02 5.1491—03 4.2493-32 6.623E—02
20 2.5131—C2 5.1451—C3 4.t1243—02 7.522E—02

so
0 0.C 5.1172—03 3.639E—0 2 4.1511—02
5 £ .S56!—C3 5.1171—03 3.8211—02 4.8291—02
S E .16C1—C 2 S.1171—C3 3.9351—02 5.2621—02

12 1.2701—02 5.1171—03 4.0911—02 5.8721—02
15 1.630!—C2 5.1172—03 4.2123-02 6.3541—02
20 2.2681—C2 5.1171—03 4. 11201—02 7.2C01—02

112(10) 2S80.1021 56
0 D . C  14 .28 12—03 14 .371 1— 32 4 . 8 0 0 5 — 0 2
5 6.4461—03 14.2881—03 4.14531—02 5.52~.i—O2
S 1.0551—02 11.2861—03 4.5~ 0L—02 5.9881—02

1 2  1 . 61 34 1— 0 2  4 .2 8 8 1— 0 3  4 . 5 6 11— 0 . 2 6 . 6 14 0 1— 0 2

15 2.1C71—02 4.286E—03 ‘4.6191—32 7 .155E— u2
20 2 .S2 111-C2 4 .2 861—03 4 . 708 1—0 2 8 .0 6 0 1 1 — 0 2

• C 
- 0.0 14.26 51—03 4 .337 1—02 4 .7 6 4 1— 0 2

5 5.5831—C3 ‘4.2651—03 ‘4.4271—02 5.14121—02
8 9.1831—C3 4.2651—03 4.4831—02 •5.828E—02

12 1.1127!—C2 4.2651—03 ‘4.5591—02 6.4131—02
15 1.13C11— C2 14.2691—03 ‘4.6181—02 6.8751—02

-
‘ 2C 2.5441—02 ‘1.2651—03 4.7191—02 7.6901—02

SC
0 C.C ‘4.2511—03 14.2931—02 14.7181—02
S ‘4.1881—CS 4.251E—C 3 4.3941—02 5.3081—02

• 8 8 . 0 4 6 1— 0 3  ‘4 . i 5 1E~~03 4 . 4 5 7 1— 0 2  5 .6 87 1—02
• 12 1 . 2 5 2 1 1 — C 2  4 . 2 5 1 1— 0 3  4 .54 3 1—32 o .220 1— 02

15 1.6C71—C2 11.2513-03 4.6091—02 6.6412—02
20 2.2371—C2 4 . 25 1 E— C 3  4.7233—02 7. 3 8 4 1—02
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Cl A 1.’C S I h L S I C  A I 5 C } F ’ I I C N  C C k f E 1 C i E ~~2 S  ( K 1~— 1 )

AS  A F U ~s C T 1 C I .  OF T E?~F Z F A 7 U r . E  & W A T U  V A l O R  P A R I A L  P R E S S I J I ’ E

CF Y~~E Q U 1 l ~C Y Iu:r IFESS 12C L I N E
L I N x  (C fl 1) U )  (20SF) CC~~11hUO~ C C N 2 1 N U I J ~ TOTAL T O T A L

1 3 ( 6 )  2 5 9 14 . 2 C C S  50
0 0 .0  3 . 2 7 0 1 — 0 3  2 . 4 3 1 4 2— 0 3  5 . 7 0 1 4 1— 0 3
5 6. 3 6 3 1— C S  3 . 2 7 C 2 — 0 3  4 .6 6 5 1 —0 3  1.43i., E — 0 2
1 1 . 0 1 4 5 1— 0 2  3 .270 1—03  6 .0 1 4 6 1— 0 3  1 . 5 7 7 1 —0 2

12 1 . 62 3 1 — 0  3 .27~~L—0 3 7 .936 1—03 2 .74 3 1 — 02
15 2 . 6 6 0 2 — 0 2  3 .2 7 0 1— 0 3  9 .391 1—03 3 . 3 1 46 1— 0 2
26 2 . 6 1 6 1 — C  3 .270 1—03  1 .1831— 02 ‘4 . 4 0 1 1— 0 2

70
C C.C 3 .2 651 —03  2 623 2— 03 5.888 1—03
5 • 5 . 5 2 3 1— C S  3 . 2 6 5 2 — 0 3  5 . 1 7 1 1— 0 3  1.3 9 6 1— 0 2
8 9 . 6 1 4 1 — C S  3 . 2 6 5 1 — 0 3  6. ?’s 91— 03 1.9 1~~1— O 2

12 1 . 14 12 1—0 ;  3 .2 6 5 1 — 0 3  8 . 9 1 3 2 — 0 3  2 . 6 2 9 1— 6 2
3.1952— 02

20 2.5161—C 3.2652—03 1.3431—32 4.1861—02
SC

0 ( 1.6  3 .261 1— 03 2 . 8 0 6 3 — 0 3  6 . 0 6 7 2 — 0 3
S ‘1 .11451— CS 3.2611—03 5.6982—03 1.3802—02
8 7 . 5 7 7 1— C S  .3.26 11—03 7 . 1 49 0 1 — 03  - 1 . 8 7 3 1 —0 2

12 1. 2 4 1 1 — 0 2  3 .261 1—03  9 . 9 1 4 1 4 1 — 0 3  2 . 5 6 2 2 — 0 2
15 1 . 5 5 3 1 — C  3 . 26 1 1— 0 3  1 .183 1—02  3 . 16 3 1 —0 2
20 2 . 2 1 7 1— C 2  3 . 2 6 1 2 — 0 3  1 .507 1—02 14 . 0 5 1 1 —0 2

?2 ( 9)  2 6 3 5 . 8 81 ~r
0 0.0 2 . 7 6 9 E — ~~3 1. 7 7 9 1— 0 3  14 . 5 1 4 8 2 — 0 3
5 6 . 1 4 1 8 2 — C S  2 . 7 6 9 2 — 0 3  1 . 1 9 ó L — C 2  2 . 1 1 1 4 2 — 0 2
8 1 .C5 L 41 — 0 2  2 .7 6 9 1— 0 3  1. 83 7 2— 02  3 . 1 39 1— 02

12 1 . 6 3 6 2 — 0 2  2 . 7 6 9 2 — 0 3  2 .6 2 1 E -~~2 4 . 5 3 1 4 1— 0 2
15 2 . 0 9 6 2 — 3 2  2 . 7 6 9 2 — 0 3  3.232 1—0 2 5 . 6 0 5 1— 0 2
20 2 .5( 9 2 — 0 2  2 .7 6 5 1— 0 3  U . 2 5 0 E — 0 2  7 . 1 4 3 5 1 — 02

‘C
o e.~ 2 .66 141—0 3 1 . 7 2 0 2 — 0 3  14 .3 8 4 1— 0 3
5 S . 5 7 1E — 0 3  2 . 6 6 14 2 — 0 3  1 . 2 16 1— 0 2  2 . 0 3 9 1— 0 2
8 9 . 1 6 0 1— 0 3  2 . 6 6 13 2 — 0 3  1 . 8 1 42 2 — 0 2 3 .0 2 1 4 1 — 0 2

12 1. 1 42 3 1 — 0 2  2 . 6 6 1 4 1— 0 3  2 . 6 7 6 2 — 0 2  4 . 3 6 6 E — 0 2
15 1. 8 2 5 1— 0 2  2 . 6 6 14 E — 0 3  3 .32 3 1— 0 2  5 . 3 9 1 4 E — 0 2
20 2 . 5 3 6 1— 0 2  2 . 6 6 4 E — 0 3  1 4 . 3 1 4 5 2 — 0 2  7 . 1 1 4 9 1 — 0 2

Sr
O 0 . 0  2 . 5 6 7 2 — 0 3  1.67 2 — 0 3  4 . 2 4 6 1— 0 3
5 4 .e 672—c3 2 . 5 6 7 2 — 0 3  1. 2 3 3 E — ~~2 1 .9 7 8 3 — 0 2
8 8 . 0 1 4 2 2 — 0 3  2 . 5 6 7 2 — 0 3  1 .8 7 2 2 — 0 2  2 . 9 3 3 1 —0 2

12 1 . 2 5 1E — C 2  2 . 5 6 7 E — 0 3  2 . 7 2 4 1— 0 2  4 . 2 3 2 2 — 3 2
15 1 .6C~~E 0 2  2 .5s7 1-03  3 . 3 6 4 2 — 0 2  5 . 2 2 6 1- 0 2
20 2 . 2 3 4 2 — C 2  2 .5 6 7 1— 0 3  4 . 4 2 9 2 — 0 2 6 . 9 2~1E — 0 2
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LI ATF CSEHLR IC I L E C i S ’ I I C N  COIIP I CIE 14TS (Xl ~— 1 )
AS A EUtlC1IC )~ OF T1~~PiRA1IiEE & WAT E VA POR PAE TIAL PA ISSURE 

-

CF PREQUE )~CY TEEP UESS 82C N2 LIUL
L I N E  (C?~~1) IF) (20FF) CONTINCCF CCNII?.IJUN TOTA L TOTAL

9 3 ( 5 )  2617 .388 5 50
C C .0  2 . 139 1— 0 3 2 .642 1—04 2 . 4 C 3 E — 0 3
5 6.6561—CS 2.1391—03 1.0261—03 9.8611—03
S 1.160!—C 2.1352—03 1.5012—03 1.446131—02

12 1.7662—C 2.1392—0.3 2.1551—03 2.1372—02
15 2.1891—C2 2.1391—03 2.6612—03 2.669E—C2
20 3.C371—C 2.1392—03 3.533E—03 3.6041—02

76
O 0 .C 2 .139 2—0 3  2 .579 2— 04 2 .397 1—03
S - 5.1C22—C 3 2.1391—03 1.0841—03 9.0261—03
8 9 .5 143 1— 0 3  2 .139 1—03 1. 600 1—03 1.32 61—C2

12 1 . 4 6 3 1— C 2  2 . 139 1—03 2 . 3 1 2 2 — 0 3  1 . 9 2 8 2 — 0 2
15 1.5C211—02 2 .139 1—03 2 .862 1—0 3 2 . 14 C2 2— C2
20 2 . 6 1 1 3 1 — C 4  2 . 13 9 E — C 3  3 .8 1 32— 0 3  3 . 2 3 9 E — i ~.2

SC
0 c~.C 2 . 139E — 0 3  2 . 527 2 — 04  2 . 3 9 2 2 — 0 3
5 • 5.C81E—CS 2.1391—03 1.11352—03 8.3652—03
8 • 8.3651—CS 2.13S2—03 1.7032—03 1.2211—02

12 1.3C2E—02 2.1351—03 2.13731—03 1.7632—02
15 1 .6711— C ;  2. 139 1—03 3 .070 1— 03 2 . 1 9 2 2 — 0 2
20 - 2 . 3 2 5 1 — 0 2  2 . 1391—03 4 . 1 0 12— 0 3  2 .9 4 9 1— 0 2

12 (8)  2 6 3 1 . C 6 6 7  50
C D . C  1 .6 7 1 4 2 — 0 3  1.337 1—03 3 .3 111— 03
5 6 . 5 5 7 1— C S  1.67 141—03 5 .5612— 03 1. 1323 1—02

• 8 1 . 15 0 1 — C 2  1.67 111—03 8 .0472— 33 2 . 1 2 2 2 — 0 2
12 1.785 1—C2 1.6741—03 1.1312— 02 3 .0132—02
11 2 .281 1— 02 1.67 142— 03 1.3722—02 3 .8 2 6 2— 0 2
20 3.17’iI—C2 1.67141—03 1.7672—02 5.1081—02

70
C 0.6 1.6711E—03 1.3231—03 3.0021—03
5 6.C5CF—C3 1.67142—03 6.2642—03 1.3992—02 -

e 9.5501—CS 1.€7~ E—03 9.170E—03 2.0801—02
12 1.51361— 02 1.67141—03 1.2981—0 2 3.0122—02
15 1.5131— C 1.6711E—03 1.5802—02 3.7311—02
20 2.7561—02 1.6741—03 2.0421—02 4.966E—02

50
0 0.6 1.67132—03 1.318E—03 2.9921—03
S 5.2172—CS 1.6)1 11—03 7.0591—03 1.402E—02
S e.7O’~E—C3 1.67132—03 1.013142—02 2.0822—02

12 1 .35111—C ; 1.67111—03 1.4881—02 3.0101—02
15 1.7391—C2 1.67142—03 1.8162—02 3.7231—62
24 2 .111S1—C 2 1.6742—03 2.355E—02 4.9412—02
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• 21 ATfCSPhE~ IC J~~5CL171 CN CCUF CIEN S (Kr ~— 1)

AS A 1 U NC T I C F  OF 21t~PLRA TLR11 0 IF T I F  V A F O R PA R T I A L  P FI SS UI L

LI  F F L ç U I N C Y  212? 11155 h2C 142 LINE

L IN I  ( C f l — 1 )  - ( 1 )  ( T O R E )  CC 1 . 1 I F U U E  CC I ~T 1 1 4 U U b  TOT A L T O T A L

112 (7) 26E5 .16C6 SO

o 0.C 0.0 6.3391— 04 6.3352—0 4

S 7 .6171—C S 0.0 .51~~1—3 2 3.2811—02

8 1.25 11—C2 0.0 4.0361—u2 5.2871—02
12 1. S431—C 0.C 6.1071—02 8.0531—02
15 2.’49C1—C2 3.0 7.6972—02 1.0192—01
20 3.4551— C D.C 1.~~41L—U 1 1.3871—01

70 o 0.0 0.0 7.0311—04 7.0011—04
S • 6.5601—CS 0.0 2.5d5L—~i2 3.2411—02
8 1.C7SI—C 2 0.0 4.1411—02 5.22u1—32

12 1.6771—C2 0.0 6.2671—02 7.9441—02
15 2.1512— C 0.C 7.9033—02 1 .0051—01

20 2.5891—C2 0.0 1.Ua9E—31 1.3681—01
so

o C.0 0.0 7.6631—04 7.6632—04
5 5.7121—CS 0.0 2.6471—02 3.2182—02
S 9.40411—CS 0.0 -4.2391—02 5.1791—02

12 1.’4621—C2 0.0 6.4161—0 2 7.8791—02
15 1.1761— C 0.0 8.0911—02 9.9592—02
26 2.11’41—C2 0.0 1.0.961—01 1.3571—Cl

111 (10) 2665.2113 50
o 0.0 0.0 1.6731—03 1.8731—03
S 7.1761—CS 0.0 6.8191—0.3 1.4701—32

6 1.25q1—C ; 0.0 9.9031—03 2.2841—02

12 2.6051— 62 0.0 1.415-1—0 2 3 .142131— 02
• 15 2 .571111— 02 0.0 1.7431—02 4.3181-02

20 3.5731—C2 0.0 2.3102—02 5.8822—02
70

0 0.0 0.0 1.9711—03 1.9741—03
5 6.7731—CS 0.0 7.0171—03 1.3791—02
a l.11’4!—C2 0.0 1.0172—0 2 2.1311—02

12 1.73 11— C2 0.0 1.4511— 02 3.1822—0.2

15 2 .22111—62 0.0 1.7871—02 ‘i.OC7E—02

20 3.C861—C 2 0.0 2.3671—02 5.45211— 02

90
O 0.C 0.0 2.0711—03 2 .0712—03

5 S .ES C F— C3 0.0 - 7 .2031—03 1.3091—02

6 9.6561—C3 0.0 1.0411—0 2 2.0111—02
12 l.5CSE— C 0.0 1. 4 841—02 2 .993 1—02
15 1.53711—C2 0.0 1.827E—02 3 .7641—02

26 2 .ISSF—C2 0.0 2.4211—02 5.1162—02

• A-8
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LI A ’IICSE*IEFIC AESC II1ICN CO1IFICIINTS (K~ — 1 )

AS A F U N C T I C 1 4  OF T L 2 P L F L T U B I  & ~ AT1F V A P C B  P A R T I A L  P~~L S S U R L

LI FREQU F14CY 2121 115115 12C R2 LINE
LiIIC (C~ — 1) (F) (TORE) CCF2INUU2 CCN INUUli TOTAL TOTAL

12(6) 2680.173 ; 50 
- 

-

0 0.0 0.0 2 .9031—014 2.9031—04

5 8.3191—CS 0.0 1.2721—02 2.1C41—02
8 1.3671—C2 0.0 2.0471—02 3.11131—C2

12 2. 1221—C 0.0 3. 111l—C2  5 .2331—u2
15 2.7152—C2 0.0 3.9313E—42 6.6531—02
2t, 3.7732—02 0.0 5.3531—02 9.1231—02

JO
o C .C G .C 3 .0581—0~4 3.0581—04
5 7.1371—C S 0.6 1.2851—02 1.9S8E—02
8 1.l7~11—C 0.0 2.0671—02 3.21411—02

12 1. 12’41—C2 0.0 3.14:41—02 11.9681—02
15 2 .i401—C2 0.0 3.9773—02 6.3171—02
20 3.25211—C2 0.0 

• 
5.4121—02 6 .6 6 1 4 1— 02

so
Ci 0.C 0.0 3.2051—04 3 .2051—014
5 6.1921—CS 0.0 1.2971—02 1 .9161—02
8 1.C 191—02 0.0 2 .0861—02 3.1061—02

- 1 .5161—C 0.0 3.175E—t~2 4.7611—02
15 2 .0361—C 2 0.0 14.0182—u2 6.0542—02
20 2.134!—C 0.0 5.4731—02 8.3061—02

91(9) 269,.605r 
0 0.0 0.0 7.9281—03 7.928!—03

~ 8.6823-03 0.0 1.2731—02 2 .l14lr 02

8 1 4272—02 0.0 1.5742—02 3.0012—02

12 2.2142—02 0.) 1.9922—02 4.2073—02

15 2.1381—02 0.0 2.3183—32 5.1551—62

20 3.538E—C2 0.0 2.6822—C2 6.8202—02

0 0 ‘~ 0.0 8.4331—0 3 8.13332—03

5 7.14351—C3 0.0 1.3261—02 2.0701—02

8 1 223E—C2 0.0 1.6332—0 2 2.8532—32

12 1 .9 6 0 E — 0 2  0.0 2 . 3 5 2 1— 0 2  3 . 9 5 3 E — 0 2
15 2 4 3 7 E — C 2  0.0 2 .381 1— 02 4 . 8 1 83— 0 2
20 3~~387E—02 0.0 2.9511—02 6.339E—02

0 0 0 0.0 8.9162—33 8.9162—03

5 6:41303-03 0.0 1.3803—32 2.3242—02

8 1.0601—02 0.0 1.6872-02 2 .7472—02

12 1 6501—02 0.0 - 2. 1143—02 3.7641—02

15 2 11811—02 0.1’s 2.4472—32 14. 5 51—32

20 2 .9 4 73-0 2  0.0 3 .025 1— 02  5 . 9 7 2 2 — 0 2
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AS A I O N C T I C F  OF IIrI PE 11AT L RE £ hAIZE V A F C R  PA ~~~IAL PE ISSURE

LI F R E Q U E N C Y  11r~F PIISS b2C 142 LINE -

L I N t .  (cl~— 1 ) ( I )  (10I~?) CO 14II14002 C C N T I N U U N  T O T A L  TOTAL

P 2 1 5)  2703.5513 50
0 0.C 0.0 1.7602—06 1.7631—0 6

S 9 . 1 2 7 1 — C S  0.0 1.7241— 03 1.0 8 5 i— 0 �
8 1 . S G C I — C  0.0 2 .795 1— 0.3  1.7 7 9 1 —0 2

12 2 . 3 2 8 2 — 0 2  0.0 £4. 26 5E— 0 3 2 .7 5 4 1 — 0 2
15 2 . 5 8 3 1— C 2  0.0 5 .3992— 03  3 .523 1—02
20 14 . 1 1 1 C !— C 2  0 .0 7.3 139 1—03 4 . 8 7 5 2 — 0 2

70
0 G.C. 0.0 1.8012—06 1.8011—06
5 7.6C1I—CS 0.0 1 .8802—03  9 . 6 6 1 1 — C 3
8 1 . 2 6 3 1 — C 2  0.0 3.0 148 1—C3 1 .588 1—02

12 1 . S S L 1 F — C 2  0.0 ‘4 .6541—0 3 2 . 4 5 9 2 — 0 2
15 2 . S S E F — C  3.0 5 . 8941— 03  3 . 14 7 1 —0 2
26. 3 . S 5 ’1E — C 2  0.0 8 .0281— 0.3 4 .357 1—6 2

50
0 0.0 0.0 1.8361—0 6 1 .83611—06

5 6.711511—C S 0.0 2 .064 1— 4 3 8.809 1—03
8 1.1102—C2 0.0 3.31492—03 1.414511—02

12 1.7261—C2 0.0 5.1161—03 2.2392—02
15 2 .2182—C2 0.0 6.4821—03 2.8661—02

20 3.0861—C2 0.0 6.8341—03 3.9701—02

P1 (3) 2717 .5427 50
• 0 0.0 0.0 2.0971—06 2 .3971-06

5 9 .€S1E—0S 0.t. 3.6522—02 4.6211—02
8 1 .59211—02 0.0 5.9022-02 7.13952—02

12 2.4722—02 3.0 8.9692— 02 1.1442—01
15 3.1672—02 0.3 1.1322—01 1.144 9E—01
20 4 .3962—02 0.0 1.532E— 01 1.9721—01

70
0 0.3 0.0 2.11 31—06 2.1103-06
5 8.265E—03 0.0 3.9522—02 4.7791—02
8 1.3592—02 3.0 6.3912—32 7.7502—02

12 2.1135—02 0.0 9.7193—02 1.1831—01
15 2.7101—02 0.0 1.2271—01 1.4981—01
20 3.7652—02 0.0 1.6632-01 2.0403—01

96~
O 0.0 0.0 2.1172—06 2 .1175—06
5 7.1322— 03 0.0 4.2541—02 14 .9671—02
8 1.17142—02 0.0 6.8832—02 8.0582—02

12 1.127E—C2 0.0 1.0481-01 1.23’E—01
15 2.34 52— 02 0.0 1 .32 42— 01 1.558 2— 01
20 3 .263 11—02 0.0 1.7951—01 2.1222— 01
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AS A FU N C T IC 14 OF 71t~PEEAT UPL & WATE R V A P O R  PAR TIAL PRE S SURE

LI FREQ U E14CY 2114F FIESS h2C 142 LINE

L I N E ( C N — 1 )  ( I )  r I O R E t )  CC 141114001 C C N T 1 N U U ~ - TOTAL TOTAL

1 2 ( 4 )  2 7 2 7 . 3 11 S  SO

O C.C 0.0 1.6012—014 1.66.111—0 4

5 1.0101—02 0.0 9.6621—0 3 1.9761 02

8 1.6551— 62 0.0 1.5522—02 3.2111—02
12 2.5761—C2 0.0 2.34911—02 4.9251—02

15 3 . S O l 1 — C 0.0 2.9601—02 6.2611—02

20 4.5813-C2 0.0 14.0021—02 8.5131— 02

70
O 0.0 0.0 1.6141—04 1.ól14l—04

5 8.FCCI—CS 0.0 1.0372—62 1.8971—02

8 1.41141—C2 0.0 1.6661—0 2 3.0611—02
12 2 .1561— 62 0.0 2 . 523 1—6.2  14.7211—0 2

15 2.119 !—C2 0.0 3. 1791—02 5 .9981— 02

20 3.5161—C2 0.C ‘4.2961—02 8.2141—02

Sc
C 0.0 0.0 1.6262—04 1.6261—04

S 7.~.101—O S 0.0 1.1132—02 - 1.85412 — 02
6 1.22C1— C 0.0 1.7881—02 3 .0061—02

12 1.1581— C2 0.0 2 .7071—02 11.6051—02

15  2 .’ 4 37 1 — C 2  0 . 0  3 . 4 1 01— 0 2  5 .8 4 b 1— O 2

20 3 .5 9 1 1 — 0 2  0 . 0  ‘4 . 63 73 -02  7 . 95 71— 0 2

9 1 ( 7 )  2742 . 9e75  SC~

0 0.0 0.0 2.0592—03 2.0592—03
5 1.0681—02 (‘.) 3.9392—03 1.4ó2E—02
8 1.?5~4E—O2 0.0 5.0681—03 2.261 1—02
12 2.7232—02 0.0 6.5721—03 3.3801—02
15 3.4892—02 0.0 7.7302—03 11.2591—02

7C 
20 4.1412— 02 0.0 9 .581 1—03 5 .7 9 9 E -02

0 (‘.0 0.0 1. 88 82 — 0 3  1.8863-03
5 9 . 0 7 21— 0 3  0.0 3 . 7 9 52— 0 3  1.2871—02
8 1.4921—02 0.0 4.939E—03 1.9661—02

12 2.31811—02 0.0 6.4642—03 2.964E—02
15 2.572E—C2 0.0 7.6082—03 3 .7332—02

90 
20 11.1301—02 0.0 9.5151—03 5.0811—02

0 0.0 0.0 1.7352—03 1.7351—03
5 7.7991—33 0.3 3.5752—03 1.1371—02
8 1.284E—02 0.0 4.6791—03 1.7512—02

1 2  1 . 5 5 72 — 0 2  0 . 0  6 .1 5 1E — 0 3  2 . 612 E— 0 2

15 2 .5631—02 0.0 6.9741—03 3.2602—02
20 3.5661—02 0.0 8.7211—03 4.4361—02
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El AI~~CSF11 E RI C Z i E 5 C F I 7 1 C N  C0ZFI I ~~12N 1S (K ~ — 1 )
A S A I UN C I I O K  CF T E N P E R A T ULE & W ITEA VA P O R P A R T I A L  PRE S SUR E

LI FRE QUENCY I1Y.E PRESS E2C E2 LINE
(I) (ICEE) COATIKIJUf CC6TINUtJ~ TOT A L  TOTAL

L~~~~( 3)  2 7 50 .C 9 6  50

o G . C  0 . 0  1 . O ó l Z — 0 3  1 . 0 6 12 — 0 3

5 1 . 1 C 6 !— 0 2  0 . 0  5 . 14 ) 2— 0 3  1 . 6 2 01— 0 2

8 1.1171—32 0.0 - 7 . 6 7 31— 0 3  2 . 56 4 2— 0 2

12 2.1201—02 0.0 1.1151—02 3.93511—02
15 3 . € 1’ 4 1— C 0 . 0  1.3 8 32 — 0 2  4 . 9 9 71— 0 2

2 6  5 . C 1 5 1— C 2  0 . 0  1 . 84 3 1— 3 2  6 . 85 8 E— 0 2

70
C C.O 0.0 1.0531—0 3 1.u531—03
5 9 .3821 —C S 0 . 0  5 . 1 40 2— 0 .3  1 . 4 5 21— 0 2

- 8 - 1 . 5 43 1— C 2  0.0 7.6822—0 3 2.3111—02
12 2.3561—C 0.0 1.117~ —U2 3.5151—02
15 3 .0761— 62 0.0 1.3871—02 4.4622—02
20 ‘4 .2741—02 0.0 1.8531—02 6.1241—02

so
0 0.6 0.0 1.0441—03 1.0441—03
5 8 . C 5 7 1 1— C 2  0 . C  5 .1 4 0 2 — 0 3  1 . 3 2 02 — 0 2

8 1.3265—02 0.0 7.6911—03 2.0951—02
12 2 .Ct~iE— C 2 0.0 1.12)2—0 2 3 .1842—02
15 2.64S1—C2 0.0 1.3912—0.2 4.0401—02
20  3 .6 1 ? 1— C 2  0 . 0  1 . 8 57 2 — 0 2  5 . 5 4 31 1— 0 2

P 1 (6 )  2 7 6 7. 56 1 5  50

C - 0.0 0.0 5.0891—0 3 5.0891—03
S 1.1b1E—C2 0.0 2.228E—02 3.4101—02
I 1 . 9 4 1 !— C 2  0 . 0  . 3 .2 9 91— 0 2  5 . 2 4 01— 0 2

12 3 . C1 3 1 — C 2  0 . 0  4 .7 7 11— 02  7 . 7 8 52 — 0 2

15 3 . 66 11— 6 2  0.0 5.93~ E—O2 9.7701—02
• 20 5 . 3 5 5 1 —0 2  O.u 7.8681—02 1.3232—Ui

70
o c . c  - 0 . 0  5 . 0 79 2— 0 3 5 . 0 7 91— 0 3

- 
5 9 .9 5 5 1— 0 2  0 . 0  2 . 2 2 ó E— 0 2  3 . 2 2 61— 0 2

8 1.14111—02 0.0 3.2981—02 14.94211—02
12 2 .5552—C2 0.0 ‘4 . 7 7 42 — 0 2  7 . 32 82 — 0 2

15 3 .2771—02 0.0 5.9151—02 9.1921—02
20 1 4. 5 5 41— 6 2  0 . 0  7 . 8 82 2 — 0 2  1 .2 4 4 1— 0 1

Sc I
0 0.0 0.0 - 5 . 0 6 32 — 0 3 5 . 0 6 32 — 0 3

S 6.5611—C S 0.0 2.2242—02 3 .O8CE— 02
8 1. 4 0 9 E— C 2  0 . 0  3 . 2 9 71— 0 .2 A 4 . 7 C 6E — 0 2

1 2  2 . 1 5 3 1— 0 2  0 . 0  4 .7 7 51— 0 2  6 . 9 6 8 1— 0 2

15 2 . I 1 5 1— C 2  0 . 0  5 . 9 2 01— 0 2  8 . 7 3 51— 0 2

20 3 . S 17 1— C  0 . 0  7 . 8 95 2— 0 2  1 . 1 81 1— 0 1
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A kU ~~C 1IC14 CF :~~~L Pt ~~~~~ 1 ~A T 1R V A F O i ~ i~A~~’i~~L F~~L~iS~~~_

L k  f~~11çUn.~~Y 111:1 1 1~1S~ h2C L 14...

..IL. (C~ —1 ) (I) (~ OR}) cci.::~. u u ~. cC;.:2~~U u ~ :u:~~L :~~:

13 (~~i 25116.3 74~ t C
C 0.0 6.3933-03 2.317_ —~i2 3 . l S c L — 0 2
S 7.6262— cS 6.39211—t.3 2.3~~.,5— . . 2  3.o~~.2 1—~~
I 1 . 1~~~4 E — t  E . 3 9 3E — ~i3  2 . 37 ~~~ L— .~~2 .4.3t .. x.— L 2

12 1.7S~~1—C c .3 9 i1—( ’ 3 2 . 3~~9._ — v 2  5 .0 3 . ’3-J .c
15 2.3S6~ —L2 t~. 3 9 3 1 1 — i3 2.u21t.— c~2 5.SSu t—Ci
2c 3.1672— C 8.3~~21—u3 2 . 4 5 e J..—u2 b.4b~~~~..,2

3 t .~. S . 29 2 1— 0 J  2 . 2o 5 1— t . 2 3 . ..  9 4 i— ~~~ 2

S 6.C53:—C3 8.2921—03 2.3J~.s— .2 3.733L—~~2
I 9 . 5 5 5 1 — C S  1. 2 9 2 1 1 — 0 3  2 .32 81— ..~2 4 . 15 3 2— t 2

1 2  1 . 5 ’~~7 i — C 2  8 .2 5 2 2 — 0 3  2 .3 6 2 1— 3 2  4 .7 id3- L~2
15 1 . S E1 .~~~— C 2  I . 2 S 2 E— ~ .. 3  2 . 3 c ~~3 E — , j 2  5 .2 ~~~_ L — I J 2

20 2. 75c5~~~2 8.~~9211—~~3 2. ~3J~~~~2 6. CjC

Sc
O 6.1. 6 .1981—L i 2 . 2 1 2 i — ~~2 3 .u i .~- 2 — C 2
S 5 . 2 7 2 1 1— C S  1.1512—ui 2 .25~~2—0 2 3 .ó~~5L—.3
I 8.E8~~E—C S 6.191L— 0i 2 .2i3o1— ..,2 3.97..L J2

1 1.S513-C 8 .1561—03 2 .32oL~~j 2  4. ..9 71~~)2
15 1.7541—C 2 6 .1561— 03 2 .35711—~~2 4.i1l1 — ~~2

23 2. 4 1 3 3 — C 2  6. 156 1—03 2 . 1 4 1 u L —~~2 5 . 6 1 1 3 1 1— J 2

1 12 ( 1 1 )  25~~3 .S S 3 9  SC
C i. . C  7 . 1 6 8 1— ( ’ 3 1 . 1 J 1 4 1— 3 2  1 . c 3 2 1 1— u 2
S 6.6481—C S 7.1ó83-ui 1.1161— 1j2 2.5.c~t.—~~.2
6 1 . 1 2 5 E — C ~ 7 .1681—03 1 . l 2 l L—02  2 .9o~~~—~~2

12 1 .7471—02 7.1681— 33 1.14u 1—02 3.o~~3E 02
15 2.238.c—02 7.1665—03 1.1 49.~— u 2 4.1J~~L—6.2
20. 3 .1u61—L2 7.1661— 03 1.1ó61— 0.2 4.~~39..— 32

‘C
0 0 . .C  7 . C - 9 3 Z — C 3  1 . u 5 8 1— 0 2  1 .7 6 7E — . 2

S 5.3t71—C S 7 .C931—03 1.u751—02 2 . 3 7 5 .— 0 2
6 9 . 7 1 6 F-C 3  7 .C933-6. 3  1.)áoE—02 2.7671—02

12 1 . S 1C 1— ~~2 7 . c 5 3 — 0 3  1 . l C i j E — 0 2  3 . 3 2 . L— J 2
15 1 . c3 7 1— ~~2 7 .C 9 2 2 — 0 3  1 .1 12_ — 3 2  3 .7 5 b i— ~~2
20. 2 .65111—C 2 7.t.S3~ —O3 1.132E— C2 4.53.~L—u2

C C .C 7 .C25E C3 l.315~~~Q2 1.71c~L 0 2
5 5 . 1 5 1 1— C S  7 . C2 5 !— 0 3  1 . 03 ó 1— u 2  2 . 2 3 3 E— v 2

8 8.14811— 03 7 . 02 5 1 — C 3  1. 0 ~ 18 3-G 2  2 . 5 ,E — u 2

1 2  1 .3 2 61 — 0 2  7. 0 2 5 1 — 1 3  1 . 36 61— 0 2  3 . 38 8 1— C 2

15 1 . 6 9 1 1 1— 0 . 2  7 . C 2 5 1 1— . . 3  1 . 0 7 1 1 1— u 2  3 . 4 76 1 2— 3 2

2 C  2 . 3 5 7 1— 6 2  7 .C 2 5 3 -C 3  1.1u3E—~,2 e.1b23-02
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LI LI~ CSPEEBIC IESORPIICN CC1I1ICIENTS (K~ — 1 )

AS A 1tJ !~C1IC 14 01 IENPEIATUE1 6 WAILE VA POR PAR TIA L PRE ISUR I

LI PPZQUEIICY ~ I~~11 PRESS 12C 142 LINE

LINE. (C1~— 1 ) (I) (1025) CO141I141JC~ CCN1INUU~ TO2AL TCTAL

9 1 13j 2839.75S4 50
O 0.6 0.0 6.5252—04 6.5251—04
5 1 . 4 5 0 E— C 2  0 . 0  9 . 6 1 31— 0 3  2 . q S2 E — 0 2

8 2 .449!—C2 0.0 1.~i95E—02 3.9144z.—O2
12 3.1611—02 0.0 2.2~I43-0.2 6 . ( ’C i ô E 02
15 4.1711—C2 0.0 2 .7332—6 2 7.6051—u2
20 6.7611—62 0.0 3 .6122—02 1.0371—01

‘C.
0 0.6 0.0 8.3632—04 8.3631—0 4
5 1 . 2 4 7 1 — C 2  C. O 1 . 0 4 2 1 1 — 0 2  2 . 2 8 9 1 — 02
B 2.CSC3-0 0.0 1.614E—02 3.6642—02

12 3.1871—62 0.0 2.37211—02 5.S~~~L— 02
15 4.C171—C2 0.0 2 . 9 3 8 1 — u2  7 . 0 2 6 2 — 0 2
26 5.6801—C2 0.0 3.8791—02 9.5592—02

SO
0 0.0 0.0 1.0501—03 1.0501—C3 —

S 1.0571—02 0.0 1.1332—0 2 2 .1871—02
8 1.7391—02 0.0 1.7412—02 3.4812—02

12 2.7(71— 02 0.0 2.5521—02 5.2591—02
15 3 . 4 7 5 1 —C 2  0.0 3. 1582—02 6 . 6 3 2 1 1— 0 2
20 4 . 13 5 1 1— C2  0.0 4 .1631— 1 .. 8 .9981—02
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APPENDLX B

ANALYTIC CURVE FITS TO
CALCULATED DF LASER ABSORPTION
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