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That gravitationalef~ts'oan,be4l:tportantin the design aDd .~at1on 

of particle acceleratorslsgeneraUy~lieved.notto be true. It has been 

lpoint.. out that the effect of gravitation on the trajectories of particles can. 

in certain casest be c~~1I:lJY,8u.iUi.blydesigned magnetic guide f~. 
',:', - .~~ .,c-::' 

It is the purpose oft.... .\"~'to~a.llan:entionto a first order effect in the 

theory of generalre1ativity.whose,~OIl$eque,~esfor some acc-.1erato1's can 

be pr011ounced--leading.m facttifno corre'C;tions are made to the Pr'esent 

designs. to breakdown of predicted behavior. 
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Iri~f_I : 

'.. RA~d.~y ..n.A~BL.BC~A?!CEXAMPLEI •.•.9A'!~~;;;;·x·.~:~~.-,;;·.·~·. 1'" . '. 

The princiP~C)f~_e,.~·Wb..n co:mbill8d with' the. Maxwell.e.es" 

sion for the ener-gy i~~:'~;~~~!'~tiC field, leads to'an inertial as weU 

I as· gravitational Iml~;~·~.\JeJ~~i.t~:.,~~an)"particularfield cOil"" 

fipration. An ~~le~~fJt)'~~e~..;"~sJlftbat~!suimll.il1mdistri­
o .._.:. - - ., - • . _ '. '. , - ~ : __ ;" _ ' __ ~. . ~ ,_,' , • • \. • 

of the earth's graVltational.-1iel<l" are ~~~l"ed from those co~d sol. on the 

basis of classical electr~:u;~J~••J~ tbeo~~. Although this eff"'~;4-$ notlarge,
-:"~: '.', - .\. - , - - - " ,

<"0.>' " . . 

it is firat order in 1.!tit!"w~gt.,·tH;.lwitationalconstant, '." L is a 

~on characteristic of the system. For part;'cle acceleratore, where 

high fields, large 

features of all de.-ips, tbis magneto",fl'~vitationaleffect can ".pU'~ant. 
. ... '. '. " .. 

We can illustra;~:".~a1t~,...s·Witll., an elementary 8lUl~, 

which contains all of t1le._ep*j~ptlystcl\1:~_cepts. Consider a c~.er 

witblarge parallel plates and dimensions as indicated in Fig. 1. t»:-iented 
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Fig. 1. ~r oriented vertically inthe earth's gravitatiQIlal field. 

It is then clear that"~:..,;~~a~~;~~jel.lJ;~aclosedloop, DO work 

Innstbe done. If we:CT.JJ~ttbe~iPt·.x1 w~ a particle of malilsm. and 

initial velocity zerQ. t¥p af'C.e.1' cr~~~,~e e.rp: fJf the particle is: 

Ez - ~X*·."£?t~t)}b .. . ". (1) 

where E 1 :: mlcl. _'~~~W:'.":'~.~.::~~::,.lvenpy 

Ilz ... ~h·"(xl) 
m z =-z :: ml+ .•.... z (Z) 
cc 

so tha~ if we take it do'Wn toheigbt Xz it gains gravitational @el"gy Eg 

whereZ 

(3)
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The.eue~",oIthe~i'~~~ • .E.:t~~re 

18 * .~~.'l~ [ JE3~;~";;'~;~f"~?: .11'1~a + g{XI - )f~) ..,. 
. . 

upon crossing tbe,ca.,_:.~;:ot·~~/, 

(5)E 4 ='.3"<.~Jc'~~~~j'~'Aj.~' 

·,ttl'·"·· 

is 

Bva!uatmg.: E. equat,~;J.t'tOJ;l,~,,"'~bigherorder terbis•.~!;.•­

tains that 

(7)
 

Tb~ the electric field ~Qrosa;tbe COnQtlltper is JJ,C)t uIUtDr'm. but lar.~r at the 
.- ..~'. ,", ,".- _,'" J.,' '-'_"';'---""':; ", - - . '''. - ­

- . . ­

,.. {WNI:;~2E+'1'~;_{i"_I~.!:1~,T)~t""~:'.' 
It is clear that~:~_"'''Jl.~_.yt!'''_;._.I apply,equaUytoa

•.....'- __ ~.'-~.<;." ..~ ," _,: "':.•.'- -; . ...,.~,~ •.-..'..~:..,.-.>_.'.... '. - ', __ ~'-_"0 '.. 

IltatiC _petie fiel.\t. .~2.'~o~~~lN'.pr at the ~ 
of' a magnet gap th_ .t_~2j••".e<a~eJ_.\",aUoniscruciaU1d." 

peDdent upon aceu.rI\f.~·~ldS, this tttf$Ct~..es investigation. 

Specifically, we can set 

(8)
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inanac£e~·· 

median plane. Thus 

field) 

::Z;'rif;.:~r~ 
and~ from V· B =0 •••Jl~ f• ... 

(10) 

graditmts introduced:.~.~.~";14of·uaccelerator. H~itJ.Us 

may not be so in the so..ca1ted(~~~);.tQ"a.ci~ntsyncbrotrono:lt 
'-~ -,,"" . ;. - - ",,'.. .." '-" - -,-;:~,.:. '- - .. ." , 

sh-.u.d De notedt~t;~"*i~,;~~~._the •.·usual sort. Nor-.a11J',
" _ - , .... _',.... " .... ~_ • _ .. __ .. , __ '' :.:; '_ ,'.. ,.,'C _, "";',,_ '_ __," _ ~ 

in an alternating gradient structure. 

.. ,':' . 

1R pol" of theS~r.~.';ln-

d:Qz ._~, ..~..;.~ 
)'z ,. = "'Wf, .... '=,. flj!. a 'e~~~ • (12) 

. -·:~i_-~·~-:· '" 

The present case .~ t~~s~·to,~~.*~,::.'W:~_hthe orthog~p1aneB 

of betatron OSCUlatioA ....~.:~.:_:~.:~~~..~J.-p1ane of the aCQol­
.~:.; - -, c' ': ..'" - _.. __" ',- - - ,:- .'" .. _' '. __ :." ~ - -, 

erator. Such gradi.~ts maybe eX~e9'toil'ltroducecoupUn,between radial 

and vertical oscillations .wben superposed on. the cOllVentiORalfocusiilg~tructure. 

In the absence .of other magnetic focusing force8~ let us explore the 

equation for vertic,.! ~ion of a particle. 
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Thus 

g~.-~~.
i =. .,: :,.c_:-~J,.Jk~. (16)

RC4 . 

(1'1) 

with 

unifOI'Dl field. 

.. '­

.~ ~'5i' (1S) 

(14) 

(15) 

and 

~ the Weight.of,.tl1fl:;.~l._tt:~;;~.J~, .··t$ thi~ should __ 

a~dth~ usual z = - 1/Z g t 2 so that 

(l;l)z " Ll~;.,t~'~~ij:~:,d · 
• J_ _~:_~:'~.l>;> 

.F-ur a completely relJ(.~~~~~;·:{I,~t~;:.;~·~clotronwhere xo.a 

&ad % "R. ••It is S~\'~_,,~~~~Lua~
f..eel To express it~~l,J.··t~.~~5~__.i8 reduced.,. ~l i". 

The magnit~_".;-tI~~l,\l~.¢~.~_~m~ybe inferred. f1'~ .- "_'r··~",:.:-~>-;.t.'·:_--_~<.-- -"',>':_'->,-:-:"\ - .,,<:;.:C,_<,,' '-,',""--"'_ - '" -,' ',';-.- -', - - -. 

tbe above z eq\latiob. Ot'~tbevertieal_psadWtl*e·of the fi.eld 

t; = c Z/g ., 10
18 cmlor approx.iJn,at.•J,yone liabt-year.Aero$s t. 14.;6cm 

gap 'of the Argonne accelerator, the field may be expected to decrease})y 

3.15 x 10.. 13 calles at fUll field (21. 5OOgaus,,). Thus it is seen tbat without 
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will not have zero;gx"a4~~.cNa':.J'1,a~ter~,jv:~tc>(correctioncoils, these 
~ -_. ,._~,.-:.- ••..•.:. ... - c·,_. 

effects could be minUp:'~,b)"f~:~i.J.,tg>tlleca9~ell.l"(~toJ;'at the point of zero 

gravitational field betwt~:f~f.a.I'ijJ.;:~M$tfe~.c 
. - .. ".- . - .. " ~,~,.;~,;,•..,.. . ­

A~!f~~~~ 
The authorshaveptq(1tec:l.l'~4t"lYfroIJ): stj,Jn\llating discussions with pl'. 

D. L. Judd, in wbich tl\eiratte~tion\V.~first ~~to this class of pbenomena. 

They are also indebted to Dr: T. A. Welten for an illuminating disctls~~ of 

the ele ctromagnetic stresstensQr. 
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1. J. Livingood, priva:";~_\lI1f;~~UGtl"" 

Z.	 This expression is fil"£jt,.<ie~.T~cos:~.ct)·~.Jl"e~ionis
 

. ·•·.·
Z .['••. '. .....·glc~' •..... ~'•. xl.··.· )].E = me ..1 -:e . "co	 . ,g 

whic'b can easily be se'i\t.l"~qceto~formula given in.the text if only the 

lowest order term in g(xZ - ~i)lcZ is'l1~tained. 'tb.e.higl'u!r order tetm..<~e 

of course completely ne~i11efOt~tfrr.:"iIilil.\pparatus.It should be 

noted that they might warrantinV$~ttgat"",in,~kCflse of accelerators located 

on the sun or even' on .f._to. 
3. It might appear as;ift~.~~tj,<m'~'~"'.1.dwithheight	 i

migbtb.e 

easily derived from a W'_t:;lIj"'J:~ig"~al'~ent. T~ia 
. ,".- - .-,' '.. :·,:';'-7···.'." "'"-,' ....",< _ " ,',	 ", _... '", .,". ,,'-- f_,;, .", ,.".-,-,' ,", -' '. c.~... -" . .,-C_' .. 

" Irelatively complicated~""J(!i·.i.~·t"'ftfiattOtlothorl,onttU field with i'j 
" - -	 . 

he,tlht leads to a variati_of've~·ttcalfleW ittt;.~l~QDtal distance--naae~' 

a b~nding of field 1ines~~,~a"(itat~l, "'$,, and this must beiJlclu4M 

in a eprrect evaluation. of,":;,"~$~I!'" ~t)l"'ff"e~dthat the COFre~t 

expression to repla.ce_;,m,ij 

c () C.l_'· -1,.,lft;x~)ltJa 
e:;., x 1 =~t~2' .c '. "., . 

Tllia is valid to all ord.,s in gxl(/1.. 
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