Lecture 8

ACCELERATOR PHYSICS
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Lecture8 — Accelerating Cavities I-
contents

¢ Necessary conditions for acceleration
¢ Waves in free space

¢ Two travelling waves in a guide.

¢ A transverse electric (H) mode

¢ Phase velocity and Group velocity

¢ Transverse magnetic modes

¢ Transit time factor

¢ The cylindrical cavity
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Recap of previous lecture
Longitudinal dynamics Il

¢ Transition - does an accelerated particle
catch up - it has further to go

¢ Phase jump at transition

¢ Synchrotron motion

¢ Synchrotron motion (continued)
¢ Large amplitudes

¢ Buckets

¢ Adiabatic capture

¢ A chain of buckets
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Maxwell forbids this!

VxE:—@

dt
¢Become In its integral form

¢ Hence there can be no acceleration
without time dependent magnetic field

¢ We also see how time dependent flux
may accelerate

¢ BattAcc.gif
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Waves In free space

V =
JgOKezuoKm

E =376.6 ﬁ ohms
H K.

P =(E x H) watts.m™
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Two travelling waves in a guide.

P wizinb

m E intoths plane of the diagram
& Eout of the plans of the diagram
<, I direction
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A transverse electric (H) mode
(formed by superposition of the two waves)



Group velocity
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F1a. 59.—Beats.

E = E,sin[(k+ dk)x — (o + dw)t]
+E, sin[(k — dk)x — (o — dw)t]
= 2E, cos[kx — at]sin[dkx — dwt]

f.(X,1) =sin[kx — wt]

k=272
kx — wt = const
df A& 7|
— = — 4+ V—
dt & X
ﬁl(x,t)/o”t_co

P A ) &k

f,(X,t) =sin[dkx — dwt] v A,(x,t)/a do

YK —tSa 9T A (x )/ & dk
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Transverse magnetic (E) I modes

Cragt of trongh
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Transit time factor
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Cavity resonators

(V.-E=0: V-H=0

<
VxE:—,uﬁ; VXHZO‘E-I-EE
\ 7! ot

= O°E
V°E = — 4+
,UUO,,[ 'uo’t

¢+ nXxE=0-Dbecause the E field should be
normal to the perfectly conducting walls.

¢ Assume we can separate out a time
dependent solutions

_Owmy

a, =e “° {AcosQ,t+A,sinQ,t}
¢ leaving a spatjal sol tlon

Jash l3E+Ay
1V-E=0
| 7x E =0 on the boundary
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The cylindrical cavity
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Lecturell — Accelrating Cavities I-
contents

¢ Necessary conditions for acceleration
¢ Waves In free space

¢ Two travelling waves in a guide.

+ A transverse electric (H) mode

# Phase velocity and Group velocity

¢ Transverse magnetic modes

¢ Transit time factor

¢ The cylindrical cavity
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