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The measurement of ionization rate and electron densities in thermally
ionized gases attracted the attention of many scientists and engineers work-
ing in the aerospace field, Determination of these parameters is of impor-
tance not only in the field of communication with reentering bodies, but is
also of vital importance in understanding combustion and other rapid chem-
ical reactions, Initial ionization is usually attributed to collisions between
molecules, but as the electron density increases, collisions between elec-
trons and neutral particles may also become important or even dominant in
the ionization process. Depending on the efficiency of molecular collision
processes, on the physical and chemical properties of the gas and its puri-
ty, a time lag or relaxation time will result between the heating of the neu-
tral gas and the attainment of equilibrium electron density, Since ina
shock tube, samples of gas can rapidly be heated to temperatures in excess
of 10* K without introducing an excess of impurities, this kind of device is
ideally suited for the above-mentioned studies,

Several methods have been used to measure this delay time and the equi-
librium electron density. In this investigation an attempt has been made to
apply a microwave resonant cavity technique to measure the relaxation time
and electron density behind a reflected shock in a shock tube, A particular
cavity arrangement well-suited for this measurement is an "end wall" cavi-
ty operated in the TEy;,; mode, Fig. 1 shows the schematic of this type of
a resonant cavity. Fig., 2 shows a schematic representation of the experi-
mental apparatus including the cavity and the basic external circuity. As
shown in Fig. 1,the dielectric window of the cavity forms the end of the
shock tube. When the incident shock is reflected from the dielectric win-
dow, the ionized gas behind the reflected shock forms a conducting wall
which completes the cylindrical cavity. The depth of penetration of the
cavity field into the plasma depends on the electron density at the wall. Ne-
glecting collisions and assuming no d,c, magnetic field,it is given by ¥2

2 = wip [1-(uu/wp)2]'E

where c is the velocity of light, wis the frequency of the applied electrg-
magnetic field and w, is the plasma frequency given by Wy = (ne® /mey)z .
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Since the resonant frequency of the cavity depends on its axial dimension
and therefore on the penetration depth, the measurement of the resonant
frequency may be used to determine the electron density.

Calibration of the cavity is done by sliding a metallic piston in the
shock tube and measuring the resonant frequency of the cavity as a func-
tion of penetration depth (i.e., distance between the metallic piston and the
dielectric window: penetration depth into metallic piston is neglected).
Using this with Eq, 1, a calibration curve is obtained,as shown in Fig. 3.
There pAf=f, - fr where f, is the resonant frequency with the metallic

plug at z = 0 and {_is the resonant frequency with the plasma. At high

electron densities the change in resonant frequency as a function of elec-
tron density is given by 2

iy 11
Aw o g Y [1_ _11.]2 (2
Wo ) Wo

P

where v is the electron collision frequency, and K is a configuration con-
stant easily obtainable through calibration.

To perform a measurement, two or more microwave signals are ap-
plied simultaneously to the cavity., When two signals are applied simul-
taneously, they are displaced below the resonant frequency f, and from
each other by Afy and Af, of the order of about 10-20 mc/s. The frequency
displacements Af, and Af; thus represent very small fractions of the opera-
ting frequency f, of about 9 kmc /s in this case. The cavity will thus reso-
nate for each signal when the corresponding electron density forms in
front of the dielectric window, By repeating a number of closely con-
trolled tests, and shifting the frequency applied to the cavity, it is possible
to obtain an electron density profile behind the reflected shock as a func-
tion of time.

Typical results obtained by this method with shocks in air and argon
are given in Figs, 4,5, They have been found to be in good qualitative
agreement with results reported by other investigators #5:°, Some of the
problems with these measurements were;

1) Theoretical time resolution of the cavity is ~0, 3 sec,making
measurements in air difficult.

2) Plasma formation time (time for the reflected shock to travel the
penetration depth) is of the order of 1 sec,or approximately the measured
ionization times in air, This means that the measured ionization times in
air are only upper limits.

3) Effects of the dielectric wall in cooling and contaminating the test
gas are unknown., This was investigated, however, using different dielec-
tric materials with small changes noticed.

4) Impurity gases, especially in tests involving argon,may change the
ionization processes and are very difficult to eliminate.
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204



SAIVAVAdY TYINAWIYHIXE HHL JO NOILVINISHIHA OILVWHHOS

"¢ "OId

uox3sATY
pueg X @
dumg
ButySnoy
dumg
TOIETOST E ax0g X
Zo3%H ding
Lousnbaxgy . uoTSNIITQ dimg
| I ButyBroy

% }

TR ‘ Misass
To32uouRy Iy
s1030839q ooys aouegroede) |
[ ]| .I
B epe - *P°T PUT Sz°T
£3188) P'T YOUT T WSATIQ \, Tt
TIeMm pug | ] \\\
UOT}08g UOTJTSUBKY
z3UNy T
wdeaydet ag8ney asIay
Te3 x xydezq
X
adoog

ar1i0og  ueBoIpAyH

205



= 1000,
Y S ) D Y Y O A S |
g | [ T 1T ] [ 1T 11 i I
e DIELECTRIC WINDOW 0.050 IN BORON NITRATE
Z — RESONANT FREQUENCY OF CLOSED CAVITY [
>
5] T fo = 878Imcss
g ~
& 100
= ™
E =
: ~
z N
E o ™
8" =
3
~
S ™~
ol
10 i0° 0 0" i0° i
LOG N (ELECTRON DENSITY IN ELEC. /CC)
FIGURE 3 CALIBRATION OF END WALL CAVITY
IOM
g
(2]
~ P 19 —Q
Q
w
|
~ \1&
> F o
[
N
E \ | o
o 1013 ~
= .
o
a
5 1
[&]
L
2 Mg =82+2SD
CAVITY WINDOW
BORON NITRATE BACKED BY MYLAR
INITIAL PRESSURE I mm Hg
I O N
[o] 10 20 30 40 50 60 T0
TIME (u SEC.)

FIGURE 4 ELECTRON DENSITY PROFILE BEHIND A REFLECTED
SHOCK IN AIR, R=1.0mmHg , Mg;=82+.2 SD.
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FIGURE 5 IONIZATION PROFILE BEHIND A REFLECTED
SHOCK IN ARGON.
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