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I. INTRODUCTION 

fmmll  n? i    PreSe.nS c^latlons b«ed on the AFCRL line-data 
re        a) 5 1   i      t't^^K? 1'?^    S^cifi"lly, the lines studied 

(d)"2 ? L9l    0 1°}    b    n"3 J =  1   t0 25;   (c)  3-2 J - 1   to 25; (Q) Z-I d • ]   to 25;  and (e)  1-0 J = 6 to J =  25. 

by Rao^t.1^]^6"0165 ** C0,Tiputed from "«ocular constants  given 

which ]Tg*TtrAi™U    WaS the AFCRL mid-lati^de —r model[3] 

»      JIli m^0<i 0f calculation has been described in detail  in a recent 
report[4].    The only difference is that for this work both a Lorentz 
and a super-Lorentz  line shape were used in the calculation of the 
water vapor absorption coefficients.    The particular form of this  line 
shape has btM described in an earlier report[5] and is based i- 
comparison with experimental  absorption coefficients obtained with a 
LU  laser which operated on the higher vibrational  bands[6] 

n.cQc  luenA[r:oL d^a lape includes data on absorption lines of seven 
nf ill20: H02'  C0'1

03' H20' CH4' and 02) but  in  the wavelengt    band 
olnlTZ' ^re\0n]y C0' C02.  ^d H20 cause  significant absorpUon 
of 0 nn^ 51-1 !!•    concf ^^ Can cause an ^Sorption coefficient 
of 0.003 km      at some of the frequencies studied but this is insignifi- 
cant in comparison with the water vapor absorption. 

in «-"SSiSJi C0, M02' and H20 absorPtion coefficients were included 
hVlc tabuJatlons.    No water vapor continuum absorption coefficient 
has as yet been  identified for this  region. 

nf ft ^^ IrSl pressure used was 365 torr corresponding to an altitude 
shape[Ti Pressure it is not necessary to use a Voigt line 

II.      TABULATED RESULTS 

The results are presented in Tables  II-VI  and IX-XVIII and are 
largely self-explanatory.    The coefficients are  in kipl.    Water vaoor 
coefficients and total  coefficients have been given for both the 
Lorentz and super-Lorentz line shapes.    Thus the reader may see the 
magnitude of the change introduced by the altered  line shape and may 
Snn I ? "f.^her result.    Based on experimental work to date at 
Ohio State University, we believe that for this wavelength region the 

w ich"'« llinK9      'H t
S5ape f0r Water Vap0r 9ive3 a calculated result 

S.?JS.J-h     ,.betper ag^ement with experimental  measurement than 
chLff     I    USln2 fhe Lu0rentz Shape-    Calculations have been in- 
cluded for horizontal   paths at three altitudes:     sea level, 3 km, and 

1 



A..   ?ne "ay '° e,<am'ne tte results is to compare them «ith the 
absorptun coeff,cient for the P(20) CO, laser line for the sam^ 

SÄS^Ä    n* ,0-59u "2 '"sorpti  rcoe^icJe'n ~r the 
cSSuSi.. Ü    m?V   '' aPP,ro'<1'«tPly 3-3 km-1.    Assuming that the 
tr,e Lw    U$,n9 ^f.^uper-Lorentz line shape most nearly represent 
coefnr D^' r

e.C^n    ,St the C0 ,aser )ines «h^h have a predfcted 

eriteSeer^cr^eJ^haDr^„a^Sat?^ir^:^ee^ratcji:^ 
gm  :can    P°"er out    t   , high efficiency on »rffi« ll^OfttT 

VIII tooethlr'Jfh 5^1        "T"!^;    These ,ines are 'iste<l " Table 

?srse0e?tS«: MJ Älv£r^ *"""" Mt"* 
the hP^t rn i 01  ^e llneS obtained in the Calspan laser are among 
SSul?L JJi^J^S8!0!! 0f 115 Studied-    For completeness    t    9 

ev   eVat     L n b.   e tlXl? ^"S yet been observed in WtUil *H      \      calspan but, based on calcu at ons, they c'rp cxnected in 
the next generation of lasers now under construction      Of rn.^r^ iL 

aU?^0" rffiCientS f0r a11  lines are ^uh    e s for the e 
altitude paths as can be seer, from an examination of ?ables IxSJlH. 

found «iIJ*!!!! f Pc'rjme
k
ntal  s^dy of CO laser absorption by H20[8l 

S   ureS val  e o?W0S66a ^l'f10" 0?CKUrred f0r the 5-4 15 l^^ndhad a 
matedlhe m H i^-?'S      m     f0r a labo^tory condition which approx!- 
Trom Table n'fn^ JUT' Sea leVel model-    The calculated^resu t 
Usinq the 0 1^7 kM      ^  .eve? *'th ^e super-Lorentz line shape. 

laser mii* NT"'5 ei:i
al-t8'9] have sported a cw 0/CS2 CO chemical 

laser usmg N2O as a diluent wiiich has more than 50 percent of l5 
output in the 6-5 to 2-1   vibrational  bands.    Mo?e recent re Sit f 101 

T'Tti ?It^tof,tK,l1?,: svr^ Tratio" - ^"- ^ c \.u 0     ts or  the 2-1 and higher bands. 

Thus it appears that it may be possible to achieve efficirnt 

0 fficie'n?r^p0"^1"65 ^  haVe l0W atmospheric absor     ' 
indicted      ' ^ "^  0n b0th devices and Propagation seems 

HI. SPECTRAL PLOTS 

5ixty-mne spectral plots have been made for Urn mn »11« ^„,-1 
range which includes all but seven of the ^nes in Tables ?^ Cjhl 
approximate frequency of each of the laser l^es^sno^d ^"the ploL. 

 — 
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mnnnv?5f  PJ       K   ^   91 ^   f0r V;ater  Vap0r'  Carbon  dioxide  ^d  carbon 
monoxide absorbers, and for a composite of the three.    All  of the olots 
assume sea level  pressure and 294 "K temnrature      A i™»-^ P'0!: 
was used throughout. A Lorentz line shape 

***** F]gures  1-16 are for water vapor.    A path length of one km and 

concentr^nE^^TH0^ M t0 10 t0rr Were uscd' *** the ^sorb r concentration selected for an on-scale plot in each wavenumber region. 

to in FJoUreS  17'34 ä/e f0: C02 absorber-    Partial  pressures of 0.27 
vLhip ?n     T USed S0 that the absorPtion lines would be clearly visi Die in each region. 

tn i nF^UreS n500 areJor C0 ab.orber and partial pressures of 10-4 
w?rh'^ : e.naP 0bserve the coincidence of 1-0 band laser lines 
wuh atmospheric CO absorption lines  in this  region. 

CO    Ho^^nH'rn'  ^K HI plnt5 fur a con1Posite atmosphere consisting of 
CU    H2c, and CO2 absorbers at the sea level  concentrations given in 
iable I.    A one kilometer path was assumed. 

IV.      CONCLUSIONS 

.M.i    J
ufficient tabulated and plotted data has been presented to enable 

0      'er0" Tl^fr^H  a?Pli"tir emp]0^ the l0'  vibration 1 
SJfüT; Pl^ts Should also be useful  in Planning high resolution 
5HSI??0P1C StUf" USing either conventional  techniques    ™imi0n 

some if    hTS'f.    •eTrimental  investigation is underway to measure 
some of the coefficients  using a one km laboratory absorption cell 
and a tunable  laser diode source. u-^iur. csn 
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TABLE  I 

Parameters of the AFCRL Mid-Latitude Summer 
Model   for Three Altitudes 

iü Altitude in Kilometers 

0 3 6 

Temperature 
(0K) 294 279 261 

Pressure  (torr) 759.8 532.5 365.3 

PH2O  (torr) 14.26 3.19 .551 
PC02  (torr) .251 .176 .121 

PCO (torr) 5.7E-5 3.99E-5 2.74E-5 
PN20 (torr) 2.13E-4 1.49E-4 1.02E-4 
pCH4 (torr) 1.216E-3 8.52E-4 5.84E-4 

PO3 (torr) 2.31E-5 3.22E-5 

 1 1 ~~—1 . 

4.88E-5 
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I 
TARLL VI1 

Absorption Coefficiert for Mid-ldtitude Summer Sea Level Model 
^nd Super Lorentz Line Shape for CO Laser Lines Having a 

Predicted Coefficient of Less Than 0.30 km'1 

n 

IDEN ABSORPTION COEFFICIENT 

km'1 

5-4 2 2030.310 .235 
4-3 9 2029.128 .253 

8 2033.143 .231 
4 2048.162 .288 
3 2052.706 .128 
2 2056.516 .186 

3-2 5 2071.154 .169 
i 

2082.792 .126 

2-1 21 2029.655 .270 
15 2056.047 .175 
9 2081.258 .168 
8 2085.343 .206 
4 2101.342 .128 
3 2105.256 .116 
2 2109.136 .062 

1-0 22 2050.855 .181 
21 2055.401 .180 
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TABLE VIII 

^'fnr'Ht ^^"te  SüJJtr Sea Level Absorption Coeff 
for the CO Laser Lines Observed in the Calspan Inc. La 

icients 
aser 

Ä ^ H ^0 ^ 
5-4 8 2007.147 .0019 1  69 1  69 

7 2011.093 .000068 "999 SL 
6 2015.005 .00167 199 1'90 
5 2018.883 .00025 19*4 19 4 
4 2022.726 .000374 4.'05 4] 05 

4-3 8 2033.143 .00049 230 231 
7 2037.124 .0093 [fg ^l 

6 2041.071 .00386 1  74x101 1  TÄvinl 
5 2044.984 .00425 834 P34 
4 2048.86? m97 *7ZZ                ■834 

2048.862 .0327 

12 

255 .208 

3-2            8 2059.209 .0109 576 587 
7 2063.225 .0207 920 Ul 
6 2067.206 .0269 763 "790 
5 2071.154 .00787 ,1? {5 
4 2075.068 .00876 [3^ 

2-1          10 2077.140 

.345 

1 11.258 :00882 I57 VH 8 2085-343 .0137 ;}|{ ;Jg 

" 
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