
Velocity modulation and 
bunching of an electron beam



Electron velocity modulator

Short RF cavity
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t0 = the time at which the electron exits the short cavity at z =0
b = modulating parameter    ω0 = angular frequency 



Time for electron to move from z = 0 
to z = z
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For b << 1



Beam current

Beam current is periodic in time with period T0 =2π/ω0 and can be 
represented by a Fourier series
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Construction of the beam current 
generated by a single electron
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Fourier components of the electron 
current
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Bessel Function

Using
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Time dependence of average current 
at position z 

Average current over one RF 
period of a uniformly distributed 
electron beam sn
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Average current as a function of time
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Two-cavity klystron amplifier



Coherent Radiation

With a bunched beam undulator 
spontaneous radiation energy and 
directionality can increase 
significantly  while reducing 
spectral homogeneity over 
spontaneous radiation. 
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