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ABSTRACT. Mecasurements of the effective dielectric constants of ionized air and helium
in the discharge tubes by the double-beat method yielded the following results for medium
frequencies (1100 kc. /sec. to 375 ke./sec.).

(1) When the frequency of the measuring field was fixed, the effective dielectric constant
which was found slightly greater than unity increased proportionately with the increase of the
discharge current except when the latter was large.

(2) When the discharge current was fixed, the effective dielectric constant decreased
gradually with the increase of the wavelength of the measuring field.

The possibility of a resonance frequency of the ionized medium much higher than the
frequency employed in this work has been indicated. Accepting such a resonance frequency
it would be possible to cxplain both sets of results according to the classical dispersion
formula,

INTRODUCTION

In the present investigation, measurements of the eflective dielectric
constants of iomised air and helium were undertaken for a frequency range from
about 1100 Kc./sec. to about 375 Kc./sec.

Frilulein Szekely ' was perhaps the only previous worker who carried out
similar measurements on medium radio-frequencies. The method she followed
was a resonance method with the experimental condenser inside the discharge
tube. The effect of the conductivity and also that of the positive ionic sheath
were likely to bring in complications in the correct evaluation of the effective
dielectric constant of the iomized gas in these experiments. She obtained the
values of the dielectric constants of ionized air always greater than unity.

In the present investigation external condenser plates were used touching the
outer surface of the discharge tube. The discharge was a D. C. discharge with

*  Communicated by the Indian Physical Society.
}  Szekely, Ann. der Physik, s, 3, p. 112 (1929).
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the help of an induction coil. The conductivity correction was not therefore
necessary. As before two sets of experiments were performed :

1. Variation of the effective dielectric constant of the ionized air and helium
for various values of the discharge current for a definite frequency of the measur-
ing field, and .
2. Variation of the effective dielectric constant of the two ionized gases for

e

various frequencies when the discharge current was kept fixed.
EXPERIMENTAL PROCEDURE AND DETATILS

The experimental condenser was made up of two cylindrical brass pieces
placed round the outer surface of the discharge tube. This external condenser
of capacity Ci; was connected in parallel with the tuning condenser of capacity C
of a Suitable Hartley oscillator. ‘The change in the effective capacity of the
experimental condenser round the discharge tube when a discharge was passed
through the latter was balanced by changing the capacity of an accurately
calibrated small variable air condenser of capacity Ca in parallel with Ca and C,
so that the total capacity (Cs +C+Ca ) remained constant. The procedure was
as follows: I'he high-frequency signal from the osciliator was received by an
oscillator-detector valve-circuit which was exactly similar to the oscillator circuit.
When the detector circuit was nearly in tune with the oscillator, the familar
heterodyne whistle was heard in the telephones placed in the anode circuit of the
detector. The audio-frequency voltage developed across the telephones was then
amplified by a three-valve amplifier and fed into a loudspeaker which gave a
loud musical note. On introducing into the same loudspcaker an audio-frequency
current from an audio-oscillator capabie of producing an iutense note of fixcd
frequency, beats were heard by suitably adjusting the heterodyne frequency.
A variable resistance was placed in series with the secondary coil of the audio-
oscillator to match the intensity of the heterodyne whistle with that of the audio-
frequency note. Adjustments of the variable vernier condeuser Ca in the
oscillator to produce no beats were then made successively ; firsi when there was
no discharge through the discharge tube and nex: when a discharge was passed.
In this way the change in the effective capacity of the experimental condensér on
ionizing the gas inside it was accurately determined. In the first set of experi-
ments where the frequency of the measuring field was kept fixed, the values of
this change of capacity AC were determined for various values of the current
through the discharge tube and in the second set where the discharge current
was maintained at the same value, the values of AC were obtained for different
frequencies of the measuring field. The actual values of the effective dielectric
constant of the jonized rases couid, however, be approximately calculated from a
knowledge of the ratio of the observed change of the effective capacity of the
experimental condenser to the actual capacity-value of the same. The diagram
of the experimental arrangement is shown in figure 1.
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The tuning condenser C of the Iartley Oscillator and the vernier air

condenser Ca were properly shiclded.
TABLE 1

Air discharge tube
Frequency 428.6 ke/sec. (A=700m) Capacity of the experimental
condenser : 3'4upuf.

|
Discharge current Increase in capacity Dielectric constant
(m.a.) (upf) e
! —

.25 .05 ’ 1.015

.5 .10 1.029

8 .10 ! 1.047

1.2 .23 1.068

1.5 .26 1.076

1.8 .30 1.082
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TarLg 11
Helium discharge tube

Frequency 419.6 kc./sec. (A=715m.) Capacity of the experimental
condenser : 8-5 uuf.

Discharge current Increase in capacity Dielectric constant
(m.a.) (nuf) €
.25 053 ; 1.0062
75 16 K 1.019
8 21 1.025
1.1 .25 1.032
1.4 32 1.c38

The latter was constructed out of a spherometer. A circular disc formed the
fixed plate of this condenser and a similar circular disc placed vertically above
and parallel to the former could be pushed by the central leg (which was cut
short), when the graduated spherometer disc was given a right-handed turn.
On giving a left-handed turn to the spherometer disc, the central leg would move -
up and the upper circular disc of the vernier condenser could be pulled up by a
stecl spring suitably fixed. Farthed guard-rings made up of thin brass foils
were inserted round the two parallel discs. With two complete revolutions of the
spherometer disc, the upper plate would be displaced vertically through 1 mm. and
the capacity of the condenser was found to change by 10 upf. ‘The spherometer
disc had a graduated scale with 5o big divisions so that a turn through one
such division would mean a capacity-change of 0.1 unf. Each big division was
further divided into 5 smaller divisions. A turn through one small division would
cause a change of 0.02 ppf only.

EXPERIMENTAL RESULTS

(@) Effective dielectric constant of the ionized gases for different discharge
cuirents for a fixed frequency of Lthe measuring field.

The results of two typical sets of experiments, one with ionized air and the
other with ionized helium are given in tables1 & II. They are graphically
shown in figure 2. The effective dielectric constant in either case was found
slightly greater than unity, i.e., there was an increase in the effective capacity of
the experimental condenser on ionizing the gas inside. In the case of helium
the discharge current rapged from .25 m.a. to 1.4 m.a. and there was an almost
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linear relation between the increase of effective capacity and the current passing
through the discharge tube. In the case of air, the maximum discharge current
was 1’8 m.a. and the increase in the effective capacity of the experimental
condenser was found directly proportional to the discharge current up to about
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TasLe I11

Air discharge tube

Capacity of the cxperimental condenser : 3°4 ppuf

Discharge current : .2 m.a. ' Discharge current : 1.15 m.a.
e — - ‘ ———— - e e —— —
Wavelength Increase in ! . I Wavelength Increase in | .
(metres) i capacity (uuf) (metres) capacity (up.f) |
— ) B i ~ R R
307 ‘10 1°0294 265 i ‘43 ! 1126
420 ‘08 10235 ‘ 310 ‘41 oo
480 ‘07 10206 | 420 37 1 109
502 ‘06 1°0177 i 505 | ‘34 ! 1'100
723 ‘04 10118 645 *30 | 1°058
825 ‘03 1°0088 720 28 1'082
1 827 25 T'o74
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TasLg IV
Heclium discharge tube

Capacity of the experimental condenser : 85 uuf

\
Discharge current : "2 m.a. y Discharge current : "75 m.a.
I -

Wavelength. Tncrease in capacity. Wavelength. Increase in capacity.
(metres) (upf) | (metres) (muf )
265 14 315 ‘40
337 .12 420 ‘31
433 .10 510 *26
501 09 623 ‘22
623 .07 713 ‘10
781 .05 K10 ‘09
827 03 %
{

1°25 m.a. beyond which AC was found to increase with the discharge current at a
slower rate, 'We can therefore conclude that the cflfective diclectric constant of
ionized air or helium in our experiments increased linearly with the discharge
current except when the latter was large.

The wavelength of the measuring field in these experiments was about
700 metres (frequency : 426 kc.). On calculating the value of the effective
dielectric constant it was found that the dielectric constant of ionized air varied
from r1.015 to 1.082 as the discharge current was increased from .25 m.a. to
1.8 m.a. The calculated value of the effective diciectric constant of ionized
helium was found to vary from 1.006 to 1.038 over a range of discharge current
from .25 m.a. to 1.4 m.a.

(b) Effective dielcctric constants of the ionized gases for different frequencics
of the measuring field for a definite ionization value

The experimental results with air discharge tube for two different discharge
currents are given in table I11. They are illustrated in fig. 3 where the increase
of capacity AC is plotted against wavelength of the measuring field for cach set
of observations. Similar results with the helium discharge tube for two different
discharge currents are given in table IV. They arec illustrated in figure 4.
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For both the ionized gases, the value of AC was found to decrease slowly and
cradually with the mcicase of wavelength of the measuring field.  ‘I'his meant
that the cffective diclectric constant of the ionized gas (air or helivm) also
diminished slowly and gradually as the wavelength was increased.

It is significant that the cficctive dielectric constant of the ionized air and
helium was always found to be slightly greater than unity for medium radio-
frequencies.  Test experiments were, however, performed  with  different  air
discharge tubes having different sizes of electrodes and in all cases the effective
dielectric constant of the ionized air was found to be shightly greater than unity.
Lxperiments with the same air discharge tube were also carricd out in the ultra-
high frequency range, keeping the discharge current at a small steady value and
varying the wavelength of the measuring field over some range. For wave-
lengths smaller than about ¢ meties, the cffective diclectric constant of the
ionized air was found to be definitely less than unity.

DISCUSSION OF THE ENPHERIMENTAL RESULTS

It is considered unlikely that within the range of the discharge currents
employcd in this work, the effect of the positive ionic sheath on the inner
surface of the discharge tube could he the explanation of the value of the
dielectric constant being greater than unity in the case of medium radio fre-

quencies. For the same discharge current and tube pressure the thickness of
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the ionic sheath would remain the same and if the value of the effective dielectric
constant was found greater than unity for medium radio frequency, the result
would be similar for ultra-high frequency also. For very small discharge
cu rents, when the sheath effect would be negligible, it was, however, found that
the value of the diclectric constant of the iomized air was definitely less
than unity in the ultra-high frequency range, whereas for the same discharge
current, under exactly similar conditions, the effective diclectric constant was
found to be slightly greater than unity. This suggests the existence of a
resonance frequency for the ionized medium much higher than the medium
radio-frequencies employed in these experiments. Investigation to locate the
resonance frequency is in progress.

It may be said that Gutton’s guasi-clastic resonance and Tonk and Lang-
muir’s plasma resonance would be both possible in the medium inside a discharge
tube. On cither view, the resonance frequency would be very much higher than the
medium radio-frequencies we employed in this work. Accepting such a resonance
frequency and neglecting the Lorentz term, the complex dielectric constant of
the ionized gas would be given by

= 4nNe?[m
(wd—w?) = jwg

where 70 = angular frequency of the measuring field
w, = resonance angular frequency higher than w
# = frictional constant = mv
v = collision frequency
N = electron concentration
charge on an electron
m = mass of an electron.

i

Here in this formula wy is related to N. If the resonance is the quasi-elastic
one of Gutton,
wg = A.Ni, whereas for the plasma-eclectronic resonance of

Tonks and Langmuir
wg = B.N.¥ where A and B are constants.

Hence it can be seen from the expression for the dielectric constant that if the
frequency w is fixed and the electron concentration is increased by increasing
the discharge current, the diclectric constant would increase proportionately
except for the higher currents., With higher currents however, N would be
greater and consequently the resonance frequency w, would be higher. The

% je., N.A) = 1'1x108 where A, is the resonance wavelength.
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dielectric constant € would therefore assume smaller values than what the linear
relationship between ¢ and N would demand. This is exactly what was observed.

Coming to the variation of the dielectric constant of the ijonized gases with
the frequency of the measuring field when the discharge current was kept
constant, the experimental results would be explicable if a resonance frequency,
much higher than the measuring frequency, is supposed to exist. According to
the expression for the dielectric constant it is evident that the dielectric constant
of either ionized gas which is greater than unity would siowly diminish as the
frequency w is diminished or as the wavelength A is increased.
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