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three spectra. The appearance of this tone on the low frequency
spectrum is a measure of AM on the optical spectrum, i.e., the tone
prediction of about 19 kHz due to the measured plasma striation
frequency causes a mode splitting which in the linear or passive system
gives rise to an FM spectrum. Experimentally, the presence of a

low frequency beat Fig. A3-9 confirms our prediction of the effects of

a striation phenomenon in the gas discharge.
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APPENDIX FOUR

SUMMARY OF EXPERIMENTAL DATA

Data are presented in this appendix in a complete form of
resonant frequencies in typical laser discharges for a variety of
gases and discharge parameters. The equivalent inductance and
capacitance, calculated from the resonant frequencies, are presented
in Chapter 3; however the data in this appendix should be useful to
research workers in this field. The appendix also includes a dis-
cussion of the experimental error and some typical frequency spectra
of the current responses for helium discharges.

The experimental data from which the equivalent inductance
and capacitance have been calculated are presented in this section.
They are measurements on the resonant frequencies for discharges with
various discharge parameters. The experimental setup and the method
of measurement have been described in Section 3.3. The expressions for
the equivalent inductance L and capacitance C are

L'
(f/f')2 - 1
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where L' is an external inductor of known value (40 mh), f' and f
are the resonant frequencies of the discharge with and without the
external inductor, respectively. The other symbols used in the
presentation of data are: £ is the length of the positive column,
I is the dc discharge current and p is the gas pressure. The
experimental data are presented in the following sequence: the
dependencies of L on £, I and p, and the dependencies of C on £ , I
and p. The figure numbers are included for reference.

The wave analyzer (Hewlett Packard 312A) through which
the resonant frequencies have been measured displays the value of its
center frequency with electronic lights so that the frequency value
can be exactly read. The frequency accuracy of the instrument is
+30 Hz when the wave analyzer is operated with the 200 Hz bandwidth.
This error is negligibly small compared with the errors to be considered.
The major contributions to the random errors in the experimental values
of L and C come from the measurement of the frequency at the resonance
of the current response spectrum and the reading of the value of the dc
discharge current from the ammeter (Triplett 630A). These human errors
introduce random errors to the values of the equivalent inductance
and capacitance. Helium and xenon discharges are very quiet discharges
so that the errors can be estimated. In the case of a helium discharge,
the resonant frequency of the current response can be determined to
within 400 Hz when the resonant frequency is at 182 kHz (i.e. about

60% of the readings fall within the range). The range is proportional
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L versus £ Helium Fig. 3-7(a)

£ (cm) 15 30 45 60

f (kHz) 299.5 19055 144 123.5
£' (kHz) 184 142 118 105%5
L (mh) 24,1 49.7 84 108

L versus £ Neon Fig. 3-7(a)

First' Set

£ (cm) 15 30 45 60

f (kHz) 307.6 215.6 1T 135.4
£!' (kiz) 179.8 138.9 126.7 103

L (mh) 20.8 28.4 43.5 54.8
Second Set

£ (cm) 15 30 45 60

£ (kHz) 304.6 21355 171.9 134.2
£ (kHz) 189.1 145.2 130.5 107.9
L (mh) 25 34.5 54.4 127
Third Set

£ (cm) 15 30 45 60

f (kHz) 305.8 218.7 171.9 13652
£ (kiiz) 181:2 k5305 126.3 Q.2
L (mh) 2T 38.9 47.1 7162
Average L (mh) 225 33.9 48.3 67.9
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L versus £ Xenon Fig. 3-7(b)
£ (cm) 15 30 45 60
£ (ki z) 109 64.4 47.3 40.4
£ (kHz) 100 62.4 46.5 39.9
L (mh) 214 615 1141 1480
L versus I Helium Fig. 3-8(a)
I (ma) 1 2 3 4 5
f (kHz) 106.8 168.3 219.6 262.3 306.4
f' (kHz) 94.9 1355 161.5 1833 1993
L (mh) 148 737 47.1 385 29.4
L versus I Neon Fig. 3-8(a)
First Set
I (ms) 3 4 5 6
£ (kHz) 201.8 232 250.7 260.0
f' (kHz) 55 174.1 177.4 182:3
L (mh) 57.9 51,2 38.9 38.9
Second Set
I (ma) 3 4 5 6
£y (kHZ) 206.7 250%1 262.,5 270
£f' (kHz) 152,17 169.8 174.5 171.4
L (mh) 48.2 34.2 31.8 274
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L versus I Neon Fig. 3-8(a) (continued)
Third Set
I (ma) 3 4 5 6
f (kHz) 199.4 222.4 246.3 262
£' {kHz) 142.2 164.1 173.9 174.4
Lionyémh) a2 47.6 39.6 3L.8
Fourth Set
T, . (mg) 3 4 55 6
f (kHz) 193 222,31 246.1 265.7
5 (kHz) 138.2 146.5 172 174.6
L (mh) 42.1 30.8 38.1 3015
Average L (mh) 47.35 40.95 36.85 RATLS
L versus I Xenon Fig. 3-8(b)
I (ma) A 5 .6 o 7
ol ltkHz) 54.7 63.9 7251 78,1
£' (kHz) 53k 61.9 69.3 Tl
L (mh) 800 597 500 400
L versus P Helium Fig. 3-9(a) at I= 2ma
P (torr) i ) il 1.1
£  (kHz) 219 190 164 155.5
£' (kHz) 159.5 145 133 127.5
L (mh) 44.9 55.5 76.8 81.6
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L versus p Helium Fig. 3-9(a) 4ma
pi (torr) 150 % i ol
£.0. (kHz) 328 186 2475 230
£' (kHz) 181,5 183 L70:5 165
L. {mh) 17+6 2775 36 42.5
L versus p Helium-xenon Fig. 3-9(b)
PHe (micron) 0 10 20 50
£ (kHz) 88.7 8742 86.1 87.8
£' (kiz) 85 83.7 82.8 84.5
L (mh) 454 470 493 507
PHe (micron) 120 200 500 700
£ - (kH2) 84.4 80.6 67.3 62.5
£' (kBz) 81.8 78 65.5 61.1
L . (mh) 614 614 721 888
C versus £ Helium Fig. 3-10
£  (cm) 15 30 45 60
£ (kiiz) 430.5 266 211 165.5
£' (kHz) 198 171 157 18255
C . (pl) 12.8 12.73 1156 1332
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C versus I Helium Fig. 3-11
I (ma) 1 2 3 4
f (kHz) 106.8 168.3 219.6 262.3
f' (kHz) 94.9 I35,75 1L61.5 183.3
G {pf) 15 12513 11016 9.69
I (ma) 5 6 7 8
f  (kHz) 306.4 345.4 388.5 423
£l i (cHz) 199..3
¢ LpE) 9.21 8.62" 7.95 7,66
C versus p Helium Fig. 3-12
p (torr) o5 ey I g WAN L
£ . (kHz) 219 190 164 1’555
f' (kHz) 159.5 145 133 12755
G (pt) 11,8 L2 1253 12.9

* These values of the equivalent capacitance have been obtained
using the extrapolated values of the equivalent inductance from

Figure 3-8(a).
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to the frequency. The discharge current can be measured to within
.01 ma. The random errors in the values of the equivalent induct-
ance and capacitance of the helium discharge are estimated to be
within 4%. In the case of xenon discharge, the frequency of the
resonant peak of the current response can be determined to within
150 Hz when the peak frequency is at 60 kHz. The discharge current
can be measured to within .00l ma. The estimated random error for
the equivalent inductance of xenon discharge are 7.8% for the ind-
uctance value of 400 mh, 11.3% for the value of 600 mh and 26.97%
for the value of 1480 mh (the largest value encountered in the
experiment). The neon discharges are quite noisy. The random
error of its equivalent inductance can be calculated from the exper-
imental data. For the L versus £ curve, the average error in the
equivalent inductance of the neon discharge is 6.267% (for a set of
three measurements). For the L versus I curve, the average error
is 7.13% (for a set of four measurements).

Typical plots of the frequency spectra of discharge cur-
rents for helium discharge are given from Figure A4-1 to Figure
A4-3., The helium discharge is at a pressure of 1 torr. The three
plots show the frequency spectra for three different discharge
currents. They show that the resonance of the current response
increases in its amplitude and frequency with the discharge current.
The spectra for discharge currents of 2 ma and 4.2 ma seem to have
good resonances. Therefore the experimental data on helium discharges

presented in Chapter 3 have been obtained from these two discharge
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currents. These plots show the typical spectra from which the present

frequencies presented earlier in the appendix have been obtained.
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