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In the compute.t:ton process of ·the frequency progrs.m 
of a proton synchro·tron :t t :i.s adv:i.sable to make the lnten-
si ty :B of the guiding magnetic field ·tho independent variable" 
If 'the voltage drop across the field coils or tho ·current 
feeding the magnet windings were used J.nstead of' B, emp:tri.oal 
oorreot:tons must be :tntroduoed, which ooruplio;).te the oompu~ 

ts.tion process" 

The oomput:tng system as H who'1e oowotsts ou;b of two m:·dn 
elements: (a) a dwvioe for measur:i.ng ra.the:.c• s.courai;e ly ·the i.n·, 
stantaneous m&.g.n.i tude of B, and (b) the compv:t;er proper, which 
produceB the control s:tgnaL The ltil:tte:r. :!.nfluenoes ·the gone;r.a= 

· tor :tn Btwh a way; t:hat the generated fl'O().J.tenoy w follows B 

according i;he fem:tliar law 

where 
V B% ~r "B!-

(0c~ - "' /1< "'·!r 
and 

-g"' "' """·.:.I e. "R: Q. 

are machine parameters. 

The fielc1 measuring devi.oe should provide a di.reot 
·termination of B rs.i;her ·!;han measure dH/cl."b and in.-t;egrating wi.i;h 

respeet to;.\; time, b(3oat:me in 'the ls.tter ee.se ·there w:Ul be .an 

+) This note describes in somewhat more de·tail @. N:i.mpl:i.f:tcatbn 
of t;he Hall compu:ter d:tscussed in a prel:i.mimu:y no·te of ,June 
9th, 1953, 



uncertainty about the integration consi;ant, Leo about the 
ezaot Ylitlue of the remmnent field, This would neoessitate 
special measures -t;o provide the right frequency a-b injection" 
where the frequency tolert;u1oes are r13,ther n;arrow (of, John­
sen, XJ 1:0) " 

The computer should be of the analogue type, sinoe dlg:ltal 
oomputers ~are not only rather oomplioa"t<;d but, for the present 
purpose, hardly fast enough, r-t should be remembe:;:•ed, how eYer, 
that the dee:Lred w,oou:;:•a,oie\3, whioh m~e of the order 1000 e,nd 
more 1 represent abottt the linli ts possible w:I th an&<lO(sne com.-~ 

puting, 

In -this no1;e we deso:r.fube ~a, new me'(<hod for computing the 

frequency program, The compute:t pr(JduoeG an AO voltage U~, wh:Loh 
' varies wfth respeo·t; ·co B in the same maxJne:r.• a,s c..:> :tn oq, l '1)" 

Any gene:eator, wh:Loh o;;m b<" made to i:'ollow U1 :b1 fx·oquenoy l:L­
nearily, Le,, 

(2) 

m&l,y dtre,oiily 'b0 nsod with th~LS nompu.te:e :i Oth.'t::n: ·ty110s (Jf gen{~X'KJ.-"·" 

tors nEfed a,c1d.i ·tiional comput:Lng c:sJ.ocoz't1:Lng t;o 'their :tndtv·:tctual 
control function.,, 

The computer is tho_uglrt 1 in 

·the :ex~equenc;y of a nuol8m,r· resons,r.1:ce controlled g~~ner&il.tor ( cf {) 

CS 2 !l 'f 0 and 1 "1. ) _th~cough ·""Gb.e whole aoc>e1ersd:;j";n.g eye I) Th'is :is 

done by sott:l.ng up a magnetj.o :field cont:r.onod by, RJJHi va:Y.';)'::i.ng 
1inf'!ar:Uy w:tth TJ,~ , 

The prtnoiple of 'l\ho propo:jed method :1.!! ,;;wJ follows: Pie1d 

measurement ls done w:Lth ·the Hall effeot., The Hall eleot:code iil1 

placed d:treoi<ly tnto 'the gu:t<Ung f:Leld Bo The tlxo::Lting cur:r.snt, I, 
js e,n altez'nath1g; current of a moc1erai;e1y high frequency, say, 

of '100 to 1!000 ko/se<:" We thfrt'l obt.a:in a Ha11 voltage 

The oonstgnt Xu is proportional to the Hall ooeff:Lcien·t of the 
probe mai;eriaL 



The same current oauses a voltage drop 

u~ = 'R '3- (4) 

aoross a resistor. Now, a signal 
/i,f t tli J*' i_V,_/2_ 
v~ 2. "" "" VI, 2 ~ 

is derived, by means of a st:d tHble phase sh:tfter, from U~, 
and superimposed linearily upon U~1 , Because of the mutual 

90° phase shift, tb.e sum voltage will have the amplHude 

,·. ru~:~ ~~-- ft)) 
'l,.,(;';o V ~ ~lo <.v '· 

(The :tnde:z o d<:mo ·te fi amplitudes, ) When B oh11>.nge s, U 
30 

var:le s 

aooord:Lng ·to eq., ( 5) provided th~tt :.c is kept oonstan:L In tlde 
computer, hdlwever, 1 is regulated. in ettoh a way eleot:r.on:!.oa.lly, 
that u30 is au:toma:tioa11y kept &J. constant, Hence, by combining 
eq_s, (3), (4) and (5), we find 

and by mak::t:ng 

~-~-~~ ) 

/ 132.~-~~y 
KH 

'R. "'· k ''~ B o / Aa, ; (6) 

the output voltage at ·the he.ll :plate becomes 

B 
(7) 

If U~ is used to oontrol any geners:tor ful:f:UHng eq, ( 2), ·the 
generated frraqu.erwy follows B s.ooorCI.ing ·to eq, ( 1). 

Oompa:r~:i..son o:f tl:w eqs. ("rl), (6) and("() shows, 'that the 

machine pa?aril.etex·s r"''"' and 130 can be varlorl. 1nd.ependetri;ly by 

changing ·the level of u30 1.mcl the value o:f H, :respoet:tvely" 

'fhe Hall rneoi;rode, 
--"""'"''""'""""""'"''=~=-"'""""'"'""·"'""'"'~"'"/''""''"-" 

~rh€ Hall e 1eet:eofle nrtu.rt provldf:: .s1 su~:~:fio:ten:t1y h1gh_ 'iTO 

tage" :!:he Hall ooe:ff:l.oie.r:d; must be :lml.ependGnt of ·the magne-tj.o 

field over -the range from about 100 to '!0 000 Oe within the 
dos:l.red J..:l.mi·ce of aoouraoy, and rtd;G ·t;em:pe:J.'a"cure ooefn.oient 
should be smHlL 



4 

J!'c:r. a 30 G·e V proton synchrotron we h&\Ve B
0 

'~ 300 Oe and,, 

e3; injection, B1 "" "100 O<J. '.ehe meJtrum.um gu:l(i:lng f:te1c1 will be 

about ilm "" ·w 000 Or:L Hence, tt1.e ratio o:f the current at :l.njeet1cn 

Il, to the onr:r.eni:; at the end of the dut,y cycle:· J:m, wt11 h<; 

:a -.: { ~> ~=··-:::·c ~-
3~>-."" .. fBi.{:~~----- ~ s:o-. 

Since I "" Im after abou·t one tenth of the i:o'Gal aocolor&lting time" 
we may tolera:t;,, Iio to be as hJ.gh as 'l 00 .mAmps, provided th&:t the 
curx•ent does not flow during the ont:Lre tj.me into·,·val between ti\0.­

otHerating cycles, For typ:lca:t Germanium Hall samples of gbout 

i mm thio1mess, K11 "" -~ p.V/mAmp;(Oo, thtH:l u10 "" W mV at; :i.njeot:Lon., 

B.nd increas:Lng roughly by a facto:r· of three dtu•:lng the acceleratig& 
cycle. The si.gmtl is, the rEd' ore, all thc'l ·t;imo well abo,re the noise 
leveL 

Recent mot1.suz•ementa of ·the Hall effect j_n Germani.mn indi.oate 

that the Hall coeffi.o:tent is at room tempe:cai;nx•e generm11y sll.dght-'" 

1," decreasing•· wi·tlJ. :Lnore£HJin,rc.· f:te1.cl. .. c•t·il1 the pff'eot "e auite ,, ... ,,, ., ,,,,,., -··· .. ,, 
small, provided there ls a iwf'fici(mt amoLmt of irnpu:r.:i.ttes pre­

sent :ln. the sample mS>:ter:i.D.l, A ol'J.1::tnge o:f the Ha11 cooffioi,w.t of 

- ~ %o for a fi.eid fange from 0 ·to ~ 0 000 Oe m.ay be expec'ted, ~.'he 
decrease of the Hall coeffic:lent becomes notioabJ.e at fields of 

several thousand Oerstod.s ,, T'hte sye"t<Jm&ubi.c errc:r., wtd.oh is thus 

int:r.o.duced i.nto the computer, is, .however 1 far from ser:Loue, Ii; 

is a·t injection, and for a c>hort time theree.fter, t1J.at all tho 
load :ts placed u.po:n. the accuracy of the computer, namely, dur:i.ng 

that time interval, in which Lnsuf:Eioten.t bunchL1g prevents tho 

auzil:i.ary beam oont£olled frequency correcting aystem to get hold 

on, The latter will work at :f:i.eJ.ds ebove cJe•mral hm1rlred Oerste.ds 

and up to that UmH the Hall ooef'f:l.oient may be eons:l.dered inde-· 
'h'l\.\,<:.h 

pendent C·f field wHh:i.n probij!bly1,better th::m 1%o., 

0~ho ternperatu:r'<:, dependence of the Hall coef'fi.c:i.ent is large-' 

ly governed by the d(?gree of impurities present in the probe ma­

terial, ano. becomes less (around room temperature) with inc:r.ea= 

sing ooncontNttion of latti.oe defects, Thus both cond:l Uons, con- · 
c .. wt 

stancy of the Hall coeff.icient and its low temperature ooeffH/.ieJ!'0: 

call fox' 1:e1e,'t:I.ve1y i.mpvre t%Unp1es" 



The connections ·to the Hall probe shilm.ld be free of 

non~ linear efJ"eots, s.nd gold or ind:tum w:l.:roi!J shoulo. be used" 
Sro.ed1 nO!l:•<l.:l.near effects w:Ul, lwwover, oanse no trouble, 
since :l:t is possible to isolate i>he. fundamental oomp<ment; 
;yf the AOvol tage wy lll0.~l!1S of :f:'ilt0H'8 .. 

equ.a1 

wh:teh u1 

+) Mean.PJ 
:f:l.e ld.~J 01:t'ttJ 

A 

+) 

X't?..' ax:r,d 
w1:t:1 $ hovietve:e ~· 1)8 nE:HJf:1SfH"lr.:v G 



1J:Lng · 't~)rm· :tn. 

riablt~ 

:tn eq '! ( 1) F 

~G&U1COUB1y, 

6 

(6 ') -,.f ',,_ eq, () .. _ 9 A .. .J.J.Cxi. 
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