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l. SUMMARY.

The performance of three electrode tubés operating on the
Barkhausen principle has been studied. Several tubes of different
design have been constructed and tested. One particular design in
which two extra leads were brought out from the grid and the plate,
proved to be especially advantageous, because its minimum grid
current was small, and the wavelength could be varied continuously
throughout the region in which the tube produced oscillations.
ormal waves and waves of the higher orders could be produced.

The effect of changing the position of electrodes with respect
to the standing voltage wave was studied. It was found that tubes
oscillate more easily if the electrodes are placed in the loop of
the voltage wave. This study was made possible by the design of a
special tube and the use of a special circuit.

The deonendence of the minimum grid current upon the wavelength
has been studied and it was found, that the theoretical relation
Ig =.§§ is only approximate: the coefficient "k" increases as the
wavelength decreases.

The variation of the energy output with the emission current
was studied and it was found, that the maximum energy output is
obtained vhen the emission current reaches its static saturation
value. Tests have shown that tubes with water cooled grids have
characteristics similar to those of tubes having grids cooled

by radiation.



2. INTRODUCTION,

Since the discovery by Barkhausen and Kurz in 1920 (Ref.l)
- of oscillations produced by a three electrode tube in which the

grid has nigh positive potential, a considerable amount of work
on the Barkhausen effect has been done by investigators in Germany,
Russia, France and in this country. 4 very complete outline of
the work done wp to 1930 was published by H.E.Hollmann (Ref.2).
This article contains also a very complete list of references.

To make further discussion clearer, the essential features
of the Barkhausen oscillator will be considered here.

The fundamental circuit is represented in Fig.l. The grid is

connected to the positive terminal of a D.C. generator or battery.
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The plate is held at zero (negstive end of the filament) or negative
potential. The oscillating circuit, usually consisting of two parallel
wires, is comnected to the grid and to the plate. The eircuit is
terminated by a condenser "B"™, which for the high frequency used
represents practically a short circuit. High frequency chokes are

placed in each lead, conmnecting the <tube with the voltage supply.
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Barkhausen found. that the frequency of oscillations corresponds
approximately to the frequency of electronic oscillations around the
grid (Ref.l). This rule was later extended and modified (Ref.3,4)
and can be stated as follows: The maximin energy output isvobtained
wien the mnatural frequency of the oscillating circuit corresponds
to the electroniec freguency or its multiple. Vhen the frequeucy is
equal to the electronic frequency, the waves are called normal waves;
when the frequency is some multiple of the electronie fregquency, the
waves are called high order waves (lst order, 2nd order, etc.).

The experiments of Kroebel (Ref.5) demonstrated that a consider-
sble increase in the output was produced if the plate was made negative.
laximum energy was obtained when the pléte current was reduced to zero.

311l and ilorell (Ref.6) were the first to observe the dependence
of frequency upon the tuning of the external ecircuit. The so called
"pure'" Barkhausen oscillations, the frequency of which does not depend
upon the tuning of the circuit, were later found to be produced only
in exceptional cases. It is thought that "pure" B-K oscillations occur
only if there is a sharply tuned circuit inside the tube, which is
formed by the electrodes and the leads inside the tube. During the
present investigation in no case "pure" B-K oscillations were observed.

The effect of symmetry in the arrangement of electrodes was
studied by i.vainberg (Ref.7), who has shown that with tubes having
the filament or the grid displaced from the position concentric with
the plate, no waves of higher érders could be obtained, and that in
general, the dissymmetry reduced the output considerably both for

normal and for high order waves.
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The experimental study of Barkhausen oscillators was undertaken
with the purpose of finding means of increasing the energy output
in the shorter wave region. Barly in the course of investigation
it was observed that the capacitance between the electrodes and the
wires forming the oscillating circuit had a considerable influence
upon the operatiog of the tube. The distribution of standing waves
along the oscillaﬁing circuit was then studied and it was found that
the smaller the ratio of the capacitance between the electrodes to
the capacitance per unit length of the oscillating cirecuit, the
eagsier it is to produce oscillations. To be able to displace the
electrodes with respect to the standing wave without detuning the
circuit, a special tube was constructed. The results obbained with
this tube will be described in the mnext paragraph.

Since the principle of operation of the Barkhsusen oscillator
differs radically from that of ordinary osecillators, special tubes
were constructed. Part of the work has been done witn tubes connected
permanently to the evacuating system, consisting of a fore pump and
a two stage mercury diffusion pump. The pressure was measured by
means of a llacleod gauge. The pressure of 10'4 to 10—5 m.Hg. was
usually maintained, between which limits the operation of the tube was
not affected by changes in pressure (Ref.8). The tubes were made so
that they could be easily opened for replacing the filament or for
changing and adjusting the electrodes. Several tubes were made wnich
after a thorougn baking and heating of electrodes were completely
sealed off the pump. In these tubes an extremely hard vacuum was obtained,
the positive ion current at maximum loading (about 100 ma, 800 volts,)

being only a few microamperes.



Only cylindrical electrodes were used, the filament and
the grid being placed concentrically with the plate. Pmre tungsten
filsments were used. Grids were made of tungsten wire wound in
the form of a spiral. Tungsten was used for grids, because the
heat produced by the eléctronic bombardment is sufficient to melt
metals with lower melbing point {grids made of nickel melted
readily even at low loading).

A b00-volt D.C. generator supplied the positive voltage
to the grid. The voltage was varied by means of a potentiometer.
A 45-volt "B" battery was used for negative bias on the plate.

A 6-volt storage battery was used for heating the filament.

The oscillating circuit usually consisted of a Lecher wire
system on which standing waves were formed. The reflecting
condenser bridges were so designed that their natural freguency
was considerably above the frequency of the circuit (Ref.9).

The methods used for measuring the wavelength and the

amplitude of oscillations will be described in a later paragraph.



3. Lffect of the change of the position of electrodes with

respect to the voltasge wawme.

(a). Deseripntion of apoaratus.

Fig.2 and Fig.3 respectively show the general view of the
apparatus and the construction of the tube. Fig.4 represents a
schematic diagram of the circuit.

As can be seen from Figs. 3 and 4, connections to the plate
and the grid are brought out at both ends of the tube, and are

Joined directly tc the two oscillating circuits Ly and Lp. The

filament leads are bent at right angle to the oscillating circuit

Fig.2.
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and are connected directly to the chokes placed close to the tube.
The Lecher system formed by the two circuits Lj and Lo, is short
circuited at the two ends by means of two condenser bridges C; and
Cp. The grid and plate supply voltages (D.C.) are delivered to

the circuit FThrough R.F. chokes and the connections are made at
the ends of the Lecher wires Lj beyond the bridge C,, where no

standing waves are present.

b). Dependence of the amplitude of oscillations upon the position

of electrodes with respect to the standing wave.

The following effect has been observed. With the voltage
and the grid current constant and the bridges Cl and 02 moved in
the same direction along the wires so that their separation remained
constant and the natural frequency of the circuit unchanged, the
Plate current was found to depend upon the position of the bridges.
The constancy of frequency was checked by means of an auxiliary
Lecher wire system used for measuring the wavelength (see p.43).

The results are shown on p.l0. On the disgram the plate current
I? is plotted vertically, and the abscissai represents the position
of the middle of the oscillating circuit. The center line of electrodes
is marked by a dotted line 63 cm. from an arbitrary zero.

A marked decrease of the plate current occurs when the center
line of the circuit is displaced from the center line of the electrodes.
In other words, the plate current decreases when the A.C. voltage
across the electrodes is less than the maximum A.C. voltage in the

oscillating circuit.This result has been expected since the oscillations
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of the electronic space charge which cause the tube to oscillate,

are produced by the A.C. voltages between the grid and plate. Thus,

the conditions for oscillations are most favourable when the electrodes
are placed in the loop of the voltage wave.

The same effect was observed for waves of different orders and
for different wavelengths. For shorter waves, as for example for.ﬁOcm.,
the sharpness of the peak is very marked, and shows not only the
importance of proper tuning of the circuit but also the necessity
of placing the electrodes in the loop of the voltage wave. The method
of doing this, as described above, using a special tube, is simple
and effective, and of particular importance for short wavelengths.

The curves on p.l2 show the change of the plate current as
a function of the displacement of electrodes with respect to the
position of the loop of the voltage wave expressed in percent of
wavelength. It should be noted, however, that the shape of these
curves depends upon the ratio of the grid current at which the
tube is operated to its minimum value at which the oscillations

begin.
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(c). Dependence of the reguired minimum grid current upon

the position of electrodes.

The importance of having electrodes in the loop of the voltage
wave can be demonstrated in a striking manner by observing the
minimum emission current at which the tube will oscillate. With
constant grid voltage and frequency, this minimum grid current
was observed for different positions of ghe bridges C, and Cp,
the distance between them being kept constant. The results are
shown on p.l4. The minimum grid current occurs when the electrodes
are in the center of the oscillating circuit, that is, in the
loop of the voltége wave. The rapid increase of the required
minimum grid current with the displacement of the electrodes
from this center shows the impbrtance of the proper tuning of
the circuit, especially in the region of short waves.

The change of the grid current with the electrode displacement

can be approximately expressed by the formula:
7, =Z [/ (%)
d;'? Z’l/ﬂ / /7(/?/

Igﬂ= the required minimum grid current for wavelength:2 s

where

Igmin. = minimum grid current for al= 0.
zxZ = the distance between the loop of the voltage wave and the

center of electrodes,

,2 = the wavelength, and

92 = coefficient depending upon A . The approximate value of this

coefficient is €J= 1000, so that for a displacement of 5%? = 3@,
7

the minimum grid current is twice its value for the central position

of the electrodes.



Yok

bt

-

ke

(1w )
I 8 a5 T

b4t
bt

44

T

9
L
40
[

A
i

i

0

T

h

M

"
1

R

730 26

u

9 e
=

+ }—:4

o
suHw

T+t
e
-]

11

L
i

e
it

§ebetolet
13AT

E G4 8.5 B
5% 0

T

et gff

+

AL
11

o

PR ko
TR

T

T
i

e




(15)

samassEwss g TT rrs g mm:
CrEH T ]1 H 8 5 s ﬁ
SERSESERS ¥ RN WAT -~ 3 2
LI R ] i b4
EANERASRE . nas ¢ tERanks
EREusdEad sannaasad RERAR =) T
1 I3 Bug e N X 5
o SUERAEERH 4 ? 3 i
| ke EE
ERSBG NWBEN *N — %
[ AERS AEGan P
b :
i L1 L1 g i
SRidgsRiReagiacts ")
ERsaN
susEs HETH THT
H N Pepria
. SR TR
1= H s
} 51 i B W
He HE -
ENENE N FRAE ERE R v 5 B BEERSIREE F44 nESERE
o Hi anse pakudngaul duace Edune in:
o AR AERP BE @ eRApEE
4 EREe A 4 % B 5
sk & LT _r,w:. B aRsSS FRAEY Buy
13 e SERE FEEA P
W b i B W R
b+ 2 E88 . RS N
31 i FES G v % w g nug H
L TYEENBNERL
H IEERsaRaE SEvaes EEstRRaNs
A 14 % & SEFBOSBEE
i SeR)seagsresssiang’ REibeeds
5 (i AT NS yRRs - B L5
£ et izaat i Hiiijis :
< FENS SRAE
5 ¢al 858 EEREERBERE ¥u: i jesE=zga
= % J33 3 + } a9
& in &5 £ n D + SEaEEGuNa 5]
+ (£ L
am BEREREEY b ERET SRE - H —
= AFUSE 5 —+ t+t+14 14 -yt dogefmpd & au}
E TRSSU R = - .
== s8e CEMTEo ks T
+ T en 5B R
i 5 = 4 R 3 . : WS S
Epud; S B J..* L ERERn R - F S :
i SRR - SRS ~ A
m - =3 <4 ' i
% } R S )
B g we e ;
i YEYRE g e i }
BEWBe xEaws me 1 - T =
GpEddiinn dionsunavh s _ xa T
1A 33 o BUNUREURER RN G =S
- Bl art B ¥a -+
FHEH] yons] i ZEmagnety ke casan
[-=14 AgkiasmEs 444 H - CHEEEC S
ti1t R Mt i
4 T %
E50 !
ISRe 3
g AFE N b
i O i

b A

ian
HH

!
Il
.S

AL

2

Y

B

et

.

)

A~
2
1

s

11t

=t -4

1T

T
1




(16)

(a). Denendenqe of the minimum grid current upon the wavelength.
From the diagram on p.l4 it can be seed that the minimum grid
current (points marked "a") increases with decreasing wavelength.
Minimum grid current as a function of wavelength is plotted on
diagram 5, p.l7.
In the nmiddle region the curve can be avproximately expressed

by the followin equation: Fa = Cons?
Trrcn /;3

This form of the function agrees with the one deduced from the
theoretical considerations (Ref.1l0 and 11). The experimental curve,
however, deviates from the theoretical curve especially in the region
of short wavelengths, where the increase of the grid current is more
rapid. In that region the importance of having the electrodes in the
loop of the voltage wave is obvious, since for short wavelengths the
minimam grid currents are high and any means for reducing the grid

current are very desirable.

(e)s Effect of the dissymmetry of the grid and plate circuits.

Due to a very rapid increase of emission current for shorter
waves, it has not been possible to obtain waves below A= 25 cn.
with the tube used in the experiments described above. This may
be due to the dissymmetry in the arrangement of electrodes, as
at high emission the filament was slightly sagging. However,
another peculiarity was also noticed, namely, the distribution
of standing waves along the circuit was not symmetrical. The
position of nodes on the plate wire "P" did not exactly coincide

with the nodes on the grid wire "G", nodes on "G" being farther
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away from the tube, than the nodes on the "P" wire. Since the

"GM gnd "P" circuits are identical except for the &lectrodes,

this effect must be caused by the grid, having an effective length
which is evidently several times its actual length. By taking

into consideration the grid to plate capacitance and the inductance
of the grid spiral the distance between the bridges was calculated
_for different wavelengths and the results were found in agreement
with the experimental values. However, the effective length of the
grid circuit was greater than the length of the plate circuit, when
the tuhing bridges of the shape shown in Fig.4 were used. Hence, if
the grid circuit is tuned sharply to the most probable electronic
frequency or multiple thereof, the plate circuit is not so tuned,

and vice-versa. The fact that one of the circuits is not tuned is very
undesirable since :this condition requires more energy expended in
the circuit to produce a given voltage between the grid and plate,
than is the case when the circuits are tuned simultaneously. This
effect is much more pronounced for shorter wavelengths, and may
whoily explain the rapid increase of the grid current with

increasing frequency.

To avoid this difficulty, the following remedies can be used:

(a) Separate tuning of the grid and of the plate circuits, (b) Change
in the construction of the grid by placing a supporting bar along

the grid and welding it to the grid, thus effectively short-circuiting
the grid, so its effective length would be equal to that of the plate.

The first method has been used by others for standard tubes with

apparently good results (Ref.3), although the importance of the



(19)

separate tuning has not been explsained. Por the special tube,
described above, wihich has two circuits on either side for the

purvose of placing the electrodes in the loop of the voltage wave,

the first method of obtaining symmetrical "P" and "G" circuits is
rather inconvenient. The displacement of the bridge Cgl with respect

to Cgl (see Fig.4), would affect the distribution of waves on "G",
which is undesirable. Another disadvantage is that the distribution
would still be unsymmetrical even if both P and G circuits were

tuned. Another modification of method (a) would be to make the "2

and The "G" circuits intersect at right angles to each other (see F.5),

but this would considerably increase the radiation resistance of

the circuit.

The second method, (b), will make it possible to obtain a
symmetrical distribution of waves throughout the length of the
circuit with the use of simple condenser bridges. At the present
moment a special tube is being built with particular attention being
given to the symmetry of the electrodes inside the tube, and of

the grid and plate circuits.
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4, Analysis of the experimental results.

The following analysis is an attempt to explain the very
rapid increase of the grid current with shortening of the wave-
length. The experimental results presented, indicate that the
minimum grid current depends upon the wavelength in the

following manner:

Fa =22 2 2B £

jl?}r' - /)2 /73 /77
where kl, k2 and kg are constants of the tube. This form of the
equation has been obtained from the analysis of the curve Igmin.
shown on Dia.6. The theoretical value of Igmin., derived on the
assumption of the same effective A.C. voltage throughout the length
of the grid, (Ref.|0), differs from the above in that k;= kz = O.
Hence it is desirable to analyze the conditions actually existing
inside the tube, and to axplain why the theoretical ass%%fion o
not valid.

Another object of this analysis is to show that the observed
rapid increase of Igmin. with the displacement of electrodes from
the central position with respect to the voltage wave, is actually
caused by a decrease in the effective A.C. voltage across the

electrodes and is not due to the detuning of the oscillating circuit.

(a). Distribution of standing waves glong the wires.

The distribution of waves along the wires forming the oscillating
circuit is represented graphically on p.2l. This distribution was
found by determining the positions of voltage nodes and by

wavelength measurements. Only the voltage wave is shown. The standing
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current wave would be displaced a quarter wavelength from the
position of the voltage wave, because the damping is very small.
Diagram 6 shows the distribution slong the grid wire only. The
nodes on the plate wire, however, practically coincided with

the nodes on the grid wire.

(b). Effect of the grid to plate cavacitance on the natural

frequency of the oscillating circuit.

The oscillating circuit consisting of the Lecher system, short-
circuited at the two ends and with the tube placed in the system,

b s : . _
can be shematically represented as is shown in Fig.6.

r JE— Z
& o T I
sc »C,L: e &.C
AN
£ £ ‘ L €
Fig.6.

Co represents the total grid to plate capacitance, L and C are
the inductance and the capacitance per unit length of the circuit.
If "e" denotes the voltage between the wires at the point "o of
the system, the following donditions must be satisfied if the
circuit is to oscillate at its natural frequency ( the.effect of

damping is here neglected):

2 T =7 o e,
€=_Z;///C:ZL6//’L/Z/LC’(J-_Z{:/ &—Z‘é'ﬂg[-cw——v"-/aw
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Eliminating e, I;, I, and I, from the above equations, the
following relation is obtained between the constants of the circuit

L, C, and Cy, the lengths Lj and 1lp and the angular frequency

Cwft = Cotarn b, Jic w + Colarz LyiC w

For two parallel wires the following relations can be written:

BE wl o B o e S A
Lo == F »—-2#:: 2 /7 P e e = /7
i o c., V p— C¢‘ 27;
& /ygjd" c e c J

Hence, the natural frequency of the circuit can be determined

from the follo@ing equation:

Cola s -/%Z/f‘ 7 [z"fdﬂ//—/‘/r: 55’1:72_2‘ w0 w o )

For special cases the above formula can be somewhst simplified,
as follows:

Case 1. Cqy = 0.

[éz‘an/—iézﬂ" + [22‘4/4/]_/*-27/" =0

CoFrn /_é o — (o o Y

A
Lo i o2
A
g hmnF

Case 2. 1, =1;=1

A

-, (‘of’dh%]ﬂ" = ;<

£ _ o 27
x?{iﬁﬁ&& T = = 5
o

5 “
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case 3. 114 1, =/ = const.

(oZsyrr £ 27 + (LZL””A~427/_,B_('£,_Z_?: - /4/
A A < A
To check the application of this simple theory to the case of
a tube placed in the middle of the oscillating circuit, the value
of ‘%Q' was calculated from the experimental results for aifferent

values of /'? .

The experimental data is shown in Table I below.

TABLE 1.
Ao | 109 | 102 92 82 60 48 38 30
A, 40 35 30 25 46 i 58 33.5
4, | 20 17.5| 15 12.5 9 26 19 16,75
4, 20 17.5 | 15 12.5 | 37 51 39 16.75

Calculated values of%%ﬂ using formula (3) for J=109, 102, 92,
82 and 30, and formula (1) for =60, 48, 38,cm., are snown in tables
II, I1I, and ¥V. The values of -ga are almost equal for wavelengths
in the region ) = 109 to 60 cm. Ior shorter wavelengths the value
of -%9 increases, This increase can not be attributed to inaccuracy
of measurements but is probably due to the fact that at shorter wave-
lengths some factor other than the capacitance between the electrodes
plays an important part, as for instance, the inductance of the grid
spiral, which has been entirely neglected in the above discussion.

LOtwithstanding the fact that the theory presented above is not

directly applicable to this case, the derived formulas will be used



TABLE Il.

2 j? /ng?z* CZ{fé&r ;ff éﬁ:éz§§%
109 18035 66.0° 445 0287 1545
102 | .1715 61.7 539 .0308 17.5
92 | .1630 5847 609 0340 17,9
82 | .1525 54.8 705 .0383 18.4
30 | .5490 197.5 3.17 .1047 30.3
TABLE III.
(FE27
. j'/}-— 7%277' sz/‘?!éf /74 /—?4277 67;7427 [‘}4 5 2775 -g—'
2 /7—Zv
60 | 4150 | 54° | .726| .617 | 222° | 1.110 | 1.836 [.105 | 17.5
48 | .542 |195 |3.73 |1.062 | 383 | 2.35 | 6.08 |.131 | 46.4
38 | .500 |180 | e= |1.027 | 370 | 5.67 o= |.165 -
TABLE IV.
2 LT
C
109 15.5
102 17.5
92 17.9
82 18.4
60 17.5
48 46.4
38 oo
30 3043




Jable ¥

& =10 & F=2e & Fso & FF=v00

L\ or|Gttal e for | 47| Lol ce\ S | § 2| G\ | for | £\ G el Sor| £y | Lty
S50 | Z/5 | =eo |ree o 0 5.0 ||#a= o g | 520 |rae 0 o | 570 |4 = 0 o P
Yo |287 |~1375|2376|.378 | 6.37 | 4635|5376 | 240 | 458 |58 (6376 |- /85 | 2% | 72497 | #376| 088 | L5 | 50 %
TO /88 |~s25|0725| 656 | /0.3 | 903 |R325|.%07 | 697 |76.97 57325 . /F5 | 295 | 7255 | 10326| . 077 | /5% | 5454
L8 /5y | o sioo | JES | /2.8 I7.5 || 2000 762 | 773 | G253 |$Tee0 | /76 | F/2 (2872 /0000 | 0FF | LST | 26.5)
RO | L2857 225 | 4678 | G77 | /55 | 355 || 1678 | 578 | L5 |\ 2IST | saps | 2/0 (7357|2235 | G675 s02 | /52 | 2/ 62
/8 | Fe2 | 726 1274 |. 668 | /0.6 25760 (4278 |. 230 | 266 |/MFié (Z275 | /07 | Lpe | /4. Te
/o | 624 | 1375 2628|268 927 |27 | £425 |\ 1Y | Lg2 | 22
S| G077 6723 | 193 | 228 | 728

77700, 21,4, 721/, 2/,

TG 2500 /2.0 6.72

(eg2)
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to find how rmuch the natural frequency of the system ehanges if
the cordenser C, is displaced from the middle positiomn.

First, the relation between 13 and 1l will be found for the
case 11# 1, and J=const. This can be found from formula (3)
Pe 25« The results are shown in Ta;bles V and VI, and are represented
grapnically on Diagram 7. In general, it can be said, that the sum
1, + 1z 1is greater when 1, 7“3 1; than when 1, = lg.

In the experiments of this thesis, the value of (11 + 12) has
been kept constant. Let us find how much the wavelength will be changed
if the condenser C, is displaced from the central position. Formula (1)

can be written as follows:

(ofa /f’zrqc 442/ +/2‘¢ﬂ t2 nr — —-2/- —=2-

vihiere 4'—‘/‘:*(1/, and 4’4"4/0 s so that L+l = =const. The values

of Sotanf]/f, 2 x Cotan;gf,?'rf and the sum ('DZLZM /,7/4“?1‘,/0,1'8 nlotted
as functions of )ﬁ on Diagram 8. If /?, is the wavelength corresponding
Cs P
to the case 1; = 12 (or sé=0), then for a given value of 2.3/,— ‘—'6\’.,, we
. 1 ép - - . Cz‘ﬂ'
can find the value of -)—-zlz, from the condlt;on that Z °,J—‘)f =y o

Now, 1f we make 1) =1, 4+4ly , and 15 = 1, - aly, the value of /L will

change to 2 and o, will change to & so that q = —3—1 « The correS’;';ondlng
0

& 0 i
value of F will be: 13=[;‘—&-. Knowing the value of F we can find from
4

e 3 - P &
curves on Dia.8 the value of —;—‘, and then the value of—+ )"/5 . e want

2

to express Ae in terms of the original wavelength 2, : this can be done

Aé;_bpa A _-'_S__Qg.'_(_

as fellows; — = ==+ =
Mo p) Ne Y, =

Thus assuming the value of & , we can find the value of the

displacement Aﬂ, . By this method the table VII has been computed and



TABLE VI.
Zf_'e. ;_/Z' CoZ:)—/27 /7£ =7 ;7'4

0.0 <0 1.57 «250
2 ol 1.475 234
o4 o2 1.370 «218
o6 3 1.280 «204
«8 o4 1.190 «189
1.0 5 1.107 <176
dsed o6 1.029 <164
l.4 17 «960 « 153
1.6 «8 «896 142
1.8 o9 «838 «133
2.0 1.0 . 785 «125
25 1.25 «675 «107
340 1.50 « 587 0935
3.5 1.75 .518 .0826
440 2400 462 0733
4.5 2.25 «419 0668
5.0 2450 « 380 0605
6.0 3.0 « 320 0508
7.0 3¢5 277 «0440
8.0 4,0 244 .0388
9.0 4.5 «218 0347
10.0 5.0 «198 0316
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TABLT VII.
x’ %:g/ﬁa P VA V-V P Y %
a VR | T 2 |2, T,
1.05 | .953 | .1858 | .255 .069 6.58
1.10 | .909 | .195 .285 .090 8.17 | a,=5227,
<4
1.15 | 870 | .204 «310 .106 9.22
oL
1.177 | .850 | .208 333 121 10,30 | A= 7
1.25 | 4800 | .221 «380 «159 12,70
1.33 | <750 | .236 430 194 14.50
1.41 | 707 | .250 «500 «250 17,70
2,11 | .95 132 171 .059 560
2.22 | .90 139 «209 .070 6.30
X220
2.35 | .85 .147 .225 .078 6.63
2.50 | .80 .156 «255 099 7490
=I/ ;
2.86 .70 178 313 131 9,36 | /7=
3.34 | .60 .208 «380 38 10.30
4,00 | .50 .250 «500 .250 12.50
3.16 | .95 .098 .126 .028 2.66
3.34 | .90 .103 .148 .045 4,05
&, =30
3.54 | .85 .109 .168 .059 5,00
3.75 | .80 .116 .187 071 5.68
=0
4.28 | .70 . 183 283 +100 e | e
5,00 | 460 .155 .285 +130 7.80
6,00 | .50 .186 .351 .165 8425
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the curves on Disgram O represent the change of wavelength = with

the displacement == for tne condition 1, 4 1o, = const. Ior larg

& 27

values of Eflff the calculated values of the wavelengths decrease
L]

quite ranidly with the displacement.

o

The experimental results, however, saow that the wavelength is
increasing slightly instead of decreasing when the electrodes are
displaced from the central nosition. This effect can be explained
only by the presence of inductance as well as capacitance in the
middle of the circuit. This inductance is evidently the inductance
ot the grid spiral, and its effect will be considered in the next

paragraph.

(d). ZEffect of lumped inductance in the Lecher system.

If inductances Lo (see Fig.7) are placed in each wire of a

short circuited lLecher system, the natural frequency of the circuit

-~ Z £, Z -

S Z é’, ——>1;ez 'Z; sc.
i
&, & - & PR

P 7

can be found from the following conditions:

e =_z/‘/'/§z‘a/74 ¢ w

e = _z;/'//c.gz‘f/n/j_/[?w

g -8, =/'Z:,ZZ,, w

Z.=Z,; L =-I.

Zj/yz.z——z"aﬂ/j/ﬁ’w - g/'@fantf/&?w =/']:ZZ,,w
7 SE tan 1w = — 3 fE e = 5 20



Z’aﬁf/?'w + Zanrn b,

¢ ton £
aﬂ27r+a//7

or

@

24

VIC w0 =—2L, w/:
P .27
A

l\

or .

ze: 4=,

Bffect of a circuit of length lp, having distributed capacitance

Lecher systen

placed in the

v o s K - o e T s 4+ 7
and the inductance L, ner unit length,
iiae girecuit 18 represented 1 P12 08

- 4 e
: Faa LT
Sc. e ¢; Ss.C
Cok s ETE,

Tiie following

of the circuit;
6§ =Z/)Elens)iCew ... ... (7
&/

= ¢ (os/ L”c;wﬁ/—/'_zl'/?ﬂh/,/’z‘,c PP 7
€ =& [bs..//QTw,a/j/hJi Ll G a . ... Ha
into (9) and

substituting (7) and (8)

];//C—‘f?f‘a/ﬂg LCLd =

= V/é—:zloné 2.C e /as‘/f,/,/zz,‘w+/f/é.i—°mf’ Gllifiew .. .

w = fE ol B VT ot TS



(34)

or, Z Lard, )il w =J,/'/zém4/27w§54///,—q wf/é%ﬁné/ézzy}, vs 8

T Lar L)0 w =z/zm vy 5,5/,/fzw+/c/f;fa/»’h4/zz w// Y

Sliminating I and I, from (13) and (14) we get the following
relation between :he constants of the circuit and the

Bl anna s e
1101.-/,._-,‘,.

ZLﬂn/LCwZLdn//_w fdﬂ/NWan/Fwﬁs LV o

A+ /zém//f?w o Lol 1EE wlo sn G o CoslliGico - )2 .. .. G5 .

o Z‘dﬂ/’—"/’/ﬂ’zlérﬂ/l—/‘iz‘ /- (552/,/2:,7,'54/:'(%‘5 i Rt

L4

+* /('[:',:fa/;ﬂ L1 w (354 1T, w Z‘an/}-"ﬂ//rvﬂ Z‘a”//_/;/%u//

/’/z,(

//Zéd £ oy 77 /‘Z/‘ ‘:fm/,/zf;w Lo MGco -

é -/z. '

z :é:p
- 2ﬁ7/7¢f/Z;i CZT“ Z‘Zen7;7—‘?ﬂ'7‘2é%ﬂ/d <7 L -/62/

2z 2/ % L€
c?n a1
L p 2 YA

To check the correctness of this formul: 2 will consider

several special cases and compare the results with formulas derived



Case 1. Ly = 0. a7 4 l,c w =0

e 25 /2,2,
Lo £l o+ vy Soir = Lo Loz vy S L /;_ St gé,//y

ég}?? ’,Zaﬂh /ZC' G w
/G, =

Sl

»

o

. Z%////-//—'Zﬂ“v’—z‘c'/n//—

Ve G, . &G 2%
('02-4/77—-27_7" (BZLW/?;—/—Z// = P /7

This is equivglent to formula (1) on p.23, where the total capacitance

1(_‘}30 was denoted -'L}_JV \J‘,‘

Ao ) U
LOSE K o =0

Dw//fw
Zﬁ7/7 ‘?ﬂ"vﬂzﬁ977-——22v- /V(:rz;— Zars é:%3§2h /;7L7/AZEE/;7 /{i;////
Tt

. Lp/zT ZZ ZW—
—— =47 5?7 r‘— Lo N T T

. 4 .. P AR T Puy "
o ZLzrn;]—-2// +ZL4/4/]——/7/’ i /7 - @ /_j/

This is equivalent to formula (6), p.33, where 2Ly, the t

in formula (19).

g - 1 o

1s e 1 valent (

e \ LA VAT \® -~ L
5 €4 VY o0

I



- _p v - 4- A~ P 2 ~ 1 o~
ular interest to us is the

lont LVt v = JEE . BTGS20

o 2
° e Lyic w— %—E
o

/o€
Zl'ﬂﬂlg/z-é'w — < I ZLA’/f?/? LC w ——Cé"-f = 0
Zam b Vit w ?

jZ<
. Tornljicw = J&57 = Z"e

2an &, )il w z/ Jzw Ta&LE T

/ Col

S
- Zan* W Cw o Cs& Mt i’ ([
z‘w/zr”/// o Z/’// /e //zd y =

G )G ©

= JEE f trr A1G w £ Corec 4G wof

(/14 fﬂ/’l [[ w Ap/;/g 710 f/é’/;lﬂf
P Zédng/zc'w = Cpe

whe s G~ D
22

s Vé,zg Can :24‘: L,C w; holds s Fhe LT

w/é/f/ L = .5
S ,
Y
NoFe - [22‘“/ — (sew =< (_‘;f_{::._/.: —-.’2£'_’-__~- 2 X
S o LS E <
Z 7z
x
(ol + (5c = ﬂsf’b/:‘— <L o™z =t (GTan X
S PN X .
Z

e

2 __;/ﬁ’.‘:' z‘a///é/z:;‘,w ..... /2:/
Lo Tl =

/Z? Gban LVaC w . - (2
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Now, using equation (21) let us calculate the value of <§%f
o
from the experimental data shown in Table I, p.24, and then
compabe it with the theoretical value calculated from the

dimensions of the circuit.

To do this, let us rewrite equation (21) in the following

form: ZoC VA P L £ /
ﬂc;z. CZZ&V/7;;~A;¢; 7 7> = Z%?Ac/ LT o (ézj

where "v" is the velocity of propagation of waves along the
parallel wires (very nearly equal to the veloecity of light if

the damping is small). Denote the value %/AG = of , then:

e 4 f
4.< s
a 47 = G2 LT s v v v s .o
c,./.af 7 z‘/) c2)
If we know "1" and "g" for two different wavelengths, then:

‘* V4
loZor 57 Zlﬁn/;—‘{ZW‘

ia § gig)

F - e
from whnich "x" can be calculated, and then, if the value of "x"
is substituted into (22), the value of ééi; can be calculated.
o

However, this method is not accurate, because a small error in
measurements of "1" or "" will result in a considerzble error
in "x". We will use another method. We kmow that for {=30 ch. ,
1 = 0; hence we can write from equation (22):

CotanX =0; x=1.571= 1.57 x 30 =47.2

£LoC

4

Using this value of "x" the value of has been calculated

by means of eguation (22). The results are shown in Table VIII,

P«38. The average value of Véif is about 0480,

Let us now calculate the value of [;f from the dimensiouns

o

of the circuits (see Fig.9 and Fig.10).



TABLE VIII.

@ 109 102 92 82 60 48 30
el 18,7 16.2 157 118 | 6sB 3,0 0
Sfor 1.68 .998 937 | .859 | .680 | .393 | 0
z%zq;fézz’ 1.868 | 1.55 1.36 | 1.16 | 4809 | .414 | O
2= .43 462 | JB13 | .576 | .785 | .983 | 1.57
Colarn || 2417 2.00 1.77 1.54 | 1.00 | .666 | 0
;/EEZE" .86 775 768 | J755 | .809 | .620




For two parsllel wires, the capacitance and the inductance

per unit length are found from the following formulae:

l.__d——q

C =_{/_'§_ o an o)
7~
c[27cm

Lo
e Latspd .. o

Fy 2.
; . -14 . -8
where p = 8.85 x 10 and M =0.4x10 ",
Substituting the above figures and the dimensions of the circuit

in formulas (24) and (25), we find:

—~/4
5
= /2. 65 +/0 Z_Zf

o T > B85 « [0
i
/«3/“—5—'
-
PSS %27: :5’3*//—5 Ae/,v-g

N ad '?. Clrr

To check: p

VIC ~ Jioés+ .88 rr5i?

=0 22 fog)

The grid to plate capacitance can be calculated approximately
if we assume that the plate and the grid form a cylindrical

condenser of radii r.p and rﬁ,. Thens

75
(-_/7/’ Pr«8855/0 &2 y.n//’;’/i’-'éf%

G oE Tae
L

Since the length of the plate is

P equal to 1, & 2.6 cm., this gives as
Z-s5
7 the total grid to plate capacitance:

f’z'j. /0.

Colo = 115 x 10714 farads, and

the ratio 920 becomes equal to: Gle_ysato ” =91
Y . i - o -l

However, the experimental results interpreted on the basis of
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the ssumotlon that the grid inductance is negligible, which is
valid for long wavelengths, gave tne value of %¥§==]8. There-
fore we will take C, equal to:

0 =90 x 10-1% far. /om.
liote: Formula (24) gives the value of C, too small because it

neglects the end effects, which tend to increase the capacitance.

To calculate the effective inductance of the grid spiral
accurately is difficult, because it can not be treated as an
ordinary inductance, since the current is different in different
parts of the grid. When the loop of the voltage wave coincides with
the center of the grid, the current is positive in one half of the
grid and negative in the other, thus é&he effective inductance of
the grid spiral is diminished (see Fig.ll). It seems reasonable,
then, to take as the value of the inductance of the grid per unit

length the inductance of one turn times the number of turns per cm.

Fowes & =tenf
ﬁj_""o_‘ Q/}(L\‘/\(C%fa/af}[/ 2{ a{_X a(] K= ,25cwH
p< . r ds crr
/JV /; 26 crr
I
Fig I/ .

The inductance of a single turn of radius R of wire of radius r,

is expressed by the formula:

Ll :47/%// 8/?2 y'el. /7/ Che ...u...(27)

Or, since the value of ¥R is small:

Ly ,4,,,f/{y;i/f —-/7{/ x 10~ henry SR .. | o
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Substituting the values of R = .25 cm. and r = .05 cm., we get:

Iy = 4’7)'4'-25/%7 f":’s{f-/]’f/:‘vG eme = 6 x 1077 henry /turn.

The grid has 10 turns per cm., so the inductaence of the grid

per centimeter: L=6 x 100

henry/cm. In the above theory a
syrmmetrical circuit has been assumed. Therefore we must take as the
value of the indﬁotance per unit length of the circuit 1, (Fig.8),

Ly =L/2= 3x 10~8 henry/cm.

Using the values of L, C, Ly and C, calculated above, we find:

Lol - S 65 & /S
//sz — J I /0 fx/z s /i’,,/ =~ 69
° - B8rs6%s 70470

Considering the roughness of approximations made in deriving this

value, the agreement with the experimental value (0.8) is surprizingly
- Lo 4 _

good. The value of x = 5> £, - (see p.37) for the above values

of L, C, L, and C,, becomes:

x' = -Z—ééx erx 3 x 10°° /3 x 1078 x 90 x 10°1* =40.2

The value found on p.37 was x = 47.2. The ratios:

. vz

2.2 7 4
/Z':_Z%Aao’:

indicate that tne true value of Lo must be:

L,=~3 x 1078 x ( 1.16 )2 = 4 x 108 henry /om.
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The above presented analysis gives the explaination why
the natural frequency of the circuit remained constant when the
tube was displaced from the central position: the inductance of
the grid neutralized the effect of the grid to plate capacity.
Analyzing the distribution of standing waves on the wires, shown
on pe2l, it can be concluded that when the frequency approsched
1= 30 cm. the effective length of the grid was equal to half
wavelength. For this wavelength, then, the A.C. voltage amplitude
was different for different positions along the grid. The average
 value of the voltage amplitude on the grid was less than its
maximum value,.while for longer wavelengths the A.C. voltage was
very nearly the maximum throughout the length of the grid. Since
the A.C. grid to plate voltage is the factor which produces
oscillations -of the space charge which supplies its energy to
the oscillating circuit, the rapid increase of the minimum grid
current when the wavelength approached A= 30 cm., can be
under-stood. A short circuited grid as a rgmedy for this
undesirable phenomenon, was mentioned on p. 18.

Comparing the circuit shown in Fig.4, which can be called
the "double" circuit, with the circuit shown in Fig.l, it can be
said, that the average grid to plate voltage will be higher for
the"double" circuit than for the”single" circuit, which will
result in a greater amplitude of oscillationd for the same grid
current for the double circuit. Another advantage in the use of
this circuit is the possibility of studying the distribution

of standing waves along the electrodes, which will aid in the study
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of the mechanism of the generation of Barkhausen oscillations.
It also gives a simple method for the suppression of normal

waves when shorter waves of higher order only are desired.

5. Wavelength measurements.

The first evidence of the presence of oscillations in the
circuit is the appearance of the plate current. This current flows
in the direction such as to charge the negative plate battery. This
can happen only if the electrons gain more energy in the space
filament-grid than what they loose in their path from grid to plate.
If there were no oscillations the energy on the two sides is the
same and consequently no plate current flows. If the bridge "B" (F.1)
is moved along the wires while the grid potential is kept constant,
the grid éurrent will be a maximum when the natural frequency of
the circuit corresponds to the electronic frequency or its multiple.
The distance along the wires between the maxima of the plate current
will be then equal to one half wavelength. This is one of the most
convenient methods of measuring the wavelength. If the plate current
is plotted as & function of the position of the bridge, as shown on
Diagram 10, and the wavelength is determined from the curve, the
accuracy of this method is quite high ( a few millimeters).

The above described method was used together with another, which
consisted in bringing close to the oscillating circuit an auxiliary
Lecher system. When the natural frequency of the aﬁxiliary system was
the same as that of the first circuit, a decrease cf the plate current
was observed, because the auxiliary circuit then absorbed energy from

the primary circuit.
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For small amplitudes of oscillations the frequency of the circuit
for maximum output was found to correspond to the theoretical value
of the electronic frequency or its multiple, calculated from the
dimensions of the tube. Scheibe's formula (Ref.!2) for eylindrical

electrodes was used for calculating the wavelength:

7=l [1152) + Sl Z k),
vmere-////—yfﬁ/-xe/”dz/ zx—//::; ) ///—4’5 & 4”” ”'/_—;-

In all practical cases the value of rg/r,>>10 so that the
function £(x) 1is the same for all tubes and is equal to F(x) = .620.
For convenience in using the above formula, it can be rewritten
as follows: ﬂ _ /ooa/' 7/_‘/1‘/;/’!/1‘/&?/ p P53 £;=0

/%; /?;/ 4 / fz,éZo
The value of the second term is plotted on Dia.ll, p.46, as a function
of the ratio dp/d.g . Knowing thés ratio the value of the constant "A"
can be easily determined from the curve. The use of this method makes

the application of Scheibe's formula practical. The expression:

SR ""” /éf/i/ f/’f///

can be called the "wavelength constant™" of the tube, knowing which the
voltage for normal waves and for higher order waves can be calculated

from a simple formula:

S\

’%L :==(716/§}

X

where "n" stands for the order of the wave. For small amplitudes this
formula gives the wavelength within 5%. The explaination why this

formula does not hold for large amplitudes can be found in Ref.lS .
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6. Fnergy measurements.

(a). Plate current.

It was mentioned above that the appearance of the plate current
indicates the presence of oscillations in the circuit. The shape of
the curves showing the plate current as a function of the tuning of
the circuit resembles the shape of resonance curves (see Dia.l0).

Let us consider more cdosely in wﬁ% manner the plate current varies
with the change in the A.C.potential on the plate which is superimposed
on D.C. potential when oscillations are present. In an ideal case, if
the cathode represented an equipotential surface, all electrons would
move in straight paths radially and approach infinitely close to the
plate, then the plate current could be represented by a blocked wave,

as shown in Fig.l2. The shaded area would represent half the number

/f4<:§§ of electrons which passed the grid, and the
s ~o—
Zr average value ef+the of the current would be

7
N = independent of the A.C. voltage. However, in

'
.
1
]
1}

the actual case, the A.C. field acts on electrons
J’%?.AQ. throughout the time of their motion from the

filament to the plate; there exists a drop of potential along the

filement and the electrons have different radial velocities due to

deflections from their radial paths caused by the grid spiral. 4All

these factors would tend to make the plate .current dependent upon the

magnitude of the plate potential (A.C.). AS a first approximation we

would expect that the plate current will be proportional to the voltage

amplitude. o T
Ip eC By g

This relation is confirmed by the experiment. The current in an aperiodic
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circuit coupled loosely with the Lecher system is found to be
proportional to the plate current. Since the current in such an
aperiodic circuit is proportionsl to the 4A.C. current in the
oscillating circuit, it means then, that the plate current is
proportional to the amplitade of oscillations in the circuit.
The curves on Dia.l2, p.48, show the plate current IP, the grid
current Ig and the current in the aperiodic circuit Id' as
/;;?\ functions of the grid voltage Eg. The current
, in the aperiodic circuit has been measured by
ZF??; means of a thermocouple and a galvanometer, as

shown in Fig.1l3. The curves on Dia.l2 show

/FEE%./E?. that the shapes of the plate current curve and
and of the current in the aperiodic circuit are alike., Thus the
measurement of the plate current gives the relative value of the
amplitude of oscillations. The grid current (Ig) follows the (Id)
curve more closely than does the (Ip) curve, but it is difficult
to measure accurately small variations in the grid qurrent caused
by oscillations.

(b). Thermocounle method.

As was mentioned above the relative value of the intensity of
oscillations can be measured by a thermocouple in the aperiodic
circuit. The absolute value of the energy can not be found by this
method, because the coefficient of coupling between the aperiodic
eircuit and the oscillating circuit, and the constant of the
aperiodic circuit is difficult even to estimate, as they depend

not only upon the dimensions and distances of the two circuits,
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but vary also with the frequency. The thermocouple could be
placed directly in the oscillating circuit but this would
introduce a considerable resistance in the system and change
its characteristics, which is undesirable especially because
it is difficult to calculate the constants. Thus the thermo-
couple methods give only the measure of the relative change in

the intensity of oscillations.

(c). Absolute value of energy output.

Some idea of what the absolute value of the enéergy is, can
be obtained by the following method. It was shown that the plate
current is caused by the A.C. potential on the plate. Only those
electrons will reach the plate which acquired more than zero
energy in passing from the filament to the plate. This energy
has been taken from the A.C. energy. What becomes of this surplus
energy of the electrons which reach the plate? They strike the
plate and their energy is dissipated in the form of heat at the
plate.‘Thus the plate current represents loss of energy. This
was first demonstrated by Kroebel (Ref.5). Similar relults have
been obtained by the author. The curves shown on Dia.l3, p.50,
were obtained when the plate potential was made negative. Here
we see that while the plate current decreases with increasing
negative plate potential, the current in the apefiodic circuit
increases. This happens because the energy which was lost at the
plate is now delivered to the oscillating circuit. The plate loss

can be measured as follows. The plate current giving the number

of electrons per second which loose their energy at the plate is

measured by the galvanometer in the plate circuit. The energy
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(53)
distribution amongst the individual electrons must also be
known to find the total plate loss. If we apply a negative
potential to the plate, at the same time keeping the A.C.
plate potential the same, the plate current will gradually
decrease. The negative potential at which the plate current
becomes zero will represent the maximum energy of the electrons.
The energy distribution will be represented by a curve shown
on Dia.l4, p. 52; by integrating this curve the total energy
loss at the plate (Wp) can be found.

The plate loss is not the only loss. Some power is expended
due to resistance and radiation of the circuit. The theoretical
considerations of the mechanism of oscillations of the Barkhausen
tube lead one to believe that there exists én energy loss at

the grid. By the grid loss here is meant not the loss but

Ig Eg,
a loss similar to the plate loss due to the oscillations. For
practical purposes the radiation loss may be considered the only
useful energy, so that it is desirable to eliminate all other
losses as completely as possible. The ohmic resistance of the
circuit is usually very small. The grid loss can be decreased by
making the grid of thin wires, althogh the grid loss can not be
.eliminated completely. The plate loss is decreased by applying
negative potential to the plate. The curves on Dia.l3d show the
increase of the intensity of oscillations when the plate loss

is decreased. The maximum of intensity is reached when the plate
current is reduced to zero. With further increase in voltage the
intensity of oscillations decreases because the oscillating space
charge is farther away from the plate and the voltage induced by

it on the plate is smaller. The ratio IJ/IiO represents the increase
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in the amplitude of oscillations which can be obtained with
optimum value of the plate voltage. If the plate loss is
measured for zero plate voltage, the maximum energy output
of the tube can be approximately calculated from the formula:

2
14| -

Vmax = W, |=2] -
P ila.)

7. Dependence of energy output upon the emission current.

a) Limits of maximumlenergy output.

The above derived relations are applicable to cases when the
tube is operated with constant emissidn current. The increase in
emission current increases the intensity of oscillations. The curves
on Diagram 15 and Dia.l6 are typical curves representing the change
cf the intensity of oscillations with the emission. They show that
the oscillations begin only at a certain minimum grid current. The
intensity increases very rapidly at first and then reaches saturation.
This effect is quite impqrtant since it shows that the energy output
of the Barkhausen oscillator can not be increased indefinitely by
increasing the emission. The voltage at which the saturation is reached
is approximately the voltage corresponding to the saturation current
on the static characteristic. This then, represents the upper limit
of energy which can be obtained with a given tube. This saturation
effect can be explained.by the screening action of electrons which do
not deliver energy to the circuit but form a dense space chargg around
the electrodes, thus disturbing the oscillations.

One interesting feature of these curves (Dia.l15) is that the

minimum grid current does not depend u on the plate voltage. Another
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important point is that the optimum negative plate voltage is not
directly proportional to the amplitude of oscillations, but seems

to be also a function of the grid voltage and the emission current.

(b)« Exverience with water cooled grids.

Results similar to those shown on Dia.l5, were obtained for
tubes with water cooled grids. Figures 14 and 15 show the general
view of the construction of the tubes. The saturation was also
reached at voltages corresponding to the static saturation curves.
In most cases, however, the minimum grid current was considerably
higher than for radiation cooled grids, which can be explained by
the coarseness of the grid which had to be made of tubing of larger
diameter than the diameter of wire used for radiation cooled grids.
The maximum intensity of oscillations that could be obtained with
these tubes was usually smaller than for ordinary tubes. Thus, in
general, it can be said, that the use of water cooled grids is not
a solution for increasing the energy output of the Barkhausen
oscillator, since other factors, such as symmetry, proper design

of electrodes and sharp tuning of the circuit, are of a greater

importance than the excessive heating of the grid.

(e¢). Minimum wavelength as a function of tube constants.

The above tests demonstrated the existance of the lower (Igmin)
and the upper (Igmax) limits of the grid current (the latter
corresponding to the maximum of energy output). Obviously, the tube

will produce oscillations only if Igmax>>1mm¢n. The dependence of

g
Igmax upon the voltage can be approximately expressed as follows:

3
Igmax = kg Eéé
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where the conatant "ks" can be called the saturation constant
of the tube. It depends in a known manner upon the dimensions
of the electrodes and can be calculated. In the short wave

region the value of Igmin can be expressed as (see 1D.20):
I.min = _Eﬁ.
q 0?

where "kg" can be called the excitation constant of the tube.

The condition for oscillations requires that:

ke 2%
Igmin <(.Igmax, or: 4757 < kg Eg

Expressing the voltage Eg in terms of the wavelength and the

wavelength constant (see p.45), we get:

3
4 h*. . f A ot
A similar expression for waves of order "a" will be:
e, . _ % . _ " )
B =8 T =85 S GyE
A .
/rf’n /7
> 7y
VAR A SR G

These relaticns show that shorter wavelengths can be obtained
for higher order waves. However, the excitation coefficient for
high orders "ken" devends a great deal upon the symmetry, so that
higher order waves are obtained only when the tube is symmetrical.
The value of the excitation coefficient depends not only upon the
design of the tube, but also upon the nature of the oscillating

gircuits.
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8. Conditions for maximum energy outpute

The conditionsfor obtaining maximum energy output from the
Barkhausen oscillator will be here summarized:

a) The oscillating circuit must be tuned to the most probable
electronic frequency or its multiple (Ref. 1,3,4).

b) The emission current must be high, almost reacﬁing its
saturation value.

c) The plate voltage must be negative and adjusted for maximum
amplitude so as to eliminate the plate loss (Ref.5).

d) The tube must be symmetrical in order that higher order waves
could be obtained (Ref.7).

e) The A.C. voltage between the electrodes must be a maximum,
which can be obtained by placing the electrodes in the loop
of the voltage wave, as has been described in paragraph 3
of this paner.

The above are the most essenfial requirements. Other factors,
such as the construction of the_grid, the ratio of the diameters
of the plate and grid, their size (diameter and length), the size
and the material of the filament, the degree of vacuum in the tube,
and many other factors have effect upon the operation of the tube.
But a systematic study of their effects has been very difficult,
since they were usually masked by the more important ones. It is
hoped that this work may aid in the further study of the Barkhausen

oscillator by reducing the number of the "unknowns".



In conclusion, the author wishes to express his apprecistion
for the assistance rendered by Mr., William Clancy in the construction
of the tubes, the advice and suggestions by Dr. S.S5.llackeown, and
the interest in this work shown by Professor R.W.Sorensen and

Dr. ReAJdIillikan.
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