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Abstract

This lecture starts with a brief historical introduction and an explanation how to
get from Maxwell's Equations to a simple cavity. After simplifying and adapt-
ing the equations for their application to Radio Frequency problems, the most
important formulae and characteristics for cavities and wave-guides are de-
rived. The most common figures of merit are explained and some of the dif-
ferent cavity types are introduced. The altemative description of cavities as
a lumped circuit model is then introduced. which is often used to characterise
the cavity-coupler-gencerator interplay.

1 Historical introduction

The first RF lincar accelerator (linac) was proposed and tested by Rolf Widerde in 1927/1928. He
connected a single drift tube between two grounded electrodes to an RF source, which delivered 25 keV
at a frequency of 1 MHz. In his experiment he accelerated potassium ions to an energy of 50keV and
thus demonstrated the principle of RF acceleration. This meant that for the first time the maximum
obtainable energy of an accelerator was no longer limited by the clectrostatic breakdown voltage of
DC machines, which were in operation at the time. With this principle it was now possible to multiply
the available voltage of an RF source Vgg by the number of gaps N and thus to increase the maximum
energy gain AE of a particle with charge g to

AE = gNgapVir. energy gain (1

The principle was soon extended to 30 drift tubes and a 10 MHz RF source by Sloan and Lawrence
in 1931 to accelerate mercury ions to 1.26 MceV.

The basic idea of the Widerde's linac 1s shown in Fig. 1. Subsequent drift tubes are connected to
opposite polarities of an RF source. This means that at a “frozen” point in time every second gap has
an RF phase suitable for acceleration. The idea is that while the particles move from one gap to the next
the polarity of the RF source changes, so that particles always see an accelerating field in the gaps. In
order for this to work, the RF oscillations have to be in synchronism with the passage of the accelerated
particles. For a fixed RF frequency f this leads to the following condition for the distance [, between
the gaps of a Widerde's linac:

-
ﬁ‘ synchronism condition (2)

-

ln -

which means that the distance between the gap centres /,, has to become larger with increasing particle
velocity v.

Even though the Widerbe linac revolutionized the acceleration of particles, its maximum cnergy
was still severely limited for two reasons: 1) For higher velocities the length of the drift tubes has to
increase, which means that there was a natural “practical’ limit for these machines. Especially for light
1ons or protons the drift tubes would simply become too long (see Fig. 2). One can solve this problem by
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Longitudinal oscillation of an E field in a pillbox cavity
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Transverse oscillation of an H field in a pillbox cavity

Frequency of the TM — 010 mode: e I o b b = 3
¢ 7 ///.,v__._,‘\\\\\\\‘
. o A T F T T i i by .
T M Jo1¢ ~_ 2.405c D10 W U F A e i e e S
010 2mTa 2mTa T E YN EY Vi B 3
sl BT EEE F M PR e n ik A AN
: : : Al B S A Y B O e aLORR N KN N
n = W %
Effective shunt impedance per unit length: iR rriddd i3l
SRR RRRRRRREEF RN NE
> 0.0019 1 . B T :
(V()T)2 EEREIEBR ISR ERERS
R: \\\\\\\\\‘,,:/’;;‘5555
20051 X3 X % N NN % Wm@ o
Pq L A KA N A N N S s LSRR
T A S e it e O B O
010 ¥ % LN IR S a0 A
:\x\\\t:kh‘_(//////,’
Rt e, A A A O A M
_0.15" ! " \'\k*—l‘—""?/" /'1 - |
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15



Cutoff frequency 7TEy; mode frequency a
700.475MHz 1400.96 MHz 142.65mm
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“-» Phase and spacing of
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e-field (f=807.5217) [1] o
Frequency 807.522 MHz
Phase 0°

Maximum (Solver) 939.722 V/m



Next steps

o Start exploring alternative waveguide geometries!

e Optimize couplers for [ = %@Oﬂv ~ 1

* | ook at more complex cavities



