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I. Introduction

A profound interest in the fundamental process of high frequency gas dis-
charge has been taken along with the development of the application of high fre-
quency technique

The electron temperature is the basis of the discharge phenomenon and here
will be treated as the case with H.F. field, in such a simple way applying the
equation of energy balance at each instant, as made in D.C. field.?

The calculation shows that the electron temperature pulsates with the alter-
nating field, and also includes the transient term.

2. Approximate Calenlation (1)

We first designate some notations for electron: A= mean free path, s = mass,
# =energy in volt, € = mean thermal velocity, k. = mobility, # = 1/¢ = mean time
between impacts; and besides for gas molecule: MM =mass, £ =-energy in volt;
LEsin wt is applied H.F. field strength.

According to the Compton’s assumption for mobility, we have

ke=075(-5)(£). )

c

The average advance of an electron between impacts in the field direction
may be written as

S -—y k E sin (!)t'd ( )
£ e t. 2
X

We can thus make a simple calculation on the condition that the thermal velo-
city of the electron maintains almost constant value between impacts, when fre-
quency of collision is much larger than that of field, that is

wty/2< I (or sin wh/2 =~ wty/2). ‘ 3)
Then we have
s=0.75¢/m(A/c)* E'sin wt. .

Cravath and Compton® showed that the average energy lost by an electron
of mass s, in an elastic impact with a spherical molecule of mass M, is a frac-

* This work was published in J. I. E. E. J. in Japanese May 1949,
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tion of its energy given by

=5 (eia)1-%)

as long as the energy of the electron is enough to give no excitation.
Taking the impact loss into considaration, the energy change edu of an ele-
ctron advancing the distance dx in the field Esinw? is given by

edw = ¢Esin wtdx — fceud—:

Substituting the values of x and s in the above equatinn, we get

N & 1 Ce
‘d";:—— sin ot — ¢ 2 2
0.7b—n(~c_—) sin wf
i L e 137
Since eu—-—z—mC =5 g e
— 16 e
or oD L C .
¢ e 7
and ax =PFk Esmwt—O?S '—LESin wl
dt ¢ c ’

replacing the variable x¥ by £, we get at once

N (fit = a/l(E2 sin*ot — I;l-f (2 — -Q)): )
where G= 073\/ 6
m
1y
T 075%9r -

The second term of the right hand in the equation (4) represents the term re-
lated to loss.

On behalf of caluculation, the following transaction may be permitted, if the
values of the constants g and % shall be chosen for the given range of u,

w(u — 9) =g (@2 —h). %)

This is more accurate, when the values of g and % are settled for each range
of # which are divided into several sections with respect to electron energy.

This is rather of convenience and practice, because the mean free path 4 and
the loss fraction of energy x, which are generally considered as gaseous constants,
varies with the electron energy z. (Usually g is nearly of unity for # =0.2~1.6€V.
and 4 for # =4~18eV.) Then, positing #= 2 at £ =0, we can get a complete so-
lution of the above equation,

u(u— Q)= —cos ¢ +cos (2 wt — @) — sin*ge~47], (6)
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where A=3abg/22, tan ¢ =2 w/A.

Usually we may take z> Q. The transient term may be often neglected after
one cycle.
For D.C. field, it becomes at once

e (ttac — 2) = E(%)

which agrees of course with the result of Compton’s calculation.”
We can see from this result, as show in Figs. 1 and 2:
(i) The electron temperature

or the electron energy pulsates with Ut
twice the frequency of the field.
(ii) Its phase lags by «/2 be-

hind the field.

(iii) With increasing frequency,
the phase lag of the electron temper-
ature behind the field increases, and £ T
the amplitude of its ripple dimin-  ZgR*"
ishes, until the electron temperature
becomes such a constant value as
is obtained in the case of D.C. field,
whose strength is equal to the ef-
fective value of H.F. fieid.

u’.
3. Discussion 1 36p : £
£=/8
In the equation (6) taking » =4 26
%1072 and the mean free path at 7 : 2wW_
mm Hg=3x1"* and g =4, we get 8 A
-3 ab _ 7 kg
A= 5 7 £=82x10 i
=~ pgx10° (p=gaseous pres- - 22:; 7t ot
sure in mm Hg.)
2o ()1 -7 2
tam,a—A:(p)gxlo Uk 2%—28
(f=cycle per sec.) 206
and also, A
8 -
_ 20 _8Vu oty _,, ot
tna ¢ === g 5 =385
According to the assumption (3) . s
in the outset of the calculation, the 0 x ™ wt
frequency may be permitted up to
0ty/2 = 0.3~0.5 (wly/2=0.33, sin wiy/2 FIG. 2. Precise calculation carried out
=034; wt/2=052, sinwt,/2=0,57), by dividing the electron energy into four range,

that is tan¢=10~15. Thus, the U=1L1=U=£22=U<44<U.
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equation (6) shall be adoptable up to the frequency of //p=2x10°~10°. Even at
the limit of the condition : wfy/2=r/2 or {,=half a period, the equation can be used
with some compensation.

In the application of this equation (6) we may take the constants g=1 and &
=0.047 in general purpose (#<2) and g =4, h=5 for high energy. Usually, the
former is applicable to the stationary discharge.

At the medium energy. we must choose proper values of g and %, and con-
nect these graphically with the former equation which is derived with the values
of' g=1, h=0.047.

4. Displacement of Electron and Its Energy Relation

The maximum displacement of oscillating electron (twice in the amplitude) is

(m/2)+(2/2) 0
a=Z{"" keEsinwt-d(wt)'zl.BieAE s U”’“ , ()

wli=7/2 \/”1 \/ 2 Tgm

where Ten=maximum electron temperature.
The dependence of electron energy on the electron displacement x in the di-
rection of the field can be calculated on the relation,

dx
g -=k.E sin wt,
and is given as,
E*? 2x\*
u(u--.Q) =W[1+COS @— 2cos ?7(1 - "‘g") ]. (8)

5. In Case of H.F. Field Superposed by D.C. Field (E,4Esinwz)

In this case, the culculation can be carried out in the same way as given in
the previous section. The result is

u(u——Q)_.——Zb//z [1—cos ¢ cos(2 wt—¢) —sin®¢-e~*]
+ 15;" [Eo+2 Ecos ¢osin (ot — ) — (Ey— Esin 2 ¢,)e-44]  (9)

where tan¢,=w/A, tang=20/A.

2
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u E
] E>ZEs I E<LzEo
0 s x 3 z}t 0 x Jt‘ —:1r ZJ;
z 2w ut-nr 2 % wt-nX
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As shown in Fig. 3, the features are somewhat different for E>2E, and
2E>E.
6. Calculation of Eleciron Temperature (IT)
When the mean free path of electron varies in proportion to the electron
speed, that is 2=p~u, providing that § is constant, we get from the equation 4,
du _ . b
WmaB[E251n cot—wgy(u-—.Q)}.
This is perfectlly soluble and taking #=2 at #=0, we get

#—0 =—2-§75~ [1—cos 6 cos(2 wt—0)—sin® 0-@'““”/3”] , (10)

where tanf= WE/AM
7. The Number of Ionization per Second per Electron
Generated by Impacts with Eleciron

The number of ions per second per electron created by impacts with ele-
ctrons, Z, can be obtained from 7T.. In case of H.F. field, owing to the pulsation
of electron temperature, the mean value of the number of ionization Z may be
calculated by integrating as follows,

w=/2)+ ()2
Zy=4f X-f( R e d(ot)
N0V SN N e od
=4t e g o e
4 o svipum e BVilRUn) dy
HER 50 (7+1)«/r(r+2)(r+1)] (1D

where Z is the function of T, as was given by Steenbeck,” V; is the ionization
potential and, U,, is the max1mum electron energy.

In order to evaluate the effect of the ionization in H.F. field, we may com-
pare with Zp of D.C. field in which the electron can acquire the same energy Up.
From the result as shnwn in Table,

V. _3 01 1 : 10 I 20 one can see that the difference between
Un 2 Un ’ § | Zyp and Zp becomes larger as the puls-
7 i | ation becomes larger, espescially in
7 06 | 04 [ 0.1 i 0.05 case of small electron energy in com-

parison with the ionization energy.

8. Conclusion

In this papes we have carried out the calculation of electron temperature in
H.F. field with the method similar to that was derived by Dr. K. T. Compton.

Form these results, it is pointed out that the electron temperature pulsates
and have exponential transient term and that in this case there are quite differ-
ent ionization effect from the D.C. field.
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