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Although the mathematical analysis of reflex klystron is somewhat

complete, there are many assumptions for simplifying the analysis. It is

interesting to compare the experimental results and the results predicted

from theories.

It is known that the transit time of electrons in the space between

the resonator and the repeller may be written as

s 2\/IV
L= +V 1/1 +

where S :distance between resonator and repeller.
V.:beam voltage.

Vr:repeller voltage.
K :beam coupling cofficient.
V.:r f signal voltage between the gaps of resonator.

t, :the time when the electrons leaving the resonator.

e B8 LR
V.+ V., q
cpe LA
Ne=ff .= 5

The bunching parameter

v,
X=zNK- Va

If V.<V,

i X IS 2zN %
to(14 == BN sin wt,) = = -+7 sin Wt
t.=0,+T=t;+ 2zN *% sin wt;

(1)

(2)

(3)

The fundamental component of current induced from the reentrance

beam is
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Iy =2KL], (X) e] G Wt) (4)

The equivalent circuit of reflex klystron oscillator mav be considered as
shown in Appendix.
The power dilivered to the load

il ‘—GL
Py B e o V.Rel,,
_ =Gy sin 22N
= Val XX S50 ()
R G, sin 2zN 3
7;‘]1: = 5 G’ +GL XJ (X) N (h)

For max. efficiency—sin 2zN,=1

e
N.=m 7

max. value of XJ,(X) is 1.25 when X=2.4

0.4 Gy 0

=N * GG

The beam admittance

sz _l_h_l_z 2_1{;[.":11_(_}52_ (Sin Wtu+j cos th) (8)
N: V.
let wt,=2zN=2zNpn-+¢
Y= 2—KI{{L(X) (—cosg+j sin ¢) 9)

when oscillation just start V,=0 X=0
the real part

Gt Gum 200 s

T e— —— 0 10
o KzN (10)

the imaginary part

1 2KI.J, (X)
Ve

L + :sing=0
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T = 3Q. tang
Where A W
"7 Gy+Ge

At first itis necessary to identiy the mode. It was shown that when
s =(m_11.) T. the output power is maximum. Where T, is the period
of the signal. Compare two neighboring modes

tGE

et
tor > 4 VatVa IV, (12)
_l Vm“l‘vﬂ Vng .
4

me
From this eq. two mothods may be used to identify the modes.

(1) If beam voltages heep const. and m,=m,+1
1

m_'l_—
then §=_¥fﬁi‘¥rz_ (13)
ml+; i ri

From Fig. (1) When V.=300 volts the power output is maximum

when
V,=35.5 64 110 volts
Compare the modes of V.=64 and 110

“‘1—% 300464
— — =().888
1m+1—4% 300+110
m,=8.18=8
Compare the modes of V,=35.5 and 64
1

M4 _ 300+355 —0.92

- +1—‘% 300464

But the difference between m, and m, should be 1
We see that this method is difficult to identify the mode.
(2) If we let V,=CV,

1
m —
then ___1_._%1_.=]/
m1+1_z

Vnz
Va (%
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Here V.i, Vigreee is the beam voltages of each mode on the line V,=CV,

By measuring the repeller voltage when the power output is max. for

several beam voltage the curves in Fig. (1) are obtained. On the line

V./V.=Const. for each mode
N =280 204 154
m = 1y Mg My

280 ;
80 — T 136
Ya :

If m;=5 then m.,=5.85

=6 =707 m;=8

m1=7 m2=8-2

122

My

1.514

1111=6-75 m4=7.58
m,=09.1

m,; =945 m,=10.06

Compare the results obviously we see that m,=6

The reason why method I is fail is because V.V, and V., is difficult

to be measured very accurate
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Now consider the 7th mode.
Measure the power output and frequency as function of repeller voltage
and is shown in Fig. 2
The max. power from measurement
P, =215 mw
D. C. power 300X 30=9000 mw

Pl 920103 =0.249
From eq. (7)
= 04 . Gy _ay G
s = e o s R ok
Usually G.>G, Lop=6.49%

The efficiency of the reflex klystron is greatly different from the
theoretical value.

From Table 1 and Fig. 3

1. The center frequency (when output power is max.) decreases if beam
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voltage increases. for a certain mode
2. At a certain beam voltage the center frequency increases slightly if
the no. of mode increases.
Table 1. Maximum power conditions
V.=300 volts
Nn &7 5SS &I 7T
V. (volts) 178 110 64 7.8
P (mw) it 34 22 7.8
£ (G 8.921 8.927 8.936 8
I, (mA) 29 30 30 30
V,.=280 volts

N 476 5D 6F5 745 B
Vi 182 112 69 39.5 205
I 6.3 27 21 8.1 73
f 8.893 8.898 8.909 R8.915 8.907
| 25.5: 26 26 26 27.5
V.=260 volts
Nu 475 55 Gids | s, 8BTS
V. 18 17 72 425 24.2
P 16 21 17 182 2
f 8.885 8.891 8.892 B.895 8.897
L 27 24 24 24 24
V.=240 volts
N alH . 675 BB 85
V. 118 75 46 27.2
P 16 15 7.9 1.1

3.876 3.878 8.879 8.884
R 21 21 21 22
V.=220 volts
Nn bi7s 646 T8
V., 120 7.9 80 30.5
P 12 12 2 2.6
1 3.866 8.87 8.868 8.877

185 185 .19

—

5
—
i
51
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we may estimate the range of repeller voltages in which the oscillation

may occurs.
From eq. (10) we see that the oscillation starts when

g GekG) 1~
$=cos —

For simplicity assume ¢ —_-5
let t.. represent the transit time for max. output

Bhen, gy WLENe o o

Tom Va+ Vnn (].n — %) To

M=m-— :‘zwhen oscillation start

M=m when oscillation stop

1
VbV, . B8

ViV 1
m—g
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VotV m
Vit Vi m"Tll-
In the experiment when V,=300
For 7th mode V.,=63 m=7
From calculation
N =0 V=16
From experiment

Vr1=51 Vr::?
When V,=260 For 7th mode v.,=71
From calculation

V=57 V..=285
From experiment
V.,=60 Viea=117

Compare the results we find that

1. The voltage starting oscillation is nearly the same as the estimate
value. The voltage stopping oscillation is less than the estimate value.

2. The assumption u:% is valid for higher beam voltage than lower
beam voltage, this may be seen from

(Gr_s—i_GJ',)_ - \rﬂ
K*zN |

VIL
I

CosdH=

we seefrom Table 1 that increase if V, decrease

and K* decrease if V. decrease

"l V. .
thus when V, increase é: | * decrease and the assumption
i)

T

s 2 is approached.

~ The distance between the cavity and repeller can be estimated

g Neftom w2 ]/-2—111\/',,
V.+V, q
=6.74 10~"sf \Kf{, s in cm
From experimental value in Fig. 2
(a) Nuo=6.75 £=8.935 x 10°
V.=300 V=63

then s=0.235 cm
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(b) N,=6.75 f=8.8910°
V,.=260 V.=71
then s=0.232
The value of s calculated from different data is the same thus this value

maybe correct.
From eq. (2) and (3)

6N _ N N av,
5 Nekv. d, G143

If the load susceptance is negligible from eq. (1)

Fri i "

=", tan 2zaN

N __d(aN) _ _ Q.

P3G  f secizweN (0
When N=N, From egs. (14),(15)

Nw  Nu ,0V._ _ Qu

. NGENL T el zf,

of aNLf

29 = ZDmls 1

oV, NI Y V. (aNa QD) s
From Fig. 2
(a) V,=300 f, =8.953 Na=6.75

T b T 10 8-953 s #

V.a=063 Q = 8.08-8.89 99.3

- : ) ST S5H

From eq. (16) ---V——4.3:) MC/volt

+ . , of

From Fig. (2) BV =9 MC/volt
(b) V,.=260 fo =8.89 N..=6.75

P R —— L |

b U =g525-8.856

From eq. (16) a%:s.s MC/volt

= 3 af %

From Fig. (2) 6‘\7.=6 MC/volt

The estimate value is nearly one half of the actual value.
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Conclusions

The experimental results are deviated from theroretical discussion to
a certain degree. The simplified equations is not good enough to predicate
the experimental results satisfactorily, experiment is important in study-
ing the reflex klystron.
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APPENDIX

1. The tube Raytheon 723 A/B is used in the whole experiment.
2. The block diagram is shown as follow

Frequency
meter

Klystron — Attenuator —| Thermistor |

Power supply . VTVM Power meter

3. The equivalent circuit of reflex klystron
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