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Three Generic Forms
Radiation due to Acceleration

- Bremsrahlung “braking radiation”

- Synchrotron

Radiation due to “faster than light” motion

- Cherenkov 

Radiation due to induced currents

- Transition Radiation



Bremstrahlung

Braking radiation

As charged particles (usually electrons) slow down in matter 
they are accelerated both longitudinally and transversely.



X-Ray Source

Spectrum of the X-rays emitted by an X-ray tube with a rhodium target, operated at 60 
kV. The smooth, continuous curve is due to bremsstrahlung, and the spikes are 
characteristic K lines for rhodium atoms. - Wikipedia

Coolidge X-ray tube, from 
around 1917. The heated 
cathode is on the left, and the 
anode is right. The X-rays are 
emitted downwards.  
Downloaded from Daniel Frost 
Comstock & Leonard T. Troland 
(1917) The Nature of Matter 
and Electricity



Synchrotron Radiation
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Larmor’s Formula
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Nonrelativistic a = v
2

R
Relativistic a = γ 2 v
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For Electrons

γ = 1+
Ebeam
mc2
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512×103



Circular Motion
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Rapidly Varying Exponent
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Redefine variables in exponent

 ε = 2(1− β )+ βψ 2Introduce:

  τ = Ω tε −1/2
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Energy Radiated
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Modified Bessel Functions

Width in angle
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Ultra Relativistic Limit
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For high energy

Argument



Cherenkov Radiation



Evaluate current transform



Inverse Transform



v=0



V ≠0

Lorentz contraction



Field Lines Near a charge
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Transition Radiation

q

Conductor
Image current

Previous solution

Should be 0 at z=0



Add homogeneous solution



Special Relativity














