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1.0 INTRODUC TION

During this reporting period, modifications to the filamentary e-gun were
implemented. These modifications were designed to overcome the output
instabilities of the gun whicy occur at high filament currents. This enhanced
e-gun performance was anticipated to yield greater electrical pumping of the
laser thereby achieving low V -band operation. The new operating character-
istics of the e~-gun were improved by a factor of two yielding total gun currents

of 140 amps.

Spectral line selection studies were continued during this period. Detailed
quantative spectra were obtained using a Laser Precision Pyroelectric Array
with an Optics Engineering CO Spectrum Analyzer. This approach contrasts
the previous technique of using the ultraviolet-excited fluorescent screen to
assess the strength of the laser signal. This technique allows quantitative

determination of the entire spectral profile of the laser output,

Rotational cross-relaxation experiments utilizing the 10-liter device were

also conducted during this period. The experimental technique was to observe
the temporal development of the laser pulse for two neighboring rotational

lines within a given vibrational band. The presence or absence of simultaneous
lasing of the lines indicates the effect of cross-relaxation between rotational

States.

A theoretical analysis of the acoustic disturbances due to laser gas heating
has been accomplished. The data obtained from interferometric measure-
ments of the laser medium and acoustic velocity measurements established
the fraction of laser pump energy responsible for bulk heating of the gas.
Typical values of 10% to 20% were measured for various gas mixes. These
values correlate well with those predicted by the kinetic model, i. e. heating

due to the anharmonic defect between V-V collision partners.




Finally, the concepts of resonance self-absorption was examined theoretically.

Resonance self-absorption from overlapping lines of a CO laser medium may
be an important pressure-dependent mechanism for theoretical analysis, with
possible impact on line selection and atmospheric propagation, Certain
presently unexplained discrepancies relating to transient time scale, spectral
anomalies, efficiency degradation, and sensitivity to temperature might all
be consistently resolved by this hypothesis, The developments reported here
are presented in the form of the publication by W. B. Lacina and

G. L. McAllister submitted to Applied Physics Letters,




2.0 E-BEAM GUN MODIFICATIONS

The e-gun modification performed during this period consisted of altering

the electrical configuration of the gun filaments from series-parallel to a
parallel arranzement. This results in a lower filament voltage for an
equivalent filament power. The high filament voltages of the series-parallel
configuration resulted in gun instabilities which limited the maximum usable
output. In conjunction with this new configuration a 10/1 transformer was
added to meet the low voltage/high current filament requirements which could
not be achieved with the filament high voltage isolation transformer alone.
The stable gun output achieved as a result of the alteration obviates the

need for the oscillation suppression electronics which were subsequently

removed,

Prior to the modifications, the gun was operated with a defective filament
isolation transformer. The partially shorted secondary did not limit
operation of the laser at the lower power levels., Following the gun modi-
fications it wac necessary to replace the secondary in order to operate at
full filament capacity. Damage to the filament transformer has been
attributed to high voltage transients. Shorting capacitors have been installed

to protect transformer secondary.

The e-gun modification was required in order to obtain high gun currents
(100 amp). The higher gun current yields greater ionization in the gas
discharge thereby achieving larger sustainer currents. Typical maximums
for the laser pumping characteristics for the pre and post e-beam gun

modifications are 10-15 MW/liter-atm and 50-70 MW/liter-atm, respectively.




3.0 LINE SELECTION

During this reporting period, further line selection studies were undertaken
1 ;
to extend the results reported earlicrr, = In particular, emphasis was placed

on obtaining low V-band output and and on observing the effect of increased

T P LA PR SR R G T e g —_—

electrical pumping on the spectral profile of the laser output. The enhanced
output of the e-gun provided an increase in the pump rate by about a factor
of five. Detailed spectra were obtained by using the scanning 64 element
linear, pyroelectric array detector and a CO spectrum analyzer. The
Optical Engineering CO Spectrum Analyzer normally uses an ultraviolet-
excited fluorescent screen to detect the laser signal. The fluorescent
detection technique is useful in identifying the laser spectral lines, but in
assessing the relative strengths of the individual lines a more quantative
detection technique is required. We have adapted the l.aser Precision
Pyroelectric Array to the CO Spectrum Ananlyzer to obtain quantative data.

Figure 3.1 shows the experimental configuration for these experiments. The

laser radiation is reflected off of a 45° aluminum plate through the entrance
slits of the spectrum analyzer. The dispersed spectrum is imaged on a plane
just inside the front panel of the spectrum analyzer while the pyroanalyzer array
is positioned approximately 3-4 cm beyond this plane resulting in a defocused
image on the pyroelectric array. The individual spectral components are thus
spread over 5 to 6 pyroelectric elements. The spread is not so large as to
overlap adjacent rotational spectral components onto common pyroelectric
elements. Figure 3.2 shows an oscilloscope photograph of typical experimental
data. Since the pyroelectric array is 7.1 ¢m in Jength and the laser spectrum
of the CO spectrum analyzer subtends a length of approximately 11 ¢cm, two
scans each with a different array position must be made to obtain the entire
spectrum. This technique offers for thefirst time a quantitative measure of

the total energy in each V-band.

Figure 3.3.a, 3.3.b, and 3.3, c are composite spectra of the CO EDL with
stable optics at 72% coupling at three pump rates showing the fraction of

laser energy in each V-band. The gas mix was 15/1 : NZ/CO at a total
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pressure of 85 Torr, Sustainer voltages were 8 kV, 10 kV and 10,5 kV,

A notable feature of the spectra is the dip in energy of the 9-8 transitions.
, It seems unlikely that this dip is due to systematic errors of the equipment
I or to the experimental technique; consistent results were obtained for a
variety of spectrum analyzer alignments and pyroanalyzer positions. This dip
is in substantial dissagreement with the CO kinetics as they are presently
understood. However, the addition of the effects of resonance self-absorption
(see Appendix I) to the theoretical anal ysis may be important in explaining
the anomolous dip at the 9-8 transition as well as the mis sing rotational
transitions within the V-band. Another significant point is the absence of
4-3 transitions. The 4-3 transitions have not been observed with the nominal
10-liter CO EDL using 72% output coupling. Four-three (4-3) transitions
have been observed in a similar CO EDL with identical output coupling and
similar pumping characteristics.2 Operating conditions for both devides were
lO/l:CO/N2 mix at 100 Torr with an electrical pump rate of 30-40 Watt/cc/
Torr. An important difference between the two devices was the electric
field strength; 20 V/cm/Torr for the 2 liter system and 10 V/cm/Torr for
the 10 liter system. This factor of two difference in E/P may have a

substantial effect on the spectral output.

Additional parametric studies of the 10 liter EDL output spectrum were
performed. In particular, obtaining 4-3 transitions was the principle goal.
The similar pumping characteristics of the 2 liter device suggests that the

10 liter device is operating near the 4-3 threshold. Output coupling
experiments were performed to achieve oscillation of the 4-3 band.

Figure 3. 4 are photographs of the ultraviolet excited fluorescent screen

of the spectrum analyzer. This spectrum was obtained using a 60% reflecting
resonator mirror. The pump rate was 40 W/cc/Torr with 15/1:N_/CO mix

1

at 85 Torr. Four-three (4-3) transitions at 2008 cm’ , 2012 cm™ ~ and

2020 cm-l are identified as 4-3 P(14), 4-3 P(13) and 4-3P(11). Under
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Figure 3.4. Output spectra of nominal 10-liter CO EDL
with and without line selection.




these operating conditions, spectral line selection experiments employing

the water vapor cell previously described3 were also performed. Comparison
spectra are shown in Figure 3.5.a and 3.5.b for0 Torr HZO vapor and

600 Torr HZO vapor. The value listed above each spectral line is the
predicted e-folding distance for the Midlatitude Winter Atmospheric

Model at sea level, £ The height of each line is a qualitative representation
of its relative intensity as interpreted from photographic data illustrated in
Figure 3.6. Here as was shown in previous experiments,3 many lines of
relatively low e-folding distances are absent due to absorption by the intra-

cavity cell and in the case of the 5-4 and 9-8 transitions new lines appear

at 5-4 P(11) and 9-8 P(9).

10
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4.0 ROTATIONAL CROSS-RELAXATION EXPERIMENTS

Rotational cross-relaxation rates in CO are estimated to be fast relative

to V-V rates. The present kinetics code assumes a rotational temperature
equal to the kinetic temperature. In this case the rate is infinite, and in the
analysis of the laser performance, cascading of the radiation from V-band to
V-band and distorted rotational population distributions do not occur. However,
cascading is observed5 and the effects of ""burned down' rotational distributions
have been discussed.6 It is apparent from the expcrimental data that the
effects of finite rotational cross-relaxation time constants are observed.

These effects have particular importance to line selection employing an

intracavity absorber; fast R-T rates are needed for efficient line selection.

A set of measurements designed to set bounds on the rotational cross-
relaxation rate were performed utilizing the 10 liter EDL. The experimental
technique was to observe the temporal development of the laser pulse for a

pair of neighboring rotational lines within a V-band. In these experiments
optical masks were placed over the output aperture of a Optics Technology

CO Spectrum Analyzer such that only the 7-6 P(10) and 7-6 P(11) were allowed to
pass each to a separate Ge:Au detector. If significant oscillation of both lines
occurs simultaneously, then the rotational rate is of the order of the V-V

pump rates. The experiment was performed using the unstable resonator

with both Ar/CO and NZ/CO gas mixtures at various pressures.

Figure 4.1 contains oscilloscope photographs showing the response for a
neighboring rotational pair. The gas mix and pressure was Ar/CO and

85 Torr. It is clear from the photographs that simultaneous lasing does occur.
The photographs also indicate that the transitions are not oscillating independently
in that as the second pulse begins the first pulse is beginning to fall. The
coincidence in time between the rise of the P(11) and the fall of the P(10)

indicates that the P(11) is building at the expense of the P(10), but the finite

buildup time indicates the rate of rotational cross-relaxation is finite and is

important for the time scales of the pulsed devices. An additional effect ;

12




7-6 P(11)

Figure 4.1. Temporal response of two
neighboring J transitions of
7-6 V transitions. Gas mix
Ar/CO:6/1 at total pressure
of 85 Torr.
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is that of pressure. The rotational cross-relaxation mechanism is

represented by the R-T process

COy ;+X = COy [ +X+AE

where N is the vibrational quantum number
J is the rotational quantum number

X is any other gas constituent,

The rate is therefore a pressure dependent rate from which we would

infer the rotational relaxations to be more rapid at higher pressure,

Figure 4.2 contains sketches of laser pulses for pressure of 85 Torr and 100
Torr. Clearly the percent overlap of the 150 Torr case is less than that

of the 85 Torr case. This is consistent with the hypothesis of the R-T
process,

These experiments were intended to determine if the effect rotational
relaxation could be observed. The experiments in themselves cannot assess

the rates but only indicate the effect.

15
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5.0 ACOUSTIC ANALYSIS AND BULK GAS HEATING

Electric discharge lasers in general convert a significant fraction of the
electrical excitation power into heating the laser gas. Although the quantum
efficiency of the CO EDL is exceptionally high‘7 (>90%) and the heating rate

is very low8 (~20%), for high power operation the excitation rate is still
sufficient to produce large temperature increases in the gas. If the laser

gas is completely confined and the discharge uniformly fills the entire

volume then the pressure increases with the temperature but no gas motion

or density change occurs, The discharge region for the 10 liter device is
ronfined on the sides and ends, but the plane at the top (cathode) is essentially
free and the plane at the bottom (anode) is slightly porous. When the discharge
is initiated, the gas between the cathode and anode is heated while the gas
above the cathode and below the top surface of the anode is unaffected. The
pressure gradients which thus appear across these boundaries force gas from
the discharge region at the top and bottom and lead to rarefaction waves which
propagate into the discharge. Also intense heating near the cathode (cathode
fall heating) generates an additional compression wave which propagates

into the medium. Interferograms of the discharge region showing the

optical effects of the acoustic disturbances have appeared in a previous

report.3

An acoustic theory has been developed to study the relationship between the
heating rate and the wave amplitude and wave velocity. For the short pulse
durations and small magnitudes of the acoustic disturbances considered here,

the gas conditions can be described by the following equations:

aP/at + Po V. v 0 (1)

"
o

(2)

P°(8\7/8t) + Vp




V. T = g
dUi/dt + po v Q (3)

P, = Po RT (4)
where P = density change

p = pressure change

v = velociily change

T = temperature

Eli g CVT(Jc-ule/cm3) ;

Q = heat addition (W/cm")

R = gas constant(J ‘ule/oK/gm)

These equations are, respectively, the continuity equation, conservation
of momentum, conservation of energy and the equation of state. The zero
subscription implies the unperturbed conditions. For spatial variations

only in the y;direction, the wave equation for the pressure variations is
2 2 24 .2 2 21,2
3 ply,t)/ay -ll/co] 3 ply, t)/at" = [-(Y-l)/co]aQ/at (5)

where Y= Cp/CV and s is the acoustic velocity prior to the disturbance.
If we consider only the wave at the cathode and follow Culick, et al, 4

then, under assumptions that 1) no reflections occur, 2) the cathode is
completely porous and is not heat conducting and 3) the bulk heat deposition,

Qb' and the cathode fall heat deposition, Qc, are uniform then

ply.)/p = lty-1Q /p 1{ t - 1720t - y/e ) Hlt - y/e ]

+ [c'zb/c‘zc] (172t - (y-d)/e_Hlt - (y - d)/e ] “
-1/2[t - t, - (y-d)/col H[t-tp- (y-d)/co]

+1/2 0t -y /co] Hlt - y/co] - 172[t - t) - y/co]H[t-tp-Y/co])}




where d

n

width of cathode fall

tp electrical excitation time

H(t, y)

step function

A similar wave propagates from the anode, but due to the relatively high
acoustic impedance of the anode screen and the weak anode fall, this wave
is somewhat weaker. Finally, the density is related to Equation (6), the

expression

e/ 0, =1/vlp/p, - AE, /U] (7)
where Ein = heat input (J/cm3)

The result is a density wave which propagates from the cathode (and a
smaller one from the anode) into the discharge region with the general
appearance shown in Figure 5.1. Physically, the abrupt change is due to
the heating in the cathode fall region and the linear slope behind this is
produced by bulk heating of the gas. The slope of this density change is
proportional to the heating rate. At the end of the electrical excitation

pulse the heating terminates in the cathode fall region but the bulk heating

continues for some time. Thus there is another abrupt change in the density,

but the linear slope remains approximately constant,

The fact that the heating rate is proportional to the density gradient can be

seen by differentiating Equation (6) and Equation (7) to obtain

aPye) (Y-1) Ob

] (8)
Y
dx 2 <P




‘SaAey 2pouy pue apoyle) Aq paonporg
suorjerae A3Jrsua(y [eD119I03Y [, pPue [ejudwtIadxy "1 g 2andt g

Bl
X

JAONV

19

JAOHLVD




) p - E g m o e
B T P N T B ],

By defining the heating rate () as the fraction of electrical pump excitation

that goes into heat we can obtain an expression for heating rate.

n=Q/E = [2 W”'”]‘Copo/Ein’[d‘ p/P)/dx] (9)

The density gradients can be measured from the interferograms and are
plotted in Figure 5.2 against the input power for various gas mistures and
sustainer voltages. 7 may thus be calculated from Equation (9) and plotted
versus Ein in Figure 5.3 for various gas mixtures and sustainer voltages.
The following observations may be drawn from Figure 5.3. The heating

rate calculated from the density gradient analysis lies between 8% and 20%

and is consistent with heating rates calculated from CO laser kinetics.

An alternative method of obtaining the laser gas heating has been deveioped
using the temperature dependent velocity of propagation for the acoustic
disturbances. Figure 5.4 shows interferograms of the discharge region
for two electrical excitation rates. The pulsed ruby interferogram were
taken 180 psec after the initiation of the 70usec electrical excitation pulse.
Note that the wavefront of the acoustic wave has propagated further into the
discharge region for the 4.5 W/cc/Torr excitation case than for the

1.6 W/cc/Torr case thus indicating a greater temperature rise for the higher

excitation rate. The velocity of propagation for acoustic waves is

vYp/e

<
"

where Y = C /C
P u

Using the equation of state (Equation 4) the velocity can be written as

v(t) = V¥(Y-1) RT(t)/m

(11)

vV r(y-1) (Ui+n We t)”2

where We = electrical excitation rate (W/cc)

20
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Integrating this equation the distance of propagation can be found for any time,
and conversely, the time of propagation through a given distance may also be
calculated. These calculated values can then be compared with the experi-

mentally measured acoustic velocities.

In addition to interferometric data on the acoustic disturbances, we have
observed perturbations of the laser output due to the transit of the acoustic
waves through the optical origin of the unstable resonator of the laser.
Figure 5.5 is a schematic diagram of the output aperture of the laser which

illustrates the propagation of the acoustic waves across the laser volume.

The position of the central output coupling mirror and the large aperture mask
are shown in relation to the density disturbances (crosshatched) which are
closing from the top and bottom. As the waves propagate through the resonator
axis (center of small mirror) a slight increase in laser output occurs. The
physics of the output perturbations are unclear. We base our argument on

the coincidence in time of the ''glitches' with the predicted acoustic wave
trausit of the resonator origin. Certainly it is not unreasonable that the
compressional component of the acoustic wave may be responsible for slight
heating of the gas hence a perturbation in the optical gain. When the perturbation
occurs at the resonator origin, it is subsequently amplified as it passes through
the resonator. Figure 5.6 are oscilloscope photographs of the temporal laser
pulse for two excitation rates. The output perturbation for the 25 W/cc/Torr
occurs at 158 psec while for the 16 W/cc/Torr case the perturbation occurs

at 176 psec. Actually two ''glitches'' in the laser pulse occur because the
resonator axis is not precisely positioned midway between anode and cathcde
hence the acoustic disturbances from the top and bottom arrive at slightly
different times. Figure 5.7 is a plot of acoustic transit time to the resonator
axis versus pump rate for three fractional heating rates: n= 0. 1, 0.2 and 0. 3.
Experimental times for the ''glitches' are also plotted for various pump rates.
These data indicate a heating of 20% and is consistent with the heating calculated

from measurement of the density gradient observed in the interferometric data,
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Resonance Self-Absorption in CO Lasers*

W. B. Lacina and G. L. McAllister
Northrop Research and Technology Center

Laser Technology Laboratories
Hawthorne, California 90250

ABSTRACT
Resonance self-absorption from overlapping lines in a CO laser medium
may be 2n important pressure-dependent mechanism for theoretical
analysis, with possible impact on line selection and atmospheric propa-
gation. Certain presently unexplained discrepancies relating to trans-
ient time scale, spectral anomalies, efficiency degradation, and sensitiv-

ity to temperature might all be consistently resolved by this hypothesis.

*Research supported in part by the Advanced Research Projects Agency
of the Department of Defense and monitored by the Office of Naval Research
under Contract N00014-72-C-0043.




High optical extraction efficiencies for CO electric discharge lasers
have been theoretically predicted and experimentally demonstrated.l’2
The theoretical predictions are based on laser kinetic models that make
several important assumptions, many of which are necessarily approxima-
tions, while others may be omissions. 1In general, results of calcula-

tions have agreed reasonably well with experimental comparisons at cryo-

genic temperatures » although there remain several other theoretical

discrepancies which need to be resolved. 1In this regard, we wish to pro-

pose the hypothesis that resonance self-absorption in the CO medium it-

self may be an important pressure-dependent effect, with consequences

for correct theoretical modelling of the laser, as well as possible im-
pact on line selection and atmospheric propagation., At pressures approach-
ing atmospheric, line broadening in the CO laser is dominated by colli-
sions, with a half-width ~ 0.05-0.1 cm.l (Doppler broadening is much

less, and is important only at low temperatures, with pressures.$ 20 Torr.)
Therefore, at high pressures, the collision broadening of lines results

in several significant overlaps for almost every CO transition; Fig, 1
illustrates a Lorentzian gain line centered at a frequency vo with a
nearby resonant absorption line shifted by a coliision half-width Z&V.
Table 1 summarizes several overlaps, along with their frequency separa-
tions, for several lines which are of interest because of their favorable
atmospheric transmission characteristics, It will be shown in the pre-
sent discussion how such a hypothesis can have important pressure-depen-
dent consequences, and that certain presently unexplained discrepancies
relating to transient time scale, spectral anomal!es, efficiency degra-
dation, and sensitivity to molecular temperature might all be consistently

resolved by this mechanism. An experimental and theoretical comparison of
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scaling generalizations with a discussion of resonance absorption has been

presented recently.5

All contemporary theoretical models of CO laser kinetics have overlooked

the fact that laser oscillation on one vibrational-rotational band could be
absoribed (or have enhanced gain) by near resonant transitions of other bands.
However, at high pressures ( 2100 Torr), collision broadening of lines be-
gins o result in several significant overlaps., Of particular importance

is the fact that the P(J) transitions (which are the ones which oscillate)
most frequently have overlaps witih R(J) transitions of higher vibrational
bands, and thus absorptive puamping to higher v-levek results. Thus, the
pressure dependence predicted by current kinetic models is probably not
accurate, and such models may be seriously invalid for prediction of de-

tailed spectral distributions.

Initial calculations have been carried out using an existing kinetics code3
for a pulsed, atmospheric pressure CO electrically excited laser at IOOOK,
pumped at 10 chm3 (typical of present e -beam sustained CO EDL devices),
with a CO/Ar = 1/6 mixture, As the transient analysis evolved from laser
threshold to steady state, all transitions which were predicted to oscillate
were examined for other resonant transitions. Gains or absorptions, as

well as the rate of pumping (cm-3s-1), were compared with those from the
existing code, which does not include resonance processes. It was found

that rates of absorption on overlapping bands was typically one to two orders

of magnitude higher than rates originating from VV or VT kinetic or elec- |
tron excitation collisions. Thus, self-absorption competes strongly with ]
all other kinetic excitation rates, which implies that the theoretically

predicted radiation intensities from such a model are probably significantly

in error if resonance absorption is not included properly. A refinement
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and extension of the laser kinetics code has been undertaken to properly

include, in a completely self-consistent way, all of the gain and absorp-
tion processes in the CO medium to determine radiation intensities for a
CO oscillator analysis, These calculations are in progress, and results

will be presented in the near future.

The important consequences that are anticipated i{rom this analysis will be
described briefly here, with experimental evidence tha* now exists support-
ing this hypothesis. Results of future calculations will determine the
range of parameters (primarily pressures) for which the effects would be

significant,

1) Transient Time Scale

The absorption of the medium has a direct effect on the attainment of gain,
and thus, it is to be expected that laser threshold time will be increased,
and that transient evolution to steady state will be lengthened. Experi-
mental data from a CO e -beam sustained EDL (50-200 Torr at 80°K) was com-
pared with theoretical scaling predictionsa's, and results showed that both

threshold and steady state times were delayed from the predicted values.

2) Spectral Anomalies

Theoretical zalculations predict that output spectral distributions should
lie about one or two v-bands lower than what is usually observed. Further-
more, experimental output spectra of ten show that certain transitions are
always missing: it was from this observation that the hypothesis of resonance
self -absorption was first conceived to be an important mechanism. Typically,
the existence of resonances will result in one of two possibilities: (a) the
absorptions are so strong that laser oscillation is permanently innibited

from certain transitions: or (b) oscillation occurs, but ortput coupling
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efficiency is degraded and higher vibrational levels are absorptively pumped.

The first effect can have serious consequences for line selection, since it
becomes possible that certain good atmospheric transmission lines may never
be attainable from a high pressure device. For example, the 6 -» 5, P(10)
transition has never been observed from the e -beam CO EDL even at total
pressures ~~ 85 Torr at IOOOK, with an intracavity water vapor line selec-
tion cell. (Refer to Table I.) The second possibility (b) may have serious
consequences for degradation of the optical extraction efficiencv, kinetic

gas heating, and temperature dependence. These are discussed below.

3) Optical Extraction Efficiency

Theoretical calculations of the total optical output extraction have gener-
ally shown that quantum efficiencies usually approach a universal steady
state value of .-907%, with little dependence on molecular temperature or
electrical pumping rates. Tt is found experimantally, however, that room
temperature operation is signilicantly less favorable than the optimistic
predictions of existing theoretical models, and quantum efficiencies of

~s 907, have not yet been attained even at low temperatures. Degradation of
optical extraction efficiency, as well as the poor agreement with high tem-
perature predictions, can both be qualitatively explained by the resonance
absorption hypothesis as follows. The optical extraction per unit volume
is determined by a combination of quantum efficiency and output coupling
efficiency, where the latter is the ratio of the output coupling loss/pass,

divided by the total loss/pass. If a line has attained sufficient gain to

lase, absorption in the medium is effectively added to other losses (e.g.,
windows) in the cavity, and thus, absorption in the medium (which is typi-
cally from R(J) transitions of higher v-bands) will result in a degraded
coupling ratio. Furthermore, the absorptive pumping of the high vibrational

levels will move the spectrum upward, as well as degrade the predicted
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quantum efriciency, since VV heating will be increased and the capacity to

extract energy in the form of laser radiation is reduced. Increased kinetic
heating results when the population distribution is pumped to higher vibra-

tional levels.

4) Temperature Dependence

At higher temperatures, for a given density, the collision broadened half
width is increased, and therefore the number of resonant absorption overlaps
that may contribute is increased. Furthermore, gain and absorption are strong
functions of kinetic temperature, so the increased absorptive pumping of
higher vibrational levels may explain the poor performance characteristics
of high pressure room temperature CO lasers. Lastly, the P(J) transiticns
are shifted to higher J values at high temperatures, and this may result in
R(J) resonances with more severe absorptive characteristics. 1t has often
been speculated that this unexplained discreps 2y in predicted temperature
dependence may be due to an inadequate knowledge of the W cross-relaxation
rates. However, calculations show that this possibility cannot éccount for
the effect, and thus, resonance self -absorption may be able to resolve the

unexplained sensitivity to temperature dependence.

5) Frequency Pulling and Pushing

In general, the gain for any CO transition is « sum of Lorentzians over
all of the resonant lines, as shown in Fig. 1; thus, the frequency depen-
dence of these gains will be distorted. It is, therefore, possible that
one of the important consequences of self-absorption may be the shifting
of the oscillation frequencies from the line centers. Fig. 1 shows the
net gain for two overlapping lines, with the line center shifted (in this

case pushed) by an amount §y. A similar effect resulting in pulling can

occur if the neighboring resonant line exhibits gain rather than absorption.



The magnitude of these frequency shifts may be important for atmospheric

transmission, and if so, experimental absorption measurements of transmission
with low pressure probe lasers will not resolve the propagation question for
radiatioa from high pressure devices. Furchermore, line selected devices
employing an intracavity cell (e.g., with water vapor) will also have gain
profiles with frequency distortion. For those lines predicted to have good
atmospheric transmission (Table I), a2 small shift in frequency would proba-
bly not have serious consequences for atmospheric transmission, since absorp-
tion is primarily from wings of water vapor lines, However, transitions in
bands greater than 6-»5, which are now predicted to have bad atmospheric
propagation characteristics, lie on the sharp edges of water vapor absorp-
tions. Thus, a frequency shift for these lines (either by self -absorption
in CO or by dispersive intracavity line selection) may result in favorable

transmission for such lines.

The calculations which are in progress to include effects of self-absorption
in the laser kinetics model will include predictions of line frequency
shifts, Furthermore, calculations based on the McClatchey AFCRL model at-
mosphere will be undertaken to assess the sensitivity of anticipated line

shifts on atmospheric propagation.
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FIGURE CAPTION:

Figure 1: Frequency dependent gain for overlapping, collisionally
broadened, near resonant lines. Transition with gain, cen-

tered at frequency vo, overlaps with absorption at (“,)O+ Ay,

with net gain reduced and shifted by bv .
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TABLE1l RESONANT TRANSITIONS FOR SELECTED CO LINES WITH
GOOD ATMOSPHERIC TRANSMISSION
. Frequency Attenuation Resonant ~ -1
Laser Line {cm™") Range (km)®* Transitions Av{cm 7}
6 —~5 P(9) 1977. 264 13.3 8 ~7 R(4) . 443
6 —~5 P(10) 1973.285 14.3 8 -7 R(3) -.111
l 9 -8 R(11) -. 095
i 10 -9 R(20) -.018
5 ~4 P(9) 2003. 154 18.5 7-+6 R(4) . 101
8—=7 R(12) .238
5-~4 P(l4) 1982. 754 13,2 4 —~3 P(20) -.011
9-~8 R(l14) .185
5—4 P(15) 1978.575 22.7 - - -
5—=4 P(16) 1974, 362 15.4 7—-6 P(3) -.032
! 5 -4 P(20) 1957.189 30.3 6 -5 P(l4) . 151
9 -8 R{(6) . 145
4 -3 P 2037.113 11.5 - - -
4 -3 P(8) 2033.132 41.7 6 ~5 R(5) .313
4 -3 P9 2029.117 33.3 6 -5 R{4) -.244
7 -6 R(12) -.311
4 —~3 P(10) 2025,068 13.3 - - -
4 —~3 P(13) 2012, 723 11.2 3—~2 FQ9) -.101
4 —~3 P(15) 2004. 326 22,7 6 -5 P(2) . 165
4 -3 P(20) 1982, 765 13.0 5—-4 P(14) .011
9 -8 R(14) .196
3—~2 P(5) 2071.146 40.0 4-3 R(1) -.250
6 -5 R(17) -.333
3-2 P(8) 2059.200 10.0 5 -4 R(5) -.035
6 -5 R(13) .018
3 —~2 P(l0) 2051, 066 16.1 - - -
3~2 P(13) 2038.615 16.9 2 ~1 P(19) . 042
7—~6 R(]5) -.099
3—~2 P(15) 2030. 148 20.8 5 -4 P(2) -.149
*Calculations of D. K. Rice based on molecular absorption through horizontal path
at sea level in a mid latitude Winter atmosphere. This model utilizes the McClatchey
A FCRIL major atmospheric constituent data covering wavelength from 1 pm to 20um,
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