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That gravitational effécts can be important in the design and operation

of particle accelerators is :g‘enei'auy“};éelieyed not to be true. I has been

pointed cmt1 that the effect of gravitation on the trajectories of particles can,

in certain cases, be e

sated by suitably designed magnetic guide fields.
It is the purpose of thiar f]—fta‘iggui attention to a first order effect in the
theory of general relativity, wheae ‘éaajseguem'gs for some accelerators can

be pronounced--leading, in fé.ct, if no corrections are made to the present

- designs, to breakdown tﬁ predicted behavior,
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The principle of equiv: me,whzn crambmed with the Maxweu\gxpre‘s,-

sion for the energy in an e

trgmagnetzc f1eld leads to'an inertial as weil
as gravitational mals na ’ .

figuration. An mmeéia%e 7

butions for electro;z’z\g'
of the earth's gravrtatxml ﬁaid are altered from those computed solely on the
t:k& theBEF* Although this effeet.is xmt large,

basis of classical electromagne

it is first order in gli/c* where g ia-the i@gvitational constant, and Lisa

gion characteristic of the system. For particle accelerators, where

high fields, large » remely high field tolerances are integral
features of all degiéaé, this \magneto-ggravitational effect can be significant.

We can 111ustrate gqmal ff"_}_ res w‘&ﬂa an elementary exampile,

which contains all of the meatial physicat ooncepts. Consider a condenser

mth large parallel plates and dimensions as indicated in Fig. 1, oriented

vertically in the eaﬂh'sapmlitaﬁoml field (assumed uniform). We are tgnm% |

ing edge effects here, as.a non-essentiai enmpiicntm ‘The electrie field in

the gap of the conden,sengt,;,., ‘x i8 caned i{z}



‘must be done. If wecraes at the height
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Fig. 1. r oriented vertically in the earth's gx_‘avitaﬁonal field.

It is then clear thatif ; icle&bguta closed loop, ne_\!f—elﬁk -

4 1‘1 ‘Wﬂh’a particle of mass m, a.nd ;

initial velocity zero, then after cmss gheenergy of the p,a.rtic_le' is: |
o . ST o

(2)

so that if we take it down to height x, it gains gravitational energy Eg

Whelt‘e‘z

Eg %Myl - xp) B 3
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(5) -

position, the energy of the particle

is

6)

;mg higher order terms;»,mg?ﬁb- ;

tains that

M

Thus the electric field across the condenser 18 not nﬁﬁa'rm, but larger at the

static magnetic field. 7T
of a magnet gap than attheiap atol
pendent upon accurate fields, this effect.

Specifically, we can set

cqz/c2 -
B, =By, ¢ g B, -8 (®)




field)

sonent of) field on the

©

and, from V:'B =D n the gravitational

{10)

leﬁm;aared to other deliberate
gradients introduced. field of an accelerator, However, this

may not be so in the so-called (otherwise) Zero Gradient synchrotron. I

should be noted thatham;;&e Ty matntmeusual sort. Normally,

in an alternating gradient structure,

In poles of the Siegergeirasniype

9B,

|

i . , (12)

T” - - ‘: BT
The present case is thus 1 which the orthogonal planes
of betatron oscillatiosxm xdian plane of the accel-

erator. Such graﬂie’nt;s may be expfeggteéiidiintz}aﬁﬁ{:e coupling between radial

and vertical oscillations when superposed on the conventional focusing structure.

In the absence of other'magnetic focusing forces, let us explore the

equation for vertical motion of a particle.
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with

a4

where x  is the radial &ﬁ. Alﬁﬁ,in an azimuthally

{15)
Thus

a8

an

‘For a completely réli stic bu ol 4 1'i}ii;{#_@fgyglotron where xu'.’"‘?fgf
end x = R, it is seenth » poct nee ‘ | o
farce! To express it voig at.is reduced by 1/ Y?'
The magnitude at k wer congd -may be mferred from.
the above 2z equaticm or from the vertical Iapse disiance of the field
| §= c /g =~ 101,8 cm; or approximately one light-year. Across the 14,6 cm
gap of the Argonne acéel"eratpr, the field may be expected to decreaaekl};‘y

8.15 x 10”13 gauss at full field (21, 500 gauss). Thus it is seen that without
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eomp@:’iééﬁﬂg wmdmga ; theArgmneacaelerator magnets

will not have zero;gra@if;""f\.;: Maaaiter‘na:twe tQ/{co;;rection coils, these

effects could be mmlm:z&dhy mgthe accehrator at the point of zero

gravitational field between the earth-an

The authors have prof;tedgrea’cly from gi@gi;ulating discussions with Dr.
D. L.Judd, in which their attention was girét_ drawn to this class of phenomena.
Théy are also indebted to Dr". T. A. Welton for an illuminating discussion of

the ele ctromagnetic stress tensor.
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2. This expression is f;rst ardar.. The correct axpression is

which can easily be saen m reduca to the formul& given in the text if only the

~ lowest order term in g(x‘Z xl)/c m retained The higher order terms are

of course completely ne } -bieniar'an_y! terrestial ;a;;paratus. It should be

noted that they might warrant investigation in the case of accelerators located

on the sun or even on Jupiter.

3. It might appear a8 ifthemiatmani lectri j}!,:f{el';da with height might be

easily derived from a wi mgpgmargument This is

relatively complicated however, ‘since the varistion of horizontsl field with
height leads to a variation fpf'vg;rﬁcai field-with horizontal distance--namely; ‘

a bending of field lines under gravitational stress, and this must be included

in a correct evaluation of benoted that the correet

expression to replace Eq.'_;

£x)) = e.(x,)e e

This is valid to all orders in gx/c’.




