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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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
University of California.
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FOCUSING IN LINEAR ACCELERATORS
Bdwin M, McMillan
Radiation Leboratory, Department of Physics

University of California
« Berkeley, California

August 24, 1950

It is well known that phase stability ag& firgt-order focusing are incom-
patible in a gimpie 1inear,acce1erator Wiﬁhouﬁ foils or grids in ﬁhé path df
the'particles,(l) However, various attempts'héve been made to desién more com-
plicated field shapes and time variations that will circumvent this limitation.
A general proof that the‘iinitaﬁion'exisfs in all cases was made by the author
in 1945 but was not published at thét time, This proof is given bélo‘w°

A perticle of charge e moves parallel to the z-axis with velocity v and-
is acted on by fielﬁs E and H, which are periodic in tiﬁe and neariy.periodic
albng the z-axis, The time period is T and the corresponding repeat 1éngfh
L 1is equal to vI, Chenges in velocity and direction during one repeat length
will be neglecteds this is what we mean by the term "first order," -The time
corresponding to the position z is then given ﬁy t, # z/%, where té'is an
arbitfary starting time, |

The foousing effect depends on the x and y force camponents Fx and Fy,
'whose mean valuses are given by:

5on (o) [ 5, - (/o) .

™

- (1)

L . -
'ﬁy = (e/vT)/ I:Ey + (v/c)H);I_ dz,
‘ Yo _ J

the field components being eveluated at the position and corresponding time

(1) See for example J, C, Slater, Rev, Mod, Phys, 20, 473 (1948)
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of the moving perticle, If the line of motion is chosen so that both these

forces vanish, the restoring force constants toward thi_;s line are:

= - dF /fax,

(2)
= - dFy/dy'
From (1) and (2) we geto
" kx+k (e/vT)/ [ (aEx/@x +5Ey/ay)
+ (v/0)(0R /2% ~0H /oY) ] dz.. - (3)
With the aid of the Maxwell equations div E = 0, curl g = ('1/c)a§/'at,
this becomes:
k o+ k = (e/vT)/ [aE /92 + (v/c2)DE /at] dz | (4)
Finally, since 'a/az = d/dz - (1/v)°2/5t, we can wrlte-'
ko« ky" = (e/vT) [Ez] - (e/v T 1 - /c ) (aEz/’at) dz. - (5)
A ,
Next cpnsider the energy gain AW'during one period, gi'ven'by:_
AW = e/ 'E»z dz, - S ' (6)
This depends on the starting time %;, end its rate of change with to is:
d(AW)/dto, = e/ (a”Ez/a t) dz, (7)
O . ) .

Comblnlng (5) and (7), we obtein the relations

ky + Ky = (e/vT) [E] - (1/721)(1 - v2/c®)a(awm)/dt, ) (8)

X
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Now, in order to have phase stability, d(ZSW?/HtO must be positive, since
an iﬁcreasipg‘ﬁ; means that the'particie isvtoo slow and therefore has an
?ng:gy défiQien¢y; In order to have focusing, both k, and ky must be positive;
‘this is cléafiy’incampatible'wiﬁh the above requirement unless sameé help is ob-
tained from the first term on the right of (8), This term depends on the dif-
ference in E, experienced by thé particle on leaving and entering thé repeat |
1ength,-and is obviously zero in the aebsence of foils or grids, With a foil
placed so that the field strength on one side is zero, it is determined by the
field strength on the othef side at the instant the particle énters the foil,
fIhe repeat léngth must be teken as ending at the foil,féinpe the field equa-
tions_used are nqt valid inside a condubtor,) .Ih the case of a gria, the ef-
fect is essentially the same, eveh.thoﬁgh théreris no field discontinuity
through & grid openings the focusing force can then be conéidéred as éfising 
frq@ thg charée lying Eetween the equilibrium path and the displaced path,
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