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Alvarez Drift Tube Linac

• The first large proton drift tube linac built by Luis Alvarez 
and Panofsky after WW II
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Earnest Orlando Lawrence
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Germ of Idea*

*Stated in
E O Lawrence
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E. O. Lawrence 
Nobel Lecture



Lawrence’s Question
• Can you re-use “the same” accelerating gap many times?
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Cyclotron Frequency
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The radius of the oscillation r = v0/Ωc is proportional to the velocity 
after the gap. Therefore, the particle takes the same amount of time to 
come around to the gap independent of the actual particle energy!!!!come around to the gap, independent of the actual particle energy!!!!  
(only in the non-relativistic approximation). Establish a resonance 
(equality!) between RF frequency and particle transverse oscillation 
f l k th C l t Ffrequency, also known as the Cyclotron Frequency
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What Correspond to Drift Tubes?

• Dee’s!
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U. S. Patent Diagram
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Magnet for 27 Inch Cyclotron (LHS)
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Lawrence and “His Boys”
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And Then!

Physics 417/517 Introduction to Particle Accelerator Physics  9/8/2009



Beam Extracted from a Cyclotron
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Radiation Laboratory 60 Inch Cyclotron, circa 1939



88 Inch Cyclotron at Berkeley Lab
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Relativistic Corrections

When include relativistic effects (you’ll see in the HW!) the 
“effective” mass to compute the oscillation frequency is the 
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where γ is Einstein’s relativistic γ most usefully expressed aswhere γ is Einstein s relativistic γ, most usefully expressed as
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m particle rest mass, Ekin particle kinetic energy



Cyclotrons for Radiation Therapy
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Bragg Peak

Physics 417/517 Introduction to Particle Accelerator Physics  9/8/2009


