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California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
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UNIVERSITY OF CALIF<lRNIA 
Radiation Laboratory 
Berkeley~ California 

Course in the Theory and 
Design of Particle Accelerators 

LECTURE IV 
November 26, 1952 

W.. Mo Brobeck 
(Notes by: Oo Callahan and Ao Chesterman) 

Standing Wave Electron Linear Accelerator 
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The machine at MasP.achusetts Institute of Technology is driven at 3,000 Mega­
cycles frequency and the problem of driving and phasing the cavity has been greatG 

Alternate Schemes of Building Synchrotrons 
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Figure Figure II 
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the synchrotron at Berkeley is as shown in Figure 1, and although less econo­
mical to build than the one of Figure 2, it does present less of a problem of get­
ting out the beam since the sides are openo Lengthening some segments of the mag­
net in P'igure 2 leaves a gap through which the beam could be tedo This type being 
used at loloTo, Cornell, and Purdue Universityo 

Betatron Injection into Synchrotron is generally used to accelerate from 100 
ltv to 2 IBV energy o The flux through the flux bars must be in the same direction 
as that through the coreo 

-- -... ...... 
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Frequency Modulated Synchrotron at University of Michigan 
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SWnchrotron withou Iron Core., General Electric Comoanyo 
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Chief difficulty with t'llis type is that t.he mechanical forces on the conductors 
are high and pre~ent a problem in supporting them. 

Strong Focusing Synchrotron as proposed by Brookhaven Institute. 

Since the mass of the machine V'1rie::; approxi,·ately as the cube of t.he radius 
of particle orbit and the energy varie~ approximately with the ranius, it becomes 
apparent that a machine in the Billion Electron Volt range will be quite large., One 
method of reducing its cost would be to use a small apertur o The machine at Ber­
keley has a 1 9 x 4' aperture because of the weakness of foe ~ing. A smalle~ Aper= 
ture would reduce the amount of iron in the ma~neto The aoerture size i~ soMe per­
cent of the wave length of lateral oscillations 1 and by reducing the amplitude and 
wave length of these oscillations, the aperture can be reduced., This is accomplished 
by use of strong focusing., 

strong focusing is accomplised by alternating forces nf the rnagnetic field due 
to alternati~ slopes of the pole tips., 

v t t ll t ' 1 t l t t ,_ 
De Fl>eF 

H f r f l t t f l t I t l ~ Particle Path 

Forces 
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'Limit of pole tip slope in-an ordinary synchrotron is when the magnetic lines 
start to become spherical.. At this point, the field starts to drop off too £est 
-ftdiallzo This results in good vertieal stability but poor radial stability.. The 

proposed strong focus machine~ould require a 
large slope of the pole tip abd the alternating 
of the direction or slopes woul.a give good radial 

V 1-cal · · and vertical stability, !he. machine •ould hoe. a 
300 Ft .. orbit radius with an apel"etlll"S -ot o~ inch 
vertical by 2 inclies radi$lo 

Vertical Force Focusing 

-f'+--+-...,_Radial Force Defocusing 

With ·such a amaU apertn:re, the acceleration ~t oocu.r :dtU"i'tig the Urtea:r ac­
celerator phase atable l"tgiotl at 10\9 energy aACl the Q1J.cbf>otr.•a pbatle s~ble rtgid 
at high 81181"87 o 

!he agnet weula uae iDIBct s.ron ~o p..a • oot1ata21t .f'J.eW w! 18l •ppra.xiialatel.7 
20,00 p'GSS a't lli&d.maa pp azui ap:prozi.matel.T ll,eeo &at181 •••~• tie;J4. · . 
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A scheme has been proposed for using separate focusing magnets for passing 
through the critical energy at which phase stability transition occurs, ioe., from 

-linear accelerator to synchrotron phase stability., The focusing magnets would 
give on the average a zero field and the turning of the particle would have to be 
done with another field between the focusing magnetso When the unstable energy is 
nearly reached, the focusing magnet strength would be reduced while the turning 
magnet field was .held constanto This would reduce the unstable energy below the 
particle energy and acceleration could continue in the synchrotron phase stable re= 
gion., 

Cyclo Synchrotron-=Australian 

This ~achine uses a Cyclotron Magnet and Dees but has a pulsed magnetic field 
at outer radius~ The pulsed magnetic field comes from pulsed current in large cir­
cumferential conductors ene'rgized by a Homopolar Generator<> 

Microtron (Electron Cyclotron)--Canada 
The rotation tim~ increases c;me ·cycle for 
each half turn of the particleo This rna= 
chine operate~ at very high frequency and 
in the relativistic region only<> No elec­
tron source i~ needed other than discharge 
from the Deeso 
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. 
Drawing showing particle distribution at a~ instant in the various macbineeo 
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Below is the first of several problems which will be given for outside study0 

inyone who wishes to have his solutions to the problems corrected, may t~ them 
into the Engineering Dept. Office where they will be corrected and returned. 

Problem lo 

Prepare a table listing all the types of accelerators discussed and comparing 
them according to the following characteristics: 

Path shape--straieht, circle or spiral 
Accelerating force--electric or magnetic 
Guiding force--electric or magnetic 
Accelerating field, DC, RF or AC (low frequency) 
Quantities varying during acceleration, 

Radius,Guide field~ Frequency 
Approximate energy range 
Particles accelerated 
Velocity range as non-relativistic--constant mass 

relativistic--changing mass and velocity, or 
relativistic--con~tant velocityo 
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