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The results of investigation of the regener-
ative oscillation amplification mode and the self-
oscillation synchrenization nioce for tne power pulsed
auipiifying positive-feeaback klystron are reported.

Introduction

In Ref. [ 1] tnere was describec the auto-
generator on the KidYy -12 pulsed amplifying klys-
tron [2] , usec for feewing tne accelerating sections
of the élactron linac. To enhance the self-oscillation
frequency stability, a nigh-quality resonator is in-
trouucea into tne feedback circuit. This however re-
sults in noticeable increase in the oscillation growth
tine with respect to anode puise. The investigation
results of the KIAY -12 operating either in the
oscillation regeneraticn mode or in the self-oscillat-
ion frequency synchronization mode are presented.

A Bit of Theory

Tne n-resonator amplifying klystron ampli-
tude characteristic can be described by the following
tormula [3]

u,,ui- = kh ( u(:M/OI “J) ump

where L/ouf is load voltage, Uinp is the klystron
input voltage, Kﬁ is the klystron amplification
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where KD
oscillation frequency,

is the coeff1c1ent aependent only on the

5‘c <ot is the mutual con-

ductance of the characteristic for the bunch1na sect-

jon petween the k-th and (k+1)-th gaps, 2, 1is the
'

loadeud shunt-impedance of the klystron i-th resonater.

Fermula (2) is analogous to the expression
gescribing the amplification coefficient of the multi-
stage tricde amp]1f1er In some cases one can, with
certain reserve, use this analogy [4] to consicer a
klystron as operating in the feedback mode. Hote also
tnat the phase shift between the input and output
s1gna]s in the klystron amplifier operating in the
iinear nmoge is independent of the input signal ampli-
tuae. True, when passing to the maximal power regime.
tnis pnase shift becomes amplitude-dependent; however
this Gepencence will be weak if the following condit-
ions nold
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where  Ym = mw;a/\/u is the pnase constant of the
electron beam, piwp 1S the reduced frequency of
tne electron beam self-cscillations with the reduct-
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ion coefficient m , £n.c,, is the distance be-
tween the gap centres of the k-th and (k+1)-th reso-

nators, 7J, is the beam current, vy_ 1is the electron

velocity at accelerating voltaae lJu , and
10 —
wp = 1,0310"°V5, o iy

% is the electron beam radius.

Thus, modelling the KUY -12 as a multistage
amplifier enabled us to construct the anproximate
calculation formula for the amplification coefficient
of this klystron in the reoceneration mode. As the oh-
tained expressions are cumbersome.-we shall oive only
the calculation results at various values of feedhack
and their comparison with the experimentally measured
ones. The formula allowing to calculate the
autogenerator synchronization was obtained in the same
way.

The Set-un Descriotion

Fig. 1 presents a simplified block diagram
of the set-up. The Tigure is suppliec with all nece-
ssary designations, so it needs no comments. MNote only
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Fig. 1. A simplified block diaaram of the set-up.

that attenuation in the feedback circuit can be varied
from 30 db to 55 db using calibrated attenuators, The

phase in the feedback circuit varied within $180°

using the calibrated phase shifter. A11 the waveauide

tracts were supplied with the units allowina operative
control of the standing wave mode.

Regenerative Amplification Mode

Fig. 2 shows the experimental and calculation
dependences of the amplification coefficient for the
klystron with positive feedback at various attenuation
values in the circuit of the latter. The dotted
straight line presents the amnlification coefficient

cortasponding to the maximal power at the klystron
output R ., = const., F;Ptis the input power at

the klvstron without feed-
Ir the recenerative am-

which the outnut power for
back is equal to R, ..
plification mode thz phase balance is satisfied, the
feedback coefficient must be Tess than the critical
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one. As expected, all instabilities snarply increase
witn reuucing attenuation in tne feedback circuit.
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Fig. 2. The anplification coefficient

as a function of input power at various
values of attenuation in the feedback
circuit. The dotted line refers to
amplification coefficient corresponding
to tne waxinal output power. E;n‘= const.

Self-oscillation Synchronization Mode

To determine the self-oscillation synchro-
nization region for the KUY generator we have used
the well-known expression

b (Ps [Post) "

= (4)
2f= "Qc1-5/8,Y

where /L is the central frequency, FE is the syn-
chronizing signal power, is the self-oscillating
system nigh quality. As is shown in 5] , the behav-
iour of the outer-synchronization pulsed generators
resembles that of the synchronized continuous-wave
oscillators.

Fig. 3 presents the calculation and experi-
mental uependences of the synchronization band on the
ratio Ps /Popt at various

of
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Conclusions

The perforred investications have shown that
can successfully be used for the recenerative

amplification of oscillations. Yowever this cneration
mece demands voltace hich stabilization, as the system
very easily ooas into self-oscillation mode, theucoh
gives an essential decrease in innut power,

tthen using KrY in autoneneration mode with
frequency synchronization, the innut nower “ecrease
is a factor of 2-3. This mode is being used durina the
last few years for the KMY feeding the acceieratine
sections of the Yerevan 50-MeV electron lirac.
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