
Physics 417/517Physics 417/517
Introduction to Particle

Accelerator PhysicsAccelerator Physics
G. A. Krafft

Jefferson Lab
Jefferson Lab Professor of Physics

Old Dominion University

Physics 417/517 Introduction to Particle Accelerator Physics  9/10/2009



Betatrons

25 MeV electron accelerator with its inventor: Don Kerst. The 

Physics 417/517 Introduction to Particle Accelerator Physics  9/10/2009

earliest electron accelerators for medical uses were betatrons.



300 MeV ~ 1949
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Electromagnetic Induction
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Faraday’s Law: Differential Form of Maxwell Equation
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Faraday’s Law: Integral Form
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Faraday’s Law of InductionFaraday s Law of Induction
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Transformer
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Betatron as a Transformer

• In the betatron the electron beam itself is the secondary 
winding of the transformer. Energy transferred directly to 
th l tthe electrons
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• Radial Equilibrium
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Betatron condition
To get radial stability in the electron beam orbit (i.e., the orbit 
radius does not change during acceleration), need
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This last expression is sometimes called the “betatron two for 
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one” condition. The energy increase from the flux change is
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Transverse Beam Stability

Ensured by proper shaping of the magnetic field in the betatron
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Ensured by proper shaping of the magnetic field in the betatron



Relativistic Equations of Motion
Standard Cylindrical Coordinates
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Cylindrical Equations of Motion
In components
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Zero’th order solutionZero th order solution
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