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Use of a Narrov-Band Amplifier in Oscillographic Investigation
of the Electron Velocity Distribution Functions

in an Electrical Discharge
(. M. Malvshev and V. L. Fedorov

Considerable attention has been paid recently to methods of investigation
of the electron velocity distribution function in an electrical discharge
through a gas. A number of experimental investigations have dealt with the
problem,*” most of them based on the method of probes.

As we know,® the determination of the distribution function by means of
probes consists maialy in firding the second denvanve of the probe current
taken with respect to the probe potential, d*I/dV?. The latest method used
to obtain the second derivative, d°I/dV?, consists in the application of 2
single eiectrical differentiation followed by » graphical differentiation.
This method requires a rather involved operational procedure which ‘makes
the investigation difficult.

Earlier methods based on supenmposmg a variable potential on the poten-

na! of the probe are unsaticfactory mainly because the second derivative

iz chtained [or points oniy. Finding

the whole curve requires a long period —-QGr ~ Z A=

of time during which the conditions of

the discharge may change. This may in- :i[l‘l"

troduce large errors in the curve ob-

tained. ;
The present paper describes a method 9 '-——_LJ

which enables us to display on the ;_Il ry D _d_-’_

screen of an oscillograph the whole i e e+~ D

length of the curve of the second de- -

rivative of tiie probe current taken Fig. 1.

with respect to the probe potential.

A simplified block diagram of the setup is shown in Fig. 1. The circuit
of the probe consists of the voltage source U, = complex impedance R, and a
transformer 77, connected in series. The voltage U, together with the volt-
age drop across the impedance d, determines the dc companent of the poten-
tial of the probe Z with respect to the cathode K of the discharge tube. A
variable voltage AV = V4(1 + cos w,t) sinw,t is superimposed on the dc com-
ponent of the probe potential by means of a transformer. This voltage con-
sists of a sinusoidal voltage of frequency w, modulated to the dept.h of 160

- oRY,
percent bv meane of fragueney . rv.-srum'no ‘mn-ﬂanro B oen b vo~~b~‘“~l S L

and expanding the resultant cxpression for the probe current into a series
in terms of AV, we get, approximately
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IV +AV) =1 (V) VEI"(V) + ...
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where 2 is the sum of component freguencies with decreasing amplitudes.

2my, 3oy, ..., 0y 205, 30y, L, 0y o, o, =20 0, - 3oy

The fact that the ac components of the probe current are of different
frequencies permits us to separate the components of {requency wy. This is
done by medns of a narrow-band amplifier YY (Fig. 1) with the frequency band
in the region of w,. As can be ascertained from the expansion, when V, is
sufficiently small, the amplitude of the ac component of trequency &) is pro-
portional to the second derivative of the probe current taken with respect
to the probe potential d°f/dV°.

After amplification the signal is fed into the detector D. A dc voltage,
aiso proportional to d°I/dV?, appears as the effect of detection. This volt-
age is supplied to the vertical deflection plates of the cathode 1ay oscil-
lograph (). A voltage proportional to the dc component of the probe potin-
tial is connected to the horizontal deflection plates.

The scurce of voltage U is a special generator producing a slowly and pe-
riodically varying voltage. Since the probe potential variation is of a pe-

riodic chacacter, the electron beam describes
(during 25 sec) the whole curve of the second
derivative on the screen of the oscillograph.
In order to determine the error, a more
™ accurate computation may be performed with
the magnitude of impedance R being taken into
consideration. Additional terms then appear
05 in the expansion. The error determined from
them did not exceed 10 percent in our measure-
ments.

12 In our investigation we used a hot, oxide-

coated cathode in a discharge tube 37 mm in
diameter, filled with mercury vapor. |
The experiments show=d that in such a dis-

dy
avt

charge at a pressure of 2.5 X 10~ mm Hg and
J5 a discharge current of 32 ma, the existence
0 2 4 6 & v of a stable striated discharge with decaying
F striae is possible. We should add that in the
1g. 2. L : .
same conditions a discharge without visible
striae is also possible, but the increase of the cathode emission changes
such a discharge into a striated cne. The investigations were carried out
within the regions of the first and second striae from the cathode by means
of a movable cylindrical probe. Here the results of the investigations in
the second stria are presented. The results for the first stria were similar.

S et s el 1 (o=}
The l‘.‘."!g'.'.h of cach ztria was of the order av 3 rm

n

Fig. 2 shows oscillograms of second derivatives of the probe current with
respect to the probe potential which, with an accuracy up to a factor propor-
tional to V, renvesent the electron velocity distribution functions. The dis-
tance from the beginning of the stria to the point at vhich a given oscillo-
gram was obtained is shown on each graph. Curves are plotted in different
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scales. In order to have them in the same relative scale, the curves for 0.
0.5, 1.2, and 3.5 cm must be multiplied by 1, 2, 4, and 10, respectively.

The semilogarithmic characteristics plotted simultaneously, as well as
the curve obtained from them for the space distribution of potential and the
random electronic current density, were of a form similar to that obtained
by Klyarfeld.®

1t can be seen from the oscillogram that there is a group of fast elec-
trons at the beginning of the stria. This group appears immediately after
the potential rise at the beginning of the stria. As the distance from the
beginning of the stria increases, the number of fast electrens decreases and
the nurmber of slow electrons becomes larger. Suzh an abrupt change in elec-
tron velocities can be accounted for by nonelastic collisions of electrons
with atoms of the gas. This explanation is confirmed by the fact that some
in the group of fast electrons have velocities of the order of 4.9 v, and
also by the fact that the disappearance of this group takes place over the
distance corresponding to severai mean free paths from the beginning of the
stria.

In cenclusion we wish to express our appreciation to Professor S. E. Frish
[Frisch], Corresponding Mcmber of the USSR Academy of Science, for kis in-
terest in the present work.
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