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FOREWORD

This report, Ohio State University Research Foundation Report
3271-8 (eighth Quarterly Report), was prepared by the Ohio State
University ElectroScience Laboratory, Department of Electrical
Engineering at Columbus, Ohio. Research was conducted under Contract
F30602-72-C-0016. Mr., James W. Cusack, RADC-0CSE, of Rome Air Develop-
ment Center, Griffiss Air Force Base, New York, is the Project
Engineer,

This technical report has been reviewed and is approved.
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I INTRODUCTION

This report presents calculations based on the AFCRL line-data
tape[1] at 115 lines of the CO laser. Snecifically, the lines studied
are: (a) 5-4 J = 1 to 20; (b) 4-3 J =1 to 25; (c) 3-2J0 =1 to 25;
(d) 2-1 3 =1 to 25; and (e) 1-0 0 = 6 to J = 25.

The laser frequencies were computed from molecular constants given
by Rao et. al.[2].

The atmospheric model was the AFCRL mid-latitude summer model[3]
which is given in Table I.

The method of 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 heen described in an earlier report[5] and is based upon
comparison with experimental absorption coefficients obtained with a
CO laser which operated on the higher vibrational bands[6].

The AFCRL data tape includes data on absorption lines of seven
gases (H20, COp, CO, 03, Hp0, CHg, and 02) but in the wavelength band
of interest here, only CO, €02, and H20 cause significant absorption.
Ozone in sea_level concentration can cause an absorption coefficient
of 0.003 km-1 at some of the frequencies studied but this is insigrifi-
cant in comparison with the water vapor absorption.

Hence only CO, €02, and Hp0 absorption coefficients were included
in the tabulations. No water vapor continuum absorption coefficient
has as yet been identified for this region.

The Towest pressure used was 365 torr corraesponding to an altitude

of 6 km. At this pressure it is not necessary to use a Voigt line
shape[1].

IT.  TABULATED RESULTS

The results are presented in Tables II-V] and IX-XVIII and are
largely self-explanatory. The coefficients are in km-1. Water vapor
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
choose to use either result. Based on experimental work to date at
Ohio State University, we believe that for this wavelength region the
enhanced wing “<ne shape for water vapor gives a calculated resuit
which will b. , better agreement with experimental measurement than
that obtained using the Lorentz shape. Calculations have been in-
gltded for horizontal paths at three altitudes: sea level, 3 km, and

m.




One way to examine the results is to compare them with the
absorptiun coefficient for the P(20) CO2 laser line for the same
atmospheric condition. The 10.59u CO7 absorption coefficient for the
sumer sea level model is approximately 0.3 km-!. ASsuming that the
calculations using the super-Lorentz line shape most nearly represent
true values, one can list the CO laser lines which have a predicted
coefficient which is lower than 0.3 km=1. The 17 CO lines which satisfy
this condition are listed in Table VII.

Recent work by Dr. John Daiber at Calspan Inc. with electrically
excited supersonic CO lasers has shown that it is possible to achieve
significant power output at high efficiency on certain lines of the
5-4, 4-3, 3-2, arad 2-1 CO bands[7]. These lines are listed in Table
VIII together with the sea level C02 and Hy0 absorption coefficients
from Tables II through V. It is seen t--t €0, absorption is significant
for only one line (2-1 10). Also by comparing Tables VII and VIII it
is seen that five of the lines obtained in the Calspan laser are among
the best CO lines in the group of 115 studied. For completeness it
should be said that the 2-] lines have not yet been observed in actual
devices at Calspan but, based on calculations, they are cxpected in
the next generation of lasers now under construction. Ut course the
absorption coefficients for all %ines are much less for the higher
altitude paths as can be seen from an examination of Tables IX-XVIII.

A recent experimental study of CO laser absorption by Ho0[8]
found that the lowest absorption occurred for the 5-4 15 Tine and had a
measured value of 0.66 km-1 for a laboratory condition which approx.-
mated the mid-latitude summer sea level model. The calculated result
from Table II is 0.437 km-) even with the super-Lorentz line shape.
Using the 0.437 km-1 condition there are 30 lines in Tables II-VI which
have a co2fficient lower than 0.437 km-1_and an additional 19 lines
having a coefficient lower than 0.66 km-1,

W. Q. Jeffers et. al.[8,9] have reported a cw 0/CS, CO chemical
laser using N0 as a diluent which has more than 50 percent of its
output in the 6-5 to 2-1 vibrational bands. More recent re ults[10]
indicate that it is possible to achieve operation on any lines from
J=2toJ=250f the 2-1 and higher bands.

Thus it appears that it may be possible to achieve efficient
laser operation on lines which have 1ow atmospheric absorption

coefficients. Further work on both devices and propagation seems
indicated.

ITI. SPECTRAL PLOTS

{
Sixty-nine spectral plots have been made for the 1970-2115 cm-1

range which includes all but seven of the lines in Tables II-VI. The
approximate frequency of each of the laser lines is noted on the plots.
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Separate plots are given for vater vapor, carbon dioxide and carbon
monoxide absorbers, and for a composite of the three. A1l of the plots

assume sea level pressure and 294 °K temperature. A Lorentz line shape
was used throughout.

Figures 1-16 are for water vapor. A path length of one km and
water vapor pressures of 1.5 to 10 torr were uscd, with the absorber
concentration selected for an on-scale plot in each wavenumber region.

Figures 17-34 are for €0 absorber. Partial pressures of 0.27

to 10. torr were used so that the absorption lines would be clearly
visible in each rv,ion.

Figures 35-50 are for CO absorber and partial pressures of 10-4
to 1.0 terr. One can observe the coincidence of 1-0 band laser lines
with atmospheric €0 absorption lines in this region.

Figures %% &Y are plots for a composite atmosphere consisting of
CO, HaC, and CO2 absorbers at the sea level concentrations given in
Table I. A one kilometer path was assumed.

IV.  CONCLUSIONS

Sufficient tabulated and plotted data has been presented to enable
evaluation of practical applications employiing the low vibrational
CO laser. The plots should also be useful in planning high resolution
spectroscopic studies using either conventional techniques or
tunable lasers. An experimental investigation is underway to measure

some of the coefficients using a one km laboratory absorption cell
and a tunable laser diode source.
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TABLE I

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

/// Altitude in Kilometers
Tem‘fi,’;‘;‘t“”e 294 279 261
Pressure (torr) 759.8 532.5 365.3
Pho0 (torr) 14.26 3.19 551
Pco2 (torr) .251 Ry 121
Pco (torr) 5.7E-5 3.99€-5 2.74E-5
PN,0 (torr) 2.136-4 1.49€-4 1.02E-4
PCH4 (torr) 1.216E-3 8.52E-4 5.84E-4
P03 (torr) 2.31E-5 8. 2285 4.88E-5
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TABLE Vil

Absorption Coefficiert for Mid-latitude Summer Sea Level Model
<nd Super Lorentz Line Shape for CO Laser Lines Having a
Predicted Coefficient of Less Than 0.30 km-]

IDEN ABSORPTION COEFFICIENT
-1
km

€36
093
231
.288
.128
.186

.169
. 126

.270
175
.168
.206
« 128
.116




TABLE VIII

Calculated Mid-latitude Summer Sea Level Absorption Coefficients
for the CO Laser Lines Observed in the Calspan Inc. Laser

" WSt
IDEN Yo <0, B0 1ora

5-4 8 2007.147 .0019 1.69 1.69

7 2011.093 .000068 .999 .999

£ 2015.005 .00167 1.99 1.99

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 .566 .577

6 2041.071 .003&6 1.74x10! 1.74x10!

5 2044984 .00425 .834 .834

4 2048.862 .0327 .255 .288
89 8 2059.209 .0109 .576 .587

7 2063.225 .0207 .920 .941

6 2067.206 .0269 .763 .790

5 2071.154 .00787 161 .169

4 2075.068 .00876 .336 .345
2-1 10 2077.140 .707 .201 .910

9 2081.258 .00882 .157 .168

8 2085.343 .0137 .191 206
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