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™~ ABSTRACT
“‘::23
o The multi-line performance oi a cw HF chemical laser was measured as a
gé function of the SF¢ and H, flow rates, pressure and resonator type. The
“~
o
r Blaze Il and MNORO3 c¢w chemical laser computer codes gave reasonable

[}

-

agreement with the experimental data as the flow rates and pressure were

[ 2K

varied. Total power and beam diameter increased as the pressure decreased.

S

h7

The data indicate the occurrence of a near resonant energy transfer from

:F v=2, J=3 4 to v=2, J=14 with a subsequert rotational cascade to v=2,

g

{g J=11. The amplitude, frequency and Fresnel number dependence of the time-
o

dependent oscillations which were predicted to occur on lines whose

b £A

Hh80W

saturated gain does not fill the unstable resonator were measured. The

time-dependent oscillations had a period of about 40 ns independent of flow

o Fe

reteg, do not occur for Fresnel numbers less than 1.5 and their amplitudes

anmueo

increased as the fraction of the resonator filled by the ssaturated gain of

;3

Py

L A4
I

N
Ll

the oscillating line decreased,\\The period of the time-dependent

g

oscillations was determined by the regonator magnification. There was a

z strong cas-ade coupling between the osciliat;eg 2+] and 1+0 lines. The a
ﬁ% priori prediction of these characteristics of ;ﬁé-gime-dependent

i oscillations by the MNORO3UR computer model was in agreement with the

\5 data. A 7 ns oscillation, which was probably a mode beat of the laser, was
fs superimpcsed on top of the 40 ns oscillation. The time-dependent

oscillations occurred in both two and three dimensional unstable

resonators.
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I. JINIRODUCTION

This study is part of an integrated theoretical and experimental
investigation of the nonlinear interactions which may occur between the
chemical kinetics, the fluid dynamics and the optical resonator of a cw
fluid flow laser. The objectives of this study were to measure the
frequency and amplitude of the time-dependent oscillations which have been
predicted to occur in cw lasers employing unstable resonators to extract
power1’2’3. These time-dependent oscillations in cw power, which were
shown to be a consequence of rotational nonequilibrium, may develope on
lines whose saturated gain zone does not f£ill the unstable resonator. For
these oscillations to occur, the Fresnel number of the resonator must be
greater than 1.5, the amplitude of the oscillation is determined by the
firactiou of the wvesouaior filled by ihe saturated gain zone of the
oscillating line, and the frequency of the oscillation 1s determined by the
geometric outcoupling ratio and the fraction of the resonator filled by the
saturated galn of the oscillating line. The length of the saturated gain
zone of the lasing line was shown to be independent of the size of the
resanatorl’z. Baseu on these results, the success of the experimental
study depended upon the ability to design an unstable resonator ia vhich
the saturated gain zone of one or more of the peak power liner does not
reach further info the unstable resonator than the center line. The
importance of this point is illustrated by a previous experiment4 which
obtained a null result (no oscillations were observed) becuuse the

saturated gain zone of the laging line filled the resonator. The design of

the unstable resonator thus depends upon the ability to predict the length

of the saturated gain zones for the lasing lines for the laser to be used
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in the experimental study.

In the present study, the frcquency and amplitude of the time-
dependent oscillations which occur in a cw laser employing a confocal,
unstable resonator were measured. Unstable resonator modeliing

calculations3

indicated that for a resonator with Fresnel number large
enough for the oscillations to occur, at a pressure of 10 to 12 torr, the
saturated gain zones of the laser used in the experiments were unot long
enough for lasing te occur. Thus, to stretch the galn zones, the laser was
run at the lowest pressure vbtainable in the cavity (about 5 torr).

A low pressure stable resonator study was performed to provide a data
base for verifying the computer model as a function of pressure.
Comparison of the stable resonator data and MNORO3 results for beth high
and low pressure conditions showed that the model agrees with the data as
flow rates, cavity losses and pressure are varied. In addition, the
minimum in the gpectra at Pz(ll) occurred in the low pressure as well as in
the high pressure5'6'7 data. However, the linres P2(10) to P2(12) were
wegker in the low pressure cases than in the high pressure cases. This

6,7 of cthe minima as evidence for a kinetic

supports the interpretation
effect, namely a near resonant energy transZi.: frem v=3, J=3 4 to v=2,
J=14 with a subsequent rotational cascade to v=2, J=11, The flo. rates
which resulted in the longest saturated gain zones (largest beam diameter)
were chosen for the unstable resonator experiments.

To obtain an a priori estimate of the periods and amplitudes of the

time-dependent oscillations, the MNORO3UR code3 was run for these flow

rates at 5.4 torr. The results of the calculations indicated that the

oscillations would have a periad of approximately 40 ns independent of fiow
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rate and Fresnel number. Th. experiments were petformed with a 50%
geometric outcoupled, confocal, unstable resonator. A variable slit
scraper mirror permitted the Fresnel number to vary from 0 to 35.7. Both
low and high pressure data were obtained. As predicted by the MNORO3UR
calculations, the period of the time-dependent oscillations varied from 33
to 47 ns and their amplitude increased from 10% to 804X as the fraction of
the resonator filled by the saturated gain of the oscillating line
decreased. There was a strong cascade coupling between the oscillating 1+0
and 2+1 lines. A 7 ns oscillation, which was probably a mode beat of the
laser, was superimposed on top of the 40 ns oscillation. As predicted by
the a priori MNORO3UR calculations, for Fresnel numbers less than 1.5, no
oscillations were observed on lines whose saturated gain did not fill the
unstable resonator. ©No oscillations were observed when the lascr cavity
pressure was in the 10 to 12 torr range. This may be a consequence of
either the increased rotational relaxation rate which occurs as the
prassure increases, or the saturated gain zones may have been toc short,
which results in the Fresnel number (based on the saturated gain zone
lengths) being too small for the time—dependent oscillations to occur.
Tiwe~dependeut oscillations on lines whose saturated gain did not fill
the unstable resonator were also observed using a scraper mirror with a
rectangular bole in it. In this case, the resonator acts as a three
dimensional resonator racher than as a strip resonator as was the case when
the slit scraper mirror was used. The periods of the time-dependent
oscillations were 40 ng and their amplitudes 1lncreased as the fraction of

the resonator filled by the saturated gain decreased. Since the

magnification of the two and three dimensional resonators was the same, the
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data indicated that the frequency of the oscillations is determined by the
resonator magnification rather than the geometric outcoupling ratio.

In Section II, the low pressure stable resonator data are presented
and compared to the Blaze II and MNORO3 calculations and to the
corresponding high pressure stable resonator data. In Section II{, the
data on the time-dependent oscillations on lines whose saturated gain zones
do not fill the unstable resonator are presented and compared to the
MNORO3UR calculations. Several conclusions and recommendations for future

study are given in Section IV.




II. LOW PRESSURE, STABLE RESONATOR PERFORMANCE

Since the unstable resonator mocdeling calculations3 indicated that the
occurrence of the time~dependent oscillations on lines whose saturated gain
does not fill the unstable resonator is Fresnel number depeqdenc and that,
for the conditions of the high pressure (11 torc) Run 36, lasing may not
occur for a resonator whose Fresnel number is large enough that the time-
dependent oscillations should occur, the laser was run at the lowest
pressure obtainable in the cavity (about 5 torr) in order to stretch the
gain zones. To provide a data base for baselining the computer models,
stable resonator power versus X data was obtained for the six SF¢ and H;
flow rate combinations with the vacuum control valve wide open. For the X,
of peak power, beam diameters, pressure and spectra were measured in the
same manner as in the previous high pressure laser performance
studies?»50,7, These data were taken with the 56% mirror and two 4 cm
CaF, Brewster windows, which corresponded to an effective reflectivity of
39%6,7. The Blaze II8 computer model is compared to the data as a function
of cavity pressure in Fig. l. The only parameter changed in the model for
these calculations was the initial pressure at the inlet of the laser
cavity. From Fig. 1, it 1s seen that the model gives very good agreement
with the data over the entire pressure range accessible with our vacuum
system,

The low pressure stable resonator data are summarized in Table 1.
From Table 1, it is seen that the Blaze II and MNORO3? results are in good
agreeuent with the data, The corresponding high pressure stable resonator

resalts are summarized in Table 20,7, Comparison of the low and high

pressure stable resonator data shows that the beam diameter and totai power
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RUN NO. 32 33 34 35 36 37

mSFG’ gm/sec 1.36 1.01 0.67 1.36 1.01 0.67
LT gm/ sec 0.0375 0.9375 0.0375 0.054°¢ 0.0545 0.0545
2
P, Torr 6.75 6.0 $.40 7.20 6.48 5.83
% SF6 Dissoc. 3.3 4.0 4.0 3.3 4.0 4.0
Initial T, °K 500 450 450 500 450 450
Hz mixing length, cm 3.0 3.5 4.0 3.0 3.5 4.0
PT, watts
Data 43.7 37.5 23.2 46.2 40.2 29.6
Blaze Il 48.5 45.5 31.5 52.6 49.2 33.3
MNORQ3 45.5 31.6 49.3 33.6
PIO/PT
Data 0.481 0.512 0.468 0.493 0.511 0.472
Blaze 1I 0.504 0.493 0.485 0.501 0.492 0.486
MNORO3 0.504 0.494 0.501 0.493
Beam Dia,., mm
Data 4.90 5.00 5.10 4.60 4.50 4.50
Blaze Il 5.30 5.60 $.70 4.10 4.3 4,30
MNORO3 5.50 5.90 4.80 4.70

Table 1. Compavrison of the low pressure Blaze II and MNORC3 results with
the data for the Helios CL II laser with a stable resonator with
external mirrer mounts and 4 cm CaF2 Brewster windows which result

in a 39% effective reflectivity. The primary mixing length is
0.001 cm for all cases.
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RUN NO. 32 33 34 35 36 37
aSFe' gn/sec 1.36 1.01  0.67 1.36 1.01 0.67 g
By, gu/sec 0.0357  0.0357 0.0357 0.0545  0.0545  0.0545 =
P, Torr 12.2 1.1 10.0 12.1 11.0 10.0 :
% SFg Dissoc. 3.3 4.0 4.0 3.3 4.0 4.0
Initial T, °K 500 450 450 500 450 450
Hy mixing lengrh, cm 3.0 3.5 4.0 3.0 3.5 4.0
PT,watts
Data 35.5 30.5  20.5-20.75 38.0 32.5 22.0-22.25
Blaze II 33.4 34.0 27.6 41.9 41.2 31.1
P1o/Pr .
Data 0.530  0.483  0.472 0.520  0.531  0.474 ;;
Blaze II 0.539  0.519 0.502 0.523  0.510  0.498 R

Beam Dia,, mm
Data 3.39 3.43 2.91 3.21 3.06 3.09

Blaze II 3.30 3.40 3.50 2.80 2.80 2.80

Table 2. Summary of the high pressure data and Blaze Il results for the
Helios CL II laser with a stable resonator with external mirror
mounts and 4 cm CaF, Brewster windows which result in a 39%

effective reflectivity. The primary mixing length is 0,001 cm for
all cases.




increased for all six cases when the cavity pressure was decreased. For the
low pressure case, the diameter increased 43% to 47% except for Run 34, The
low presscre Run 34 beam diameter increased 75%. Total power increased
between 21%Z and 24% for Runs 32, 33, 35 and 36, 36% to 38% for Run 34 and 33%
to 34% for Run 37. The total power increases are evidence that the HF
deactivation rate decreased due to the lower pressure. Runs 34 and 37 had an
additional 10% to 15% increase in total power compared to the other cases.
The fraction of the power in the 1+0 vibrational band did not change
significantly for any of the cases when the pressure was decreased.

The power spectral distributions for the six low pressure cases are shown
in the order of increasing SFq flow rate for a fixed H, flow rate in Figs. 2
and 3. From thuse figures, it is seen that at both the low 2nd high Hy flow
rates, the power spectral distribution shifted toward higher J's as the SFg
flow rate increased. Figures 4 and 5 show the power spectral distributions

6’7, which also show the same shift

for the corresponding high pressure cases
to higher J's. The shift of the power spectral distribution toward higher J's
as the SF; flow rate increased for a fixed H, flow rate 1s caused by the
increase in the temperature which accompanies the 1ncreagsed heat released due
to the increased F atom flow rate?:>,

Comparison of the high and low pressure power spectral distributions for
fixed flow rates shows that the power spectral distributions shifted tn lower
J's as the pressure decreased. Since the rotational relaxation rate is
proportional to pressure squared, the shift of the power spectral distribuiion

toward lower J's as the pressure decreased is a consequence of the decreased

rotational relaxation which occurs at low pressures.

MNORO3 power spectral distributions are cowpared to the low pressure
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stable resonator data for Runs 33, 34, 36 and 37 in Figs. 6, 7, 8 and 9
regpectively. The comparison shows that the MNOR03” power spectral
distributions are in reasonable agreement with the data. The model predicts
the peak of the power spectral distribution either one or two J's too low as

2'3’5'9. The difference between the MNORO3

it does 1in the high pressure case
predictions and the experimental data is a consequence of the Fabry-Perot
resonator employed in the calculations. When the high pressure calculations
were repeated with a stable resonator model, MNORO3SR, which includes the
upstream—downstream coupling irherent in such a resonator, the low J lines do
not lase and the power spectral distribution is in better agreement with the

3'7. A stable resonator calculation for the low pressure case would

data
result in a similar shift in the power spectral distribution which would then
be in better agroement with the data.

Comparison of the high and low pressure spectra, Figs. 2, 3, 4 and 5,
shows that the minimuwn in the spectra at Pz(ll) occurs in the low pressure
cases as well as in the high pressure cases. However, the strength of the
lines Py(10) to P,(i2} are weaker in the low pressure cases. This supports

the interpretation 6,7 of

this minimum as the result of a near resonant energy
trangfer from v=3, J=3, 4 to v=2, J=l4 with a subsequent rotational cascade to
v=2, J=11, which is the upper level for the P,(12) line, which lases, thus

blocking the rotational cascade to v=2, J=10, which is the upper level for the
P5(11) line which is thus weaker than the P,()2) line. Since the HF relaxation

rate 1s proportional to pressure squared, a phenomenon which is based on

cullisional energy transfer should decrease in magnitude as the pressure

decreases, which is shown by the data.
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Figure 7. Comparison of the low pressure experimental stable resonator and
MNORO3 power spectral distributions for the Helios CL II laser
for Run 34 for external mirror mounts, r = 0.39.
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Figure 8. Comparison of the low pressure experimental stable resonator
and MNORO3 power spectral distributions for the Helios CL II
laser for Run 36 for external mirror mounts, r = 0.39.
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and MNORO3 power spectral distributions for the Helios CL II
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The preceding comparisons show that the model agreces with the data as
filow rates, cavity losses and pressure are varied. This provides confidence
in the wodel's prediction of the lengths of the saturated gain zones of the
lasing lines. Since the low pressure Run 34 gave the largest beam diameter

i.e. the longest gain zones, the unstable resonator experiments were performed

for this flow rate.
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I1I. TIME-DEPENDENT OSCILLATONS ON LINES WHOSE SATURATED
GAIN DOES NOT FILL THE UNSTABLE RESONATOR
The objectives of this study were to measure the frequency and
amplitude of the time dependent oscillations in the power spectral output
which have been predicted to occur in cw chemical lasers employing unstable

resonators to extract powerl'z.

These time dependent fluctuations in cw
power, which were shown to be a consequence of rotational nonequilibrium,
were shown to occur on lines whose saturated gain zone does not fill the
unstable resonator; the amplitude of the fluctuation 18 determined by the
fraction of the resonator filled by the saturated gain zone of the
ogcillating line, and the frequency of the fluctuation is determined by the
geometric outcoupling ratio and the fraction of the resonator that is

1,2

filled by the saturated gain of the oscillating line The length of the

saturated gain zones of the lasing lines was shown to be independent of the
size of the resonator?.

To assist in selecting the flow conditions and resonator geometry to
be employed in the experimental measurement of these time~dependent
oscillations, a series of calculaticns with the coupled rotational
nonequilibrium-wave optics modeil, MNOR03UR3, were performed for the Helios
CL II laser for the Run 36 flow rates. These calculations showed that the
time~dependent oscillations which may occur on lines whose saturated gain
does not fill the resonator are Fresnel number dependent. The time
dependent oscillations did not occur for a Fresnel number of 1.5 but did
occur for a Fresnel number of 18.57 and for an intermediate Fresnel number
of 9.457. For both the large and Intermediate Fresnel numbers, the flow

conditions had to be altered to stretch the gain zones of the lasing

lines. It was shown for the intermediate Fresnel number of 9.457 that,
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when the standard flow counditions were used, the gain zZones were not long
encugh for any lines to lase. When the flow conditions were altered, the
Fresnel aumber of 18.57 gave a 10% amplitude variation of the total power
and the Fresnel number of Y.457 gave a 154 to 204 amplitude variation of
the total power. The intermediate Fresnel number had a larger amplitude
variation because the saturated gain filled a smaller fraction of the
resonator.

For all cases in which lines oscillated, the period was mostly 6
iterations with some lines varying between 5 and 6 or 6 and 7
iterations3. Since the mirror gpacing was one meter and each iterate

corresponds to one round trip of the radiation through the resonator, the

period was mostly 40 ns with some lines varying between 33 and 40 or 40 and

47 05 independent of Fresuel number.

Since the preceding calculations indicated that the experiments should
be performed with the longest gain zones possible and the low pressure
stable resonator data indicated that this occurred for the flow rates of
Run 34, these were the flow rates chosen for the time-dependent
experiments. To obtain an a priori estimate of the periods and amplitudes

of the time-dependent oscillaricas for these conditions, the MNORO3UR code

was run for the flow rates of Run 34 at 5.4 torr.

3.1 RUN 34 MNOKC3UR UNSTABLE RESONATOR CALCULATIONS
Since the low pressure stable resonator results (Chapter II) showed
that the low pressure Run 34 flow rates gave the longest gain zones, the

MNORO3UR model was run for these flow conditions for a 50% geometric

outcoupled, symmetric, confocal, unstable resonator with a 1.0 cm diameter
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concave mirror. For completeness, a brief description of this model is
given here. The efficlient, rotational nonequilibrium, chemical kinetic,
filuid dynamic wmodel, denoted MN0R039, was coupled to the AFWL physical
opitics scrip resonator moda1i0, The res:lting code is denoted MNORO3UR.
The geometry of the confccal unstable rescnator is shown in Fig. 10. The
MNORO3 model employed assumes that the flow and the chemistry are
independent of the transverse coordinate z. The optical cavity is modeled
as a stirip, confocal unstable resonator. The beam is diffractively
propagated through the cavity using a solution of the Huygens—Fresnel
integral which is obtained by a fast Fourier transform technique. The
optics model is coupled with the kinetics model through the thin skin gain
approximation in which the active medium is assumed to oe a thin sheet in
front of the large mirror. The solution is an iterative one, The
ralculation starts oy passing a plane wave of roughly the expected
intensity through the empty cavity. The resulting intensity distribution
is gent to the chemistry. The species equatilons are solved with the given
intensicy distribution, and the thickness of the mixed flow, L,, and the
gains on each line are calculated and sent to the optics. The stored wave
from the preceding optiecs calculation is then propagated through the cavity
and incremented by the gain distribution from the chemistry. This process
is repeated uatil the difference between successive iterates is less than
some prescribed amount.

Becguse each iterate in the solution of the steady state equatioms
corresponds to one round trip of the radiation through the cavity, each

iterate may be regarded as a time step in the development of the steady-

state solutionl. The steady-state iterates are related to the scolution of
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Figure 10. Confocal unstable resonator geometry and schematic
of the wave pronagation through tne resonator.
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the time-dependent equations in the following way. The equations governing

the time-dependent problem are of the form

dn an) )
p[—a? tu E] X chem + Xead (3.1-1)
for the populationg of the lasing species and
+ +
130, A .ot e (3.1-2)
c 9t 3z

agsuming the radiation travels in the z direction only. To construct the

solution of these equations, they are written in the form

o _ _ on 1. 1 = -

I T o *chem T 5 *rad £(e) (3.1-3)
% T

-l_ _a_I = - ﬂ + a(];-'t -+ S) = h(t) (3.1-4)

c 3t 9z

These equations are discretized in the space variables to convert them into
ordinary differential equations in time. The solution at time t + At is of
the form
n(t + At) = n(r) + £(t) At (3.1-5)
I(t + ot) = I(t) + ch(t) ac (3.1-8)
To obtain only the steady state solution, the time derivatives in Eqs.

(3.1-3) and (3.1-4) are set to zero which gives

. 1 _
x T 7 Xchen +'E Xrad (3.1-7)
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0=-L 4 a1+ (3.1-8)

To obtain the steady—state solution, Eq. (3.1-8) is solved for It(x) whiich

ig then substituted into Eq. {(3.1-7). Eq. (3.1-7) 1is then solved for o(x)

which 1s then substituted into Eq. (3.1-8) and the process is repeated.

When the iteration procedure has converged, I(x) an. a(x) remain the same Fi

for successive iterates.

Prior to convergence, when 1 _,(x) and an_l(x) are substituted into
Eqs. (3.1-7) and (3.1-8), they sum to a non—-zero value which would be eaqual
to the corresponding time derivative in the time-dependent equations, i.e.,
Jn
M= 3.1-9
3t (3.1-2)
t
12317 | o -
TS § (3.1-10)
This would give solutions for 1(t) and n(t) of the form
n(t) = n_ + § At (3.1-11)
I(t) = I+ cé'at (3.1-12)
for small At (1 :ound trip through the resonator in this case). Comparison -
of Eqs. (3.1~11) and (3.1-12) with Eqs. (3.1-5) and (3.1-6) shows that they B
have the same form. Thus, each iterate in the steady-state sgolution v

procedure corresponds to a time step in the development of the time
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dependent solution.

For the case of the radiative transfer equation treatment of the
radiation part of the problem, the equivalence between the steady—-state
solution obtained from the iterative solution of the steady—state equations
and the steady-state solution obtained from the solution of the .. mne-
dependent equations as t goes to infinity was shown by Schimkel!l. Based on
this result, the use of Egs. (3.1-9) and (3.1-10) tc modify the I _,(x)
and an_l(x) before calculating the next iterate of the steady-state
equations might speed up the rate of counvergence of the iteration
precedure.

Total power, Fig. ll, and the power on individual lines, Fig. 12, as
calculated by MNORO3UR, are plotted versus iteration number. Because each
iterate correspends to one rcund trip of the radiation through the cavity,
each lterate may be regarded as a time step in the development of the
steady-state solution as deacribed above. Thus, fluctuations in the power
from iterate to iterate may be regarded as time~dependent oscillations.
Since the spacing between the convex and concave mitrrors was 100 cm, the
round trip tramsit time was 6.67 us. Thus, the period of an oscillation is
calculated by multiplying the number of iterates for one period by 6.67
ns. The frequency of the oscillation is the inverse of the period. The
percent amplitude modulation was calculated by dividing the peak to peak
pover difference by the average power. Table 3 1s a summary of the period,
frequency, percent amplitude modulation, and power for the total beam and
for the individual lines shown in Figs. 11 and 12. From this table, it is

seen that the characteristics of the Run 34 oscillations are the same as

those predicted for Run 36. Thus, experimentally the oscillations are
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Line Period Frequency Amplitude Modulation Power

ns Mhz % PV J) Watts

Total Power 40 25 64 * 11.00

Pl(4) 33 30 41 1.70

Pl(S) 40 25 75 1.20

Pl(é) 40 25 27 1.90

P1(7) 33 30 30 1.00

P1(8] 0.05

P2(4) 40 25 50 0.60

P2(5) 33 30 81 2.70

P2(6) 40-47 21-25 64 1.10

) P2(7) 33-40 25-30 40 0.50
I

P2(8) 0.05

*Amplitude Mcdulation for Total Power: % PT

Table 3. MNORC3UR time-dependent oscillation periods, frequencies, and
amplitude modulations (% Py(J)) for a 50% geometric outcoupled
confocal unstable resonator with a 5 mm slit at RUN 34 flow
rates with a 5.4 torr cavity pressure.
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expected to exhibit a period of about 40 ns with their amplitude modulation
increasing as the fraction of the resonator filled by the saturated gain
decreases. In the next section, the unstable resonator used in the
time-dependent experiments and the procedure used to align it are

degcribed.

3.2 CONFOCAL UNSTABLE RESONATOR ALIGNMENT PROCEDURE

Figure 13 shows the layout of the 50% geometric outcoupled, confocal,
unstable resonator used on the Helios CL II laser. The resonator consists
of a convex and a concave mirror separated by 100 cm, with a flat scraper
mirror placed at an angle of 45° to the optical axils near the convex
mirror. The radius of curvature of the mirrors is —200 cm for the convex
mirror and 400 cm for the concave mirror which result in a resonator
magnification of 2. The scraper mirror consists of two flat mirrors which
slide apart to form a slit whose width could be varied from 0.0 to 1.0
cm. Since the resonator was a confocal, unstable resonator with a
magnification ¢f 2, the effective diameter of the convex mirror is equal to
the scraper mirror slit width and the effective diameter of the concave
mirror is equal to twice the scraper mirror slit width. The Fresnel number
for the resonator is determined by the effective dlameter of the concave
mirrorl? and is therefore controlled by the slit width of the scraper
mirrore The Fresnel number for the resonator used on the Helios CL II
lager ranged from 0.0 to 35.7.

Figure 14 shows the optical path of the alignment HeNe laser through

the unstable resonator. The resonator's mirrors were mounted on a set of

translation stages which permitted accurate positioning of the optizal axis
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of the resonator with respect to the HZ injectors. The unstable resonator
aligoment procedure consisted of five steps.

The first step aligned the HeNe laser beam with the Hy injectors of
the laser., The Brewster windows and the resonator mirrors were removed
from their mounts‘for this step of the alignment procedure. The HeNe laser
was set at a helght equal to the height of the center of the laser cavity
plus the necessary additional height to compensate for the refraction
of fset due to the left Brewster window when it is in place. 4n iris
mounted on a magnetic base, which was set to the HeNe beam height, was used
to check that the HeNe beam was at the proper height during the alignment
procedure. The Hele beam was split into two components as shown in Fig.

14. Mirror 1 was adjusted until beam 1 was aligned with the Hy injectors

in the lacger cavity,

cav

The left Braustar window was then attached te the
laser. Fine adjustments were made to mirror . until the beam exited the
right side of the laser cavity, centered vertically and parallel to the H,
injectors. The right Brewster window was then attached to the laser. The
height of the HeNe beam was checked with the iris at the far right of the
laser. If necessary, mirror | was again adjusted to correct amny error inm
the alignment of the HeNe beam with respect to the laser cavity.

The second step in the alignment procedure was to ceater the mirvor
holders on the HeNe beam. The translation stages are located on the
optical table so that their range of travel permits movementi of the optical
axis upstream as well as downstream of the H, injectors. The alignment of
the mirror holders on the transiation stages was achieved by using a set of

plexiglass disks which fit intc the mirror mounts. Each disk had a small

hole the diameter of the BeNe beam drilled in its center. The mounts were
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adjusted on the translation stages until the alignment beam passed tnrough
each hole.

The next step in the alignment procedure was the placement of the
concave mirror. The concave mirror was placed in its mount and tuned until
beam 1 reflected back on itself. -

The fourth step was the alignment of the scraper mirror. There are
two types of scraper mirrors that were used. One consists of two plane
mirrors in an adjustable mount which allowed the vertical slit between them
to be varied from 0 to ! cme The other was a plane, silver coated, copper
mirror 1.75 inches in diameter with a rectangular hole 1.5 mm in the
vertical direction and 7.07 mm in the horizontal direction, which
corresponds to an effective width of 5,0 mm in the flow direction. The
planes of both mirrors were placed at 45° to the aptical axis of the
resonator. The alignment procedure depends upon the scraper wmirror used.

The variable slit scraper mirror was placed in its mount and the slit
fully opened. The position of each half of the variable slit mirror {is
controlled by a micrometer. Each side in turn was moved in until it
blocked out beam 1 and the micrometer reading was recorded. The
micrometers were then both set shorter than the previous readings by half
the diameter of the HeNe beam. The mirror halves would just touch at this
setting. Then each mirror was moved back half a beam diameter. The HeNe
image reflected back by the concave mirror would then appear symmetric
about the scraper mirror slit. Mirror 2 was then adjusted until beam 2 was
centered on the slit and the image of beam ] from the scraper mirror was

gsymnetric about beam 2 on mirror 2 and on the face of the HeNe laser.

The rectangular hole scraper mirror alignment procedure was as




follows. The rectangular hole scraper wmirror was positioned in its holder
by eye until the HeNe image reflected from the concave mirror was centered
in the rectangular hole. Mirror 2 was then adjusted until beam 2 was
centered in the rectangular hole and the image of beam 1 from the scraper
mirror appeared symmetric about beam 2 on mirror 2 and on the face of the
HeNe laser,

The last step was the alignment of the convex mirror. The convex
mirror was placed in its mount, which blocked beam l. By adjusting the
convex mirror, beam 2 is made to reflect back upon itself through the
resonator and back to the HeNe laser. When the variable slit scraper
wmirror was used, the slit size was reduced to obtain a smaller reference
spot which resulted in a more accurate alignment of the convex mirror.

It should be noted that beam 2 then repregents the path of the IR

output beam when the Helios CL II laser is run.

3.3 EXPERIMENTAL PROCEDURE

Figure 15 is a schematic of the experimental set up to measure the
frequency and amplitude of the time-dependent oscillations on lines whose
saturated gain does not fill the resonator. A room temperature InAs fast
detector (~ 2 ns rise time) was used to measure the oscillations. The
detector consisted of a 0.25 mm square InAs photodiode in a TO-18 package,
Judson Infrared model J-12LD. The circult for the InAs detector is shown
in Fig. 16, Total beam oscillations were measured by passing the output
beam through a mechanical chopper and then into the InAs detector, Fig.

15. Oscillations on individual lines were weasured by passing the output
13

beam through a constant efficiency spectrometer

and a mechanical chopper,
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Figure 16. Electrical circuit for the room temperature InAs fast
response detector. The detector congists of a Judson
J12LD diode, 50 olm resistor and a 22,000 pf capacitor.
The response time is ~ 2 ns.
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which allowed the output of one line at a time to impinge on the

detector. To obtain the period of the oscillation, the output from the
detector was amplified and displayed on a 500 MHz oscilloscope. To
determine the frequency spread of the oscillations, the signal was also
displayed on a 40 MHz gpectrum analyzer. Since the 500 MHz oscilloscope
could only display the AC part of the signal, to obtain the amplitude
modulation, the signal was displayed on a 100 MHz oscilloscope. Power
spectral distributions were taken vy passing the output through a
mechanical chopper, a monochromator and into a room temperature PbSe
detector. The PbSe detector and the monochromator were both connected to a

strip chart to record the relative powers of the lasing lines.

3.4 RUN 34, LOW PRESSURE, SLIT SCRAPER MIRROR DATA

Oscillation frequency and amplitude measurements for the low SFg and
low Hy flow rates, Run 34, were taken with the flow control valve wide
open, which gave a laser cavity pressure of 5.3 torr. In Chapter II it was
showa that this flow condition produced the longest saturated gain zones
for the Helios CL II laser. Because the resonator was symmetric, the
distance between the optical axis and the Hy injectors was always equal to
the scraper mirror slit width used. Table 4 is a summary of the
oscillation data for the total power as a function of Fresnel number. The
MNORO3UR calculations for Run 363 and Run 34 performed prior to the
experiments indicated that the period of the oscillations should be 40 ns
independent of Fresnel number. From Table 4, it is seen that in addition

to the expected 40 ns oscillation, there was a 7 ns oscillation

superimposed on top of it. Since the mirror spacing of the resonator was
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Run 34 50% Geometric Outcoupled,
Symmetric, Confocal, Unstable Resonator
Scraper Mirror NF Pcav PT 0SsC Amplitude
Slit, mm Torr Watts Period Modglatlon
ns %P
T
1.0 0.357 5.31 5.25 7
2.0 1.428 5.30 5.15 7
3.0 3.214 5.29 4.10 40/7 3.0
4.0 5.714 5.31 1.90 40/7 22.0
5.0 : 8.929 5.34 0.70 40/7 25.0
6.0 12.857 5.31 0.13 40 50.0

Table 4. Frequency and amplitude of the time-dependent oscillation
of total power as a function of Fresnel number for the
flow rates of Run 34 at 5.3 torr. The He bottle was running
out when the 2 mm through 6 mm data were taken. This caused
the total power to be less than that measured when the
individual line oscillation data were taken.
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100 cm and the round trip transir time is 6.67 ns, the 7 ns oscillation
probably corresponds to a mode beating of the laser. Table 4 shows that
the time-dependent oscillations on lines whose saturated gain did not fill
the resonator did not occur for Fresnel numbers below 1.5. Since the
calculations showed that the length of the saturated gain region is
independent of the size of the resonatorz, Table 4 shows that the
amplitudes increased as the fraction of the resonator filled by the
ogcillating lines decreased. Fig. 17 shows the total power 100 MHz
oscillocope traces for the 4 mm and 2 mm slit widths. Couwparison of these
traces clearly shows the difference in the traces when the time-dependent
oscillations occur.

Table 5 gives the oscillation data for individual lines as a function
of Fresnel number. This data shows that the 40 ns time-dependent
oscillations on lines whose saturated gain did not fill the resonator did
not occur for Fresnel numbers below 1.5. It should be noted that there is
a strong cascade coupling between the oscillating 1+0 and 2+1 lines, that
is, if Py(6) oscillates then P;(7) also ogscillates. From a comparison of
the 3 mm and 4 mm slit cases, it is generally seen that as the fraction of
the resonator filled by a line decreased, the amplitude of ite oscillation
increased. Figs. 18, 19 and 20 are typical oscilloscope and spectrum
analyzer traces of oscillating lines. The 7 ns oscillation superimposed on
the 40 ns oscillation is clearly evident in these figures. Comparison of
the frequency ranges for the 3 mm and 4 wm slit widths indicates that the

frequency is independent of the Fresnel number. Comparison of the traces

in Figs. 19 and 20 shows that both P;(7) and P;(8) had approximately the

sgme 4 amplitude modulation, but Pl(7) had nearly five times the power of
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Total Power Traces

' a) 4 mm slit width; all lasing
' lines oscilliating with
40 ns period

b) 2 mm slit width; no lines
oscillating with 40 ns period;
some lines exhibited 7 ns
oscillation

Figure 17. Typical total power 100 MHz oscilloscope traces for Run 34 flow
rates at 5.3 torr showing the difference between the oscilloscope
traces of an oscillating and nonoscillating case. For both traces,
the scales are 20 mV/division verticaily and 0.2 ms/div
horizontally.
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Run 34 gt
P, (7)

Lo I J

a) Spectrum analyzer trace; o
center is 20 MHz; .
4 MHz/division

AT K Y S

b) 500 MHz oscilloscope trace;
10 ns/division

TRl ¥t PR -1, "

! ¢) 100 MHz oscilloscope trace;
0.2 ms/division

Figure 18. Typical oscilloscope traces of the time-dependent oscillation on .
a line whose saturated gain does not fill the unstable resonator. -
These data are for the P2(7) line for a scraper mirror slit width

of 4 mm for the Run 34 flow rates at 5.3 torr. The beam was
’ chopped with a mechanical chopper. The 7 ns mode beat superimposed
on the 40 ns oscillation is clearly evident in b.




44

Run 34
P, (7)

a) Spectrum analyzer trace;
center is 20 MHz;
4 MHz/division

e e ot

b) 500 MHz oscilloscope trace;
10 ns/division

c) 100 MHz oscilloscope trace;
0.2 ms/division

Typical oscilloscope traces of the time-dependent oscillation on
a line whose saturated gain does not fill the unstable resonator.
These data are for the Pl(7) line feor a scraper mirror slit width

of 4 mm for the Run 34 flow rates at 5.3 torr. The beam was
chopped with a mechanical chopper. The 7 ns mode beat superimposed
on the 40 ns oscillation is clearly evident in b.
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Run 34
P (8)

: a) Spectrum analyzer trace;
; center is 20 MHz;
' 4 MHz/division

b) 500 MHz oscilloscope trace;
10 ns/division

¢) 100 MHz oscilloscope trace;
0.2 ms/division

vi&;&ﬂ- taek §:s. 3 B . M

Figure 20. Typical oscilloscope traces of the time-dependent oscillation on
a line whose saturated gain does not fill the unstable resonator.
These data are for the 91(8) line for a scraper mirror slit width

of 4 mm for the Run 34 flow rates at 5.3 torr. The beam was
chopped with a mechanical chopper.
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P1(8). This is evidence that the amplitudes of the time-dependent }@:
oscillations are not a function of line strength, which supports the
prediction that the amplitudes of the time~dependent oscillations are
determined only by the fractlon of the resonator filled by the oscillating
line.

The details of the 7 ns mode beat, which corresponds to 143 MHz, were
not studied because the spectrum analyzer did not extend to 200 MHz.

Comparison of the theoretical calculations for the low pressure Run
34, S mm slit case (Section 3.1) and the experimental low pressure Run 34,
4 mm slit data shows that there is qualitative agreement between the
calculations and the data. The 5 mm slit calculation is qualitative
because the losses introduced by the Brewster windows were not included.
The difference in lasing lines between the calculations and the data is due
to the omlssion of the losses introduced by the Brewster windows in the

calculacion.

3.5 RUN 34, LOW PRESSURE, 2mm SLIT SCRAPER MIRROR DATA
Since the gain distribution 1s independent of the optical axis Y

location of the resonator2

» a8 X, increases, a smaller fraction of the
resonator ig filled by the saturated gain of the lasing lines. To verify
experimentally that the oscillations on lines whose saturated gain does not
f1i1ll the unstable resonator do not occur for Fresnel numbers less than 1.5,
the x, of the optical axis was varied from 2 mm to 4 mm with the Fresnel

number held constant at 1.428 (scraper mirror slit width of 2 mm).

Oscillation measurements for the low SFg and low H, flow rates, Run 34, ‘5

were taken with the flow control valve wide open, which gave a laser cavity
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pressure of 5.3 torr, The data, which are given in Table 6, show that no
40 ns oscillations occurred at any of the X, locatlons. Since the
saturated gain of the lasing line filled a smaller fraction of the
resonator as X, lncreased, this result verifies the prediction that the
time-dependent ogcillations on lines whose saturated gain does not fill the
unstable resonator do not occur for Fresnel numbers less than 1.5. The

only oscillation that did occur was the 7 ns mode beat.

3.6 RUN 36, LOW PRESSURE, SLIT SCRAPER MIRROR DATA

Oscillation frequency and amplitude measurements for Run 36 flow rates
were taken with the flow control valve wide opea, which gave a laser cavity
pressure of 6.5 torr. Because the resonator was symmetric, the distance
between the optical axis and the Hy injectors was always equal tac the
scraper mirror slit width. Table 7 is a summary of the oscillation data
for the total pcwer as a function of Fresnel number. The MNORO3UR

3 performed prior to the experiment indicated that the period

calculations
of the oscillations should be 40 ns independent of Fresnel number. From
Table 7, it i{s seen that In addition to the expected 40 ns oscillation,
there was a 7 ns oscillation superimposed on top of it. This is the mode
beat geen in the Run 34 low pressure data. Table 7 shows that the time-
dependent oscillations on lines whose saturated gain did not £ill the
resonator did not occur for Fresnel numbers beleow 1.5 and that their
amplitude increased as the fraction of the resonator filled by the

oscillating line decreased. This data lndicates that the time-dependent

oscillations on lines whose gaturated gain does not fill the resonator are

independent of the flow rates.
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Run 36 50% Geometric Qutcoupled,
Symmetric, Confocal, Un<table Resonator

Scraper Mirror NF Pcav PT 08G Amplitude
Siit, mm Torr Wat*s Feriod Modulation
-2 ns % P
T
1.0 0.357 6.55 7.0
2.0 1.428 6.5 6.3 7
3.0 3.214 6.5 3.9 40/7 3.7
4.0 5.714 6.5 1.4 40/7 33.0
5.0 8§.529 6.5 0.15 40/7 37.5

Table 7. Frequency and amplitude of the time-dependent oscillation
of total power as a function of Fresnel number for the
flow rates of Run 36 at 6.5 torr. The SF6 bottle was running

out when these data were taken. This caused the total power
to be less than that measured when the individual line
oscillation data were taken.
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Table 8 presents the oscillation datra for individual lines as a
function of Fresnel number. From Table 8, it is seen that the 40 ns
oscillation on lines whose saturated gain did not £ill the resonator did
not occur for Fresnel numbers below 1.5. Figure 21 shows typical spectrum
analyzer and oscilloscope traces for an oscillating line for Rum 36 flow
rates at 6.3 torr. Comparison of the traces of Flg. 21 with those of Fig.
19 indicates that the Pl(7) line oscillated with nearly the same amplitude
and frequency for both Run 3% and Run 36 flow conditions with a 4 mm slit.
This suggests that the length of the saturated gain for the P,(7) line {is

approximately the sauwe for both flow rates.

3.7 RUK 34, HIGH PRESSURE, SLIT SCRAPER MIRROR DATA

34, were alsc tsken with the flow control valve partially closed, vhich
gave a laser cavity pressure of 10.] torr. It was shown in Chapter II that
doubling the cavity pregsure rveduced the length of the saturated gair by
approximacely a factor of 2. Because the resonator was symmetric, the
distance between the optical axis and the Hy injectors was always equal to
th. glit width. Table 9 is a summary of the oscillation data for
individual lines as a function of Fresnel number. From Table 9 it is seen

that the only oscillation observed was the 7 ns mod: beat of the laser.

3.8 RUN 36, HIGH PRESSURE, SLIT SCRAPER MIRROR DATA
Oscillation measurements for Run 36 flow rates were also taken with

the flow control valve partialliy closed, which gave a laser cavity pressure

of 11.5 torr. Table 10 1s & summary of the data. No osc/llations were
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Run 36
P, (7)

a) Spectrum analyzer trace;
center is 20 MHz;
4 MHz/division

Figure 21.

b) 100 MHz oscilloscope trace;
0.2 ms/division

Typical oscilloscope traces of the time-dependent oscillation on
a line whose saturated gain does not £ill the unstable resonator.
These data are for the P1(7) line for a scraper mirror slit width

of 4 mm for the Run 36 flow rates at 6.3 torr. The beam was
chopped with a mechanical chopper.



53

6°0

¢T°0

o1°1

ST'T

51IuM

2

*1012239p 95q4 Y3 s31evxado PINOM I03T23IIP SYU] 3ISEF AYI
93819d0 01 YBOM 003 SOUF] ‘SUOTINQTIISTP Tea3dads zomod podersne ouil
3JINSedW 03 PISN SBM I0399319p 9544 V °JAQUNU [dUsS\8x§ JO UOTIDUNF B SB
1303 [°07 3® pf uny 3JO S93IBI MOTF 9Y3 IOJ SUOTIBITIOSO AUI] [ENPIATPU]

‘6 91qeL

1012219p 3SeJ 3yl ajexado o3 Xeam 001 Sem Inq pseey JUFT 3yl sueaw -

sG ‘poTa3ad IS0
- - - su ‘poyaad 23S0
- - - ¢ su ¢‘potaagd 3S0O

- 5u ‘potiad 2SO0

@% W @i ©% @l @l wla ®'a )T sur Barse

IX103 1°01 xnssaxd L311Ae)
103BUCS3Y 2TqeIsun ‘[edojuo) ‘dra3dumig ‘pardnosing d1I138WO9H §0S HE uny

PIL°S

piec e

1A A |

LSE°0

o't

0°'%

0°¢

0°1

ww 317s
10111 x3deaog




54

Run 36 30% Geometric Qutcoupled, Symmetric,
Confocal, Unstable Resonator

B o I . b & P L SRR I

Scraper Mirrer Np Pcav P 0scC
Slit, mm Torr Watts Period
ns
i
: 1.0 0.357 11.5 2.0 none
2.0 1.428 11.5 0.925 none
;
3 3.0 3.214 11.5 0.0
4.0 5.714 11.5 0.0
S.0 8.929 11.5 0.0

Table 10. Frequency and amplitude of the time-dependent
oscillation of total power as a functicn of
Fresnel number for the flow rates of Run 36
at 11.5 torr.
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observed for any of the Fresnel numbers tested. The absence of lasing for
the 5 mm slit case verifies the MNORO3UR calculation for Run 36 at 11,5
torr with a 5 mm slit scraper mirror which showed that lasing would not
occur,

Since the tiwe-dependent oscillations are a consequence of rotational
nonequilibrium and do not occur if rotational equilibriua is maintainedl,
these oscillations may not occur as the rotational relaxation rate
increases as the pressure in the laser cavity increases. The absence of
the time-dependent oscillations in the high pressure cases may thus be a
consequence of the increased rotational relaxation rate which occurs at the
higher pressure. On the other hand, the absence of these oscillations in
the high pressure cases may be a comnsequence of the short gain zonesz’s’(”7
{({ 3 mm) which tesult f{n the Fresuel muwber {based on the saturated gain
zone lengths) being less than 1.5, which is too small for the time-—
dependent oscillations to occur. To investigate these possibilities, the
laser should be run with the flow control valve wide open to obtain the
highest possible flow velocity, and consequently the longest saturated gain
zones possible, with the flow rates increased until the pressure is in the
10 to 12 torr range. If the measured beam diameters are in the 4 mm to 5
mu range for these conditlons and the time-dependent oscillations do not
occur at the 10 to 12 torr pressure range, the data may then indicate that

the increased rotational relaxation rate at these pressures is the

responsible mechanism. MNORO3UR modeling calculations should be performed

to assist in the interpretation of the data.
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3.9 RUN 34, LOW PRESSURE, RECTANGULAR HOLE SCRAPER MIRROR DATA

Measurements of the time—dependent oscillations were made for the
confocal unstable resonator with a rectangular hole secraper mirror. In
this case the resonator is a three dimensional, 75% geometric outcoupled,
confocal unstable resonator rather than a strip resonator, as is the case
when tne variable slit scraper mirror is used. The hole in the scraper
mirror is 1.5 mm high by 7.07 mm long, which corresponds to an effective
width of 5.0 mm in the flow direction. This resonator outcoupled a large
percentage of the power from the top and bottom edges of the gcraper mirror
rather than from the upstream~downstream edges, which was the only way the
varliable slit scraper mirror could outcouple the power.

Oscillations were observed for the Run 34 flow rates at 5.2 torr with

—_——— - - F-4 - P - N
LLUL &b a lLuileLavull UL J\C.

i€ Tectangular hole scraper Table 11l is a
summaty of the data. The data were obtained from 500 MHz oscillocope
traces. Unfortunately, the 40 MHz spectrum analyzer, which had been
borrowed from another research group, was not available at the time of
these experiments. Table 11 shows that the time—dependent oscillations do
occur when a 3-D resonator is used. The periods of the oscillations agree
with the predicted 40 ns period. In addition to the 40 ns time-dependent
osciliatirn, the 7 ns wmode beat was also observed. Fig. 22 shows typical
500 ¥MHz oscilloscope traces for two of the oscillating lines. Fig. 22a
shows the 40 ns oscillation and Fig. 22b shows the 7 ns mode beat of the
laser. These data show that the period of the oscillations is independent

of the dimensionality of the regonator.

The time-dependent oscillations had the same frequencv for both the

2-D and 3-D unstable rescnators. This suggests that the frequency of the _ﬁ




oL

« ¥V u Vg W VW
LR s

2
"SYIPIM ITTS WW 9 PUB UWWG °S ‘U § IYI JCJ POPIODIII 10U 2a9M sxamod [erof X

3O UOTIOUNJ ' SB 1101 7°S 3B S3IBI MOTJ % UNY I0F ‘ (UGTIDAATIP MOTF Y3 UT WE §°S JO IT]S

[N

3 ~ 9AT399339 ue 01 Jurpuodsaxxod) 3uoy ww £0°. AQ Y31y um Gy ST0Yy Xe[ndueldai e YITM I0IITW
: " 19de1ds e 103 SIUIT TRNPIATPUT UC SUOTIBT|TOSO juspusdap-awil ayz yo Adusnboxy pue porisad ‘I 21GeL
3 1z ZHA ‘"baxg D50
. L 8¥ SU ‘pPOTI3d DSO 09
. L2 2i © -bead 350
L LE su ‘potaagd Js0 S°S
114 ’e 144 ve 124 44 ZHH ‘*ba1g D30
0% L 91 L/ey L/ LIy b Su ‘poTIdd IS0 0°S
W | 24 ve X4 ve ¢C | £4 YA ZHW ‘ “baxyg 2SO
w £'9 12 L/Zy et 157 144 447 8/vv Su ‘poTxad 2SO 0'¥
¥ vz 24 9z-52 vz iz %4 2z ZHH ©"baxg J50
v 0°¢L LIy Lity L/6E-vy A4 X4 Liey LISy Su ‘potxdad 350 0°¢
) .
; ¢4 61 44 1t £2 ZHW ‘*b3xg Ds0
m ._
. §°S L/6v L/z$ . L/9y LIty Livy L Su ‘poTIdd Js0 0°Z
-
T S12eNM i}
.
: i @4 wh (9)%4 (s)%4 OF (') (9)74  eury Sumieriresp X
3 d
>, 626 8 = "N JI1X03 7°'S 9inssaid A31AR)
w. (203111 aadeads afoH Xeindueidoy)
3 JI03BUOS3Y 3TqeIsyn ‘1edojuo) ‘patdnoding 5TI33W0I9 95, pC uny
Ay
v
- 8
2
1
W
W.ﬂ..luj.ﬁl ) - AP Yt e T raem Tl AR . T T T L i IR K i i AT VST B




58

Nun 34
Rectangular llole
Scraper Mirror

a) P,(8);
500 MHz cscilloscope
trace; 20 ns/division,
showing the 40 ns
time-dependent
oscillation

b) Py (7);

500 MHz oscilloscope
trace; 20 ns/division,
showing the 7 ns mode
beat of thz laser

Figure 22. Typical oscilloscope traces of the time-dependent oscillations on
lines whose saturated gain does not fill the unstable resonator.
These data are for the lines P2(8) and P1(7) for a scraper mirror

with a rectangular hole 1.5 mm high by 7.07 mmn long (corresponding
to an effective slit of 5.0 mm in the flow direction), for the

Run 34 flow rates at 5.2 torr. The optical axis of the resonator
was at the center of the hole in the scraper mirror. The beam was
chopped with a mechanical chopper.
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time-dependent oscillation is a function of magnification not geometric
outcoupling, because both the 2-D and 3-D resonators had the same
magnification of 2, but the 2-D resonator had a geowetric outcoupling ratio
of 50% while the 3-D resonator had a geometric outcoupling ratio of 75%.
The magnification of the unstable resonator should be changed to determine
whether the frequency of the time-dependent oscillation changes as
predictedl’z.

Unfortunately, the rectangular hole scraper mirror could not be
aligned as accurately as the slit scraper mirror because of the difficulty
of determining when the HeNe alignment beam was at the center of the
hole. Thus, there was uncertainty in the location of the scraper mirror
with respect to the optical axis. In spite of this alignment problem, the
data with the rectangular hole scraper mirror show that the time—~dependent
oscillations on lines whose saturated gain does not fill the unstable
regonator occur in 3-D as well as 2-D resonators. Further work needs to be

done to determine the extent of the 3~D effect on the total power, spectra

and time-dependent oscillations for the various flow conditions.
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1V, CONCLUDING REMARKS

The comparison of the low pressure stable resonator data with the
corresponding high pressure data showed that the beam diameter and total
power increased for all six flow rate combinations when the cavity pressure
was decrecased. The total power increases are evidence that the HF
deactivation rate decreased due to the lower pressure. The fraction of the
power in the 1+0 vibrational band did not change significantly for any of
the flow rates when the pressure was decreased. The power spectral
distributions shifted to lower J's as the pressure decreased, dus to the
decrease in rotational relaxation which occurs at low pressures. The
comparison of the MNORO3 power spectral distributions.with the low pressure
stable resonator data showed that the model is in reasonable agreement with
the data. As in the high pressure case, the predicted peak of the power
spectral distribution was one or two J's too low. The difference between
the MNORO3 predic:tions and the experimental stable resonator data is a
consequence of the Fabry-Perot resonator employed in the calculations.
Since, for the high pressure case, the stable resonator model, MNORO3SR,
power spectral distributions were in better agreement with the data, a
siwilar result 1s expected for the low pres...c case. These comparisons
show that the model agrees with the data as flow rates, cavity losses and
presgsure are varied.

The minimym in the spectra at Pz(ll) occurred in the low pressure as
well as in the high pressure data. However, the lines P5(10) to P,(12)
vyere weaker in the low pressure cases than in the high pressure cases.

This supports the interpretation of the mirima as evidence of a kinetic

effect, namely a near resonant energy transfer fr m v=3, J=3, 4 to v=2,
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J=14 with a subsequent rotational cascade to v=2, J=ll.

The time-~dependent oscillations in the output power of a cw laser
erploying a confocal, unstable resonator all had a period of about 40 ns
and increagsed in amplitude as the fraction of the resonator filled by the
saturated gain of the oscillating line decreased. The period of the
oscillation 1s independent of flow conditions and the amplitude of the
oscillation depends only upon the fraction of the resonator filled by the
oscillating line, as predicted by the MNORO3UR calculations. There was a
strong cascade coupling between the oscillating 2+1 and 1+0 lines. 1In
additijon to the 40 ns oscillation, a 7 ns oscillation was observed 'f}q
superimposed on top of it. The 7 ns oscillation probably corresponds to a |
mode beat of the laser. As predicted by the MNORO3UR calculations, the
oscillations on lines whose saturated gain did not fill the unstable
resonator do not occur for Fresnel numbers less than 1.5.

The time-dependent oscillations did not occur for the high pressure
cages which may be either a consequence of the increased rotational
relaxation rate which ccecurs at higher pressure or the saturated gain zones
may be too short, which causes the Fresnel number (based on the saturated
gain zone lengths) to be tco small for the time-dependent oscillations to
occur. To Investigate these possibilities, the laser should be run at high
pressure with a high flow velocity to stretch the saturated gain zones
sufficiently (Fresunel number > 3) to determine whether the time-dependent
ogcillations cccur at high pressure.

Time-dependent oscillations on lines whose saturated gain did not fill

the unstable resonator were also observed using a scraper mirror with a

rectangular hole in it. The periods and amplitudes were similar to those
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which occurred using the split scraper mirror. Thus, the time-dependent
osclillations occur in both two and three dimensional unstable resonators. ‘{i"

The data indicated that the frequency of the time-dependent
oscillations is determined by the resonator magnification rather than the
geometric outcoupling ratio. The resonator magnification should be changed
to determine whether the frequency of the time-dependent oscillations
changes as predictedl'z.

By varying the optical axis locatlion of the unstable resonator and
noting when various lines begin to exhibit the time-dependent oscillations,
it may be possible by comparison with the MNORO3UR gain profiles to { ?
determine the extent of the saturated gain zones in the unstable
resonator. If this procedure would work, the occurrence of the time-
doependent oscillationg could be developed into 2 diagnestic technigue for
measuring the extent of the saturated gain zones of the lasing lines in the
uastable resonator. Such a capability would represent a significant

increase in the level of diagnostic detail obtainable from a chemical laser

and would greatly increase confidence in design calculations.
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