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APSTRACT 

Previous  reports have prooented measurements of water vapor 
absorption coefficients for those CO laser li-^es which are least 
attenuated by the atmosphere.    This report qivos measurements fnr 
two CO  laser lines  [.837.436 cnH ,  11-10 P(12)  and 1872.236 cnr', 
9-8 P(16)] wnich are highly attenuated by water vapor.    Although these 
CO lines are no1: likely to be useful   in systems which transmit through 
the atmosphere the  results are important nevertheless as is discussed 
in the report. 
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I 

I INTRODUCTION 

i 
Previous  reports[3,6] have reported the search fur thm rn I..- 

TAßLE i 
COMPUTED ABSORPTION COEFFICIENTS AT 1837 436 

FOR VARIOUS CONDITIONS AS NOTED 
cm -1 

NEAR 
MATE« LINE 

1837.200 
1837.200 

18:-7.185 
18J7.185 
18:7.185 
1837.185 
1837.185 
1837.185 

(km"1 

67.5 
6S.4 
62.06 
61.16 
15.29 
16.31 
46.77 
44.85 

LINE SHAPE  ENTRY 

Lorentz 
OSU 

PH20 ' 5 torr 

B ■ 5 

BX = 

Lorentz 
OSU 
Lorentz 
OSU 
Lorentz 
OSU 

P ■ 745 torr 

BOUND ■ 25 cm'1 

CX ■ 

a 
_b 

c 
d 
e 
f 

g 
h 

FOR OSU SHAPE:  -m = 3;  n . 1.77 

COMMENT 

original table values 

measured Rao position 

background only 
bakcqround only 
one HpO line onlv 
one H2O lino only 

Note c = e + g 
d = f + h 

Be    Si  [ da    e       e  niSminanCe ^ T^* "^   'he ™** 
lines    No      1  2 4 6 8-3 [d ^ITr M  'n m0St hiqhly transmitting 
mentally andVeported fn'lÄ^C [Jf' I) " ^^ eXpeH- 

no/o I^i5 re?ort Presents exoerimental  data for linps ?ft 
[18/3.236 cm-l  9-8 P(16)] and 50 [1837.436 cm^llTop(12)1. 

absorpt^on^^and'tt ^er1^^ TTJL** ^^ ^^ 
the additional  data    s u eful   \nftlitlt ^ec ro?hone techniques.    Also 
between the actuaf^so ^Äl^ntS SÄ^^r^1^ 
dieted by commutations from the    [n -d^tTt     e        ' ^^ are P"- 

- 
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J 
II.       COMPARISON OF CALCULATED AND MEASURED ABSORPTION 

COEFFICIENTS  FOR WATER VAPOR-NITROGEN MIXTURES ^ 
A HIGHLY ABSORBED CO  LASER FREQUENCY 
[1837.436 cm-'   11-10 P(12)] 

k* in/^/f acc"rate water vapor absorption coefficient measurements 
at infrared laser frequencies are currently available      Further 
measurements made by different workers are often ir   disagreement      The 

a    nTv us no^-  f' ^r WaS Undertaken t0 show that absor "    'da 
Mil J2 ^     9 different experimental  methods  (multitraversal  White 

Fi    M  ^ P
aSLrJrraHlatedi.3DeCtr0ph0ne) can ^eld equivalent re    Its. Mna ly    he measured results are compared to "synthetic spectrur" 

e    er 'nt^l  ^V^ Ben?dict-C^^[l]  line La tables  ' The 
experimental  results are also compared with those obtained by 
D.K.  Rice using yet a third method. y 

nf rn ^ l*Ser fre^uency selected for study was the 11-10 P(12)   line 
of CO which was assumed to have a frequency of 1837.436 cnH      Th      fre 
quency was computed using the  latest molecular constants by Rao[3       The 
U«r source was a highly stabilized CO ^aser with grating  li^select on 
which was designed by Dr.   Charles  Freed of MIT Lincoln  Laboratory 

Benedict^a'lfpp'^hlc  trf ^."f06 plot Which was C0l"DutPd ^ing the 

influence o,   the computed transmittance!    For this rea on additional  Sata 
concerning the frequency of this  line was soucht fr^ Professo    Rao 51 

837re2P0O0rtl  s    H f^rS t0.be J837-1854 ^ compared to    he  v     e
[]' 

wUh    1      ese      1 e^    ene^ct;Calfee tables      Calculations were made 
wim ootn these values for the frequency of the c^ose water line      The 
remaining line-data was unaltered.    Also a compu^at on was made with this 
bne removed to obtain a value for the backnround.    Table  I  lists te 
results of this computation.    The computations were made w th ?wo     ne 

a e^as l^l JLI the COnven''onal   ^ntz a^ the Ohio S ate Uni        ity 
shane hL L    ^ 12 a-reCent  ™^t[^.    The Ohio State University 
? af th c      fCed Wlna contribution but it can be seen from Table I 
^ealon      Th      T^'  * "'T effeCt 0n the calculated results  in this 
?nVft J M    !   in contrast +'0 the results reported in Reference [6] 
for the highly transmitting CO lines where the line shape had a  laroe 
?Ih?.CtT0n.the c

k
alculated absorption coefficients.    Fron^the entr es  in 

a    ;  s"«6™-!"-^^ W/rr^ 75% 0f the calcula'S'bso    - tion at  1837.436 cm  '  is caused by the sinale water line at 1837 18S 

S-i Än?asi:a;^L^.caused by tte ^ ""J "«• i^"«« 
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GRATING 

PERKIN ELMER MODEL 198 
I METER ABSORPTION 

CELL 

CIRCULATION 
PUMP 

DEW POINT 
SENSOR 

ZZ0Hg MANOMETER 

VACCUM 
PUMP 

N2        H20 

Hg. ?,    Schematic diagram of the White cell experiment. 
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4 6 8 10 12 14 
WATER VAPOR PRESSURE  (TORR) 

Measured and calculated data for water vapor 
absorption coefficient at 1837.436 cm"1. 
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absorption  line.    However, the predicted absorption coefficic-nt is 
2.6 times as large as the most highly absorbing line reported in Table 
I of Reference [6].    It was decided to conduct the neasuremen. to see 
whether the pattern observed for the highly transmitting window lines 
would be observed here also.    In those cases the calculated absorption 
coefficient using the Lorentz line shape was low by as much as 50%. 

Figure 6 shows the experimental data. The absorption of leser 
energy when the power is distributed between several frequencies car' 
be described by 

(1) T = e 
-k f 

c 

(2) 
N 

I P.  k. 

Li 

Ü 

where ki  is the absorption coefficient at frequency v-j  and the fraction 
of the tot?1   laser power ftt frequency v^  is P-j.    The composite coef- 
ficient  !: kc.    Using this approach the composite absorption '^efficient 
was computed using a Lorentz line shape and also using the  | reviously 
discussrd "Ohio State University shape"[6].    Both results are shown in 
Fig.  6.    No attempt was made to adjust the oarameters in the OSU line 
shape  in order to improve the agreement. 

The results are consistent with those previously reported for 
more highly transmitting  lines[6]. 

13 
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24 
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D 

Fig.  6.    Experimental  absorption coefficients for 1872.236 cm"1 

CO laser line compared with computed values. 
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