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Beam coupling coefficient 
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Beam coupling coefficient 
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Electron Bunching Process 

The net result of beam transit through the cavity is a sinusoidal 

Beam velocity modulation at cavity frequency  

Faster electrons “catch” up with slower electrons.  At a certain 

Distance L the electrons have “bunched” together.  Here (at L) 

A second cavity is placed in order to induce microwave fields 

In the “output” of “catcher” cavity.   



Electron Bunching Process 

The distance from the buncher grid to the location of the of dense electron bunching for the 

electrons at tb is L = v0 (td -tb).  

Distances for electrons at ta and tc are 

L = vmin (td -ta) = vmin (td -tb+/(2))  (1) 

L = vmax (td -tc) = vmax (td -tb-/(2))  (2),  where 

vmin= v0 {1-(V1)/(2V0)}; V0 =½(m/e)(v0
2), V1 =Ed, and 

vmax= v0 {1+(V1)/(2V0)}; equations (1) and (2) become 

L = v0(td -tb)+{v0 /(2)-v0[(V1)/(2V0)](td-tb)-v0[(V1)/(2V0)]/(2)} 

L = v0(td -tb)+{-v0 /(2)+v0[(V1)/(2V0)](td-tb)+v0[(V1)/(2V0)]/(2)} 



Electron Bunching Process 

For electrons at ta, tb, and tc to meet at the same distance L means that terms in both brackets 

{} must = 0.  therefore 

td -tb = [(2V0)/(v0 V1)][v0 /(2)][1-(V1)/(2V0)] ~ V0/V1,  

L ~ v0V0/V1 (space charge neglected & not max degree of bunching) 

Transit time in the field free region between grids is  

T = t2 - t1 = L/ v(t1) = T0 {1 - [(V1)/(2V0)] sin [t1 - (d)/(2v0)]} 

where T0=L/v0 and used (1 + x)-1 ~ 1- x; In radians 

T = t2 - t1 = L/ v0 - X sin [t1 - (d)/(2v0)], where 

X = (L/ v0) [(V1)/(2V0)] = Bunching parameter of a Klystron 



Electron Bunching Process 

At the buncher gap a charge dQ0 passing through at a time interval dt0 is given by dQ0 = 

I0 dt0 = i2 dt2, by conservation of charge, where i2 = current at the catcher gap.   

 

t2 = t0 +  + T0 {1 - [(V1)/(2V0)] sin [t0 + (d)/(2v0)]} 

dt2 / dt0 = 1 - X cos [t0 + (d)/(2v0)] 

i2 (t0) = I0  / {1 - X cos [t0 + (d)/(2v0)]} = current arriving at catcher. 

Using t2 = t0 +  + T0 , 

i2 (t2) = I0  / {1 - X cos [t2 - (L/v0) - [(d)/(2v0)]} 

 

Plot  i2 for various X (corresponding to different L providing  and (V1)/(2V0 ) are 

fixed.) 





Electron Bunching Process 

 Electron bunching corresponds to current peaks that take place and for X  1; i2 is 

rich in harmonics of the input frequency which is the resonant frequency of both 

cavities.  (Klystron can be run as a harmonic generator). 

Beam current at the catcher is a periodic waveform of period 2/ about a dc current. 

 expand i2  in a Fourier Series: 
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Electron Bunching Process 
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Cavity Spacing 
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Catcher Cavity 
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Phase of catcher gap voltage must be maintained in such a 

way that the bunched electrons as they pass through the 

grids encounter a retarding phase.  Thus kinetic energy is 

transferred to the field of the catcher grid.  The fundamental 

component of the induced current is given by: 



Catcher Cavity- Output Power 
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Rsho = wall resistance of catcher cavity 

RB = beam loading resistance 

RL = external load resistance 

RSH = effective Shunt resistance 

I2 = If = fundamental component of the beam current at   

the catcher cavity 

V2 = fundamental component of the catcher gap voltage 

Output power delivered to the catcher and the load is 

given by 



Efficiency and Mutual Conductance of 

Klystron 

0

0
0

1

0

2

0

0

m

00011100

1

.ind2
m

02

020

00

220
inout

V

I
G ,

X

)X(J

v

L

G

G

X)L/v)(/V2(V use ;V/)X(J I  2 

V

i

input v

ioutput  induced
 G e,conductanc Mutual

30%  to15  efficiency practiceIn 

58%  efficiency then ,V V and

(0.582) I 2 I and 1  β  perfect, is coupling If

.
V I

V I β
 (1/2)/PP  Efficiency

max



















