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Introduction

The possibility of oscillation of the klystron, including the case of
the reflex klystron, has been discussed by many authors, ®*7 * but in
their calculations, the effect of the transit time of electron in the resonator
gap and the effect of the oscillatory voltage on the electron motion in
the drift space have been neglected. We have calculated the interelec-
trode admittance of the reflex klystron, taking these effects into con-
sideration. The method of calculation is similar to that which the senior
author (I.'T.) has adopted in the case of B. K. oscillation.”

In the case of reflex klystron too as in the case of B. K. oscillation,
we could demonstrate the production of the negative conductance.

The Velocity of Electron in Each Space

The sectional view of the reflex klystron in principle is shown in
Fig. 1 (a).
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Fig. 1. (a)

*  These numbers indicate the numbers of papers listed at the end of this paper.
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Fig. 1 (b) shows the potential distri- A
bution in this klystron; V, is the accele- T
rating voltage; v,e’ is the oscillatory one :
which G, has against Gy, and — V, is -V
the voltage of A against G4, consequently G |
the repelling voltage acting between G e
and A is — (V, + v,e™). /} "’Z"" adhatiees "'/'?‘j‘
In the following, we consider the in- !
duced current flowing into G. by way of Ve
the resonator from Gy ‘1’
First we calculate the velocity of elec-
tron in each- space. The velocity wue which the electron has when it

iwl
ij@g

F

Fig. 1. (b)

reaches G starting from the filament, is

7
WUy = ] 0 y ( 1 )
m
where m is the mass of an electron and — ¢ its charge.

(a) From G, to (..

The equation of motion is

From thig equation, we get the velocity #¢ in the resonator gap:

U (f, f:o) == o -+ Sl;l (ij’/ - (5jmﬁ0) , ( 2 )
'7 o
where
. ¢ Y o
a=02 (3)
md’ ‘

and #, is the instant at which the electron passes through G
The instant 4, at which the clectron reaches (. can be put:

ll,l = T:() + ,’[71 -+ 8,’[’1, (4)

where T is the transit time from Gy to G, when v, = 0, namely
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And the deviation 874 from 7 is calculated in the first approxi-
mation as:

37, (éﬂ) = Mg‘.’v.lﬁ eoto (cjmﬁ — 1 _‘7'(,}’171) . ( I )

[ORITY
Thus, the velocity which the electron has when it reaches G, becomes,

in the first approximation,

w (t) = ur (ty , o) = o + 9‘_}_ elete (e — 1) .
j(l)

(b) From G, to A and again to G..
The equation of motion is

m djé“ = -j%-V(,,(I + Re™) , where R = —:’;’; . 7))

From this equation, the velocity w. in this space is

ws(t, to) = ui (&) — ot —t) — gg—l—g (e¥t — @ to* TV | (8)
Jo
where
m D

The instant, when the electron comes back to G, can be put
to =ty + T+ 8= i+ (T + 8T + (To+ 8Ty, (10)

where T, is the transit time from G. to G before A, when v,= 0,
that is

Qs

87, is the deviation from T caused by »,, and is calculated from
(8) as:

2 je jarl' - : jw (4 el g
8T (ty) = “——-7,(5”(;“@ o (e — 1) + :)2,_7%0 (s 10 (ioTs — | — julT) .(12)

Accordingly, the velocity which the electron has when it is back to

G, is
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we(ta) = walta, o)

= — g L1 Iota (o1 — 1)

Jo

+ B2 pleotor Ty {(— 2+ jals) ™™ 4 2 + ij‘_.} . (1)
™l
(¢) From G, to G,.
By solving the equation of motion, m%—zﬁ =c§lgcj“’”, the velocity of
the clectron moving from (. to Gy is found to be equal to

s (b, 1) = walts) + %ﬁ(cm PG T T (14)
jo

If we put the time #; when the electron comes back to Gy , as follows :
ts = ts + T1+5-T3, (15>

we get, by integrating (14), the following form for &7%:

5T (1y) = — ¢TI+ §P, (1) + L1 (G e (77 — 1)

o

W U

4+ Qe T waorry {(_ 2+ Jal) e + 2 —#,7'(/),’1’2} . (16)

a

b ”m
W Uy Lo

Induced Current in the Resonator Gap

‘We caleulate the induced current flowing into G. by way of the
resonator from G4, caused by electron motion in like manner as in the
previous papers.” ™
The induced current Ji cansed by the repelled electrons is

Ly’
e]] == z’(—f x U d{() i (17)

rr

),
where n is the number of clectrons emitted per unit time by I to con-
tribute to the oscillation. # is the ¢, of the electrons which pass through
G, at ¢ on their way back from before A and £ the ¢, of the electrons

which come back to Gy at ¢ on their way back too.
We have

ty=t — Ty —Ts— STy () — 8T:()) =t — Ty — To— 8T, — 8T%,
7‘;\’: t— 2-,[7'1 - 7'._, - 5771 (f::) - ‘ST‘.B(/:) - BT’(/;)
= Uy — T — 8T — T4 — 814,
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with

T =381t — T\ — 1), =81t — 11 —1%),
S =87, (¢t — 21 —1T), 3y ==81Ls(t —27— 1),
8y = 8T (6 — 2T — ) .

Then we get, to the first approximation,
Ji= —ne + nmcal P [2 — joTy — (2 + joTi) e 7"
dw”
+ (2 — jolb) e 7" + (2 +2J0l — jolly) ™70 2t

+(— 4 — 2j0T + 2j0T,) 6“1w(7'1+7’2)]

+ ?LM()"(‘K},Z? ¢ I:l — g j(l)Tg oIl dely
dow”
4 oW Ty j(z)f['n(;—j‘” Iy + 1'2)
”
- *1"‘ {<— 2+ jolh) e + (2 + jol') e~ @s* “)}
-+ ”_”w]l,~~ {("“ 2+ dq’a)Tz) - (2 + j(U:[,L’) e-—jwl’g} (1 - G-ijl):l )
Jwle

(18)
Similarly, the induced current J; caused by the cloctrons moving

from Gy to G- is

; 3
Jz = %(2 S 'Zéldt() 3 (19)

1

by

where ¢, is the ¢ of the electrons which pass through G

. at { on their
way to A. Therefore

127

te =t — 1y =81 {)) = ¢ — 11— 81,

with 877 == 87t — 7%). Thus we get, to the first approximation,

o

ey . R s !
Jo = ne -+ ?-Z;VE—J GJ‘”L[‘? —Jol'y — 2 + Jodh) e JM‘J . (20
w

Thus, by (18) and (20), the total induced current J flowing into G
by way of the resonator from G is given by

<f= J1+ Jg . (21)
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The Electronic Admittance in the Gap
In order that the oscillation may occur in this krystron, it is neces-
sary that the negative conductance is produced in the resonator gap.
We can define the electronic admittance in the resonator gap by the
following expression :

y=-2 (22)

whose real part is the conductance.
. . . )
For simplicity, we take the case, where qo 2 == L]”) :an be neglected
ML

. o . . .
against oy = =L because of ¢ € . In this case, we get for ¥V
m

Yi= - I-‘if — %wly — (4 + 2jwlh) ™7

md e -
+ (2 — joTy) e + (2 + 2wl — jol',) e 7 Erarry

+ (=4 —2j s + 2fwl) e “’1”’2’] . (23

We assume oy to be sufficiently small compared with unit); and
expand ¢t and ¢77 "t in powers of — jw7';, and then we express (23)
in an ascending power series of — joT'y .

Then, it will be seen that (23) beging with the second power of — joT's .,
This corresponds to the factor 1/d°, and thercfore the approximate ex-
pression for ¥ becomes

;oo [ a4 1. ety
}f[ T [(ﬁ Jol'y -+ “)—"7(UT3 14 Jm”jl » (24)

My

whose real part is

Gy = ?7"{%:‘, licos wly + —;ﬁw’f’g sin wﬁ[’g] . (25)

MUy

The expression (25) of G takes its minima (negative values) in the
vicinity of

~(uT2=27r<n+—Z—>, mo=0,1,2, (26)

Thus, we can demonstrate the possibility of the oscillation in the
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reflex krystron. The relation (26) gives the well-known optimum
phase between the bunched current and the gap potential in the reflex
klystron. :

If we retain the term with the factor a2 in the expression of Y,
we have the following additional term Y. to the expression (23) for Yi:

2

ne” T . — T el
Ygz*“——,[l € jwl“"““j(UTgC Jml“_‘C Joly
mDdw”

+ C~jw Iy +T2) + ja)T.;c”j"’ (Iy+Te)

‘m .
— Bl o o) e (2 4 jay) o)

+ _._‘1,“,- {(~ 2+ jol) + (2 + jols) C;M'”} (1 - c‘j“""’*):! . @7
](Uf[’g

When we expand Yy in powers of —jwf', it will be scen that ¥,
egins with the first power of ~—jwXy, corresponding to the factor
begins with the first power of T, co ling to the factor 1/d
in this cxpression and we get approximately

ne® T IR . et ]
Y= i ~[]{l — e —Jwlle J""*}J.

s Dwu,

(28)

Thercefore, in order to justify our neglection of the term with the
factor @l against the term with the factor @ in Y, we must compare
|y (— Ty with |l (— jw?4)|. This ratio is ofhia; @ B
= ol d/D.

It 7'y is sufficiently larger than d/D , we are justified to adopt (24)
as the clectronic admittance.

If, however, Ty and d/D arc of comparable order of magnitude,
(28) cannot be neglected against (24). Then, the electronic admittance is

) B 2 (- 1 . -
Y=Y,+Y, = —751; [ e b 2 fell, eI
! g \[ 2 J :l

+ x [j(l e -—jwfl'gc"""“)]} ) (29)

. d/ D . ! .
with x = /D , and the corresponding conductance is

’ )2 - N . it ‘
G =" {Lcos wls + —éng Shl(l).’l’g-‘ + icl:—‘ sina?’s + 0l's coswi _]J* .
(30)
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For the expression (30) of G, we can expect the production of the
minimum (negative value) by simple calculation, in the vicinity of wl'
3

T .

2

For the finite values of wX'y, we can demonstrate numerically the
existence of the minimum, which is negative, of the real part of the

Q
(8]

function ¥ = Y+ Y, in the vicinity of o= 57
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