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Introduction

The frequency of Barkhausen-Kurz oscillation is nearly equal
to the inverse of the period of the pendulum motion of an electron
or to its integral multiples. This is an experimental fact and it can
easily be imagined that the frequencies are such ones, when oscil-
lation occurs. But this relation of frequency can never afford any
explanation to the occurrence of oscillation, because if the electrons
which can contribute to the oscillation are respectively in different
phases of motion, their effects are nothing in all. On the other
hand, the occurrence of oscillation as'an experimental fact must
be attributed to the existence of the negative resistance, in an
electron tube,

The author has calculated the currents between electrodes in
an electron tube for two cases. The first case is one when no
electrons are caught by the anode by means of sufficient negative
anode voltage and the second is one when the electrons of larger
amplitude are caught by the anode. By use of these expressions,
the author demonstrates that the negative resistance can occur
between electrodes at the expected frequencies. In this paper,
only the first case is treated and the second case is to appear in
part II.

Currents between Electrodes, when no Electrons
are caught by the Anode

We assume the parallel plane electrodes as (a), (b) and (c) in
Fig. 1, and neglect the effect of the space charges. In the follow-
ing, where v, and v. are assumed to be small against V,, we cal-
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culate, neglecting the terms of the
order of (v/V,) and the higher

terms.
The notations to be used are

summarized :
T, transit time from K to G
when v=0,
T.: transit time from G to
turning point when v=0.

T«)=2(T1 + Tz), v
eV, eV +V)

md,’  omd.
eV
ﬁl mdl ]
;€U
wd, for (a),

Bo= _‘f@;;i;ﬂ for (b),

2

—ev,

i for (c),

m, —e being the mass and the
charge of an electron.

n: the number of electrons emit-
ted per unit time by K to con-
tribute to the oscillation.

The relation

oy Ty=0aTs (L
exists.

From the equation of motion,
we obtain the following velocity
expressions for an electron leaving
K at the instant i=i,:

from K to G,
U =u1, -+ u[”,
u;’ = ll.\(t——‘ tu),

Voltage distribution according
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from G to turning point and thence to G again:

u.=1u,+ ug”,
us = oty — 1)+ (o4, + )T, (3)
o 3, . .
u) = (’11 + ”ﬂ:) o7+ »]‘;'-e"”"’(e?“"‘ — 1),
w

b\T](t()) =y 7[:)' o e’"’"’(e’ vl 1 ](UTI)

and from G to K,
w,=u + M:s”, 1y = ’ll(t“ tu) — ’lle

w = —(un+ )07 + ~—£‘—(8ij — giv ot T2 4)

ﬂl egw!o(ejmlx 1) ﬂi’- u(lo+[’1)(ej twi's 1),

jow

2’/1 S { ey to(eawr, 1)

OTu(t) =218 (1) + - 2,9

”‘,1@‘“(0 e7w(lu+l’x)(e] Rw’z 1 jleTg).
0T (1)) and 8T%(1,) are such that the electron passes through G at

t=t,+ T+ 06T\(1,) on the way to A and at t=1+ T +2T.+0T (%)
+0T(f)) on the way back, when ¢T; and 67T, mean their real parts
here. :
If the instant at which the electron comes back to K is
t,+ T+ 0T (L), 0Tyt is not needed to the calculation of currents,
as can be indicated. later and so we do not seek its functional
form. Now, the current J, flowing into G from outside on account
of electron motions between G and A is

b

Ji= :d?ze_juﬂdto ,

fo?!

where 1/ is the i, of the electron which passes through G at ¢ on
the way to A and ¢ the ¢, of the electron which passes through
G at t on the way back. Therefore,

tu, ={— Tx. - ‘()\Tl(to’):;?t“' T1 - BTJ,Q
tﬂ” =t— Tl —2T.— 5.T;(fu") - BTJ( tu”)
et T — 2T — 0T —3T",
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with
oT=0T\(t—T), 0T =0T(t—T,—2T%),
0Ty =0T (t— T —2T:). 5)
Then
E-T1—27y E—Ty E-T1
Ji=- (Ze {.Smdto +jun_,dtu~jugdto

t=T1~2Tq— (S +48T27) t—~1—2Ta -1 —60y/

Let the d.c. part of J, be /i, and the oscillating part of fre-
quency e be i, then

-1
]1= ‘_(‘Z—e‘j‘uédtn—o ]
t—-T1-272
t—T1—21Mm t—1
. — e 7 l4
5= d——” s dt, ——.gu dt, +Eun dt, },
N em STIIHETY I—Ti-8TA! i-Ty-272
i = ne;;ﬁ;@““{ ﬂ (2 Dp=iwra__ 2(0T2__j2(')Tle_—j2w'l'2)
dg(U- ﬂ
. . i o7 +(/.,> o (r/ + 4,
—pmiwly jwrt it WL 2wy __f 71T 72
(e nmjuT e 1+ (P4 E ) ")
l_e_jg“"h - DY . i0
x ]+(1—e‘7'”“)(1—e‘1“'°“—— ]Znge‘J-“’T“)} . (6)

j‘”Tl
In the next place, the current J. flowing into G from outside
on account of electron motions between G and K is

i 1‘1—"1"'—(51'1”-}-61'2”)

Jw= -};z— Uuldto + ju (i, } ,

t—-—81ry/ !

where 1, is the 1, of the electron which come back to K at i, i.e.

”, t TO_OTU(I(:”)_t_‘T(;'_'OTII)”, [OT’””—()\TU(t“To)] .
t—1T—21 I~y —27

]Ix' 728 1}%1(1110 j”xdto + j‘u ldt() + ju ‘dt" jltﬂdi” } ’

~r1—8Ty =1y t~To-8%9!1  t—To b 1 =2 P2~ (S T 1B TSI )
and the d.c: part J, of J is °

¢t Lt 6 Sy

Jo=" he Uu,’dt,, + ju;’,dto }:();
= {—=To !

and the oscillating part i, of frequency o of Jx is
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=1 t—To = ~27 ¢ t—1-2Ta

. n

Zgj—d~{§u1dto+jzltho j.u;dta +fu{'dto+ sy di, } ,
I—T1—8Ty! t—To—8L0"! t~Ty—2Ta— (8T 14-8Ta17) t—1y t—"o

o~

.2= dﬂ:)g ﬁleiwt{*‘gf [(1—e—‘jgw“""jszge—jszﬂ) ( R > al
1

2

—_ —‘j.mTl) (1 — e—-ji’m'[’z ____jzluTQe—jL’w'l'z) + (1 . e—j:uTl)

X (1 - e-—_y?wTa)] + (1 _e-ijx _j(UTle—jwh)[l + (M)e—ji’w’l‘z]

ey - — 2w 179 7
+(1—e’ P)[_]Z(uTge 2wt _(,_l_a_z___)] o 2(1—joT,
_e—jwfl'l)e—jﬂw’l'n_l_ (1_ e-—j‘lw:{'-;—*_ e—jQwTa_e-—jw'ﬂ)]
(1= 2j0T)} . %

Here it is noticed that in the calculation of i,

=10

j‘u:;ldto=0

E=To—-8T0"17

holds in the first order, independent of the form of 7 (%,).

Interelectrode impedances and some numerical examples.

In order that oscillation may occur in the system of an elec-
tron tube and an external circuit, it is needed that the negative
resistance between electrodes in an electron tube occurs.

For the case when no electrons are caught by the anode, we
define interelectrode impedance z, between G and A and z, between
G and K by the following expressions, the suffix a, b, ¢ specify-
ing the circuit related respectively :

1 = -—Zl—{L— == JE.._ e
2ia U]egw‘ md1d E(X’ K “:L)v
1 J— L:a__ —_—
2oy —T’ljlej"" md 2 “F (X Yr €u)
1 b __ne {
é”’ (vl + vn)ej“’ mdld " \ 1 + x )E(X Yy eh)
I A _—__,..’ff"._.-F (X Y, o),

Z- 4] 1)1@7"’1 Md -
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1 — e ne* 1 )
== D= Y . A
4 vgejmt ﬂld]da(l) (——Z FI(X’ Y’ L)’
1 i
At X, Y,
AN md o Fy e,
where X=oT,, Y=oT, xr=uv'v,
e d FPo d v+t 1 d,
Sp=—F%= ’ £ = =5 = — - +Z —zy
1 d. ! (91 d- (2 ( ) d,
1 d v d,
g, = o e e S T e
) I?l (!-3 (2 - C.Ig ’

F(X, Y, &)=s(2—2¢"*"— 2V —j2Ve ") + (1 — e " —j Xe~3)

X [14_2&‘2 -a2Y ;X.,i_Z(l —J-Y)]
X
+(1l—e ) (1—e#¥—j2Ye ), (8)

F(X, V, &)= [(1 ) J-*)+1X+Y(1 -3
x (1—€ " — 2o #7) (1 —e-3)(1 —e"'”)] F(1—e¥

i
X2(1—jX— e )e 7 +(1—e 7" +e %% ")J +(1—e ¥ —j2X). (9)

X1+ X i}‘i_@fe 2y 1(1 fe‘j‘“)[ —joYe 4 XY

Now the oscillations can be most expected, when the negative
resistances occur in both gaps G, 4 and G, K On the other hand,

from o, T \=u,T,, it follows that

ell ’ .
T, V, d, ——[s,,/(l 1) (10)
_ —e, /% ;
must be fulfilled. We present these possibilities in some numeri-
cal examples following.

T V+V lz

) X=n/2, Y=n/2, T,/T.=1.

The condition that the negative resistances occur both between G

and A, and between G and K is

V.'/ ___i 0. A ,,J
03<‘V*0TI7IL—— dg <1 for (a), 1+x< 1/”+V-u < 1+X for ( ).

These arebpossible for a tube with d,>d,, making T,=T..
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i) X=l=, Y=ir, T,/T.=1/3.

The condition is

_ bz _ 1 vV, 0.37
P \"3 V +I/(¢ . <_" for (C).

This is possible for a tube with d.>dd,, making »<1.11, and 7,/7%
=1/3.

i) X=iz, Y=gz, T,/T.=1/3.
The condition is
L1677 for (a),

1
00575 7=,

_005_1 Vv, _d _ 167
1+x<3 V+V. dy “iF« for (b).

These are possible for a tube with d,>3d,, making 7,/7T.=1/3.
iv) X=In, Y=§r, T,/T.=1/5.

The condition is

vV, _4d

—017< 5 VK"V‘ d' <26 for (a),

-0.17 Vv, d,
1+% \T ViV, dn<1+/ for (b).

These are possible for a tube with &,>5d,, making 7,/7T.=1/5.

X+ Y=r means that the oscillating frequency is Barkhausen-
Kurz frequency and X+ Y=n7 with n (integers) means the oscil-
lation at its dwarf waves. [t has been shown that the oscillation
can be expected at B.K. frequency and its dwarf wave frequencies.
But the author never means to present the limit of the oscillation.




