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I% i well known that phase stability and first-order foocusing are incom=-
patible in a simple linear scecolerator without folls or grids in the path of
the partiules.{l} However, various attemptgs have been mede to design mors com-
plicated field ghepes mnd time wariations that will elrcumvent this limitetion,
A peneral proof thet the limitation existe in all cazss wapg made by the euther
in 1545 but was not published at thac time, This proof ia given below,

A particle of chargs e moves parsllel to the z-axis with veloelly v and
is ascted on by fislde E and I, which are periedic in time and nearly perlodic
along the sz-axiy, The time peried ie T and the corresponding reopeat length
L is equal to 9T, Chenges in weloeity and direstion during one repeat Jength
will bo neglscted; this iz what we mean by the term "first order,™ The time
carresponding to the position z L= then glven by &, + zf%, whers £, iz an
arbitrary starting time,

The fosusing eoff'ect depends oo the x and y force componenta F: and F?'

whoee nean valuss are given bys
'-‘\I

L
F_ = (o/¥T) f [ E, - (v/e)8] ds,
: . (1)

L
?} = (qfﬂfa/\ [FY * {vfh}ﬁx] ds.,
o

—

the M eld components being evaluated at the position and correzponding time

(1) See for example J, C, Slater, Rev, lod. Phys, 20, 475 (1948)
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of the moving particle, If the line of motion is chosen o that both these

foroes vanish, the restoring force constants toward this line are:

kI " - de/dI,

- (2}
k, - - d.F;',/d;',r
Fram (1) and {2} we get: L
K, + ky - {efvTJf [- {EE:/E:: +BE¥/EI}
)
+ {vfﬁ}{ﬁﬁy/ﬁx —-BHI/E'F}] dz, {3)
With the aid of the Maxwell equations div E = 0, curl E_- (I/GBE/’E t,
this becomes) 1L
k o+ ky = (o/%T) f [EE‘/BS + [chz]ﬂﬂz,/at] dz (4)
[}
Finally, since °/5:z2 = ¢/dx - (1/%)2/ 24, we can write:
.L
k_ ¢k, = {o/v1) {Ea]L « {e/*1)(1 « vP/R) j (2B, /2t) az, (5}

Next consider the emergy galn OHW during one perlod, given by:

aw-ef E,_ dz. (8}

vl

This depends on the sterting time &, snd ite rate of change with ‘ho 1a:
|

HawYas = o f (28,/2) . ()

=]

Canbining (5) end (7), we obtain the relation:

g+ Xy » (o) [B] - QAT - Fetiaany/at (8)
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How, in order to have phase stability, d{&ﬂ‘]/dtﬂ mugt be posgitive, glace
an inersasing t, means that the particle is too alow end therefore has an
energy deficiency. In erder %o have focusing, both k, and Ky must be positive;
thiz is clearly incompatible with the above requirement unless acme halp Lip ob-
tainesd from the first term on the right of [8), This term depends on the gif-
ference in B, experienced by the partiocle on leaving and entering the repeat
length, and is obvipusly zero in the absenca of foile or grids, With a foil
placed o that the field atrength on one side is zerg, it is datermined by the
fleld strength on tha other zide at the instent the partlcle enters the foil.
(The repeat length muet be taken as snding st the foll, lnoe the {isld equa=-
tiona used are not valid inside a sconductor.) In the cese of a grid, the sf-
fect iz e=sentially the zama, avan though there iz no fleld digeontinuity
through a grid opening; the focusing fores can then be eonsldered aes arlaing
from the charge lying between the equilibriwm path and the displaced path,

Thiz work was sponsored by the Atomie Energy Commisgion,
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