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Abstract 

,, 
lnl9 38. Llewellyn H. 'l'h:o~nas propo•ed a modification. of the cyclotron 

dee~~e.<l to ~lbwtate the V~el~ .. _~nown limitation arising from the relativistic tnasa 

ln~r•a~e .. Thoura4 _showed that it was possible to design a. field having an azi .. 

. ~~~hal ae wel~ aa: ~.radial d.e_pendeilt:e, wltieh would llim\lltaneously permit a 

.co~stant p~riod oi rer~Qlutioll of the ion (taking i·ts- ma.sa increa.fle into account) 

a.'w.~ll as.,the ne¢ess~y a."xtal and racl-ial et~J.bility. Leonard Schiff proposed 

a ~nor modification of this £i~lcl invohing a. thi'eefold periodicity in the field 

ineteaci ofthe .fou.rfold periodtd~y prop.os~d oy Thomas. The latter suggestion· 

involve a a field as a :lunctti-on of i' and 6 of the form . . 

A ie a conetan.t which es_sentially determi.J;).ei!J the magnitude o! the vertical focus

$.rig fo.:rces, a.nd. B = l/2 ~. A-2/8 •. The appearance of pole faces machined to pro-

fi · · . duc:e a flE!ld of this ~e has led to the deslgnation of this devi-ce as a "cloverleaf" 

'l: ) 
1' . -*Tb,is work was sponsored by the .u. S. ~tomi.c Energy Commission. 
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cyc:,lott'on b~ th.is laboratory. .Edwin M .• ~eMUlan, urthis laboratory, hits also 

suggflst~d field configurations that can produc:e similar effects, and mo~e recently • 

1\e.ith R. Symon and other.s of the Midwestern Universitiea Research Association 

gl'oup have extensively investigated other possible arrangements. 

An experimental evaluAtion of a. machine of the Thomas type, in the Schiff 

modification, ha.s been made in this laboratory with electron model$ .to simulate 

the ac:cel.eration of deu:terons to an energy of 300 Mev. Higher .. o:rder !i.pproxi-

mation·s tha,n those uwed by Thomas were ueed in the field calculations and were 

found to have significant inlluence at these energie~. These suc.cessful model 

tel!Jts demonstrated. the bas.ic soundnees of Thomas's idea_, that the desired field 

shape coald in practice be adet!uately achieved and that essentially the entire 

c~reulating beam could be exh·a.cted in a Utlabl1} foi:n;. This pc!e configuration 

len'ds heel( n.a.turally to th~ u:ee oi. three aceelerating electrodes located in the 

ifvalleys 1
' on the pol·e facest thus leaving the lulll'tl~gnetic gap available for the 

cir,cui,atii!tg ions. l;he practicaHty o-f a three-phase radioi:t't!quen.cy accelerating 

system uai.ng tntch~ ~,eoufiguration has also been s1.t<:Cessfully derr;()nstrated. 

It thus is· certain that. a cyclotron o{ this type ca.n be readily built to 

ac-celerate deuterous to etlft'rgiet\ ci the {)rder of. 100 ~ .. i\w, ot: other pa-.rtide1J 

to a eind.lar 1:::~.tio ct' velocit-y to that of Hgh.t. XA view.o£ the lack :.>f a thre&hold 

energy gain ~er.- turn (-~xeept that arising from impe1:'f~ctions in the magnetic 

fh!-ld), heam c;urrente oi the o:tder oi one roa should be achievablG> without lL"'ldue 

dUUculty. Such a ·tnachiti,e would apparently have considerable utility for the 

large·sca.le 'production of rad1oisGtopes not readily available frot;n reactors, as 

a high .. inten.aity'·neQ.U'on source l.or time-of-flight &p~ctroacopy, :md other similar 

us ea. 
Although ther~ are no innnedla.ta plans to cotlstruct a cyclotron of this 

type,. liO~e preli~b:1-ary engineering atudi~s have been made on a cyclotron to 

:titoduee large currents o! protmts at al:u:~ut 30 Mev energy. The magnetic field 

woutd_ have a value at the pole centeT of$, 800 oersteds, the final particle radius 

would be 36 inches. The magnetic fif!ld, de!i!led by the equation given eal'lier, 

wov.ld have maxitn'llt:n and mini.mum values of 13,000 and 5, 300 oersteds, a.nd 

th.e corresp()ndtng pole separations would be 11! and 47 inche&, with a central 

~alue of 19 inches. The magnet power would approximate 150 kw and the steel 

and ce:pper would be about 100 and 30 tons .• respectively. A three-phase accel .. 

era.ting system asbig three electrodes 60° wide located in the pole 14valleys 1' 
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'wolMd requi:te ab~ut 30 kw of radio:frequen<;y power to exCite to a voltage o.f 100 

. ~· _kv peak at 13 . .5 n:Hagacycles/sec. To this~ of course, would have to be added 
"' 

- .. ·. 

;•. 
•: 
·fl 

th~ po'#er in the i:On beam. T.hia construction permits a clear beam height of 

. mor~ than 10 inches, which compares very favorably with the minimum magnet 

gap of 1l in¢he.s .• · 

J. 




