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THEORY OF THE DIAGNOSTICS
A. Microwave intarferometer measuring system.
ln tLLs system shown in Fig. 1 a plasma siadb model was
the electrical

congidered. The plasma slab is crzated by

glow discharge over pa1r of microvave-transparent gridded

x_;_

electrodés back-insulated by dielectrdc sheet and separated
each other by a distance 4 as chown in Fig. 2. The dischar
current source is from a charged capaciter cof 14 ufd and the
discharge period can be controlled from several micro-seconds

£o milliseconds by switching off the source at a proper time.

o determine the density n and the collisicnmal frequency Von _ , .
in the after-glow, a livﬂl_ddﬂd circularly polarized wave of
frequency 10 GHz was normally incident on the plasma slab,

multi-refliected back and forth in the slab, and finally trans~- o

=
s
(a4
o
[
(=3
s

hrovgh the slab reaching the receiving antenna. The
rotal complex wave reflection coefflcient » and transmission

coefficient t were shown to be the followinp:

1ol 1. -1

. = > -32(B_~ja )4 -

r = __1_"_ =(l 1\ \(._.1\ ) + (]"Ff\l')(l }\-)9 P P (E)

) B 1 -1 1 -1 -
; = = Tz -i2(B_-ja_)d
12083 p)

Coah @)+ aekd) e

. . eJBOd ‘
CTE, T I 1 -1 (2)
= = 'm(s -ja)d - F 5 3(B_-jo _)d

(1-k5) (1-x%ye = P TP (1+x2)<1+K2)e" L

1/2

where- K is the ratlo of the wave impedance in the plaéma to that

y

in the vacuum, Bc is the px agatlon phase factor of the wave in
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vacuun and Bp in the plasma. o_ is the attenuation constant of the

wave in the plasma and ¢ is the thickness of the plasma slab. he

total reflection and transmission power coefficients can be written

in the form:

sinzB a + sinhza d
2 P P

R=|z]| = 5 5 (3)
sin” (B d46)+sinh” (a. d+s)
P p
2 C 2h'+ . 12
T = ltl - 251n '0 SJ.anS (‘4>
sin (de+6)+sinh (SDd+s)
where 9 "
o, 20 B o +(B B )"
S=tan "-ZTIL%?—??~ and 8 = ~ %—%n-é}—~9m~2~;
2 4_(wCi0 - “ (B y ~
B, (opfpp) up%(EO+BP)

The phase and the amplitude components in eguation (1) and (2} can
be méagured‘by the;interferomgter and the R and the T can be simﬁiy
detected by the diosdes. Hence Bp and ap can.be solved in terms'Sf'
measured quantities; further, the density n and the collisional
frequency can be solved in terms of Bp and ap.
Fabry~FPerot resonator measuring system

Shown in Fig. 3 is a miérowave measaring system and Fabry-Terot
resonator, made of a pair of spherical mirrors with radius 20" and
diameter 6 inches. The resonator is filled with a uniform cold mag-
neto~plasma of density n and collisional frequency Ven whiéh is created
by the glow—discharge over theAsuffaces of tbe mirror. The resonator
is excited with a plane polarized wave from the center of one of the
mirrors, and the resonator resonant freguency and the Q in this plasma

medium are given below:
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If the collisicn frequency is sufficiently small and the cperating

frequency is far from the electron cyclotron frequency, a simplified

s

éxpression can be obtained in the following form:

?,
. 2 o
u) = E.C_n.ff‘._ = - ..._.....R.__.M.‘.__..-
, w G 4w
i e oY
0
-3 - 2 2 2.
or 57 4w w - ™ + cons®) w
0o— b o P _ (o]

Ny

+u% cons” = 0

In the.above equation, the upper sign stands for lhep wave; the

lower the rhep wave. By measuring both resonant freguencies of

the rhep and lhep waves, the parameters of the resonator geometry

can be eliminated and the piasme density.can be found from the

following equation:

- wﬂ,

r

U-‘f, = (- w) @ +wdhw/w vhere Aw=w
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IT. EXPERIMENTAL RESULTS

A theory which relates plasma slab and measurement data has been
worked out on the basis of Appleton—Hartree,qeld plasma model in the
range of Y = mce/w from 0 to 1.2 correspending to the maximum availablg
static B-field. The aischargelsystem operétes at from 1 tc Z kv source
voltage from the diséhérge of a 14 ufd capécitér” Thé first pfoblem .o
be solived is to improve the arcing and then to obtain a high density
plasma. The arcing conditions for this system were visually observed
and the v-i curve of the dischargg was photogiaphed at various zas
pressure so that the arcing voltage and discharge current could be noted
and then compared with the later improvements. The nonuniform discharge
over the electrode grid plares lead to the possibility of the use of a
tougher insulation material such as mica. Through many fests.it was:
found that to_avuid arcing the geometry of the gridded electrodes should
be such that the diameter of the back-insulation plates is larger than
the diameter of the grid and equal to the diameter of the glass pipé.
AFufthetmore the plates should be placed about 1/8" te 1/4" froﬁ the-grid.
At this stage the source discharge voltage from thé capacitor.raised»from"

,

4 to 6 Kv from the previous 2Kv for a fixed spacing of the electrodes fo

=

various pressure range without arcing difficulties. With the new construction:

of the gridded electrodes, a formal experiment was dohe, but the results
ﬁere still not satisfactory on one point. This was that the transmission
coefficient T when the plasma was discharged was greater than unity for a
given Y = mce/w‘ This was overcome by wrapping the pipe in the region be-
ween tﬁe two grid§ with electrically floating aluminum foil styips about

1 inch wide and a half inch separation.
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1. wv-i curve of the discharge

Conditions under which the curve is obtained

1. the circuit arrangement
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scope settings: .
horizontal channel - 2 volts/cm
vertical channel - 1 kvolts/cm

gas pressure: : . ‘
32.5-33 mn of Hg. (valve opening
at 5 micrometer.)

uprer trace:
immediately before arcing

low trace:
arc over teflon wedge at the wall of
the glass pipe.

Fig. 4
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Later, the criginal antenna horyn was extended and a set of the
plane~hyperboia lenses were fabricated to confine the beam of the wave,
eliminating the styay path between.the receiving and the transmitting.

antenna. The- antenua patterns of the extended horn with and without

lenses were obtained.

Lol

‘IQ cfder to obtain an even narrowver beam angle and field distribution
similar to_thatlin the‘FabrymPerot system, a second set of thevlenses
was stu&ied. A new\Fabry~Per0t resonatqrvwith a 20" spharical mirrer
radius and a €' diameter was fabricated. And a‘microwave neasuvrement | '
system was designed to obtain the respnant fregquency and Q of tﬂe
cavity. In nrdec to bbtain'more accurate measurements the.reéonance-‘
curve is‘directly displayed on the scope screen by sweeping.the kiystron

reflector voltage. And at the same time, the klystron reflector voltage

is displayad on the lower channel to mark the frequ

-

Comparison of the Microwave Interferometer System and Fabry-Pevot Resonator

Methods of Plasma Diagnostics.

To simplify the conditioﬁs involved, assume firstithat the antenna
systen of the interferometer radiates the fiél¢ with the distributicn the
same as that in the Fabzy?Perotvresonator, whose field-distribution can
be obtained by proper lensAcorrection; Now the comparison point is on the
data measurements. For the interferometer system, the density and collisional
ffequency can be detefmined either from the measurement of the power

transmission and reflection coefficieat or from the measurement of the
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phase and the amplitude components of the transmission coefficient,

while'foi the Fabry-Perot resonatcr, the density and collisional frequency
can be determined By the resonant fréquency and cavity‘Q. If the plasma is
traﬁsient, the first corresponds to the measurement of phase modulated
signal and the second td the measurement of frequesncy modulatzd signal.
hs far as yolume is conce;ned, theﬂFabry~Perot_ﬁirrors;and lens corrected
horne may occupy the same s?aéevfor a ccrtain_confinemeut.of'the wave
beam at a fixed frequency.. For the slab model of the interferometer
system, the élab width is a first order quantity and the slab walls
nust be parallei. For ;he Fabry-Perot system the plasma dimensions
aﬁd the shape is not important as long as the plasma is a swall perturbation
to the cavity. TFor practical applications, the . intevferometer system
'needs at lecast oné7mitrowave‘transbarent diagnostic port. In contrast,
the Fabry-Pérof mirrors can be a ﬁarﬁ of'the'plésma éontaininé walls
if the plasma is confinec¢ in a metal wall with sufficient conductivity.

Ir conclusion, the main advaﬁtage of the Fabry-Perot systen is
that the exact plasma geometry and the homogenity involved is not

‘important for a small cavity perturbation.
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List of Notations.

cons =

_attemuation consiant

propagation phase ceopstant in the free space and in the
plasma respectively.

refleccion coefficient

transmission coefficient

the ratio of the wave impedance in the plasma to that
in the wvacuum,

th2 plasma slsb thickness in slab model or the separation
of Fabry-Perot (shorted as F.P.) mirrors.

refraction index

plasma frequency

i

electron cyclotron frequency at B-field, -

o
n
Les]
.

-

resonant frequency ol P. for rhecp wave

‘resonant frequency of F.P. for lhcp wave

resousnt frequency of TF.P,
W ='m1'when upper sign was adopted in the equations X
CRCN when lower sign was adopted in the equations

a censtant related to the F.P. geometry and dimension
7C(m + 1/2 )

equals to where C is the spéed of light, and

m is the resonance mode number.
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