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ABSTRACT. The results of an investigation an the variation of the dicleetric constant of
an electronic medium in the anode=screen-grid space of a Philips A 442 valve under varions
conditions for mediam radio-frequencies are given in this paper. The measurements of
the effective dielectric constant were made by following the no-heat technique of a double
heterodvone method  The  effeet of the conductivity of the medium was allowed for in
estimating the cffective dielectric constant of snch a mediun.

The experimental results were found consistent with Torentz’s formmla for the dielectric
constant of a frictionless clectronic medium after introducing a multiplving factor {o obtain
the effeet of the time of stay of the electrons in the inter-clectrode space.  T'he multiplying
factor was found independent of the wavelength of the wmeasuring field and was found to
depend ounly on the transit tine.

The parabolic variation in the value of the diclectric constant of the electronic medinm
with the variation in the magnitude of the mcasuring ficld as reported by Prasad and Verma
was not, however, observed in the experiments performed to test any such varintion. In
sonie cases a steady variation was found and this has heen explained.

INTRODUCTION

Usually the electronic medium under mvestigation is a high-vacuum space
in a thermionic vaive filled with clectrons from a heated filament under the
influence of an electric ficld.  Since the time of stay of the electrons in the inter-
electrode space is only a small fraction of the period which corresponds to the
radio-frequency of the alternating licld, the contribution of the electrons towards
the change of the dielectric constant should therefore be correspondingly small,
Benner' considered this effect of the finite time of transit of the elcctrous and
deduced a correction factor to the well-known liccles-Larmor cxpression for
the dielectric constant of a purely clectronic medium.  Recently Hollmann and
Thoma® criticised Benwver’s equations. Trom their theory of the inversion of
electrons and using Muxwell’s cquations they deduced a formula for dielectric
constant of electronic medium, which was different from Benner’s.  Their
_main result abqut the dielectric constant was that as the product of frzquency and
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transit-time  increases from zero, the diclectric constant followed a damped
cyclic curve abont wmity,  “I'he diclectric constant of an clectronic medium could
thercfore be less than, cqual to, or greater than unity, the value depending on
(he product of the frequency and the transit-time.

Coming to the experimental determinations of the dielectric constant of
space containing electrons, the results of Bergmaunn and Diiring® who were the
carliest workers on the subject showad that the diclectric constant of the electro-
nic medinm in their nvestigation was less than unity aund steadily diminished
with increasmyg clectron  concentration.  Followmmg Bergmann  and  Diiring’s
experiments Sil' observed a decrease, an increase and also no change of dielectric
constant at ultra-high frequency.  These experimental results were explained
as due to the non-uniform  distribution of the electrons in the medium and also
due Lo the effect of the time of stay of the cleetrons as determined from Benner's
formula.  Somce  experiments”® ou  the subject  with  ultra-high-frequency
measuring ticld were also performed in this laboratory. The {following were
estublished :

(1) With a definite ultra-high [requency, the effective dielectric constant
of the electronic medim in a screen-grid valve was found less than unity and
decrcased on the whole nearly proportionately with the increase of the anode

corrent.
»

(2)  When the weveiength was changed keeping the anode and screen-grid
voltages and the filament carrent constant, the cffective diclectric constant of the
medium decreased steadily with the increase of the wavelength. ‘There was,
however, an anomaly beyond a certain wavelength when a gradual increase
in the value of the diclectric constant was observed.  As the wavelength was
further increased, the diclectric constant assumed values gieater than unity
and after attaining a maximum value at a particular  wavelength decreased again
with further incrcase of wavelength. 1t was also observed that the wavelength
at wlieh the diclectric constant of the clectronic medium attained a maximum
value was distinetly larger for the smaller election concentration.

These results were explained by supposing that the inductance of the short
external connection and the inter-clectrode capacity of the valve constituted an
oscillatory circuit so that the anomaly appeared in the region of the resonance
frequency of such an oscillatory circuit. 'T'he condition for this resonance
according to Hund” is the same as that for the piasma clectronic resonance of
Tonks and Langmuir. This explaied also the observed shift of the peak
value of the diclectric constant towards the ionger wavelength when electron
concentration was reduced. It is, however, significant that neither Benner’s nor
Hollmanu and Thoma's formula was found to agree with these experimental
results. Attributing, however, a natural frequency to the clectrons corresponding
to the resononce of the previously mentioned oscillatory circuit in the valve and
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introducing a multiplying f{actor to obtain the effect of the time of stay of the
electrons in the inter-electrode space of the valve, the Lorentz expression for the
dielectric constant for a frictionless medium was found consistent with these ultra-
high frequency measurements.

SCOPE OF THE PRESENT INVIESTIGATION

The object of the present investigation was to extend {he measurements
of dielectric constant of electronic medium to much lower frequencies. Prasad
and Verma® had previously published some experimental results with medium
radio-frequencies between 3.7 % 10° and .58 x 10° cycles per sec. (wavelength 51 m.
to 512 m.). Following the double-beat method they found the dielectric constant
of an clectronic medium inside a screen-grid valve always lcss than unity
within the range of the concentrations and the waveleneths cployed in their
investigations.  They showed that (1) the dicleetric constant decrcased with
increasing concentration and that (2) it also decrcased with increasing wave-
lengths. Their measurcements of diclectric censtant and the theoretical deductions
from these measurements were, however, vitiated by the fact that in determining
the diclectric constant of the electronic medium the cffect of the conductivity
of the medinm was not considered at all.

The usual experimental procedure is to measure the capacity hetween the
two clectrodes inside a valve with and without clectrons filling  the inter-clectrode
spacc. When the space is filled with clectrons there arc acnerally two cffects :
(1) a change in the diclectric constant of the medium and {z) a conductivily
cffcet.  For both of these effects it is expected to obtain a change in the capacity
of the oscillating system in the measurement circuit. 1If the dielectrie constant
is less than unity, the change in the capacity is a decreasc, whercas 1he effect
of the conductivity duc to the electrosn, short-circuiling, so to say, the two
clectrodes in their transit from the filament to the anode of the experimental
valve is always an incrcase in the eflcctive capacily necessary  to restore the
resonance condition of the oscillating system. This Jatter cffect is somelin os
appreciable and can be directly tested by putting a high 1esistance across the
two clectrodes. Accurate measurements of the eflective dicleetric constant of the
clectronic medium for mediwm radio-frequencics were therfore felt necessary hy
considering the effect of the conductivity of the medium and investigations
were accordingly undertaken. The experiments werc arranged in three main
parts:

I. Variation of the eifective diclectric constant of the electronic medium in

the inter-electrode space of a screen-grid valve with the thermionic current
through the valve for a dcfinite frequency of the alternating field.
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II. Variation of the eficctive dielectric constant of the similar clectronic
medium with the frequency of the alternating field for & definite electron
concentration.

ITT.  Dependence of the effective diclectric constant of the electronic medium
inside a screen-grid valve on the time of stay of electrons in the inter-clectrode

space.

FENPERIMENTAL ARRANGEMENTS AND PROCEDURE

The experimental condeuser consisted of the sereen-grid and the anode of a
Philips A 442 valve.  This condenser of capacity Cv was in parallel with the
tuning condenser of capacity C of the oscillatory circuit of a suitable Hartley
oscillator. The change in the capacily of Cv when the inter-clectrode space
was filled with clectrons was balanced by changing the capacity of an accurately
calibrated small variable vernier air condenser Ca in parallel with Cv and C,
so that the total capacity (Cv+C+Ca) remained constant.  The high-freqnency
signal from the oscillator was reccived hy an oscillator-detector valve-circuit
which was exaclly similar to the oscillator circuit.  When the detector circuit
was nearly in tunc with the oscillator, the fawiliar heterodyne whistie was heard
in the telephones piaced in the anode circuit of the receiver.  ‘The audio-frequency
voltage developed across the telephone was then amplified by a three-valve
amplifier of the conventional type and fed into a loudspeaker which gave a
foud musical note.  Ou introducing into the same loudspeaker an audio-frequency
current from an audio-oscillator capable ol producing an intense note of fixed
frequency, beats were heard by suitably adjusting the heterodyne frequency.
A variable resistence was placed in scries with the secondary coil of the audio-
oscillator to match the intensity of the heterodyne whistic with that of the andio-
frequency note.  Adjustments of the wvariable vernier condenser Ca in the
oscillator to produce no beats were then made successively firsi when the inter-
clectrode space was devoid of clectrons and  mext when the same space
was filied with clectrons.  In other words, the change in the capacity of Ca was
noted with the filament of the experimental valve off and on after having given
suitable high voitages to the anode and the screen-grid. To this was added a
correction lo allow for the effect of the conductivity of the mediam. Fromn a
knowledge of this corrected change of capacity and the inter-electrode capacity
of the valve, tne cltective diclectric constant of the medinm was calculated.,
The procedure adopted to obtain the conductivity correction will be described
in a subsequent section.

The diagram of the entire arrangement is shown in fig. 1. The anode of
the experimental valve was given a suitable high voltage from a separate dry
battery ; the screen-grid was also given practically the same voltage from the same
battery through the inductance coil of the Hartley oscillator. The filament of
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FI1GURE 1

the experimental valve was fed by a low tension battery and the filament current
was suitably controlled by a rheostat. The variation of the thermionic current
through the valve was made by varying the filament current only, the anode and
the screen-grid voitages having been kept fixed.  The constancy of these voltages
cnsured the constancy of the time of stay of the electrons in the inter-electrode
space, so that the variation of the diclectric constant of the electronic medium
with varying thermionic currents (kecping the frequency constant) and the
similar variation (for a constant thermionic current) with varying frequencics
of the measuring ficld were studied for a definile valuc of the transit-time of the
clectrons.

CORRECTION 1T"OR TIHHE CONDUCTIVITY OI' TITRH
ELECTRONIC MEDIUM

In correcting for the conductivity eftect the following procedure was
adopted.

Let us first consider the set of experiments where the change in the anode=
screen-grid capacity of the experimental valve was observed for each different
thermionic current through the valve for a definite frequency of the measuring
field. Immediately after this set of experiments, the H. F. scries-resistancc of
the electronic medium was measured by the distuning method for each different
thermionic current through the wvalve, the anode and the screen-grid voltages
remaining exactly the same as in the preceding experiment. For these
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measurcments the valve of the Hartley oscillator was not worked and only the
tuning condenser C of the oscillatory circuit (or the small variable balancing
condenser Cy whichever was suitable) and the anode=screen-grid capacity Cv
eacli in parallel with the inductance were used with a radio-frequency thermal
galvanometer in the circnit as shown in fig. 2. The detector-oscillator unit was
used as a mere oscillator to induce currents into the neighbouring oscillatory
circuit. A pair of resonance curves were constructed showing current against
the capacity-value, first where the filament was off and next when the filament
was on.  Pairs of such resonance curves for different thermionic currents through
the experimental valve were constructed.  From cach pair of such resonance
curves, the H. I, series-resistance r of the clectronic medium  was determined
by the usual formuala.  ‘T'he corresponding shunt resistance R was then calculated
for cach different thermionic current through the valve by the standard formula

= ” ~
o C* 1’

R

[ 3
where o is the angular frequency of the ficld and C the capacity in farads, across
which the shunt resistance R is supposed to work. A graph was then plotted
showing 1/R against the thermionic current. Next in a scparate experiment the
anode and the screen-grid electrodes of the experimental valve were shunted by dif-
ferent non-inductive metal film high resistances (of negligible self-capacity) and the
corresponding increase in the cffective capacity of the oscillating system (with no
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electrons inside the inter-electrode capacity) due to leakage for each different shunt
resistance to restore resonance condition of system was accurately measured by
following again the no-beat technique of the double-heterodyne method already
described in the previous section. Another grapls was then constructed from the
observed data showing the increase in the capacity against the reciprocal of the
actual shunt-resistance employed. Withi the help of these two graphs it was
possible to obtain the increase in the value of the eflective capacity of the
oscillating system due to the conductivity of the medium in the inter-electrode
capacity. * To take an example, let us find the conductivity correction for a
definite thermionic current.  From the 1/R=current graph it is possible 1o obtain
the valuc of 1/R which corresponds to the desired value of the current.  The other
graph (showing the increase in the capacity of the oscillating systen for each
actual resistance shunted across the inter-clectrode capacity) enables us to obtain
the inciease in the capacity correspouding to this value of 1/R which, as we have
alrcady scen from the previous graph, corresponds to the desited valuc of the
thermiionic current.

The conductivity correction (AC)s, obtained in this way, was then added
to the observed decrease of the anode=screen-grid capacity AC for the respective
value of the thermionic current through the valve.  The change in the capacity
duce to the diclectric constant change for this valuce of the current was then
given hy

(AC)e=AC + (AQ)w.
The dielectric constant was thus calculated from
(A0),
€=~ —E\ -

I1u the set of experiments where the frequency of the measuring field was
varied by keeping the thermionic current constant and the change in the anode=
screen-grid capacity obscrved with the filament of the valve off and on, the
procedure for the conduclivity-correction was as follows. Working with the

.

circuit diagram shown in fig. 2, paits of resonance curves were constructed
with the same constant thermionic current on and off for various wavclengths
within the range of our observations. From cach pair of such resonance curves
the H. F. resistance r of the medium (with a definite electron concentration)
was determined. Thus the correspouding equivalent shunt resistance R as
calculated from the scries-resistance was obtained for cach wavelength A, A
graph was then plotted showing 1/R against A. Next, the anode=screen-grid
electrodes were shunted as described before by different non-inductive hgih
resistances of negiigible sclf-capacity and the increase in the effective capacity of
the oscillating system to restore resonance was determined for each such shunt
resistance for the tequired range of wavelengths by following the no-beat
.technique of . the double-heterodyne method in the way described before.
Different graphs were thus obtained showing the increase of effective capacity



220 S. R. Khastgir and C. Choudhury

against the 1eciprocal of the actual shunt resistance for different wavelengths.
I'he conductivity corrections (AC)e corresponding to the various equivalent shunt
resistances for respective wavelengths (as known from the previous 1/R=A graph)
were then determined from these  graphs.  Each of these corrections was then
added to the observed value of AC. ‘The dielectric constant of the medinum for
cach different wavelength was thus caleulated from the ratio of this total change
of capacity 1o the clectron-free inter-electrode capacity o

EXPERIMENTAL RESULTS

Variation of the cffective diclectric constunt of the clectronic nedium
for diffcrent thermionic currenls for a fixed frequency
of thie mcaswring field :

In tah'e I are  iven the results of a typical sct ol measurements of the
diclectric constant for varying thermionic currents employing a measuring field
of 3uu.9 ke, [requency (A=750 m.) These are graphicaily shown in fig. 3
Two other typical sets of similar measurements for [requencies, 608.5 ke, and

Tasre 1

Frequeney : 309.9 ke /sec. (A=750 m.), Anodc=screen-grid capacity = 8upf

]
I | 5
I ——— i
Thermionic aAC Correction (AQ), ¢ d=1~¢ 1—abd
current puf (A C) g upf muuf l
? | Lorentz term a=-
. U Y R N S o 3
|
25 m.axk .3 .04 .34 b .04 | .041
R TS '63 0 73 .92 08 1 .082

N T 1.1 a6 o126 ) 84 16 17
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L ] |

228, ., 13 I 74 504 37 h3 ' Lo
|

N ! $1 281 28 | 72 } 94

| |

811 ke, (A=493 m.and A=370 m.), are iliustrated in fig. 4. In both the figures
the values of dielectric constant « of the electronic medium arce plotted against
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A=750m. (freq: 309.9 ke.) of the measuring field (‘a’ being the Lorentz term),
The calibration graphs from which the conductivity corrections were made for
this set are shown iu fig. 3(a).

It can be scen from fig. 3 that for A=750 metres, a linear relation holds
between the diclectric constant of the electronic medium and the thermionic
current, except for very small values of the latter. The linear relation also
seems to hold for the other two wavelengths exeept for a sudden discontinuity
in each casc at a certain value of the thermionic current,  The discontinuity
in each diagram of fig. 4 is indicated by an arrow mark.

DEDUCTIONS FROM TIITN ABOVE BXPERTIMENTS

Accepting Lorentz's expression for the diclectric constant of a frictionless
clectronic medium and introducing a multiplying factor p to obtain the effect
of the finite time of stay of the electrons in the inter-clectrode space, we have

6__"2__(:%(62_!_ 4'1TN[I.L’2 (1\.
w? ma? + a(qgeNpe '
where  e=dielectric constant, u=a multiplying factor,
k =absorption index, n=refractive index,

o =angular frequency of the measuring field, c=vclocity of light,
N =e¢lctron coucentration, a = [Lorentz term,

e=charge on an electron, = mass of an clection.

Putting @=1—0¢ we oblain

_8,»=47L(12_(Nl") (..)

1—ad mw?

2
When a=o0 8=4”02(N/u).
muw

If the anode and the screen-grid voltages are kept fixed throughout a set of
measurements it is evident that the velocity of the electrons wonld remain
constant so that the clectron concentration could be normally taken as pro-
portional to the thermionic current® through the anode=screen-grid space.
Again, since the time of stay of the electrons in the inter-clectrode space and
the frequency are usually kept fixed in one sct of obscrvations, the multiplying
factor could he regarded as constant so that for the Lorentz formula to hold,

N

I q )
b~s - should vary directly as the thermionic current. In fig. 3, both 4 and Ta
— a -
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are plotted against the thermionic current for one set of observations (frey. 390.0
ke./sec., A =750 m.). ‘The variation of ¢ is also shown in the same diagram.
It will be seen from fig. 3 that & or ¢ was found to vary proportionately with
the thermnionic current except when the latter was very small. ‘I'he law of direct
proportionality, however, fails when thc values of Tia?? arc plotted {for the
different values of the thermionic current. ‘I'he conclusion that can be drawn
under the circumstances is that either the Lorentz term a=o or alternatively
for some unkunown reason the clectron density incrcased with the increase of
the thermionic current at a rate more than the proportionate rate of increase
The latter couid perhaps be expected if the secondary electrons were ciitted at
the anode and the screen-grid surfaces.

Variation of the cffective diclectric constant of the clectronic medium
will the wavelenglh (or frequency) of the measuring field for a
dcefinite clectron concenlralion of the medium

I'he experimental data for the evaluation of the dielectric constant of the
clectronic medium are collected in table 1I. ‘The observed shift AC, the con
ductivity correction (AC) . and the corrected shift (AC), duc to the diclectric

constant change alone are all entered in separate columns.

TanLe 11

Thermionic current= 1.5 m.a. x k. Inter-electrode capacity = 8pupf.

' | | 3
, R Conductivity 1—ab
“fl‘v,:h‘_"i"u' 9 '\T A% Correction | (AC), ‘I . 3
(Mctres By.cm. s ‘AC’.; sl | st
l 3
: o
350 1.225 % 10° .35 .30 .05 )2 o8 | .082
4uu 1.600 ,, i 50 .00 £g .11 114
450 2,028 . .55 .65 1.20 RS .15 .16
500 2,05 4, | .65 .78 1.43 .82 a8 .19
i Y
550 3.025 o | 8o 83 1.63 8o .203 22
600 360 4, i 1.2 83 2.03 .75 253 .28
650 4.225 |\ 1.6 78 {238 ~0 30| .33
700 4.9 w ot 21 .6 2.70 .66 34 .38
750 © 569, | 275 34 309 61 39 45
. e PR -
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I'he results are graphically shown in fig. 5. In the diagram the values of

" A . .
e, o and -~ g plotted against the squares of wavelengths employed, 1t s
1—«c

mteresting to find that all the curves are practically straight lines.

DEDUCTIONS I'ROM 'I‘HI", ABOVE EXRERIMENTATL
RESUILTS
‘The multiplying factor g introduced in the Lorentz expression for the dielec-
tric constant of a frictionless electronic medium can be expressed in the form

//.l-t-;{}- (), e (3)

where [ is the transit-time of the electrons, A the wavelength of the measuring ficld
and A a constant.  From the expression given in (2) we therefore get

b L AN (‘3 ) 1),

1—ud amc? \ A
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On neglecting Lorentz terin we have

z 2
s LN é). 1.
mme” \ A

In the experiments the results of which are recorded in the last section,

I=const. and N=const. We havce also scen from fig. § that both 8 or ¢ and B §
1—d

when plotted against A* gave stiaight lines, so that it can be said that A const.

£
In other words it can be concluded that the constant A in the wultiplying  factor
is propuitional to the wavelength AL

DEPENDENCE OF TIHNE DIKELECTRIC CONSTANT
OF THE ELECTRONIC MEDIUM ON THE TRANSIT
TIME OV THH BLIECTRONS

Kceping the thermionic current through the inter-clectrode capacity fixed
at a certain value and workiug with a fixed [requency of the measuring ficld, the
clfeet of varying the time of stay of the electrons on the diclectric constant of the
electronic medium was studied.  “I'lie time of stay was varied by varying the
anode or the screen-grid voltage, but the thermionic current through the anode=
screen-grid space was kept constant by adjusting the filament current. The
higher the voltage V, the smaller is the transit-time t of the clectrons. In fact,

. 1 ! . )
we can write { o — , so that when N =const., @=const., it can be scen that

IVAY
b oa e f(-lf),
1—ad Vv

1
since A =const. or approximately AC o j(*’_—_ R
A VY
where AC is the observed change of inter-electrode capacity when the inter-
electrode  space is filled with electrons. In fig. 6 arc shown two curves for
two different frequencies of the measuring field. The values of AC are

I . .
plotted against —_ in this figure.

vV

It is evident that AC increased steadily with the diminuticn of the vollage,
i.e., with the increase of the transit-time f.
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Prasad and Verma® reported a parabolic variation m the value of the diclee-
tric constant of the medium with the variation of the magnitude of the measuring
ficld. With ultra-high frequencics the results of some experiments in this labora-
tory dehnitely showed that the dielectric constant was independent of the
magnitude. It has, however, been recently shown” that since m Prasad and
Verma's experiments, the adjustment of the balancing condenser (to make up
for the change of the inter-electrode capacity) was made till a fixed number of
beats were heard per secoud, the distortion in the receiving sct arising out of the
non-linear performance of the detector unit was likely to give riseTo such an
apparent dependence. To test such dependence, if therc is really any, the
adjustiment of the balancing condenser should be made for no-becat. When there
is no beat, the complication zu'ising. from non-lincar distortion is climinated.
Some experiments were therefore performed to examine whether the variation
of the magnitude of the measuring field would allect the value of the dielectric
constant by following the no-beat technique. The magnitude of the measuring
ficld was varied in these experiments by varying the plate voltage of the valve-
oscillator. To obtain an cstimate of the voltage of the H. F. field acress the
inter-clectrode capacity, the curreut in the balancing condenser branch was
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measured. ‘This current when multiplied by the reactance of this branch would
give the desired H. F. voltage. Since the capacity of the balancing condenser
was changed only to a small extent, the voltage could be approximately measured
in terins of this current.  “The thermionic current through the anode =screen-grid
space was Kept fixed during the test.
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In fig. 7 are shown the results of two scts of experiments for A=610 ni,

It can be scen that for small H. F. voltages of the measuring field, AC
ditninished with the increase of voltage but ultimately it steadied down toa
constant value.  Similar experiments were performed with higher frequencies.
These results are graphically shown in fig. 8.

It is significant that for A=187 m, AC remained constant throughout the
range of H. F, vollages of the measuring field. TFor A=335 m. the diminution
persisted even for the higher voltages.  The experiments with wavelengths in
the neighbourhood of 300 m. were performed many times—but the results were
all similar.

‘I'he amplitude of the eleetrons moving under the action of an alternating ficld
is given hy 'I‘:;'I' , where Iy, is the peak value of the applied field. As K, is
mw

increased, the amplitude is inerceased.  or the smaller values of I9, the clectrons
may not be able to reach the anode surface.  So long the anode is not reached
the conductivity of the space must he small, r.e., the cquivalent shunt resistan ce
across it rather higher.  This resistance would gradnally fall with the increasing
value of If,.  Ultimately when the anode is reached by the electrons, this resist-
ance would fall to a constant value.  Tn other words, the conductivity  correctiop
(AC)s for the smaller voltages should be small ; it would gradually increase and
attain a constant value for the higher voltages.  Since the obscerved AC s cqual
to (AC)c = (AQ)e, the observed diminution of AC and the nitimate constancy of
AC with the increasing voltage of the measuring ficld could he explained.  In
the case when the diminution of AC persisted with the inereasing voltage it can
perhaps be suid that the amplitude of the electrons did not extend sufficiently to
reach the anode surface,

SUMMARY AND CONCLUSIONS

In this paper are recorded the results of an investigation on the variation of tlic
eflective dielectric constant of an electronic medium in the anode= scruéﬁ-g,n id space
of a Philips Ag4z2 valve under various conditions for meditm rodio-frequencies.
The measurements of the effective dielectric constant were made, by following
the no-beat technique of a double hicterodyne method.  “I'he corrections for the
conductivity of the medinm were made in estimating the diclectric constants,
‘The procedurc for carrying out these conductivity corrections are fully described.,

The experimental results have been analysed following Lorentz’s formula
for the dielectric constant of a frictionless electronic medium. A multiplying
factor p has been introduced in the expression to obtain the cffect of the time of
stay of the clectrons in the inter-electrode space, The factor has been expressed
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in the form p= N f (), where A is a const., { the transit-time and A the wave-

length of the measuring field.

Working with a definite frequency and keeping the transit-time of the elec-
trons fixed, the effective diclectric constant of the clectronic medivn was found
on the whole to decrease alniost proportionately with the increase of the thermio-
nic current. ‘I'his is what is expected fromn Lorentz’s formula.

When the frequency was changed, keeping the thermionic current and the
transit-time fixed, the effective dieleciric constant of the medium was found to
decrease stiictly proportionately with the square of the wavelength of the measur-
ing ficld. In order to fit in with the Lorentz's formula (after introducing the
factor p) it was concluded that the transit-time factor ¢ must be independent of
the wavelength. ‘I'hc¢ constant A should thercfore vary directly as the wave-
length.

Keeping the thermionic current through the anode=sceen-grid space cons-
tant and working with a fixed {requency it was found that the observed change
of capacity on filling the inter-electrode space with electrons increased steadily
with the incrcase of the transit-time of the electrons. ‘This meant that the effective
diclectric constant of the clectronic medium in these e¢xperiments decrcased steadi-
ly with the increase of the transit-time. It is therefore concluded that the
multiplying factor p depends only on the transit-time.
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