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ABSTRACT



/btetract,

This work is Divided into three parts. Part A, discusses sou* of 

the focusing properties of magnetic fields used for tLe deflection ^nd 

«nalys»i« of ion beams; p^rt B describee ti*o design *T> ; construction of 

magnets employing these theoretical principles; *»nd pirt C 1" T account 

of sows experimental work done using focussed beasw? of deuterons. T*»e 

work w%s ftll clone at the Clarendon ^aboratory, between Michaelmas Term 

1948 *nd Michaelmas Term 1953, *nd t\\* tl>ree parts form a roughly c) 

logical sequence.

Part A: Tfo _Po_ougriinjg "Vop^rtieff of SfoKnetic_______ 

The 1 H»V» and 500 KV. °icoel<!*r»torj? of ths Olftren»-1on V».boratory 

provide relfttivfly high current beasis of positive ions whi«3h nre very 

homogeneous in energy. For separating the ions of tfiffer^nt a^sses a 

magnetic analyser ip olrnrly nece^^nry, *inc* it rj^n b*» phf>»vn th«:t tli» 

alternative^ an electrostatic an*.\yeer» gives energy dl^perrion only,

WMI stifle raagnetic inalyser which me customarily used until 

recent\y, being * sector shaped uniform field, has strong focusring 

properties in tl^ plane containing the beam and perpendicular to the 

field lines (the "perpentUcular" pl-ue), but none in a pl«?ne containing 

U» eiaergent beam and parallel to the field linen (the ^p^rnl! 

This focussing become? stronger **» the sector *ng;le <p ip. incr^^pte^, until 

at 90°, which is frequently a convenient angle, ?n incident collinn ted 

be«ua of circulnr crorp-p.rct^'>n i-rirvr-vc-ffri to a lin^ focuo «it tlie exit 

boundary.

Thds IB a great inconvenience in mnny cases where care has been 

with tlie accelerator to provide an intense ion beam for nuclear borrfb' 

nent etuflifts. Tlie properties of PUOU uniforn sector fields are discuss^





briefly, sine** tl«*y a*rv» to demons trvte the formal *r/»lo**y betvr<T ion 

trajfGtoriej? in magnetic fields (ion o;.-tica) «»rri H,?ht option*

The power of tine lens in tiw two plane* cmn be changed by u^-ing a 

field which in nun-uniforw, varying with rndinl distance p*s li 0d r"n, 

Suoii * field focasses in both planes* but it is shown tint coincident foci 

can only b* obt^inffd nt im*nge di»t^rio«» ^ too olaae to th® mtgiiet for 

"sr^mio^l onnveni**noa in iainj c^aes.

Th<? inh«r*»nt non-unifortnitar of the "fringe* field it tiw pole 

boundaries o^n be used to oh-nige th^ iowf?r of ti*e lens in both pl«n«e if 

tt*e oounti-ir^e »:ik« -n --tfiftie v.ith ttws -    ; . «t enfafsno* or exit.

«r« derive^ fo>* t»»* i«wig« distances in both pl^nnfi »nd the 

for e-iu-^lit^ rvre U*on dinoustiod* ;ilw equAti.*>n has a variety 

of nosniblft solution?, whioh nre to some **xt^nt ILidletl by pr^otlcal 

oon»W<»p%tionn. In ^rtioul'ir, the uagnificei !vlon of U*P rv/steia will in 

gerjer^l imrenee with inorw*Re of iia-^ge <H&tfmae anr this proves ta fee the 

principal liruJ.tinp, f«otor f *-lnce ti.e ob r>ot for tS*r- lr»n-o-.M.^*.l sy«tem 

has « finite ni*e (initiftll/ t,ii»? i««i vouroe onnal;.

Ttif ti^orotio^l renultB for * 90° aml^-^r niv oo»r>i\red - ith ex*>eri- 

i»»nt *T5ri rwaronftble a;ixr«»a«r.t is fnm-Ki. Jicwever It i* four^, th-*t there 

is a £re«t lor^ r.f Ir^Tisity in ti-.« ^wl^oa benui. n* whole motion of 

aberrations ic disous*^ nr^ it is found th*;t tlx? lor.^ of irt^^ity in 

to be due to spherical ^be nation in 'oi^ electron l^na Byotem, ^ 

which err prob»t>i^r not b< ii^rover? iit the existine lype of 

 qo*l«r*tor colunn, *n\ wt.ich TsnVve e 90° ain3y»rr of the type d ie (rinsed 

of nc grnst a,3vn/;t^Ke ov-r tU unifort^eot-^r ^'«ia for ^- 

?br *r. ?ort«ler*tor with l^
out

of this difficulty 1 P to ^orifice the lBrBe ciis^rBi^n .nd



convenience of 90° deflection «.nfl use deflection throuph small 

This ie »*p*r«»tely considered «a a special c«ise of % field with 

non-uniform boundaries, *nd the optical proportion of such « nwgnet 

is tuned in -Mrt 0 are discus ned*

Part ft^ The Desifin of Majpyta ||pr Ion

The fjen*r*l consider it ions -hioh guide ttm rieeign of »in 

eleotrooin^netic ^re i>r»»ented t ni»3 details nre giv^n of tkse constniotion 

of a aagnr 4- -' pole-pieoce designed to give 90° deflection of 1 ii.V. 

deuteronw in either of t^'o opporite ^irfrstionft* The pole-pieoen h«ve 

f^ces fhich give the be*.m «t 19 OTR* radius pnth in th^ fie Id f 

to ohoone ti« boundory nngle (in ^ooord«»noe witai the principles of 

is provided by adjustable e«pwnts nt tijc pole tips*

tti<» liniit^tions on oper*t.<r»n iaipose^ by fw*ntinry of the win5inffB» 

non-uniformity of tijc fi^ld due to K^gnetio sitiirmtion ».nd the proximity 

of the ooilp, ?! the effect >f hysteresis on fi«-H stabilisation are

vacuum box which c<*rri«& th« beam l>etw«en tt«e magnet poles is 

of brnpp w^vw guide with « rigid supporting structure of Torkf?hir« 

tubing which also **rv*s «s i high sp«ed pumping by-pftss»

The fi#»ld is st«bili»ed by i^eferrir^ UUR voltnge derelor>ed by the 

current morose » i*eRiEt in<jf to that of » t<t«irAl^i^d cell. The 

current is saplifled by weam« of a gi»lv*no£*ter t mtrtul^t^

piiotocell »ind A.O %^>lifi«r, ^nd oorn*ot« the siwgnet current 

motor driven v^ri^c in ti*e power supply before rectification. 

It is shown th^t s. satisfactory n»^n*»t f'ppi^n c«r be bnse^ on 

triangular cor«s ^nd windinp-s. The diisrn^ionp of s emfynet to deflect 

1.4 a,v. tritons though 90° in eiti^r of two opposite directions?



iven, *nd *l«o details of the testa, on * l/4 so«le nwSel, to rinr? the 

temper* tur« rise In the vindin#B *n<3 the cx^oted uniformity of th*» fiel*

iii the full-flip.'  .ri'-t. Tl*» fiel ••*•

l-^r v/ir-diru" h*? been worker!

?»r4?,ul«jr ...ir-' 

fa) I «- 7> iia

of tlir

n

ct:; of u»c": two

tas been investignted In titf* energy rr.ngc 150 KV« tx> 450 KV. (deuterou 

 rclin^ rnergy). 11 though other workers hive iaa6e n»ftKureu»nta of

(»; ii, th'.fi r^Tion, u^ tcohniquc utieti vt «t; different, :~nr$ the pyep»nt 

work ;»«rt\y bridgra the t^..-! b*!tv.«per criff ucrk of ^liot (0 to 50 KV. ) 

thAt of Bl^lr (1 to 515 kV. yf both of wi.'jan usetl EJaiiilar iaethixie.

np;ir.j*fttue oon&iftteo. of a cylin£rtc?.,l target ch^u^er filled

t - : of u UAB.

of

, &i*i a'->t!>cu5t] to

generator.

wn.s <nu>* fully oollisr.ted by 3. ofi.nal flyst*»w, inl tlx charged

n. GUM 11 volant -.t the centre i.f the t^ ILox counted

by Ion -jount^rw o^r-^trd i:i U^- proportional \c f .-'.on.

«Tu v'j t^wivel

nunters were

reaction

--^ -  thii-d, *r,"-!r 4 w--,.:. ji.-.-r" h--- - -:-» >fil tor o:>rio.itions t was fixed, to 

lid of the box, Titf oour*Ur Ainciowe wex-e of wry thin (^bout 0. 

The oount^r g«is ne va;.our r/i a pret>&ure (about 1 am. } 

by * fixed te:.;-or^Uiw b?»tU Counts vere awdc o-'5 the nmtber

of counter vdrdow »x

b^? . . eyeful crhoiac o;'

»p«rlep.

to i4eiri.,t 1 'U^i;. "•.-.*• -^ absorbing



in front of the window*. The principle is 

from tii*» r«*otlonf as well *s scattered deuternna, give in general 

different wnm?.rt» of ioniisation in the counter materials <*nd *b**orb»rs» 

of t'r-**r fHfffcrenoe of energy nnd charge. tti» results to be

are di d in

The refvalta are oomronicntly expreeaed of

0xpresoion for tli» angular distrib
ution of

yieldet

there is m diffwrrnoe in the v.ilue.8 of A njncl B for re^otions

(a) arid (b)§ whici. is? in 

The vnlues srei

with the r^sulta of other

i ",(KV)

150
200
260
550
450

,-TM . .

*'
.4

1.354 - 0.^67
1.355 - 0.13t
1.718 - o.ns
1.427 £ 0.129
1.543 - 0.158

r-f-n-B ii ir   - in i n-- . i .  

B

-0.087 ^ 0,294
0.153 i- 0.185
0.188 - 0.^45
0.711 t O.K5
l.W. ^ 0.157

H5

A

0,773 * 0.117
0.387 - 0.161
0.978 5 0.122
0,637 - 0.116
0.949 - 0.110

B

0.031 - 0.150
0.297 - 0.188
0.14P t 0,150
0.839 J 0.130
0.506 - 0.130

Thr of*

^ t  

discus

reftult» on the baei« of the

, - . u , ^ 
ucon i^ briefly



U/l!

\TIflWS OF WCGHT

S.

A theala submitted for ttup fl^gree of Doator 

of PldlosopfcQr in the University of Oxford.

1953,



(i) 
(It) rv

(11) r>ole
(ill) B-H. 
(Iv) \>1*»
(v) Vicum» Box 

(vl) Current ?Ublll?,atlon

C . a * • * • :-. 1 "7^ r* j. T ' T _•' ^.l^*

Introduction

A. Tii* Poou^inp 'Vof)*Tti*»8 of

1. Itothods of An*ltr»i* 3 

5?. Sonw ^rrtorp ^Hilttrv? Uif- Citoto* of Fifl<;«s 5 

3. Kot^ticn B 

4* TInifr,na factor n^lda 9 

ft. KonHUilforxn Sector JPielde 13

6. Tirf* SrLnge-Pield at «in Oblimie Bounftmy SO

7. 90° Deflection

R. Marr.iricitiomi n feO° P« fiction

c^nt-il Kenultp for feoto I* flection 

Tri^l An
(11)

10. Cosribiiwl Nou-'Jnifonc a *'^ CB-,H«M<» i-t.--.?.r '-ry ttrV* 45 

7.1 • Eiiiflill Ir^le* reflect ic>n 47 

12.

15* Grin >"? u;% ion S3

B, T. l:r/5 of tt*.gr* t& Tor I*>n ^n^lys^rp 65

1. Grr^r'jl Kem^



. \ 
Cpnt*rta__

ISfflL-

5. 30 3ni. (trinr-gulw) . t l^sign 103

IMta
(li) Scale ^ "

Aj i- 01' O
bj Fxr.-.-^. ••- •• 

TJ, ^* ^ -^' - , -^-^ Coil

0. A 5*Urtiier Study of I>-r» J6» act ions 115 

1. Introduction 116

A:j«ir^tu»

(1) GAR Target 
(11) "Voportiriji'd 

(lit) rieotronio Countine: Fnuipwnt

(1)
{^) ?r-TrjJ. Coil 
(3) V le

3. i''xv>eria»ntftl MfitLod 150

4. Results 140

5* CoiTections nnd r'w "orj*. • 149

6, Dinouesion lf>4

&pp&r-fituft 'oa^cl in the 
of ia*gr,fjtl<3 foou^eing fields 166



tn
|nt _2u

The 1 M? '•*-" *^An KV onsoAd* gener- >*'•«?•» of

well suited to nuclear <Ueintegr«Uo» •tutlies Involving U-ht 

Trie !!•?• voltage on tfrie *oceler^tor ooluaan o«n be stabilised fc 

better than 1 ao ta^t wi^en u«*d with » Tlioneroarm R.F. ion-n^iro^, *~i.iish 
introduoee only * ematll voltage uncart-* tnty» l*unie be«?n ^u?Tertte of 
particles hoBOgewtoos in energy o*n be produced.

these beTmB twve beer; suocjessfull/ u»e<l for , roduoing re^otlone 
whioii exi.ibit noiTOw reaonnnoes, as for exni^ le tlnp rflfU^ttv© c^-ture of 
protons in ^luioinitira* Ai'iother u»e hfta been for tfr*> D « .i;t i-e^^tion ^.nct 
W*e enimlftr dintribtition of it* rsrofluflt -^rtiolrr, ^ r^*otion r/rdoh is of 

theoretical interest for the li Tht it thrown on nuclear intersction»f 
prnotierO ni^nifionnoe as » aouroe of neutrons,

Ibr many of ti*s* n^li^-viu i;- .--.;ii inv^ivw ioni^ntion ocutntere 
the Bttti«»tlo-;^ ^i^rnifiotrMj* n-f th*" i^^ultg o«r be lnore<wefl if 

dea-sity of the re«ct oni? is Ir&i ;-c~.l in i miAll voltujie. A ^oT 
loes of be^m intea^ity oosais ftnou* the poor fbotiasing properties of the. 
ttsu^l imgnetio <mnlyBer» BO ti*m an ?tterpt hoa been wide to overocs«e this 
restrict ion,

Ttie work to be described ami conveniently be tHvi*<M into tijree p^rts, 
Part A disenss** the tiieory of magnetic fmilyserf? nultnble for focu«ring 

ion be*ue; pnrt B is an aoooiait of u« design ^«! o*»»triot!on of electro- 
Magnet annlyywn) i^iich eabody the principles of pnrt *} *?.rd p«rt 5 oon- 
tains tt^e pre; nr«tion wi results of * nuoletr disintesT^tio 

lining %n ftn*il^ped «ind fooussed deuteron beam,

»» work on the pro^f rties of fbaunaing nw^netio fields 
during tbe tirae ti^ «mly»er W>B being built; but the ^t>rk on both



pr»oed«d tha diBlnte^r^tion ex ^riinnftt, RO th«t th» dirlBion Into 

At B *^nd C is roughly



'.

The frwAssliig Properties of jjftimetlo







'-' "

of from ion

3ont*>in» mol«oul*r constituents forruB<? In ti*<

of tlsee* h«m nn rtrultln? m from utwrtilnty In

the volt*»fv» f but «ilso from invert- inty In thr*

position within ti»« source from which the ions 

tiding staoh b««*iw it i?» n^oersJiiy to

Ir

lor t

In f»om» to seleot only «> narrow

sep«r««ting th* constituent Ions ^ pw.gnetl<! field i« un^l. 

B tj» Ion, with s^cific ah*?rjE^ e/m •n-J velocity v , h^s «

by the

In

I^ nee

BO th-nt for

group*

[2-ivûv tt)
tJrrf -rtitftgw Vt ions 111 be ae^r«t«6 into 

to tlielr w *oifi« ci-.irg*« ^-^t^on 1 ir -?1ottr»* In

An 

this o*m
eli»o trout <»t

th*«: ~r»rgy 

P .
t by n«otu»ttinji« in V -111 result irs

oft^n to ursr nr



in rwrrv, fnllo»md by *> c^m^tii one to *' fee trie ion*. 

The principle if I .il*r to ttot imJerlyin;? ti*» 3e«i*n of *owe •*»•- 

•pefttrowtero, except th- t in nn intljrer both v*l - .-H. ?- .;»»s» dis­ 

persion ->r<* itf-uireo.^ *n *ltez-r; Uve B»thod iiich i" in 

ruit*bl«> *>1 though it lA"***5 ^ftfln^wpr1 rwrtrv r^^oltiti^ri ^' 

^ is ̂ dvint •%«»•, i? to U«-«P or'x tia ^n.-1 ^l^ctrio 

t«*(? nmnt^l ionr to p<w»8 through uiK^/i^t«rt«

In U.P o-*n^ ^r th*- 500 kV find 1 t-rv mf^T^^^'-T?* i^L 'oh

">f ^ v*r,y !l enpr • • - % "r^ ti^ tiilli •« 

in so stable ti.^t enot. group of p^rtinVr. i« horary jvou* 

in ti^ en^r?ry li-At.^ ^-->T,V 1 '/ rr .:>•<- , • - >- ULO r^noi^' • 

i« used*
»

first rswgn^tio ^n*»lyff>r mane used 90° <1«»f lection in « ari**or»

field, v.lth ^ r"vUu« of ourv^t sre of 10 aarwi tli"1 con^tri^ti'in i«

desorlben by 'rice. I ir cle^r ti» t r-n<rti ^n "i^lyr^". ir lot. hhe

» « ra norru-1 to

••'.* in th« v*rtic«l pl"rte, to 

none in the hori-ont«l pl^w» f ro -,unt *» pnr^ll«»l in

^h^ v»d from '.he e*it bo?m-1 n ry. With thin 

m int-

4 nifn- v

inter.' I tire -3 --rriot be obtain-* ! exoe;.-t Ittnr*--t1*5^n.7 -U;

For •»! \r be^m, ?•» for *x^

• ? >n? ^- ^ I 1 t-.r-.oe fr^m injr oc

taring «%tari->l t or ^i.rrr - ^nrrr ji-rent i* ^o Ise at ti



A.

a s

better f<

Ut nt iperture or o-»n*l t % u* o" br- y-lf*

ing p •tie* mift be

There *r«* *ev< If

of

•aorifioed, U«» be^m Intft- tty o^n b« prcreivr ./ urir

t I on**! foouaning by

unlfara field

oorreRponrle to

to

by urin r -n-uniform fieltlsi in one sptlsod ti*** pole fides «re cut to 

» field ot*«ngin^ Itii r%ii^l int^noee from t4i« centre of o

in non-uniform

It rramt be pointed out th-t

d^sori

. ioh

firj*t-<»rf5ier

to

(eeotion l r ) asou-eing

obllmie bmin is

the focusslwr rtief» tn be

of the

in i

In

of ,orribl*«

of

It hac been

It

trrt

be r^prreet t«'1 by ^n *,rrnrcgfsm*iit of oylindrio^l 1 . 

analogy i«- §M.^-.;e u«^ of in ti*e folio inp '.o find th* c»r-

teitt of ^.

fl<?ld -rr! thorr ^ non-uni f r*»«r



A.

'Haou*w»d t although lat-T U*r , rui-a o^ k^ gtnr 

non-uniform fi«*ld *ith ebUtue bound' - « t..

with p«rnl1fl voundiri'"-**, In ••••i*ioh th* etefl^Hon of tlw ion benir( 

en^ll - onl: it 10* - -hioh L** tLf- urrit of «llo^in?r 

of Iw0i intemiv v^i^i.uut

n of f?^*, ««fnioh

*rr ,-nl oti*er limitations on the variety of rolut 

vhlch *re £)Ofglbl<»:

- •-orvrz.imt if

»nd h*DO* ti*» fi^l-. -./^otioiu Ti...* inor^^r^s* ti-e ur^ftilnffis of

on th* type of fiel<3 ^rtf the

b) Magnification l T)«e, ob.jeot prov*r**<* f^r tli* ^r-^ty lr»o» 

system is itaelf the UMfft, fon»*d by th» soeeler^tor, of th* 

or «[5«rturc • r - ~ overall mgriifionti- n by th** «l<»ct

11 ftp possible. m ryJ in or^ f p»r to

orthogonal plnnep. nw»t b« if» ne«»r eou«d %e 

o) Orosr»-ov«»rt Wltfjii» th* ion

al«»rr%tionp« Croefl-ov^i-:- ••:.„•«? L-a-i nvoioed f ro -,. •• t if ^p'-H/?'

ti»<? Object provided for th*"' ^nl r^r-r- ^^Til " ; "}^, «•, >^»ytU <*l T&P*

d) Boundary widthj For t.,.< ;t lfld» "•h<in* for^rirr ir ';rov1n>fl by 

Uia firing* fir>ld at an oblique boun «ry t the obliquity wu-t not be t-r>
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or rU»tortl.«n of the result be«

ortlonr of tt-jgp frirw^ In *rutoh lin w "f co?p.tth 

»tr*nrth *re r.ot ?*r«11«>l to tiw» boumtzy* Anglen not

60* «r* ^1 lovable* "Ititougb Uile depends »n the design of

of

for

lit iaorfr th'»n 50 ota» from thi» will cc u Hh

of n»*

, «>he prlnci

notation ure<l U * -town In f i ure 2. tk*i»r^ Is

"Ith ^ oyUfidrtcnl l^-ns In ^p optical »ysttma» ttoi

objeot 

useful

:ropri r t#» ^rincl 1

ipt"=r ; by " -*nd Tr«r unit of

I •?? of c

field: six] %1U» this a^iiR unit the fo<sM

of

ti or tue rirld
PP T .

of

ttoey «re denoted by M- nt. V .

*r* ooRQ^rneri v/itii fo'nia-ln? 

to

In two ci

pv- tr»

r> -t t lw•iir«olion ••• ^

in v ' lijK t^ fo<2U8f*iiw pro-^r^-l*^ ,

/[ *nd JL l «^nA Urn magnifications in .

-e two

.re i



A.

l coor imtes (r,Z,&, ; f«n> usec* to ref^r th* po*lti:m «f

in tiii* be«*m to thi- oertr^ of esurv«»tuiv* -><* the b**m »rt*. 

The rerliua of ourvmture of a particlr -»t ^r. f .-v.-. 4 . 1« P nri tn^t of ti.*

p^rtiolcs Ic {<> • Thue on U*e l>c*ia nxlc - -#• , * * ? 

f-'is« f except in ti«e O»R* of « nan-Ufjiforr, fl«W of t.^

have f ̂  Y" •

ti^e i'iald bouadariea nre» not normal to r,; 
»,-•<• *ngl«» between fchf Ix9 '1 ••» r .-,..,,,. 

exit boundaries are denoted by c?C| ^.iri ot^ ^ <-"?tiv^iy t In 

U -t 'dth the be*i& dcForibing a olookv.l«?r circle the* poeltlv>p »rigle l 

nr^mred olook^isi? frorn the be«un ».t entry* »nd nnti-^lookwiee ^t ^xi 

We use U t'<no(»

With tUi» notation, thip l«rt fnur llml tin? ^nnMt<rifw» irv»rf:lnvuM>i 

(Motion 2 ^bove 

b)

t,)

4«gpiforro

The theoj^r of tiila tj'pe of field h*»n br6T ^tvet.- o**trr- ^

its w«e in nwee »peotrr»4-r*>t^rp, wtiere tint ibRfi-roe of foou^^in in one

p uniusport-Tt beo^u^ft of Wir» um» of i Pllt 

^ -.;•. «xis enters «»w' "•-—•,• , , <•• - 

bring defl^ « t<^ ' tiirotifli tl;r ^ .

pl«ne» ' ot f Im-ge «»^ sector ft;>ex Hr on - *trM. ;4*t line



\_

3) *» 

r*<Uua P *• «

» b« e«fily nhwn, ro th*t tie 

unit of length) i» p,iwn by

It is e*»y to ti."t ti»* principal 

ly by X - ""

Thin function is plotted in fi -ure 4, Uti.ou0h thf principal
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A5 : Double focussin$ witk t**> Sector



/s

of uniform see tor fields >^tiom!y be 

to :- o- ' » i™ • • ' " J vlld ^lt two

sectors of *nel<* < '^ —— ** «^ ^ * thr lr

1* might w«nt in imfig* <Hat*ix* of 100 a ,,r. -wl

P , 
1

of fie We would b« n»»t lnaonf*m?>nt •»*

it *'<*aW involve tt,^ ^-;u U/'ttt of ooti. fv-i-: str-:n^ 

nt of 

0*ut*8 h«iv* b««»n ouote;! in the litor-.ture, %-her« sectors r>

iJjiT^d in

5* lton«uni f orBi 

tl* focuselng notion In tbe •wU<jiil«r pl^iw of

b* o»(^n^e<i by infero«"iucin!3!; ft rn;-i««l v%ri*iti n of field (strength* If

the field i« a not too rapidly varying function of tiir i-vHua it o^n be

rr» irfRrrster9 mrrr thr- «m*^11 portion irs -vivL"»h the be^m tnoveji

X I t
, t rrr. H0 i^ ttie fl^lrl 8 t.." ^th It U«? O t U3 ^TifS Of ti.f

«iKr? r is its r^Uue of ourvntur-e. /vv is Q -ro^ltive or
o -

Since for normal *ntrv , rs^ • "<>, • M-^- ^ _-iv

optic *T<i» coin'Hdea witr tt-e oer-tre of kh* !»ef! ; r>r» '-^ h*v*»

U.c radius of ourv*tur« p « r.i^.te to a raUM. --'Ist^ror ^ if. iven

oy
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In u..

•I -*-

form .*»f thr flrlc ir H

^nd o p*r*llcl Indent

vt*!»fi n * 0 the fl^ld Is uniform

oonwrflB &n tit* exit bo?i^«>ry»

Is

f^i^itJotv? (!' > U> (la-j ^-^

T? y -•rtlol*' itt tar b*"'v.-, r^m^inr* in «. con««t';nt f !<*!,$, PO it in 

tfctt tiae above •^'ifttions v itl only n. „ ly to -4-vfe. v$.lurs of R; -irl 

indeed for ti;*1 purpores of s focu^ini? ^r^i^sffr there »rp tlrf* only

to

(n)

coalitions <:» titws

-;lott?-'s in

wiTl. be obtained

7,

« 0.8 (90)

Thus Cor inoiacrit true fooap. ie fount!

O.R P outwiow th^ fritP

In fact, tt«e t'AO iiwg* dist^ncre rerrrin

of vnluen of K so tt.st in « fie Id chnsen to giv !. * 0.46 

fooun is -,lso poffltle with non»p«mllel InoiAent begins. thl- ho-«n
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A8 : V<du<w of 
field H oc

V in A nor\- urufomv 
* for several v&LueS of r\

Figure A^ : PoU -fflu^ skims cut to



n of K from -I to -6 fir- thr ap-UnftteB *r** iroape fit»tn?,oft5 

dotted) * --H ^/j . It a@«aa u^u -'-wu n « 0.44 w» e-m hwe « 

true focus for vaue* ai' ^ between O.^ *itf n.P. *-»r :nnir* rjt 

In n.rotlon ^. t

J>* of tu

by outtlnr pt^ 5>i<imB to fit

10 <3

Tv*rf» •.. :)Fi t^« l^tue by tnVin^ * oonio^l '"*ut ^s rhovn in 

in fl.'un* ^» T«*« ^»iB of tit*» corm coincides vith the Z» 

of the n^^r^nt, :^r»ing ttirougi* 0* The c«>T»io*>l »urf«<Ni outft ti.€ 

r, pl»ne ) ' in * circle, rmUus 00. The *ngle oC ie giv^t^ by

If *e asaiiB* H - "£ ^ tijen since H

2. r==- 

»na ^<z. _ .f.

o
» *

CC -^ ("5)
V *Vv. '

fir^t ri«in»«- t^ i..'- -.-m ^f»r*» •V-ri^r**-3 to rive n • 0«8. 

tly ott*>m to niv*» n « 0,6 -\nd 0.7 '

be'<.-i. outline W^M ->t Urf* ti:ae not ^uffioiftntly rh*rp to rive* « 

results, there wma reawomble ^u«llt«tive wgreeoont with ti« 

preciotione.

; r; order to ju^ti!'y vi^: ur-f.- oi i-i.r aar'iiapti »np i'pr,tioned 

-i-icnl rvtr*oir*« ^hi, .-.• to f 1 r 

tbe perpeikJloul^r alnm) f-r« -.

throufh a field ith n of various v In





pre AtO: Form of tKc friruj^ ftcld

(b)

Future All: Str<xy f uzld comporwrxtt At dJ\



The r* ult» wore

*v

0.2

0.5

0.7

0.8

O. by ray tracing

0.2

0.7

1.9

4.0

*i bu* q..i.Toxi;:rtr' t-«-c-:;ry

0.5>5

1.00

5>.35

4.00

T«O.unn nr* rt^m In f'.gure 7 *\s & dotted rnirve. They njv pro*,«b7y 
not norc «3r?ur*ite tirn * 5;% but seivc t:~ slior-- Wt* f *t« »xp«9tftA, 1;I«* 
onlculo*'"* v^^<"* rf V ?>r^ too hljcli if it is arsTuard tit^t *»ioh p' rticle 
of tt/* bc«si rwn^inn in «> cojwt r nt field strength. Tlwn the «r>%r>vliri»t* 
tli*?ory p.rfdlnt« ntwrw^j.^.t optlMptio results which vrill nwt b? achieved In

fy'liie*-r.lc'Id fft an

Th« th«t the

to oorreotinn9
w?»,y» of

hill nur? others.

? th* orrr^otlcww h*ve been given in fl«?t«tl by

e 10 rhow-? t>ic for;, of ta; laid R in

«r the bound -rj, *Ji3 ftlso * t/pic-l r.-^rm of the i<1f**l field of the

^bnve. If * 4v polo b'-un^r/ ijj vide oom^nriNj vdth ihr* b 
width in the wU«n pl^rw, thr/n lines of oonst.snt 

mr^lle.l f,o tliC hounS^r:,' *T^ to 

«n«ll f deflrotion of bo-rn -dtLln it 

though the friT^« ,t norwil
il p^rts of ti 

points In the

of frirup 

punt 

off
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A.

The »i*n of* is ohosen «o tt.*t *h*n it I. posltlw, W* 

length -f In 4l»o i>orUlve in tlic usual ^on^ntion - i.<-. the 

* sonwrging one. ft* foonl lenath Hnn of

At ti;« exit bourv-^nrr there will t* a »i«dl«r effect, -o tli»t for 

particle* off U& a» riian pl^no tto» mugneiio fi«*l belwvta «» ^ p«ir of 

oylirvlrio^l lp««e» «*?*r*t«w| by i

If the bou»: ".r!- 

t K t-^jtz. « t»rvXL

> foo*l length of tur ;.-..ii>im^ioR is

b - ',*»ll-Vr.fr"tJ forawl^ o*s ^trio^l

P 
T

The oi*tiT.G«»f ^^ tt<* principal 

boundaric- - ^

*nd exit

L t
(34)

9olwtitutin|r

between object

in ttw

-*

In the e^u<ition (.1) p

for 9 uniforri* sector ::urt be m-> to include

effect of tiie obli -u< u-jrnries. Kefer to fir ire 1?. Two ion

«nrt ft B' C' T) from w object •* ' itf» i 

optio vxU. ^W}

ABCD i»

B ' 0« p i« startot d
the entrance

norml to opt to

a. „,.„„





-I

of tK*

AJ4 : of tkc curves of



H

or

vertically,

a , ft* JL ^ - d ,. [ - t, * 4 + *~4 - ̂  J (se)

Ooabining «f?u*ttona (57)

v _ — __ (40)' - e, (- ^

v, -
|V\ rvi.^ (p — I 

IB to be e* t (*ee aeoiicm 4).

E^y -2«^>«rlag the foouRsing pr«-^rt^«* ^?* »i uniform ft*ld both wltii 
without ^ single oblirfu*? bouruisiy, It o*.n b« r«iiown that in th*»

obli^u* bownr^ry acts as n thin Irns of foo«l 
lengt*t -t, Thuii the oblique br>uncln.ry hae opposite foous^irjg properties 
in u«e t^o pl^rieej a bownaflir/ bettaving as a por itivr l^nts In the 
perpendicular pl"rv» i« a r»»(^atl<w» orw? in tiw> Horizontal plane, «»nd vice 
versa.

fhe t*8Ui^ptifm th*t in the p»r*llel pl»n^ «ill the 

place -iuiin « very phort lintnnoe (thut ifl, the MMtiqptitm of 'thin 
behaviour) wsede jus t if i ant ton. To thin *TA t> rta on rever«*l 
pole profile* were tor«* *lt» iwyJele in the eleoti-olyt,io t^nk.

the first of there IB : ,.>.-r. in figuree 13 («*) -n vb; . - the 
reUUve v^lufr Of tu» defl*etin? field ooBBW^nt M 1•K 

tlie nonml to t.

•>•K 
of





JOj



•ff-*xi«l distance*, tt-e unit of -isfin** bain^ the g-p -.v^t 

In (a) the polrs ore mwhi^Wtedf nc? In (b) hive « thlr* r.hl*ld 

A distance Z0 from the pol««* T»* letter «** intended to r 

effeot of ,t iron oylin-ier mirroun'inr */-,*•> ?»» *t entry to ^i 

from th«* ®agnet» -TK? it o^r. be n«^en tn*t ttie ehi*»1d hse the desired 

effect of :-j.-»"t'- ir.- M.^ defleeting region*

Suob ex^erl»^nt^t result* ».re tedioue to obtain '*n^ «r* not llkr-lj 

to be ¥»ry »cour«ie. In the flr»t place the e/vit£0t*nti*l Ur* :- ( .-#j^t. r^- 

t r- f n -r/- tii* field eetimted fr«»B their epnoings t*»n the angle of 

these linen ie found and u*e oonpcment H^ o^nr>ut«?d. JBoti* »te^* «n» 

liable w ,rr".::ionl errors «nd % Measure of the aogur^oy ir - 7 in 

figure 14 wi*ere the «T«*IP b^re^th the ~nrw* *n» -*>t.te* -^in«t th*» o*T-

TJoe *xre«, - i^ mprer • -,- tTt*» intepril of 

(?7)f should be proportional to Z, *?« rhown by emi«»tlon (^^)* 

points for bott, fifcirld*^ --r--1 un T - i^-^'Tv-i. ' • r-« 

found t- itr.in lf) of ti* linr o« b<*?t fit tij > - :>»-i7in,

A ohftnoe from the 'e^i^r^ 1 -tro T"IT'» brrwVm» t.Kr r-vtr*-^. '-.** vj-s* 

fringing ft*Id. In fisnir*' 15 tfiir it v r, \ ; !o t?* ; vr in <

being th*t for e-n off-wrl^l dirt^noe 0»4Z0 , The round profile was

ami oeo%use thii? migttt roughly repress r;t ^ virtu•••1 poV :i ^file n>t

field strength *t*pn tiv iru« u*conirr '-^,

for ti*» foe-11 Utanoe ;•* -: ' '*^*,

to find the RAgrdfioation, m need the oosiUon of thr prlneip-1 

thess are mt ux .. ^^^ t|)^ -, } y^g< 5^

of X i» oriv«»n by



(«here V In

similarly v i'̂ - cv^ £ i-, 4 f

A point loirige of *» point ob.jcot will th<*oreUa~Uy be fora»a

Vj_ - V,, (* V) 

t*-o values ln*ing .^iv^n ty eru«t.:t?rtfi (35) -m (40 j.

?.o thnt to

..u-; :, be '.M

between

cp - 5 » *ji an?

v*»

oon:3itlon«! for *« point

t7» grn^t Vftri.cty Of n?':!

^ ; --» varioue ooikUti')n«

(45)

infection '"* "'1 lain** ting 

tia t^ U nr t ( s-

= O 14 ;

Par a ft«>ot0d v^lue of V tw» t*-o nllo^ble values of t *r. • tlie

values of t ? * 

t. is f<
to

?p «» function of K.

JVo»> ^.F-, e^uatii>« (45) § Mduu t

Th"

t- -l "

or V - Z, 5 •>!*' 10 *r* BKiwr. In fl-nre
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Figure Al6 (<0 of |J , t, , t2 for coincident foci .





Figure Al7 :Pole-fa-ce
directions
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ifturc Aid • Values of ta to gu« coincident foci
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isA.
(oj. A Ur ; nu;-K n^-ive Values o<* ^ (i.<*. « vtv.f,M.,i ob.fcoty »re 

ired, the "jury-*- > *»ve been completed for [>opiti\ ,AA <»1« o brr^m- 

it rj*i i^en found that *p«»rt frnu. a ?n.^e-ch«rga rtistortlom or the br 

satisfactory rolution* «re nlro pOF^ible for ti^ r-e O^P^P,

It in Been -i.-;t u ; ^ ; '* n — > ,^.--.-«v.?r. -j.iOice of p"lr^ of nrrl^ 

of, «>nrt ^vf-tt" v.'i ioh t^ i t-^ both lie between * 2, w» «r*» P«*»«»V 1? 

tti<* first pi fixe-:! v>lu* of t, f ^hioh will «»llow define ti

90° in <y posit*- wireotionc by rcvercirv? the field. I 

v«»lue ^ t, ohos-n for del lection in one direction .-ill b^ • *» - t Yrr 

t,b* ntLrr, --r>.? thf vnlue?? of t, ajust be nl-o^r-n n -i^rr»r.r1.''i tely. 1'huss ^ 

't of v •:••<» a raid be

(47)J- -2-7 J ^u = -0.7s-
Thir pole f>ice ^ V in figure 17. '"tether /-u^i; «r<

v lues are suit ir not depends on *,he ?^^rif*i?"t^ ->r^ y. -, rr: ;- ;,. .

tt,« two planes, nnd tt^Be are diyrupwed ir. the rseirt rp.ction. Th* f-r-. h

for V * 5 (fi,;-ure Uil>> ) also f^hows that th^re is n solution with t «r/ «-
80 ;"- otrioftl pole f^c^ is i.-ospifc'!". However the oorr*s-r»n ir.g 

of tx IP -?.2 Trtdoh is Inorrv-Mr^tly l^rge antl moreover «/.>-•: net 

rapidly for ti* better with increajie of y , as is show* ii. i ;,. 

16. ^ furti^er ^isadv^nta^, ap will t>e «een, IP that 

only b€coj«e reasonably small wjwn t^ is

in 90° «3ef Trot ion.

or ]v ^ ii te --i^t-.^r^ep. U *»»!u of
object «nri ! ••• 4• &heir principal pl«»nep f «^o ti.^t for river v»

of UM»n V
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A.

values of V between 5? and 10. It in cle',1- that if tLe ratio -" mnjor 

to ndnor axis is to b* for exajiple less than 3, the value of t } rrupt be 

between -0.3 and *!..% and of this ring* «> lirgc part ir unacceptable

the individual nwgrrtfioationis ar*» too l^rge. In particular the 

t * o gives large awi^i flections, a* tnpntloneo in section 7; for

V « 5 tl«?y are

(57)

Because of the large vnlue^ of MJ, for ^11 negnllvr valuer of t, 

l^t it is n»oe?B*ry to provide a r^v^r^ ible fr.tr^nce boundary* Tn

order to *i;i focuFnn^ .wr- - v^ -^nge of im^^r •llpt^nces, it IB

useful for all three b^m^nri*^. to bf rrnrtunlly a^iupt^blfr for '"nple.

TN»»e facts formed tue ban is for the i»ol<*-»faoe -->^i..rj of the 19 cm«

»agnet described in section 2 of ^/t B.

Sofir inter-rating rolutionp are obtained if or*e or other of the

restrictions of seo«At?rt 2 ir I'elrsxed. lis ^--ii'ticularj if ^ re^l

above the magnet <"ntr r nc<» IP allow^b'?** (!••*. v>o ) th*>n,
'3 

by CJockcrofti a very patisfnctory symetriaal caee is

tr, - ^ ^ -»- o-
~ M j| = -4-i-c? 

It therefore has thr advantage of oole botmr^rlea making only

with the be^m normal, ^n--* r'-H IficaMonr -i.ich are

l reriiltg, 

U) r.

Itfort tt« 19 cjn. «nalyinr ja^priet -/ith adjupt^ble bounf»wi«» had





t



been imde * trinl *nalyser was built, * or * *

caret* The form of the vacuum box an'- pole pieces IP ?ho-#n in 

"""'. 'r -^scribed by 'rice, the <t>agnet had alreMy been fitted wit*. 

pole pieces to give ane-wiy ito* deflect ion of deut^ron be*ja» of several 

eleoti-on kilovolta energy* The v^ouum box B (^onrlsting of ce 

w^ve-miide) wne oliwv^rl (by tsr^ne of the br««» bloolra *.

to it) between the pol«* , «o tli«t the shaped Pt<*el oheelre

oo- .1.1 be clipped between tiie box «

oy toe grub eorews ?-.. .-

polen «n«1 ol^'.Tnr,"? in

t ?•**»*<*

the be«tt in p^r^llel no « crorr-owMP tl*p

pl«nf could be detected by ireotion frmc which the of tr ie

imp* be«ra investi^«te«l by ur?in-'* movable

target chown in figure 25. The brnae disc 

within tii» gl<tss tube B by ta«? br«s»? ro<^ 0 «t^ 

"0 ring" se^l irs tae flinge I>, Three

(b)

\ CSGB*I«.I be ns

through

of pole chirks were

«ngle» beings

It ^rn?» int 4 r t !

(b) nrvi (c) nt >) « ' ''. UP in *h* in tnble 2. t><e

(b) V o;
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A.

mnber of experiment*! tB»*aur*:i;ert* **?r<* rjp-*«. Of theae, 

reliable were uwte by !>r. ?.V. 'Vice, ^ *r* ^t out here, f-v

with theory.

Under various condition?-, the be-^m cwip*-seotlon it v*rl 

w«a fwiwi by urcing the movable t»rpet ilrew^y deso^ibed ir» this *<

shown in ft pure 23. the target *»? Iworibe-i ith «, aeri«? of 

circles «o ti-.it tar iz« -u' t«te region of inter.?--* n.oure»oenoe t .,-•

W^ " * L wH •* v • "•* ;. •* ^ -1 ' ^* *- v - • • * v • ^/ • ^.-

target tube oould be pl*.ce<3 vertically b«ne«tb tine «

the popitLrm of MW "obj^ot0 -fouH. Tteinc fixe* values of the 

overall ii«T. voltage ftnrt probe volt*?e »*»nd for «» ^i^M be«m wrr^nt, thin 

object _or'!t/«or I- - ^.notion only of the foouBsin^ v.-?ltnpre Vp t hvch 

onn ttdis be used to fir*:' tt 4e value of |A.. Vp. iv? M.^r«w plotte<i in fi;*nrf»

The H»T« volt«*-T- u*f»rt ir, thin «»nrl «11 the mibffe-nwnt m».«»nurefnent» 

150 KV, «tnt-; tli^ p- Mj*- volt^pe *\5 fTV. Unfortunately, 

prO'*»;oe I«r3re R-)h*»i*i.-sr"! ^berrr-. Mr>!"!r» Ir tt^ 1^r5^#»«; t n^ •will 

pfction 1!?. This w%* not i-e^li^ed ««t the ti , imt tlni effect oould be 

•een or» ti*e target, wher^ in jsort cusea the cer!tr«%l brivht niiot w«>» 

c''ajL-rr?uixjca uy s lepp. intfnpe region. to«ffiirenientf! «f»rr K*%d« of the

of v^t.; rrtrts ^' - be%»uf -o th"»t. it Is ponpible to sheck the F;mt

ulnted batfi '>itf. ->r*r1 ^-Iti-.ont s.^hnrirsftl ^V.err-^t.iov-. Tr t.h 

only the central spot sl^en ><re reoora*,--!, but i 4; is -orth 

»»rt of the distortion in the fom of « diff\ire >T,«7lon of f 

.Mt-, **» * ^uc.l extension to the * »ot, v^ry little Vlr.^ in

with the r ti« thn th, ,„ 
spherical



-lntf ti*r cr;tr r.~- •••. —y -r«P 

exit «mglea^.in atf» t>» of 5°, --iVi rro'v •'"••• tt*» spot

nr!

••-:-*, entr"n-t» nn^lea* Tt»rxig|KWt» t*^ probe ^nd oripr^ll 1TT

•- '" f'»r *»« , '-«• «* bea/t» current, wmr*" oonst^nt*

<X, « 40 , 4f> , 

( t, * 0.84 , VT, , 1.19 }
- a t-O •» „• *O > £* O c* k '^ i"* *? cJ •*** **»*?
*) } '-#* J * *4h * rf *)' J J «!) f / ^ /

0.70 , "VH / 1.0^ , 1.19 , 1.43 , 1.75 ' r; .14 )

40 , jv-

( M -5 ,

Ihe avparijaefitnl surwiy w*» <ion*° to find ti«@ b^rt foou^eing oiroum* 

stenors in practice, ao thAt in fwnernl ?» sft of 'ronditioa 

will not give ooinoi fnt fooi in the two plants,

i tifta Wieoretioil ouirve», f«r eTnnpV in fi;nire 16, is 

not possible. Also Uift for^uli^e derived from tl^a Oauaai^n optionl

not give the benm oroiia«MiotiaB st ««y plaoa axoapt in the 

pl*ne, aa tida involwa the position ^nd eiaa of aperture atops 
in tii« aotunl welenttor «nA mgnat ayateus.

T ̂  i fl ^t jjfc rr*g^ ^«%v«afe «» ^.^ .*r»rore neoeft«»ry to oMcuUt* U<e position of tto ffco*l 

pl-nea VL ^nd V,, »ith ^u^tion^ (45) and (46) «WI 

(5^) %nA (55).
' ' *""**/, ^»vr i np.,1 im^ W\«/•»«",* (T«C v.-. A 1 ___ t. T n, » AtM i ^.nsl M i8 fit tl



positions. In winy o*ae* the foo»l plane i* founrt to be wll 

the rsogt invest if* tin!, or eren negative. lfer*v*nr **MW * Hrect 

oospsri*oii witfc the calculated values i» possible, ti*> agreement 

to be fairly good* As *n exaua le» t^ble j? below show 

with «^n entr«»noe %ngl«» of 45* *nrt for two

Talle

Vr
(KV)

7
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-n. ;

-0.35

Observ.
•

-

-

-

-1.3

^.4

-l.s

: -i.i.
-"• J

Iter ••tiraatin ob«cnred it fiseuimd ttv^t tht

diaacter wia 0.5 oa. AS h*' been fbiml l^jr pw*vlo?jfi

poor definition of Wie imigt forn«d on the target

to better ti^n ibout 0.1 om (0.2 in M) to U^t with this 

possible errw obnrrv- tlom are ,«eil to be in good m^nt-tlw

of
be otttofeed by obmourlni? ^ ™g

plr,oed before tfoe entrance to tk»
În eit i4i



h ?- -*.v»n

ns constants of

10*
The lon-optioal properties of ^ nor-uri"o;r; 

w. , ii.'i ,.r can be d«duo0d a*>proxli»&t»ly 

sep*r«*.'- eles*nts of th* nystem. Sttflh « oonteta^tlon -f 

h-.o<r!f irtfcrrxltiot» oo«pllc«tloi» but will be of iwre if it o*n for 

prov!4« » «BSill«»r n»gr;lflo^tlon »t lirgv Imft^ ^.l» f̂ nfl»» by bringing Mm 

prinoi;>aL planes nearer to ttte o«filr^<3 position of th» iaAf»«

foo-^1 IfngtiiS ntisl nOAltlons of th» srtjuri^l pl^nss of a

" rawt !>•anifetw field h--vc be«n given in naotion Tils ^l^-:

ooabimd wltii two thin l^rsseis »t

lengtrui *tf In

field boufKt«uri«» wl.loh h*«f»

»t In th»

of fwwwtrio^l optics,

lengti* Is found by

the remit* for the

the

of

defl potion

It i«* likt?ly tit-it for such ^ is^^wtlc sjst^!;; th*» *i^rtur»

distortion of tern frlngv fl^ld by th*» non-^wllel i>ol© 

effect ^ot <3onrlc1ervd afeoim; "Wslri! be aewr®. However th« 

optiiflu» values of tiie variables tiavv not been ^irked out ir« tiie possible 

advantages net properlj assessed*

It la suggested that for tai* aoaf»lex o*«e the pL-mle^t way of

inveatlgating adgia be to use the Ugbt-ovtleml analogy «M^ set up two 
fooussing syrt,**

oontalnlag . • v n «.• « i ••»» tf^a n tiilok l<*n& of a,-»->roprlate pO'wr. It
be an ^dvr*nt»»» to UR* i**.Uf?0 lf" n Aft of *mtiMi<iu*ly variable powr to





A24: Small ^ruU deflection,

Ion •?*•>**
$OUrC* f S*8cm

I5*»5cm
J—e 0—1

Atf: AcceUrAttn^ lei\s



A.

th» effect

a descrition In -iv^n if

of f«oe in the

a l*nn .lit for tt* p»irpr»*e.

11.

It will be ?.»iowr In U»e next Section t*rt unless t>«R first

by tfcf eleotroetfftlo Vn» uyntem of tt* wowler^tor is ftwe f oro 

«ber rations, ^ l^rge IOR« »f ion Intensity oor?ur» wh»n thr 

deflected ttirougJa 90°. Was intercity OT? be p 

severe ^berr'-tions, by UP, ing *ery nwch -roller rt^flectin? ^rwrl

A «irtlcul«»rlr u«ef*U <3«t«e i* thit of ^

(see

(

If il«o t 1» 00 »n*n u.^ 

thwi the e^niiitlow (55) *
*A

_ /

in t o^n be negleotm! in

») , ivinp tl>e

fins for the region in whioh t»ie ft

r«dius

is f noes 

;M*t*rwe i?

1:0- be »o nuoh

(60)

for ex- ;le * 11° r;iv*m V * 5. 

rauoh greater tu*n needed, beo^me tiie 

« i Ust still uiilng %
beoaure the beam is narrow a Urge 

is possible.
of



in particular th* on* «*«orlbe<3 In Part C. Hit* ft p«r»amnt Magnet wa* 

UMft, the field being ft< ' ^ of * «H4 »te01 stew*, th« 

•f deflection d> vae H* *n* the effective radius -of r rr ^

40 one*

^xtr^oted from A Aeuterlum ion anuroe 

^ d*ut»ron". It ^nt^rwd th» iQ*gr*t

r- / ?»r*e q.o.i 3" m-a «H«apt<?r» and it *r^p ^'.n-? :>o-«ibl» to 

PASS ftbout 5<> or t«.^ totnl beam o«iT»nt of stout SO A^A (i»< -» nv>out 

of th« deuteron*) throiifh tt^e » Pt^m f»f 4 mr 'lnn*ti*r <5"ir«l?» fit nbout 

40 am ( V « |) below t/i€ Mgmt*

The r***on fcr the lurgv inoit»^n« in br*& intensity glrer: by 11° 

dt fixation owr U;«it riv^?; oy vi)" aeflectLr;n ifi l"/--^'? ".•'• I'nct

effect on the e = - -,t ben-., in the former <s«s»e» This 

is disour »ad In soo» rfet'*il in

(i ; A: f rt^re "»bf" T ̂  l. l r>?y;/

t-o tlo^l °ri^logjr we a*n «npeot In our

tio f(X3a"j.--ing rye tern All tl»f ^^rr^^'-n

option 1 r.ypteu «or .-iH'tii^ of 

rurf^oem followed by t^ tM^i* r'l^nrtrifi" 1 •»^.™- -»»t

•^ --... . ,£ rcUt^l
of

rfp§ot ^ , , • ^o -,





A26: SpKerLc<ai

ure AZ: The ^fect of ^ sKift of tKe ob



5b

pl^ne due t tin- «wgr*tic ler« f ^rrl thie wnr treated In -^cV^n 4

In the o«f»e of ***** 500 ^ aooelerntcr *4th which tests 

-.>eitj- Sjjre- *v sa«ll so th?t tfa* efifcct of ttie
«berr-:tlrrr3 tr InrterrifirtArt,

«"rioql »brrr"ti^ii in ttw elf

, ~ji-r'f- -';•"• ' , '-'-• ti.f1 . /x*t iaport^nt effect, t,Llp .Hiwia rise

to -=. :vrc ..'U- - - • . -iv

of K . ''-iiw '. . .. -'."r-; ^tis.,, or «.<e flAgnetio l^rse nyt&\am 
% been corrected (by use of tt*e re? oibt^ine^ in tt*e p««vl-;un ^ 

fr»r or-ly ow v«lue of AA», the groee effect vill be ar. mtttjr:Atio

* I >r ^«mnr>t einily, if »t »11, b«" <?l.lmin.«itert from 

indeed In tJ^e detign of ti« 5<K> kv

wry little ^ttrntion kind been giv^ tr> rBrfu^lrtr tt» TMnfwtte*1 ***

by ^Vlce ^hoirn th^it the b*s» KM lt» largest

B fi fnjire ?5 t wher* It 

of ti.e lrn« dlMWter ranging 

voltftgea ( 'v vokV), to 

th-c »:,'f;rturef lens P the fr^c*I.oc'»l r'iwirt^r i?

npeoifio T^liif ^-»r t: *- *5b^rx- i-'tior. of

In tf-r Ht,-^tur^ t but It o- r br t.
^ /S" 

n pnrnllel Incident b**iB a^>0^^cj ^l^re » IP t* ,

99Ai\m in the p*r^.Ki«l foo^l pl^m f K, XL

UinAter R oocttid**! by tl,e beam ( * 26). Tula riw« ^r the 
fraction*! «i.»nge in

At



sr;

All 

•fftoot on

fiv* l<*n*ea in tfce «oo€»lerM;or
'ill

unity f 

It le 

In P -.

Itr

thu

of

If,

tn the ii: *»oe, t; rv

"-= ~-r , th» r^tlo of 

fhift of Imp* position, •

to r«*y« will be

now

iso that

, '

b,

for <?.?.. lcn^«*s

have 

!«ra»

, if

it?

it

P ' *

or the of tht

to <i ehftitg* from

(63)

out to for

of



In thi» expression

UK

Ti«? values of n, -r- U* mfignific' 1 ^r :u,

to lo^ volt^?rr ratios tho

.T -rr? -p o*n be found

iw»r. by

I-- foun*. by uotting the mliw»a of >t. into th*

Ibr ^n object t-itli lateral, extension only, * r> the flrr?t

in ;.> fAw I d to be .., i.r-

-rii -arge flha^lng of tiv ion be^m ^iti/in the 9<«nAl ronrce w»y 

a mall icaHint firoia tbe apertur* aberration* (It »houl^ be 'noted that

"n ion souroe ar*; exfcr«»otlTig 

be m way rt<* "rtvrr»/>ting A lens

of appropriate design 

nbcrr"«tlon«)«

ta

On substituting v^luee it Unedtitrly beoowte ele*r th«t in

the eeoonn term ie the l»rg*«t ^^ th«t tl^ im,1or nberr»tl«m is 

of thr firrtt lens P »n-.- u-o risw* '.'f ti*e resulting defect in "'ie to

of ti^e subsequent Ivi 

Sorrr vnluea for the ultiii^te *preiul of image position* »rv* 

ttble 4^ for p-ev«r«il Different voltftfje? («»t ^iich 

of ti^^ leneee «re \i»ed)?

4

in



If to*

dftn»l fouroe with ti«e it-Mi* ir.v. i- iv '^ 

In rhioh th«*y Are confirmed, it <r»

.*/ arena-section -" ' 

"•< -*^ uw?*rt*lfity

in i

of unifonrs ir f -

>na, of

will itself «r with

1*br nmribcr of i-

be

in wwil^r

-i ftn the

- k,2nrl?

Ithin « ^ at th«

the

ob>ct

eo tb» linear den-ity of lor^ on it UM(t i»

_ k

o tier! i^t t»ii« uncertainty in th»

of a h* .

In figure

on

to

i« the height of tl«e

*» «lfn?li»

? to be

in

n<'* U it if* r

fit ^h

*^? ••itch n»re

in n farming ^ *•*

rays. the izmre or nt O . hen the

to 0 by

of to by
it is

ti*rr





Figure A28: Values of M> &M. v in botK pl&nes for
fixed values of t, Mvi t2 ; ^>= 90*

-5 -i

A2p: Values ofpAndv in botK pUrveS 
fixed v&Lu£*



are known for *hw ion b*?*%ra, n i en

way in whioi* V o^n fo« *xpeote<? to

whon th« vnlues of t, «ind t^. are fixed. In tails aase ti «-%! nnd 

f^ « *!•$ (rilues ap roprinte to a eoirwldi*nt fooua in both pl^nea 

V • S Mien M * !••!;• It -^•re be eeer ~t ^r-*» th-t n ch«>nfl!» in 

of about 1 reducer:, V^ %O s»ro «ilthm.i^a It - :mly « srawll

to V^ .

10 OIR substitute vniuoj? in ff>ruation (60). The "mgle of eonv*rp*no« 

on Uif object^, ^ , d«pfnd« on tiie aaoel^r^ling volt*tt^8 f but ^t .'--bout

100 kv overall, ft^ir — . Tha objeot p-ita is 0.5 am*
p* > {Vi ̂  r.U c >.». UivConsidering flr^t Ut^ : .-^r^t,l»ai pl*n<»» for XL~° av^^

i/co x »
(70)

In the p»r«ll«l pl-»n* th*» S^OB ch*n|5e of ^v brimfB > frow4« to

Iter U « -1 nnft Vjj «*1.5f U» - 0.7

.0.57
values of the spot dismmiovm «hould be ooo^arca wltii tno»« of

x 0,38 o».

tt« r*tio of ardfta of iaaffo* with ^1 vdtiiout nberr«»tlon

-op

^, e V i*?
•hown in Ubl« 5, wh oh U Q^IAIII^*.^ «M for * con»t«mt uncertainty

constant «mglr of
% constant object <li>uMit49r u _ ~ cd -o«s ewv •



oonver

A*

« 0.01.

Table 5.

V

2

A

a
10

i

I'.leil Inafs 
i*» (am)
-L ft

11 <"* -< •<JL • i. j> ««_••/

l..-:-5 •).->»

1.47 0.80

r.so i.is

Defective Tmwr* 
Sl«e (om) , 

«*- *i m —

9. / '.57

^.44 O.J?7

f!.:5a 1,17

1.46 2.U

Rfli.tio of •'re-c
•^Octlvw/. , , ide«l

4 ' 

»

".3

5?,4

9.0

the area* of tlia ira^gcs i'o.- m*tor ld«*,l *»ivi defective condition* 

lira those of * 11 !;>••• n*ith th* ijrtjor *»v* minor «n»s givtm in ti«? tnbl* 

above. It la possible here to stock th* result* by «xperlia§tit. In 

out arr*ngeB*nt s 4 ram o^nal was placed at aLotit TO CMOS. froiu the ^xlt 

of the aagnet ^nr; u-r*# ^ol^ bount-.~/"i^p w»r«» set at 45°

??t V * 4. 

o K^ *>f b«aa 

: . fil(at rnughly

95° (t, * l»4j» viltipc *ppropri*.te toc-

Although % l^rgf target placed at ^ * 4

ou r<»nt at 150 IV t the n«of.t v/i^iof* ;,>«»»^

U^- aaw ^iBtanot) was 10 p*> 9 tar 4 '• ^ooordlng to th*

the apot area talK*»t be 1» v4 orn > ao tn^t ti,i->ugi, a 4 >na» •MM!V with

%rea 0.125 on 9 w» oould in »*ny oaae vXpeot only %br»ut dJ.s-» T}^

n» %«•«»«>-•afreeaant tn tnis ex^-u^lff, awl 

•enta, U ffttrly jtond but iri 

probnbly having an effeet.

p «noal aberration is present, tin? advantage of amll angle

of curvature P 1?
A r<-nt. , 3i the radiun

shift in po»ition of ths



elftttrost Uo lens im*g« corrof on8» to a very attflh swilW fraction of 

And seooadly this River shift results in «i mob Bwnll^r ct.sinfe of tang* 

position beo*u*»* for small *ngl» deflection the longitudinal BAgnific*tions

are
withJtor comparison with the 90° ease, tl^e variation of \?

of fA- is siiwn in fiiTJre '^9 for tt* o«*s»e t< » t^« 0.1 (11° d*fl«otion).
dV It owi b« «««n ttiftt UiU v*ilu» of ^ » »*uofe

, is oowpajr*tiv^ly *i>*ll and

of

in both In

pl*r*p OTV result IB the fowwtlon of 

f,irth»r ooneidered frorr* the point ~f view of s,^o« 3h^»v^ »iT«»ot»» 

2 <1efrct ir dw> to tlw r*i**ferf»nt angles with v*?hich th*1 ions

be 

A

the boun'orie* (to
17 

by K^r^in*

f ir* the 

values of

of crjrrcotions irfnirsh oan 

*s«iotti order"

^e by 

been

T*r«» ^111 be afftoted for the caaw renaon9 

tt may not be the satne for nil ions insliioe th*n

the b»«^i«

A fortiiipr effeot in f>otn pl^tw? i« distortion <'ue to n -n-»mifor ity 

ef the fi^ld near tbt edges* At W*e «rivsnM mrrf e»it 

have *lr***7 b**^^ ^oplle^ but

^ t«Ve only n an^ll fraction (e-y J^ ) of th* on •-»•: 

. unl*BB coiTeoting »ll?»" are provided on the rm^t (x>l«ii to 

the fiela-Unes in the Import^t region.

^rr,M.one will oouew produce only . « «U
with thnt ^?MI *^ *iv»*t i? of thedistortion







aooalerator I*n0ea, *m« for this renpon are not -orth connoting unleaa 

ti* l&tt*r IP gr*»tly raeiuoaa iir?U

At Bir«ill energies - i.e. *b >ut 80 kv» tha affect* of ap*oa

vary notio*ble. Of the tiuraa poaalble effects of sp«oa 
neutralisation by aaoonSury electrons will generally be email «nrt 

U<e oofta trio ting effect of ti**? interaction of e%oh ion wltii ttoe
ft^ld of tfje othera la neglliH.bl'*, KO th«*t the main effect

one •<•" ",•• ut-r-il repulsion.

Tlje a«iti*oil of o-Alc«l«ting tha effeot hue baan given by
following ^t^on gives? solutions for the c 1 -:--'- •;>*• ''•••• t'-^ i^n

not sro-«% t*?iA ^.r^r^T r^;jt'.nr4 ir ?»r-r nth^-- ?-«--T lr :w-' --Vi^bly too 

ti># ^.co^ler^te^ ion be^nis f *^s hr. -• - -r', o,->" f?*r fton 

It «NM»d possible thit wh«»n ti.e ralniawm beaa cHumtor due to 

civ^rge repulsion ^lonc? ia a»out '.-:.' -•-"'« slat «« ttrf» miniaum b*«m

to «pti»ric!«l ^berr^tlon ^lo* aviation of ions turough 
l«»rg« <mgl«i9 adght result,

This was thought to b** th« r it Ion of tli® effwcts mdoh hudi bean 
o; •'• in i r*in$>l* aoosler^tiag l«»na used by Dr. P»F»T>» Shaw to

towith enargL^a «. • to 50 Jrv. Th# two-cylinder

th ^m in flrww 30t whar* • %ypioal outline of the as«r0tmt bi?^» r 

la *lao abo«m« tha baum juat »bova tha point « w«in interoaptad by 
«. target, ourrenta of nbout 1 iv4 oould be collaotfd. '4^n th« 

- -« r-^ired -ibove the tnrgat by inw^ing tha fbouaalng pewar of th*
V-na thr c

it, 
the ole^r outline of «^ aeert. The
of tlia baaa am ita dlR^jr,^^-^ , i

" bean put down to *y>.nqa-oti





^ of tins radius. 
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efftota, «»d It we* thtadht worthwhile to o*leml*t* t. ..r —nitude of the

•ffeot for tide c*»ne,

The epfcerioal aberration of ™ «**•-, iv>\*»nt l«»na 1» fflren by Coal*tt. 

front hia curves it ia poa^ibl® to dra : piths (in the absanoe of

•p«oe«4h*rgs effe -ts) of ionr fooueaed by parta f t*«ff lens nt <3irf»rfRt 
radii! fiiat*^!!©^^ '''*"">;;'. < ':-^ ^xijui ti*p pattcj*r" i'v '"'.-'"•n in finrp 31(i)

to 0,9 from the a*ia, haa b^en exp«nde4«

W» can oaioe tl*e reaaonable iseuiaption th^t tin* Intrr^lty i« unifoc^n

ov«»r the oroaa-aeotion of th^ be»»-si »fe th*» mid'lle pl^n^ of the l<rn (Bf 

figure 50)• Tlius in 'ividlpg thtf benra oropa-^ection it thlr >oir.t 

into arjrailnr pofitlonr. **ioL nvr raftrVe^l In fi.niire 3i rrti«t f for wp^ar-* 

charge pur->offi»», b« c-anaidet-eti to a«uTy a ch^rg** proportional to its 

Irtitlil uiflt Mice from

If tiif b**i-y ourrent is 100 w«i «nd t*ii- • terun f-r-r •• "- 50 iHr, then 

Ho, of ionp 'wr 'irit lrn.rt.|.. ->f* beum *> ?.B x

An ion 9t r^Uu» r •x^erlf-roep. m outward

due u> u.r n lone within * oylinder of r«/ J iu» r. If Urf» b*am LAB 

oylindriosl syneti^- uuv ions outride rac^iun r '-.n.*-r n^ onntr-f.b«.ition to

V

Starting in i j»l-«np r ott from the '*»r«ixi«il fooil™^^ ^ ̂  -tw^^w «?•*"*• ^ .* * ?,-> jw Jk *. * Jt> JL **"trf' »• JL

calculation «aa ^one to find to poeition^ of e^v gro.^p of ions <*t 1 on.
inter;-.!5. H each point th* ^^ of P^ I£|I

- , _ U>

Uie abwtge of radial velocity



A.

Hire f'>und.

Thus the path* of lont through * n-- <*ootit5 in the preaenoe of 

epaoe-oh«%rge O0ulrt be followed. Contrary to initial expectation, th*re 
was no evidence for possible deflection '.gh 1«V *n#lea»

However it i* po»pibl«* to explain th<* obrervefl effects «uite sim ly 

spherical "berr^Uon alomr* Th* pattern of fi^naa:^ 31 (».) <riv«8 *in
of th«* ehfliw* of the be«m which vill b« s««n in 

density of lir ;- < i- i is * ro ! v , "^urw of the 

intenrslty in profile. This ?iw>ss tii« rftftson for both th* «urv?*d outline
*•

plnttinr t!^: current fKlling on n t«rg«t of oonsia«r«ble 

«ui a function of oo^ltion nlon.?c Use beaia, it oan b« »iwin (figure 

thnt tb» miTrlimiMn li«s nnsror th» l«n« th^n tiie a ->p«r«nt (p«ir%xi^l) focus 
Tte position of this mxiiauu i« wuere the envelop* giving the be*ra outline 
him the r^iiuc of the target* Thus with a Kaaller target the 
ourrent will be t^ken wh«n this is nearer to the n^r^-rl^l foous. 

Mall turgtt colleotff oori^nt# proportional to Uie inter. r-ity of tiie 
*oentral ipot" by which »uch i beam if o«rawr>nly fo«KUHM^ 9 »n4 Ibe very 

aharp ;^axi»an is also *ho*m« It is poeaible to explain in thie way 

ges in arrparent be«» ourrent whioii^re found elti.-er pide of 
foou?.

It ap.c^rm, ttten, th^t in ttje preaenoe of oorwiderable 
r» *>.» -f f, ots of sp^oo^^^j^ repui.ion ^ ^^ fo 

1* iaportant at er«n low voltages.

Hti.Ui the <**»t ti« ion beam win otxu.. over in one or otl^r
t, «nd tt ,re p08lUv%



tomy are negative, it if in the perpendicular pl*ne. from the 

point or view of t»p%oe*oh*rg» spreading ti« oroaaowr in the per oui 
pl»n* ip, better, since nt no pl*oe does tx«e be«m con*? to an intermediate 

line focus. Tite intensity distribution in thi» crossover can easily
rrin UM abosno* of up«oe-\.irge it would be proportional to / 'l^ 9 

u is the diBt&noe 9 ffl»nfured «long a r*diu« of curv*t!ix* of the

fron the benn nxio. Thus then« uuet be ^n ^oamMttl^tion of 
oil the axle (-^re 4 * o ) iwbloh «ill l««l to »pr«^ing of tte 

h»r» nl.no t!iir tis not lilf-ly to be

The iiwtatigation of the fooiis??ing properties of naalyalng fields, 
outlir«d in tit* B« j;tion5^bove f i*a« si*r/mn Utnt In thff ideal oaR*" of «n 

Aberration-free sooelernting system it is poaeible to proa ;oo caMll

e» »^t Inryt uisv^iiioeM ifter '^ufleotion tiirou^ 90°. Unfortunately, 

the types of fi«fW which iau»t bo %ho«en to *riv» tidp rt -^.slt «»re 

only for use with * closely »ti«r»ifttio incident be^ns ^ - t 

with A nultiple let» aooeler^tor of tt,« tgrp* lit prrsent L fJi the 

Bdllip^ genera tom in the Glaren<1oa Whor^tory, l^rge losses of been 
intensity «re ua^Toid^ble • Par eaperin»ttt« whore Inrft &•»» ot^rr^ntft 
are Ij^portant, defl^^l^n through a •anil nngl* c«»t be «i-1opt^1^f->r then 

aim is only slightly ^ffe'-tM by «Mlt« f?ev^re ^bemitioni?»

the refiBon for using 11° defleotion in the eTporinwnt to be 
described in 'Mrt 0*

of greater uise . _„_*^ a new aooeleratw tube for the 1 MeT. set



p**m
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of Hagnatg for Ion
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B.
* l*rg«r one withof 10 oa ^u*i*"-".* *•-••«„« A «a 4

19 CK-,. ;r*nt r« . wi 10 inoh ter cores. On the rtrrn th of 

the results of tests with U*«« «n analyser with ^ « 30 cum. 

designed. The vei* done on tl / - r^. ' :>rorlbod

whi^h ^al , U*» aipibl*? of deflect 1m through* 90* In ^iti^r of 

two opposite iircotionp % beaiit of 1«4 i^'V. T"ioiis. ThoM Ions

to be ti*e snost rnergfftio witii i*Lch th •ic^l^r^tor would

s« oonosresd* TMrs w«ui /^ -uxw L * w*iiabl* 9 so * n*w one had

by ltoRf=m Tick o ti^ r,

:;.'.' cone truo t i on w*?re rt t th- - :: v:ort«!Kt f »»nd »*?» s .result 

of this ssv^rftl details v^r- ir 3d which with slight elaboration 

the advantage of a uxrael ooulu #r- < ^ • r ". •' <^n iniproVBf^ fht 

•onstructtor of thi* jofc» tnfl eoils is uv.- ^ •-••r, in fifeura 2«

Ths joke i« tullt from S* sdld steel 1 *rv^ th- v,»^ "n"?
•

upright f^oe?5 s^-sinBt wi*ioh tiie ooree «rv bolted are grr>uiv1 flnt *fter 

assestoly. Tl^n cores arc of 10* dlwtfrr nil ̂  F,t^el «r& th«e 

br%s« forarrs, h»ve «ibout 1700 tiurai •sou of 10 r ' 0- -ir /I- ^ 

wire. There 1. provision f,r pooling the coil for»r oi^eks wit*, 

but this has not prwd -».r--». ir, t^ f 1 uri» *».
Of tLr c.oU(S lR t^n by Uie b^ of ^^ ^ ^ ^ ^^ ^^

re»»t.

Tests were done to <Hnft How -
to tJie collfi w*«
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B.

4ie»ipiie<i« In $rol<maA mast U ->»tint t« *r^nw th* 

which win b<% r**oi..«d br ttic coil*, . . -• i : f<5»>usfi thir ru*t not 

the r^fe a^TlKAjm, -nd bfc»4up* tide will affect their r*t>iftt*na» *rA the 

p* of lonr period stnbtli^ation nr'ed«*d» t*^eraiiuye neasureaeiits 

oj i*esi»i*»O« meigur^iiJiritB ^r tiw? ooil« 9 ">wr! H.ti» four

with «tdii«®ive t*ipe to

on t:-.< :•'•! v"•'•': "" "-ire *' : ;. Tlrf» ooV? .junction* of the 

t40i«d to the bulb of « wrpoury ti^riiomrter touchIwr the

The tenper^twr*? ^ist^l^zti in throwjrtiout the wlwiinsr IP known for 

types of coil* It h*» b«»en sh'wn tJ.i^t if 

» surface temperature,

• tr. ^r^ture by/reeist^nce of wi

* f '"-tu.r*» f*f* h<>*.test spot in 

t « me^n teiijer^ture a^^rured by ensbedded 

then

!•*>-"'

« *
of tije Inrulitlon,

ft»t» «t ofm expeot t ~ 1»3K t0 ^rvi this h^r to be bornr ir ml«
'VvflK IN

finding th« ronviuMm current t wtuah th^» icils <3^n safely b<» run.

fh« etecl coil f amirs hw« bfftr. left -ith «» rauph on?t finish *t 

inaide fiurfnoe wi^r* tliey touch t»n» cores, ir - Ut*'«pt to wold

in th->t * 
i*it i« lo.% by conation from ih* «t.Mr ,nrt 

of
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rate of *bout w * l,,Vl x 10**"'

Thf A » 3950 oro. (if we th«*fc

from th*> part of ti*ft ootl pi "<» 

'• t) so ttiff powrr diasipcted

AwO rfl- 9«3 9 «mtt? 

Tht powwr put in by current i Is 

at

li^s olo»^ljr ijc

Is tho

tbe

R In

of Ti*e

la
i

ir, K: * 1.35 x 10 gras. Um

Then

is (T « 0,093

At _ ^

(3)

In flfure 3 curves

6-=

fr»r t « 7 ana D as

point* en plotu , ; ) h ; - th-t tht *gF*en»nt with littery Is good,

for

or»ol lrv'' curve
-171

(5)
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*nd this is also plotted.

The equilibrium tet.^* :-raI,.,_itra ^i. be givrn by

thin i« shown in figure 4. It will be seen thnt «t 19 ans>» the

equilibrium t^-m .^rv^re excess is *bout 6*0* C« ft trw?,^ w 1»<3 t^ 
~r* the tmrrounci ing* are «*t «bout 19°C >nrt8 of t*,«? wtrifUnf-" vo i?] turn 
be *t rO°G, which if probity t.h*> mftTiwani f^hiah CT. b^ ««f*»ly VJl«wwi 

Hcno* tiift oollp o^innot b* inin it over ir ^ rr for Ion < •-l» witunut 

forced ooollnv:. 

(ii) Pble *

ifcr the deflection of 1,4 IfeV f* lon» EP
with the 10 on* wigrwt li<*d sitawn th-»t vdth the cnet ra»gnet Rtfel ur- 

Ifnknc^ flux beooarg Irnrge ^en 6>l-^00 §«»••• Since th»»

ooila ii-vi be-rn designed isrualnr or,ly 10/' leak^f»e tt^if?
>24C»v,. But thl*» in turn nr^r* fl --»*- *-.- e ^^T^ -leew h^1 to fl»*r« o

out fiXMu ti.^ owe to pole tip *>t »n ^nrlc of 40°. It w«< tJ.^n^t t-h"-f.
ti* l*rge majriawm field woulc? f«ll off at the pole tips *dth «o lr

c«>% «n «,iiglr AS tide, inrt as a oowprofrl^e n ^er?lfrn with \ * li/(flnre

•ingle 23a ) ma prepared. In tuir rtesitm (»«»<• fi/niro 5) tl* iron of 
the ole-,,iroe extor^ft to n*«rly trie full diaoeter of the ooilr (.; n-> ~s 
to collect mt, imoit us possible of the fi*ld wht-* -*nal<* r>*" ^^•i-f »--- -«
•*» leak^ge flux outside the pole f*ioe.

The aerit of tixifi design ie not certain. Mth^igh 
linea are oolleotea frcnu u«- 

distributed over Us*

*ir g&p in 

extent of tM* T'-»v«fT^ hn*
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B*

olroul«ir corn.

Yl f -t of flux contributed by the ooit h«« b^*n estiBMte<!,

Is flmsumpd for tida Ui->t W*e flux limr? within thi* ?o!l tr-»V' ~ ;^ 

to th?» coil *xis (In r*at It !'•• Vnoi*r. *-: -* *• proportion « 

the oiirvc'l surf^oew r>f tl<^ coil)* Tij« ^rsoil h<*» r«dll "^ 

length £» ^n^ tto iuiajbf»r of tin-r-^ ;>^r ??.:-.. 1« n» *t

yo^c la rort^hly

It

hath between b»oV of pole 

wh«r« 1

eoll to ^

length of p«th froiu 

nt^'.on of tl;lolnv»»r tlr

of

the i lr p

reluot^no** of thin bit

R i« the reluotinoe iMtneen pole ;:iecr?s»

—I-'

i Y £A V

already found

nosier of turns b*-yotirt r^iun r is 

tuotiv» force pro.luolnrr Hux In this oircuit io 

1 i? in ^.3

the magneto-

flux is tiaen A.N/ «

nux n»*» •' hirna is

(7)

(8)

reluat^noe Is R0 <mri th«For tl« flux x-sed in tt*e core, t,i*e

mgnrto tootlv* frnroe ia 4*^1 where n is ti/» totnl nunb^r of
'o 

turns, Th«n

Mtetitutlnr

• !• 1 i linea
»

Therefore

the

* 0.04X

of
of t!« ooil only oolli-ota
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about & of ti*» fleW lines indf of th**e* >^ 9J"» ™>^ useful.

th*-t 40 ' of the total flux is urcwl

tJsr* "* flux * "• !- A v 1f^ i >v»/nej>

fhi* o%n be oonr «?r«*i1 -1th thr e^wtrae-ntil ne«.rur^?»ntB p»hovn in fl^are ft. 

The v.nlue of ^(<>^) ^B n function of i is !^iv**r< tn fim..«re 9.

'v that at tow <3urr«-nt» w» find 1? ti*j g^p «%b^it ©O^ -** the flux 

<! by enl«3ul«tionff. H l*ra*r current* tlie rwtio f^lle flue to 

a..> i:ra*vGi, . it-jrntion of the iron, irtiiah o«u«*»» « * Ing ®f the flux 

outside the useful *r<*«5.

In the dr®\7ings aauc-c ,jes3i*s» Ddvi?^ Brown kt&« tlje pol* f«.cf i^d 

a width of 5.8 aw *"^* *-^ ''e^th w^^ S1 in^hr*!, i^ivilW « nnt*» »*?•> r»f X.«? 

but it w«» pl«r<n«d U*«t «ubf*e^uent griwUnfl a-fv? »or-p.ibl^ «h«>pir?r-* of 

o^» nhould increnae U* gap to 9 *MU «nd tl*e f ̂ oe width to 

4,5 <si». WSB pi^oe* w»r» wtd« bj » oertriftifr"' c«n>,«^-- •; *-•+.; r*? f to 

blow tiOl<?« f in n steel known to th* fouartrirf? «» IHrk IA nr. 

At tiie s^sae tira» a aou^re section rinir *r*« o«>st «*?rl -nt th 

inr»*ling prooe*s fdr i^stcrepie tf'tr. '11 U^i* ;»wt« were 

wdiogrn^iio ex*»rln^tion *nd fn«ind »«»t If* factory. The three 

o» e«oh pol« pie«0 marked v i» i'i^ur« 5 wv-r .-jvpr, « ro^fh grouwi finish 

»o th«t pr^ltmi^i-r t^«t,« wi* fo a^€. tj^ wurf^oe V3 «itp. on 

alloy bl?>«V I) wi4 iai« «p.«4oe8 tt* iron 3 on». frrm thr br^ 'vf f.i,- 0V

•cnrevs E in UAs block Wir on «tepe F for ilifMent. ^ ol" f 

are br^oed

in the imn. sw^. VI ,„, v, w .^ gr,^ p^T>1 by

.t ,1 Or,,^t ,a u-it the wo*!** of u* ^P ^^ <* th.t 
of tl*e core f»oe« only.
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The results of at test to ill ~mt of flexing of the yoke 

magnetic fl*»ld «tr»«><m«* IP T» lr* ft sura S« Or. the baais of 

the<>a •MmireiHMit* the corer wprr sorreeted by regrlnding at th« Pressed 

Steel Works ^rvi the final gap width it 9 ainpa «*» 0.832 * O.OQT >f . 

Tt» :>olf» g«p cji^r- -y .i-,i. - ••"•' •- u-a.-rent IP tlv» wyr «^>«ot«d, «^P *u-<wn 

by the dott«id th««r«tloftl ounr* of flgur« «. Pw oaloulntlng this 

tte uprlri.ts of tb» yoi» »r« treated as lwBltwt«A o^ntll«v«r« clwaped at 

U» plsor" ^1-ar* they *r» bolt^ to tirf» bed of u« ydw* «nd ^IU* «. lo»»e!

nxls of t«>* T r. th-- deneotlon of ««ioh Is
w

whor« n » minber of lamina tloiW

i « Xouag's 

A « ^olw faoe

The field H In the gap Is a function of the awgnet current I, founr1. fronr, 

8.
A r **5 *?finally the ciinnge in gap IP A « 2a « S> x 10 ' 1" Incites (i ) 

wi loh Is the ounrw plotted*

Sinoa n « 4, It is clc^r from the ex r^ppion for 5 abowt ti^t th* 

deflec»,ior» would be reduced by * fiotor 16 if U4e landna Mom lay In the 

j>l*n* of b and 1. This vr«nj?rment h*v» tifce n^rti^r "i -ge of 

reducing th^ circuit r^luot%noe V*A i'liix losnen from ti.e

«teel ring «ntio«sd in ,w^ph (U) .b^fw^ MM ti.rough

fc ^^ ^ ^
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the magnet itself would behaw. The ring w«a naojrancd to a aouare oreas- 

aeetion with t)*» following diiatnsionat

tiwide diameter 1S,°7 om*

outside di-*r:*»trr 19*78 ora*

thiokneaa 2,405 cxn.
the iron w*s wound with -i priawry of 550 turns and aeoendary of I9 turn*. 

these windings were included in a testing oironit of ti**» ueual type with

« bill istic gilv%noa»tr<r of ^rioc! 10 aec->r. for detecting flux
%o- 

•» through the eec^rrUiy, iwd *i autu*l i» j uotf?nof for o'libr'1.Uon*

iron aatur^te<} witt* about 2 aiqpa tt:rougi< the pri'riyt x^

of ?5 o*rs»ted. Th^ hymterARla csjrw between H « -

flmrff 10. The «ejfianai induotion »rp«mra to b« 

if* better th">n t^te v^lue given by the foundries (14,800 gauss 
at 85 oersted)* It i* *ls?r> nucii •».• -- •- ;.. • irexiouai in-'uotion wlti* Hiioh 
the role-picoen -**r» ir»v»^*»^ *,o b^ u.r .j *h<* ourve ahoro that 12*000 

gftuss are given by a raagnetlBlng ourrert of ^bout 0.5 aim* 

In fi^ire 11 a series of curves ^BC IS shown In ., the 

field ch«iw« i^twun 0 '«id * ^fif * 1?*5§ *- ^.w» oersted. The email loop 

41 represents tin? magnetic st*te of ti* polo^ieoea) iron ^a the magnet 
Ottrrcnt is awitohsd to ^nd fr^ the watimm deaigned to ly ,. rw\

The point R on the ounr* i. found a» followat the for of the l^rfe 
dotted curve D U known; it i, the top half of the Mszlnte oyole of 

figure 10. Hth the iron in ^ .Ute WnreTO«tsd by p.lrt ? the ourrent
i» awitehed off, *nd thrn

eaoh tiwc by the defl^otion of u* ^»TI* ^i ^«» VilUatio 9«viiMMter the ahift in the
position of tor tVL «* -->f the our** untn *- -«^ until
positlona

la then kw*. The
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of this loop is
oirouit* of «aiill

if the dirrmt is first Mrcn ur 

ti*r, adjusted by ration to **

reluct': > of the

- l.'?ir 1 ;>?t entirely of tiiRt of »iir gup PO th«it

littlr

Ir

oiroutt

th«

ourrent to nnint^in a giv^r. nox in toe

th« history of the irnn.

(ir)

ie «1 . of

Yh*

5O* to

in figure

v eetrolyti(5 t^r1* f.n

!>or«nl«

from the

resent ̂ tiv*

*it

(a)» the wax

ti*e

set up

to uniform

fl/-i -; ov^»r ^ -. > ^ region ftfj possible. Th*> gsp ia 

width only 4.5 ORB. so *i,»t ith ut corr^ct.ing li P tl

not

pioturp o^

to be

is in fi^re 1' (a) «

cm. ft nr lip 

urd^ondty ia 

peeeimistici 

ti* -olia curve
if» tt^? r^l^tlve field ??tr^ngth founil from th* Vn«lt'r 

in tiy» t-»nk,

balliatio
' roi* a

»t of tiie

to 80r^ of lt« fBftjdnmn. Tlie loss is awde gooa by oatrecting lips of 

1/B" r,oft-iro« wiping rod al : t* th* »^^«. ^f th<- wsu-.an Vox ^ 

fit* in the g*p (s«*e p^ragmph (*) below), Ti,r Mfirr^^^^w a^t 

tiie pole f%oe«t wns rsot oonv«ni<rnt ^srm beo--u-** thr ;>r»l<* 

be olo«ed UP to regain U^e fi^id strength lost by



B. 

also it looks tte ««*iblUty of «.ia?lrl<rl oorrMtlf* by

Correction of sos» sort if ewenti*! beo-une - • " ^ the
--• ,- — <-« »*>*»*+,« in

r , os polnt< -t in section 12 of ''^rt *. 

tiieoretioai ry suits of ^irt « r»^in» rol^-f^c» ^ries with

angles. Thi* - jrovidm;! by it)t-»tsb> ^^nrntf fl<, B ino 0 

(fi--urp 5). A firat tri«l ^f- w#« v^th ^fraente of ovi .<• 

U »U>el 5/8" U.IGK. ttrf*«!f» failed to .produoe tt* fociumlng c .,;

not

biok to iY»s««d :;teel for ailllng inS a oylinf)«»r of

•applied by r*vi ;}••••"• n. Ti'ds w^» fnaoi.,.ineA into pe^rrte a':t to fit 

tne oylinario^l fiirfso** in thi?

The b»»t flint- 'sr** flhuM o^* th» s*fpimtfi <w»rw o^laulnt«A «ui 

»• possible and oi^ec^'-d by *xperiu*nt« Tins 0ffteot on »n ion

•nt«>ring nors^lly the fringing fi*»ld at ttj« boundsry of * unifona

area is uiscuascd briefly in section * 8» Kie pr rr» b*n*ing «<;hioh

occurs increases tiie •ffcctiim radius of curvAtun* by d *•* ~~*

5t
^4v<x)a* = ±£ (n)

i* u^ --.icwaos from th* ;>ole brxr ; at whioh the ion bean

far moiit ^.iilia^tions) *nd x is dcrinr:! by UK? 

integral* \0 *s the prinQ^p^i ra^iuft

of

or, of
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B»
tnnk. Besult* for "thin" *nd "thick* pol©« *r* rs fl lf! nipsp* l5- 

The unit of dletnnos i* the pol ̂  gnp. Suoh o*l^ §**» *he form 

of the field for Iron of infinite perwwbimy* The ailing** *ro!ft*«*| 

a* thft Iron -v nroftohed saturation were ttwiired, *nd P»l«*^ wr« *!«t up on 

« WBsll OMgnet with 3* cores to t<**t thin* Mild »t*»l ir»n 

partly beo^u^ it wan hop»d »atur^Uon woul thi*n be «ttalnM 

fields before tJie contribution from tin* onil» ^lorw» b*o*E» too 

r-j> ->ol^p t»r« rw»tnnsMl«r 3" x 4W ^nd 4 on® deep. Tl<,e gap

-., -ixi ti^e field ir»«rur««tnta lasde wer^ of Hz wi « function of x. 

the ii-on w»8 tt?ii* •ttwfttion «^t *»tout 8 m^e (»e« fisoir^ 14 -j -r^ tL# 

curve i^r u.ia ourr^nt together r-itl* c'irv»R for 2 ttug»0 »rr? tji« Wj*ot^t;io^ 

one f^r irfipit* p*r*p»»t-lllt:/ «sre fiheim in fifpre 1S»

Tc.- /--1a< 3f ti*R integral in tlje e^u^tlrjR (11) <&&& ••' if fers for the 

three ounr^d, the «»ount <1 by r^loh th<* pole botm'^ry ?»h^*ld be eel 

bftck to correct for the effrv?*; -v'' b.r frlr» -^^ n 

ingl/* For e»*&pl©f it '!*• ^oumd frora the curvee 

d(cO 9erM>*bility) * 0,84 <sr*p widtt» 

d( 40^- »«t»jrnt-loii ) • 1.00 " " 

d( 9S a^tumUon) a l.T>5 " • 

lone off the laedian plam Hll be nffeotrd by *» frin.pine

the stren^Vi o^ ^ioh depends •» tea? Int-r- raft

surface. 1th the •«• set of ->oiea mea«ur*»«eii%e ^re Md« of the 

fHngiai field in «mr*r*l pl^i, ut^n the »dl^n nl*^ ^ the 

pole nurfM. In figure 16 u* blg lnorf>)%^ Ju||t . , ; 

for H^noee beye«« 0.3 gtp ^^

different valun of d is retired forw _« -axis position.
ti.ic is not poe^iblff, th*re results * H.,^^*ietortioti of
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of co : :
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on*.

. *ltii

'- ^"-t to n mrw mrllun of
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thru ber,t cold. Two

joir»A with

rilK P.

solder M 0 *rc* strrnrt^HIwi wiu. tiw

to "-<*

tin? purnpirr by-;:-fter« TI*e e'.. - »rr If? b

The ? .JA<-> from ehort 1

I'-h a r/'-"

^ of °

of

rod F.

tubing «»rri thr ft e fHUr T> (crof^p, ri'-iit---

Itted Into U

itJ»

of th*»

or ^ tun^tn. !!i*utt«r

* to

o^r be 'Ycsn

It.

to intwot -. in * to M ie pl^ne of tls«?



B,

distortion of the bean* They are the tj* dlasrter «tr i i t-, I 

pattern nors»Hy used for tr«aole mi other rlsoous llnuids, but in this 

ease fitted with diapbraffSB suitable f«r waVln^ « viMttWi »•«!• The 

outside flanges of the taps «nd y*e to ? fl r * OT««S are of A

to

to the higi* tampion *c<»lfr*tor

Firom tiie T-pi««* *** *b* «•«*»• oi* ^*« crocs t * ^tv two panning 

in r>-^rall*»l. fh« one thrmugh th0 by-t>^»»R Ivw « f pef»d of about 

85 litres p«r Moond for «ilr t *nri the www-^Wo hn« fi »p*ed of 0 lltr^n 

penfcaoona, 30 tint in clearing g«8 from « tsrget »bout 9^ is t*Ven 

tlxough U* by*>«»».

Th* :.^\f xrnotitm box IB mi ported by brass trunlone K ew& struts F 

froa blocks ft .. ! .,••• tn th*- ty*'i -»r it,'" ^agnet yok^. (In figure 19 th« 

pole pleoes, bed nnd ru. ;o ta <*re pthovm by dotted ll&es. ) Barsjis » trips 

8 3/4** idc ai-c r ^ oea off i'roiL tue ounred sides of the w.-ve- -aide 

o«n be f listened down by nuts T to olsap the pieoee of 1/B* ?»ort 

Ire used *« «in eruplricsl oonvotion to the non-uniformity of the 

Current ' t

Jter aost e^>erlfflental purposes it IB s\iffioirnt that the 

field should be st-^sle enough to ensure tuit a large b*a» ourrertt 

Uir^gh t»ie lladting aia^hragsie or «««.!,!. Better stabilisation would

b«(ne«de(l if aowirate beam energy swas-ur^wntff **r» to b«- m^n, but f»uoh 

•sssureisBnta are in any oase unlikely to be aohiev*. i „ the tyoe« of

path taken by the

Fluotuation- in the oagnetlo
oaueed by va lotions In





irillll



B.
coil current H**T b* <iu* to both n-lat*na* change? In tto "d^ 

voltnga -€•« in ti* *>•$• ourrert *u:.oly. ?»* tlrar *HiB 

ti» soil circuit la Urge, due to th* er^t ln^~t^™, ^ *!•.-.% 

period nuotufttion* (••*• 50 o:«l«» nwiriF rl.-?>V)f or rhort

out nrr no oorractlon for ti*rr.a I© nwleci. FI«1A flue tu«»

in the olrcvrit

to be it v?n» thoupht

of

reron^ncc •• or * rotnt- . Intro «oo

The o
i^'

Mr. ".0. Jc ;"i-cys, --r: t!,e olrcuit IP

f;|-,^ B.C.

f»n of

In

effected by

riven 'vn. iio f in tte «..3» nsn.ln*? frc

r6Ctifio^t.ioiu IB to

of photocells olnoed r<o *r to reoelve

ircuit. In thlo

br th** TOisnnct «5iiri-f»rit

^h the TX3 i.® rtcrlv^." by 

,;ivrr. by *»ri llfylrur the 

.11 - .t from *? ^lv',r»0!^t*T in

-'^ --lo

r-iior^n ^•'•*i«t-.r'V" ?.

rt *» st^lle ? volt le.^ cell ur**d orly -"or ti.lr >ur 

latter bring ooowsionr>lly - • -;h A

otent l circuit rirpt • ** •:•;. Ufl«T wn«

beir-

R ; O'-vn in thf

by

t?

- r i wr Tr

H-ht j. «^
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cnn
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*^ 

wlthir A tri*ur»3lff of *r*f* ^ (rftfer b«iok to figure 1 (b))» If

were to of ti , t;Li» p*»'.'lu» of

circular

core by

be

l*ii*t l*»,

r^tio of trinngiil-»r aore to

w is w.r ^ir*ti. of

core will not be n**r

robably

in 

t in

be Ik.

r^tlo ;rai«(t rot be too

01

1.. '**



B.

The b*elo flfnire1 <3ho««*n for the design of the magnet 
*n e«t^n»ion of th* corves of figure Al th4w ir p^"-: to be rufflirl nt 

to deflect be*8« of rir^ly ohnrged ionr *<* ™«* 3 °r-' r-—^r 1.4 up^t 
•void •atur*.tion of ti« polrs B * 10, o/) gnusg

OBU

ft conv»rd«»nt width Is w * ft cm.

with w* 5 onw i* vnotitm box formed from l£" T 5/4" w«ve guide - if
to tu^int tii^ gnp length ntiould be about i * f> enu
With a r»tio w/| • ??.5 it nhould b« f«irly ftlinrtle to ia?»intnln *» uniform
field Rorof5 '- ti.c vacuum box, slri^j ti^ere will b<» porttoiip of tis#> f*ee 0.8 
turn wtd« nr- rftr^r ^Ide of the w*iv» ^ulde Mi oh aan be Bwohined to forsa 
ooi'rectlr^' llp» of th«» appropriate efaiwe* 

A double rjuadr^nt pole«f«<Mi vdth X * 5Q> w » 5 ciae, will h«»v» en

flux ivmr tlie pol«-f»ce l» eatimted roughly %B 1/3 of ttn» 
useful flux* 

then, useful flux gap f • 4,2 x 10 lin^s
*flux in core R « 5.8 x 10 J linescore

: The core oroes-eecti n, %« ai^owi in figure 21(a)9 la b^sed on 
right-angled tpi*ncle of 8|r*ort side 39 on* *»nd with ^ 3.5 et 
The eore %re% It

the flux density Is

proceed for the oorea, the p«ra»«»billty la 

Ibr mild »teel .. t (it nbout B « 4000, ro for a
mild steel ^'



B.
r 8411 - 10M if&t\ *~r,>m f vfl nrnp _» , _. nTW oO onis» * <-'*' v>»"»

tt i, to be built from 9' or 3" Hml»*tio«). B. length of *e yoke 

uprights is determined by the coil si^"»

The reluctance of the magnetic circuit is -Iwt entirely due to tint
ir^

of the .l^ap. which i. *g9p " 5 * Pr?lot - URlt«« 

Then aacuodng a perfect a«gnetic circuit the inagne to-motive force

required, is A
nl » 2«' ; x 10* amp-turns

If the current is i « 10 

the number of turns is n » 2200 

or 1100 turns ppr coil*

Calculation shows tli^t 12 S1R£ is a convenient vire siee* Using thin, 

with Pintle glass insulation, * ?dr.ring of 1065 turns in 31 layers e^ch 

of 35 turns has a resistance of about 4,5 chins* The winding then has

*• crorn-RPction 9 one* ol^ep by 10 cms* wide anr? the are« available for
«•» •'i 

cooling is ^bout 5500 cna"-* If tiiC effective emaiprivlty ir 1.<J x 10

t*1 '^r^'-.re excess, tl ^ ^oil« «••} - ; on1 ,^ 7 -vr ^t " maxiiaun 

rise of about 65° oentegr«de -jjwl no forced co^lir^ is needed. 

total ^wigtit of the magnet v/ould be ^bout 2 tons, iir.de up as 

follows s

jfbket 3,100 Ibn.

cores i 1,300 Ibs.

coilit 300 Ibs*

(ii) y
/I ru?irter-0cal« model was made to test son» fsatnren of the design, 

If the voltage applied to the windings of the model is the s^rrw ns for 

the full-»l««d magnet, tlrten the s^me number of turns ie needed to provide 

the aanr f ietd In th<* *?aP . The totnl length of rire, its at«ivter f -nd



lei,
the current ar« divided by ffcur, «« «>«* *•»•'* r**\**--*™» »** pemr 
dlsftlpatod per unit area are iuultiplled by four. -ra of foroed 
oooling is thus nutted if the mrttl ie to be a usaful r»prewmt*tton 
at high fields, and a wat«r oooling channel is soldered to tJw 
coil oi^oks. The yoke anfl sores are both made from *&V »t«? 1. 
Unds to s^tirnte at »a»ll«r fields than the soft st**l wtiioli wouia b« 

for th* oormi of the f»ill-pi^1 AMgn»t t txit it is possible to 
for ti*i» diffterffnoe in ai^cin f i^ld iai?ftf»ur^infrnt. 

a) Bbatlng of c^llff, Gor>prr-o«m''t'»nt««rj thwrtaooouple* were buried 
in th* windiiigft »t U.e position* b, B, %9 B3> C ana D sfiawn in fimrc 
21 (^V» Tt^» repults, fieure 22, show th«t tiie oentr* of tte? ^indin^ on 

of tirf» tri«»nffl^ i^ Ron*? 1Q' hotter tJi«»n feiy outride of tht
«rv? fti-mf, *<y' hotter tii^n ti^ tvirns adjacent to th<» inri«!f r»f 

tii* former.

MBasufeaentfl of the •»*& t«ae)erature *er*» ^Iso nrf« by inf;1 tiding 
toe ooil in a bridge circuit and o*lculatinr from thr resiBt^n^* ohin^. 
The temperature derived in this wny is olo.«« to that found by the 
couples in .ositians Bj B^ C - i*»% Uie outnide turns of the ooil* This 
is ill agreement ^dtti tho ^rinur-^ienta of *lnr*r*A »^ others*

The «nullibriua traper* tures on the outpiden of the ooil 
eomifttent with an effective •aoii*aivit;; of about 2 x lo"° wn 
This ie larger th«^ *iv*r in the Ut*r*tur*> for glaas covered wir« or 

copper 8urfaM and is probably explnined by h»*t oofiduotlon ft-ero ^
of th* coil-for»r to to flon, ltlwlf. This .e^n. likely In 

of tht lew te^ratwe rewd^ by

**** " °
atpoaltiono on a full-Ri«e4 ooil. ConMA*~ o a .,*~ ^OTieider 2 similar ooU* 1
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//c

M «*> -** (»). •• •** * • 4Jbr the tri«n?7ul»r

« 0.0775
thdMfom —i - '———^—————————T^
*nV^VI :->£-« -—- A I «C /r, fS~)~lC" 4 ** /««\r- JL^\KG — o-O'/j t^ flSiV J, *• \ A1** /

values of tg ^nd ig wire giwn in fipfure SS» Uaif«

for ti*enaocou ;le 0§ a ourvr oan be drawn rslatinrr ti*e

j t*" '-.'"•• it ire to be expeotm) in ttie full-aized

b) Field iy_^ure;aBnta.> A anall 9efflro^ "«1t ww now*! in th§

pi tt^ ^ole-f^oes «»nd it siiowed th*t tiie fielrl v^rle^ in the 

exi>«ot«d fro* previous electrolytic t*nk plots. Th» sffsot of 

flux on trie field In th» gap cnn b* Mien in figure 33 -;.tch 

the muriflUB fi^ld in t&e gap ^t 1.5 Mips to toe r«oiproo^l of »• r

^hioh wn» v*ri*d b^tw^en 1/4 ^n3 4r inoh. ^wpr. ^t th^ 

fields of *b->ut 5f>oo gAUcs» whsre for mild atf.el ti« approach to 

might be expected to pronuer ft oorislder^ble oountertotiont tilt fisld i 

still rising wore ra.pi.aly tu^n limp^rly.

Jfpfm fch««« »«^ureaent» we OAA get an ttoa of tii*» lr*k^«? flux to 
be ex^rjteri on the full-nisse «*gnrt. Without allowing ^r *f»y i^fik^ 

ti.r field *wld be 7900 g<mss at 6 aa^s. Tl* correBMr>rKiing current 
in Use s«del iis 1.5 *mps, m.ioh extrnpolntirvflC tht curve of fipur* ^3 

gives ibnnt snoo gmiaa for U*fe ^ 0.8" cNmnsspondiing to the fuil«slflt 

gap of 2 ocu. Thus the leakage flux i* nearly aO{< of ti* t<*d, 

justi^ing tt^ use of thU fipire in tk» design of the a*gi»t. 

(ill ) The neld of a

A Mll flwctior - the f lei * in the 

alo«e. In the c«ae of the 19
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Only kxlf tKc fi^kt is shown
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due to



Ir

of circular coils the variation of fir- Id -vtth rV'i ;1 •••ir
e«loul«*te<! *m- ifi tnown to be «m«jll«

end» of w

the

*re nil em* i«*' latent from thr

off the 

the tixee

But

the ^Mtlon*»l field In thu outlet of th*»

would b« fllff&n-Mnt

to hl» by

th»t nt th* inlft. It

tn » l*- to
nf*

results in iv*«

due tn «! r ingle trl^n^ulftr turn of sfiort fide 1 cm, '» a function 
of i-jict ? v -.-:-. tue plnrr of t^ coil ^iv1 <"or different porlti^Hi within 

triangle | tiift current In '-»is-* -an: la 1 r?«m.u« F^r « l«rg»-rf but 
with n V-irnR o** *jt,r.rt ^1^*» S **v* H. *•'•• "-'--— -r-*-. 1. -^, R

these field values unfit bs raultl:jllef* bj/ (S PO tt-t f-r ^

of ti* ^0 cm. trl^ngul^r magnet the field distribution lr in
figure 25« Ov^r ^ cfjrx.it*rr-iole region Van flel;'! l«? ^h

(*bOUt 2^ O^ * :-«» tot^T ^leld) vn/iiui i*- -il^.o tii<" V«lU* On tt»» flXift

circular ooils of thr W cm. raisr^t. TV«« the dotted 
Slcnterl, it cnn be »e«n th^t tt* be^n; entire th*» 

won* rapidly U^n it l^sves, hut tt« «HPfRr*»ftoe«

T!.^ onll -1^^ In the |wt belo* tl* fork of the 'otible 
tiiah rolrht b* I . ?»t oorrvenl^* .^-^ -^- r-

of protonor Bt*bllt«lnR

noout ^ ,r «.. or nr>out O.^H per oentii,

In this region I,. t,Aa reject the
, olroulnr one, riroe with , double ,

of

of

on



B

* proton rasonitiMe h*ad oo -»W be pl*eetf nearly on th» a*t» of th» coils 

"nil U«« tot«l vftriition of fl»l* du<J *° *h* coilm aJboiM would be 

oert*in.1y ieea ti*«n 0.008^ P^r on* °f t[i^ tot^l field*

-/vww-



Introduction.

The rfjA.cticnn ; rtxlue^'3 by tiif bcfiJb^r<tei^r>t of n^ut^ronfi by 

th«» pubj^ot of m*ry invp^ti ot.iowu i' -"^j 

::«f r!..ffici.rr.tly »lffl|>l^ to be

of ti^r* •

IB ti» RUbJffct of ti.e i*rr«r.- & invest is: w tlo?i.

In twn

(b)

p of irter^rt ^hich provide tis#» c-'-',: --.n f?r-

(1) Tt^e totnl oronp-Beot Ion5 for («) "-nd (b) 

Thft l«yr|w i^nyrnmntry In the wngular (lirtr 

of t/hft rft^f-jtlon p 

differ«nOft in the

of («) .rd (b).

, W^ nwin lnt«r««t h«s b*»» il/?r stVw of

t. r .-",«.. Tlii» cUr trii/ution h^p? b*v»ti DpnruiT1^ f^r both

fr- . !** to 4iJO KV, nr> t:

the nu*r»n n t» -t HOTV* ^-^oertl "Hot 
9.7

in uw region

seotlonn below



to W0nrt th. ,
technique from 50 to 450 KV, by ^irwt et -1. TJ* us* of ,

« «»^ :- d to *» *n lflpr*nr*n*nt on the thiok
in ti.ii!

31
*?rf othrr o^; ) of »*^r vorV^» § rliw It

*nd other partiolee in the target.

orJr of Kliot «»t «!•, mrnti^rv"^ wbnwm «?i:«r;*^ tint t^ n 

of th«» ^nmil«r flletributlon <Uff**r«Ml ir ,./ two 

of both re^otlonei ir. tli« i»- ->r«tus? w**« m»d

^ twmful oholoe of flb^orbin?.?; *HLnftov« lr« fr^>rt of* th^ v?ro-

of bins on tijf» pulp** ».fupli frying p,/*3t*i:i« '' inr*** th«»

were nlw^ys mncle urrlor closely ??iiail^r oonfUtion*» th« ^irfs^r^noe Pourr?

in the ^n£ulf>r cti«trU«utions w*» oonffi^frf"*! to

*Pli» ^nptil^r diatribution of *.i,r 

iven in tl^ foxna
•+ - —— • 3 

<v\(«(|) if. tl*p ruirtoer of r ArtlolT, (•ndttf*^ *-r unit roll:! ?»rrl*

» ')) is the nmft^r «*t 90° f -ill **n^leR beinj? H»«??urf?d in 

of Go-orc'in-t^j* wJ*»^ tj-^ o«ntrp of 

» B, G ...... ."ire fimotionn of

It is clear ti^t from * a»aBur^tr«r«t of the counts w • J . only 

(in tl# ^^^ ~* niot ftt •»!. U> .: w^

Umt *. inorensfK? lin^rly r/iu, energy up to 50 •' , 

error. Ti "'IU* tliporvtiwl e^e-ct^tlonii, 'but



0.
fin31ng thnt \ airfare; for relation* («) n^ (&; - id
e-<i-erui , ,-.• ... •>• of «*yBB*tr..-r --v. called for. Moreover, _;.r u^ 

predictions, ;,,.< ;!,., ..-• expert"*"t« of otb-rp, Wir-t^- *:-~ * ** 

coefficient B should b© significantly Ir. ;:c !r .. - r ' 

counter sycteni wan designed twi.ioh could record pnrtiol? 

a large fraction or ,.;^0® f • i,- ^uls w««? useo r 

•!•• ted by « ^hillpe generator cnp^ble rt<* ^T^rglea up to 500KV.

.*.. slgrArionnt difference in tto distributions h«»d beer) fmintl by
3v

et al., who awde aemiuresenta by a elmllrir gns tnrpret teohnl'ue

In tfae t»i> ii*r energy range fro® 1 to 5.5 MeV» Tl^ir w. p«.r«t!is K 

been designed primarily for inveetl>..^t,j.on of u*e el^istio f»oott«»lnf of 
deuterons by deuterone and they r**««Tv!«^ ™ilae« >^rv^M/w? >,y f- 

re«cti n (vj •-!.., K" ''row iaction (b)» A^ nolntwl out ir tl-^^r 

the proton ramBur^Hiftnts were «Hfflcult to ol-.t-^in *lth eufflclrnt

.. . >• ooiruction?? for tJNe «*fi>ct o r' n^titronff frnm 

It - •*» not possible to BK^«UF^ the 

ftcatteretl <ieut<pron« Iwd very *,T! 

wae not ponBible*

In urf? energy runge of the prenent •xperlasnt 

disorlaiimtion in ooselble by Urf» 8*0* teohni-u« iisea in tL-e 

work of Fliot, ^.nd RO tr« r«»*otlon« (a) «ntl (b) nri? ur^P!ijWJ by 

%nd

(i; Gee Target,

is
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0.
sufficiently closely to so*le to inriiotf »;L- rrl-tlvt- sis»e and routf 

the positions of the parts. ^ arr-.-j^nrrt for ^justing the target 

position so „*."*. uj» deuteron beam pauses centrally flow* the oolite. ting 

OAittla in not *hownf but flexible brass belle* $ i.-?ve been iTrvm at 

roughly the positions v-hioh they ex? 1 to rive tl* neoers*ry Degrees 

of fre* >C!OM for tiiia ili^nnwnt of th* o*»n^ls* The appnrntus ii» nmde

D»uteroiw ncc*»l^r*t»d by *h^ hlrh volt<i.t» §»i»r^t*^ in » Phillips 

o«*sQ*de anchine 'werf* d!0vi<»t*»fl tia'on/?h 11° between tr<r B<iu*r«» pole faoes 

of i »nt«ll perraanent Bnrmti at eriergi^« «bov» 250 KV *» seoonrl magn»t 

wntp plnoea ;ln parallel '" *.n sor.taot v:iu. Ui^ ^ijrct* f^r firw? control 

of the tuagnetic field «% ndlfl Rt«f»l shunt coal^ V* ^d justed c»n « f!?rww 

so as to vnry th« lrnk«fe flux betwer* U-*» pol-*r,

8mn.ll «u ;>f cleflf»otlon w^»n sufficient to ren»v» «»11 unwanted 

no raoleoul'-ir ootnr;lex«s forsMK?. lr, th« ion ^<->uroe ^r^ «\!PO allowed 

degree of er*rg. cHssrimia<ition. At «s flist^noc of 40 cm,t^!-r- 

the exit bouw$».Ty of thf KSR.g»Bt, v.i^rp» t,h* ^i.r?»t 4 ian. ^'iwwter aperture 

stop iw* ;:Tr>oea, t^ er#r?y sepwntion •- ?uoh th^t at e«£« t?90 KV a 

T»riation of t IT rv was sufficient to remove the be«*n from the t^rg?eti 

the intensity »o UAV, r«ll noticibly with « v«riit\on of s»b^!t 3 KV.

In orrfer to get n Puff|^i^r«- deneity of r««ction« it -.^r ; - ^ry 

to use A t^rg*t pressure of - .-, o.l R,^ f^. b, lt tn n ,,^^ Vntb 

eleotrionl V ' - ^ •? too rre^t « lo«* of be«^r. by »o*itterin^ in the
~5co u^i» U*- ^. i4 ,e^ hud to be le?* tlnn 5 x 10~ mu. 

Hg. TIAB wn« m*4e ^sible b" ^- , ,,„ i,^ 

separated by a P . ^jited by ft hlsrh ep-- '

tl-? owl* •=-•* «^o»i 4 aru dieter ^ la o.n. long, se^r^ted



5 am. ».u
tube

lltrw/,.0), am the »»urs in ti« 6V I* ^. * "^ to

Hg. At the target «tw pressure u»ed U^ ^- ->.- -^. rtf th* 

•oleoulea in ibout 1 «•»•• ^- -^r a*»t of t«^ length of Un» oniwls 

MISS of gas rea»v»d by the ^u; . o^r; be oonrid»r«d to bo p^v^m^l by 

Knuds«n flow, for wi.ich ti* tubr *,*»» •» sp*?«^ of *bout 0.1 litr«s/s«o.

tht gM rc^rvoir (cont«ir,ing fc-u;- iicuvcriuiu, '- -- -t-V of gu;--<l/if«r 

attch gr^tffr "uaniities of ^as -.u -^ -,t.s» uirough tb* h*^*.*--1 

thiidble vi» tap 5, t* ^ 1 ^ 4 bi^ln;r 

To ;;re,>^re ti*e gns « ^ . ...• I, U*r t 

;h U*P by-p^FR t^-i- 1. fly® r*»iT*ml pr»*enur*« oouVi b^ r««»d -1th 

tt*» 'Pir«ir.i gauge connected to *vi.« target cj..-si;rr vi' - "' io^W air tmr>. 

\t wi.e ^oej.--'.-.-'!* -«n ir*tnl

u^r»^ wi^n ••-ociae mRiiiurfiiantf!, of ^repsurp v«r« needed ft«? for 

in fin? -.in. -. ••• - ' 'tl^nsj. Ti*« vef»^l oont^inln,

e -->%» flllwl to about £ *t.-:josptwrea with D0 «B nasritrHl on<j

-; -• • •;• , viirTi .?.-elf»naed tiiv-o '.a^ t-i'g^t cjji^jui;"",/. t/y i^' 

t,: -*T?'V.lf5, Thff thiirible cu-. ir*nt ws»p sr!in- - -in MI. 

re- ^r, equilibrium preeeure of ^ibout "0 •' 1 .• .dcronn Kg. 

(ii) _VQt..

In -"i ui-r „ ^^^ i. R ru.-.,-/m ti««r construct ion of U*» typ^ of 

ueed In - 11 4l -<" - ^^^nr-rts, Thu bcx^ * a nn^e of br^ss *r* 

internn.1 diner. • . " 7>- CTB, Ion?? by nbnut, l?.« qn. ««i 3 ' r^. ft 

with a rei^v^ble lid «md the ofsritral tun^ten ?d-re 4 cm*

-t«wl in ^ or-r S fr-r^ by m^na of 'o^-r' 

This ftr«n» ooultl b« n^r.irM-^iy locntftd in M lC b<v-y





Figure C 2 : Profjorttorxai
Cor^tructoa of
Positiorv of counter uv txr^ct



0.

for in^otion. T** design **» *do;>ted 

i^u. 5i.^n uje v^i.v nee »? " "'" i?^r v

ir. t r *wrt of eleotrio'* . n or other fnult. The

electrical acmnection to tirf* wire was m*wle by soldering fco a nickel t»b 

been »t;ot wldeti to &i.e ^ire. 

aiiiinfr gas "~ ne § oi;osen for nrvrr»l w^ona. Firstly,

It I*- '-I v-y r.,- be " r'w.ble counting g^s In Uift -:f.psur?» r^nge of interrst 

. :-«, ^nd h*u been uf;ni vitii euooesn in ti« previous work of ''ifaat} «»t 

•^1» Tiap HP-"*' p^rticl«» have suou a si*ort r^nge th«t v^ry tain 

nust be oped, -n.; ir- -ill fc« -i..o-»* u, - •-*'*"1 not s»f*»ly wiU^ 

pressure 'lifferenoe-e greater ti.^r ^tc?at "• . mu !%• Other counting 

g*sf»6 euoh *» argon bre.ik tlovvn «.t Uil:. ,..••"" ••- *;v« ";•••" 

vnpour preseuj'e of t**r t^lght magnitude *t c

(n^-out 1 c:'w ri.t 0°C) r:o ti.nt tiie cous^rr pir st-uri* c^n be 

kept very oone ... iv iu f g»» sibsorption into <« ^ . Thin i« 

<\cmtt by allowring th** oounting gas vvour t > cotap into equilibrium viti. 

A. sni^ll re.«^rvoir r*f ti*R liquid 'i/ioh is rurrounded by a b«ith *»t the

i t^ tPi.v*r--U»re. IXw'ing ttoee eXi,*riu*nts ° bnth of 

ioe war - '• ','. :., i , •. • • , ; V,. l ; •>. •. .

wrth^ne ««t tiie B.*UO»

Tim winJcws wei-e i^cle of quart* w*ix»d onto the on! of sowll b 

ei-B '--,;, ' ' lnt,o um oountent by nrnns. of »0' rini?s so

by tier.-:,. , Inrfl. bubble on tt* -^ „ , . lllos 

er^d in nn 0^^. fl . 

o^ rt?. of



oould be blown. These were selected by u-e interference colours *u, 

in d^yll^ht -^nc? then sealed t the holders wltl. * thin rinir of soft 

gre*t c-^re being t*k«n that no w*x should run on to the un^U Ided 

»•'• '-urf-ic?. TJ*» unsupported region of the window w^s circular,

was

interferometer of the J*j»in type, using white 11^-* *•< 

the central bl«.Gk fringe when the window urns pl*eec in aw of 

li&^.t . fivir the windows used in

light of a m*n wavelength 55ao*° tl^e thiokn#^s*f»R C*iiich eo 

be sreii were uniform) were 

A - 0.57 f< 

B - 0.55 

C - 0.52

c*n rougiiijr estjuu«,t»e ti.fr bursting pre0aure«differenoe of ^^ 

by oonaidertng th«m AS thin lot^. oX^nrje^ «t ti#» *»^ s^ e- 

absence of better information /• ^ rur;^ the values of ti^ el«sst

for cV^wn nu^rts filr«»a« T?»ing a for^Ml*. riven bj £tr 

bursting prep^ure i? frmnd to be SSOem !Ig« t b t rlth possible 

uneven stref-ses in the windtws the bux*stiz^ ;j^sruiT lr lik'-ly t-- b«* 

taich less thin ti.isi tlO orr^ Kg. ip

-.-'. ire 2 (b) shows tt*« popitionr or . m 

turget chMrit>er« Counters \ %nA B o»n l>e rot«te5 in *

>,,,.„ ••, ti<iii. Ayntal axis through tlw oentre of the t-

nhovt? in the U'ifter Ar«win» i^-... *. > « . k «.*• * lir*wing. Gainter ^ r«*volvff? witi. Uie lid
of the Ci .r< **r«d ?i ^ith *. siMll^r fl ~*rs.^ 

oont?vot with this lid f but o-^n be rotated

-

^ ** t . alM.•• !<». * 1 1.13 ~.tHJMH»Tl*

or .ou. ,.,





C 3 * Geometry of tkc courvtirxg



o.
over griauitiom scribed on **rt of tL ifeer body. At nil ;o*ltlcn 

of the counters the r«KU«l »liEt«noe of the windows from UM centra of 

toe ch*nfc«r if ti*e s«ru» ff ' '••«* B. Fither counter * -- B oould be 

laoved to «11 «nglee through ,530°, but in the experiment forward

of greater ti,<m 1^° h«d to be aped to hitting the
wall 

the counter wnll. Counter C reran ins fisced to the

L its indcm- ^t ti«*? a«*iae distance from U* oemii n»j i» in 

reeprot ?imil«ir to » "nd B* 

Eleetrio-*! connect i >n to the oounter wires is nwrle by polyti*ne 

oovered c Ire "idoh i^ tta-«ftded ti.rough 5/8" pip« *up lying tlie 

counter g*»s and eraerges tl*rt^ugh *in *0* ring nr»l in one «rm of *% T- 

^ >' ^ the lotted lin«*s ir. the la-«r *—— lr :•• ^^ *l-Tir« 

Ch*» "olyti.rr,e covering c.nd the v?5Ouii?n p.e-1 l«»« cnv< dtii n 

wax of lr, . mir pre?s «ure to irudbit percolfltirm of nir or tiie

of iapuriti** whioh odght effect tii» cjounting* 

Ti*e r. 0 -' i 5' nu^plif Urf:; counterK u«rough f 11 <H*ioeter flexible 

bre«e tubing > itl J.^iic*'' oonvolutions ^a 1^'^^*;^ ?r> ^ lire 1«

W^e target ci.*s;t»er ar^l espeoi^ll^ U^e counter Ryatero wn*» mcwt 

eaii^uR lively tepr4>a for le^ks, ,.\» W«B considered to be of priiae

in tiie, counters, «»ince in use they form * closed r 

ir^urities ir >- gaa will !*«, to - ,7*. ; /•• 'f counter

Between e^ch counter window in<3 the reaction voluw* i*» « nlit

normal to ti*i> be«m axis. The geometry of thir syisterji i». -L 

(not to eoae> in figure 5. T v tll ^ 8ecr u^ t ^^ ^^^t ^

window eees n length of be*m defi.^ vy t^ se^r«Uon of U^ rlit 

* width of be** defined by the di^.», ^ the oollimating



7
0.

crn«l« (2r). rt -r^ joint in tt*e be*ruf o*rticles ftror. * •' la Integra tir* 

tiiere will enter ti.« counter If tJ.*y <*r* rithin * -.olid ^nirle defined by 

tfce *re* of the p*rt of ti*e window (r» liua n) s<-*-t tl*rough the 

J*w» *nd th* ^rpettcllcul"*- Hl*t«»nc» K of tt* rdnaow oentxv from

«**if*. Ml

future e»tire«ttlon of

for

It *»

actual fU«rn?ion» ue«^ provide * ir, 

ftiuF.fi l*»t*rrf ti^e errors intrr • ^re rr Ible If it is *p«>uiopd th-»t
U,^tt

raiBi>er of p^rtiol^s counted pftinjafct solid an^l* is 

-r>ul', h^ve b«*r .? •'the ^^ *.f a 'point so- ire** 1 of

^»d with

in

-.L.,.., jould be f-toired br.-;.-. -an tl*e slits ^rd the baaoi

shown bj !>f Kt F in figure 2 (b)« Tlii» -w^w th«
"

principal wy in v^ici* pulses --,uc to Ir^diff«renti«ted

to In B

covered by a br«i*f! sli IU* two fr*m»E covered ^iti; tirdn -uic^s

fr«i» ooulcl b« in front of the silt by moving n V

portion of

fr?mt of

f5li<;i«» f

oould. be

th«* f in
ilt ~T*

to neutron oolllsir»nfi t *-ray.«- *»tc!. t 'oula be r«cor^!«*d. Mio*>, 

8ylit * ''i* 'i »h*«t8 for tr^ purpose w: th» tidokn«R?i found, by

nr»*!j. The tr iiokn^eaan required wr» umwlly «»bniit 

. ils ax^e giver, in .i ift next section.

The nbrorb^rs in front of Ute slit ,-, the nonltoring ciount^r 0 

arranged on - rot A table diao. Tkvm wrv five noeltionp. one of 

was left bl«r* for background ^^ur^aents, thrt^e **r« oc<M«l«^ by fllffli

of - no tb«c by





E.H.T. Supply

Potentiometers 

Counters

Cathode followers

Head

LOTS

Discriminators

Monito

ioo$A

C4- * Pulss courvtirv£ c^u



having available several different absorbers, the a ri-te thickness 

for use on the counters A and B could be more easily f^uncl by trial with- 

out dismantling tlx* target sjraten, Pour absorbers of increasing thick- 

iwea nere in any cn*e needed fojUtr oounting He3, H3 , IT «nd background 

particles in this counter*

The beam ourrent is measured with a calorimeter similar to that
31 

described by Senders* In the angular distribution Joe*?.pureiaBnts it was

used to keep the ourrent as nesr constant AS possible although, because 

A monitor counter was used, no first order errors mre introduced by the 

current variations* for later orons^seotion deterrrAmtions an 

iDenriureioent of tiw? ourrent ^s necessary, and the oaloriraftter 

calibrated by hewing It under tlic ey^riment^l conditions of pressure 

«nd tender a ture itu a small niohronie heater built into it. The 

tenperature gradient along the copper stem between the copper block 

whioh received UAO beajn, and a water cooled base, was measured for 

pov*er inputs* Ths oaloriroeter was used successfully with be*m po'- 

ttp to about 60 watts, ti*e beam ourrent being deduced from a knowledge 

of the aocelerating voltage* 

(iii) Kleotronio Counting TBtmipment*

Gonventional rnefchods with standard ites® of electronic equipment 

were uaed for simplifying tnd oounting the pulses from the proportional 

counters, Tiie layout is shown in figure C 4, tiere tlie figures on the 

rectangles repr*»eeT\ting pieoes of equipment are ti« Harwell designations, 

The oatliode followers were made in the liborntory in a way whioh allov.^d 

then to be fitted directly onto the p*rt of the counter from whioh the 

H.T. vdre emerged, the copper box containing the circuit eleirrnts sctii^ 

as an effective electrostatic screen. Screened oable w»s used 

out and great oare wss taken to avoid eleotromagnetic niak^o in



,_ —~7—— fe
0*

p*rti*lly grounded loops by using thick cop^r strip for e*rth connection 

wherever possible. On the whole tto eouipraent wis fairly free from 

induced effects, although severe iistrub*noes from the nearby synoiirotron 

were occasionally found »t high amplifications.

Ti»e amplification system w*s the san* for ill three counters^ except 

th^t puln«»« from A were fe<S in parallel into two discriadn^tors ?»nd 

soalers wltli different bias settings, as explained belov^. The oscillos­ 

cope could be used to insect th#? pulse spectrum from *ny of the counters.

Method,

Tl»e charged particles which «re potentially ^ble to produce pulses ! 

in the counters irei

IT from reaction (bj

H3 • • (b)

He3 • " (a)

n (reaoils) from (<^)

IT scattered by deuterons

Br softttered by heavier elements.

Beo»iise of t^te finite •H.rrfow thictnv««, not «»11 these partial «*s ill be 

flble to *nter the counters undfr nil condition* of »sn?rlp «nfl bonb^rdiiur 

energy. for exituple, deuteronp elnstic^lly scattered frora deuterium 

will have »n erjergy

K. « BX oos2 ^ (,,) 

Where ^ is the boiAwling energy and <j» i« the counting nn^le, both 

mff^'ired in the I*b. system. Now the fna^tx window h«ve « thickness of 

about



0.5,. « 0.15
34- 

Using curves given by Bethe, this thickness is found to Just

deuterons of energy 50 KV. T^« **> singly scattered deuterons will be 

counted when

% 00*% «x 50 Ki%

(The limit* ai»s (j) - S5tt for ^ « 150 KV.,

(jj « 70° for lj « 450 KV. )

In experimental runs counts were recorded at angles d> between 18* 

110°. No d^iiterons o«^n be scattered from deuterium «t ^nplen greater

90°, «nd none of those singly scattered «,t ^njrlep eprr^ter th^n 

70° (55° for the low energies) onn penetrate the court^r inclo n. 

However at snwller angles penetration will be possible ind because the 

intensity iff Inrge absorbing foils nu*t be plnoed in front of the windows.

Deuterons any also be scattered from he^vy atone which may be 

present as iaapurities* Theee can be scattered through angles larger th^n 

90° and may even then retain raost of their energy. This was the

in.th scattering from oxygen when it wa» attenntvd to use a gae t^rgret of 

heavy ^.ter vapour in the early stages of the s^rne experirr#?nt. TV»c'H.«e

these scattered deuterow kept suoh .a l^Tge p«rt of their *»n«rgy ^t l 

angles where the energy of the reaction products wae small, discrimination 

between particles beo«jn» laponeible, -^nd the rr»t» sod wan abanr'.oncd.

TU scattered deuterona may brooms a source of D - D reactions 

outside the ool limited beam *v* if the disintegrations tnke ol.toe ne^r 

the pl^n© of figure 3, it is possible for pr^ie of the shargtd reaction 

products to <*nt*r the counters but tiie chance of this ooaur^noe is 

extremely snwll.

However, neutrons produced in tide way, ft« well as from priory



Idisintegrations, p*netr*te tin* counter walls -nfl Gorged atomic recoils 

then given rise to counts wuich must be regarded as 'background' since 

they are unaffected by the presence of absorbing foils. The energy of 

a recoil scattered tiirough l*b. snt-le Q is

E *<-Y

where A « m*ss number of recoil nucleus

1 • neutron <*ner£y. *i

likely recoil atoms «re carbon ^nd hydrogen from the counter gat 

The mudauro recoil energy for thesr cases ie

(mnx) « K

fhe siae of the pulne produced by there recoils if? not e«?y to predict* 

since it if* not Jcno*n to whnt extent the ntom i? ionised by the collision, 

or how long is its path in the counter,

In order to inftio«te tl-* w*iy in v/hioh the absorbers were C^QPC n, the , 

Table 1 below h»s been drawn up to *?iiov; ttie ranges/ in the counter 

•Kiterlals.of ttie reaction produots «4id scattered deuterons.

The energy ?^> of *» reaction pro? net, nnss Kg emitted »t 

angle <j) is givrn by tiie Conservation I^TTS in the enu««tioni»t

(»)
where suffix refers to the bombarding particle, suffix 3 to the other 

reaction product, *nd Q is the reaction energy release. According to 

recent work Q(reaction a) « 5,27 MeV, (Q)

Q(re*ction b) * 4.04 MeV, (7)

The ranges in struidaxd air *ere found from Bethel d^ta for pz-otom,
34- < deuterons anri il-'»» particles. The ranges of H5 and He ->™ Pound



from the proton «rtf alpha-particle curves by tiwt relational

3K(H1

The two bonib*rding energies shown are the largest ?*nd smallest used* the 

figuren for the angles 0° "nd 90° ire to be t^Vryi *R rr»r:.re«entfttiv» of 

values for the anwil angles («'»y< 30° } where ener ^re high, nnd Inrge 

where the scattered deuteron energy is very

Table 1.-7?)
n2
Fuergy

KV.

450

150

(b)

!>b.
Angle

0

90

0

so

(c)

P«rt-
iole

H1
H^.
Ite^
Ir*1
{|2»*
n

Ht
H3
He^
He*
Ii **
n

Hi***
T-T*

He3
H2*
H^**
n

Ht
Ii
o

fip **

n

(A)

Init.
Knergy
MeV.

4.16
2.08
1.78
0.45
0.45
3. 68

3.13
0.89
0. <39
0
0.45
2.58

3.66
1.56
1.32
0.15
0.15
2.94

5.07
0.97
0.78
0
0.15
2.49

(*)

\ir
Range
Mgm~
am

36.7
f>.i>'5

1.43
1,00
1.00

22.80
£.02
0.58
0
1.00

29.7
4.05
1.05
0.30
0.30

22.00
2.25
0.<35
0
0.50

"""^•'•'MMkt^MMn

(f)

<Vb-
sorber
liprv,am'

1.5
0,85
0,85
0.85

17.2
0.9
0
0
0

1.22
0.36
0.36
0.36

17.2
0.9
0
0
0

(g>
«b-
rorber

*
window
MgJB ^oni'

1.35
1.00
1.00
1.00

17.35
1.05
0.15
0.15
0.15

1.37
0.51
0.51
0.51

17.35
1.05
0.15
0.15
0.15

* Scattered from deuterium ~ ———————— ' 
** Scattered from heavy elements

00
Re«M-
ual
R'-nge
Mgm

astf

4.28
0.43
0
0

5.45
1.15
0.43
0
0.85

9.68
0.54
0
0

4. (55
1.20
0.5

0.15

U)
KeUt-
ive
^ulse
Height.
(Ion
;v-ir*)

1500
7200

0
0

700
2100
7200

0
2000

1600
7200

0
0

800
2000
7900

0



C.

In column (e) the rangw i» standard ^ir ^>re ?iven in mgrVem2 an* it 

oan be assumed th*t in these units the ranees in the materials of 

absorbers, counter ̂ Inflows and gas will not be vnry f!iffer«nt.

Colujun (f j ^ives ti*» thicknesses of typical mloa «*bp.orbers ^idoh 

were used chiring trie worlr. * thick ab^orbrr ured for counting protons 

w*s only fitted to counter C, where there vm ff -rn^m for it, no proton 

figures *re only riven for 90*.

In column (g) ttie --dndov/ thickness 0.15 mpn/ooi hn» beers <*&!«£ to
<z

th-^t of tte abrorb*»r. It ia seen th«t in each o^?»e tlie Iie'J »re counted 

with i»n absorbing m^teri^l sufficient to reraove deuterium-scattered 

deuterons» and Er are counted with neither He nor denterona. Mttiouph 

in counting HB^ It is possible to discriminate by bi*ts*?ing against pulses 

from deuterons scattered from heavy atoms, this Is no longer possible with 

those scattered frouj deuterium, whion BM«t be stopped from entering the 

counter if possible, since the high intensity affects the operation of t 

counter by incr^^ping the abnormally high pulses due to "pile up M » 

Colunan (h) shows tite estimated residual r^nge in the counter

Using Bethe's data we find the counter gas at 1 cm Hg« pressure
5* 

thicdcness enuiv^lent to «in air r^nge of about 0.1 mgm/om pf*r cm.

width of tine counter is Voout 1.5 cm. , so the gas thickness Is About 0,15
r>

mgm/cni . It can be seen that all the particles will tr^v<»?rse th« counter 

^nd be stopped in the baok wall. Altiiough larger initial ioni ration *nd 

hence larger pulses migut result if the particle is stopped in the counter 

ga», because of the peak in the Bragg curve, thrre -re di8 adv«mt*geft in 

arranging for U»ls to happen. Wrstljr, since the cloae of thi?
'

OUTTB inci-enses ne«»r the end of the range 9 the ™\l** ?i^ aue t« t 

tr«rmniitted pnrtioles will be more sensitive to Ifihomogeneities In the



__ _______________ c«
window ~nd abrorber with * consequent increase ID U« **r* of the 

•platen t slope of thc bia8 curve whloh is due to thin cause (see below). 

Secondly, the number of absorbers needed would be greatly increased, 

and thl« would entail more fremient dismantling of tt*? target vacuum box.

*e c*n estimate the energy lost by the purtiole to the counter gas. 

If a constant energy of 30 e.v. in asauaad for the formation of an ion 

pair, Uie pulse heights (expressed *s the initial ioni*ation) cwn be 

roughly estimated. This is done in nolixmn (i), unina w*ln Bethe's 

and equations (6) ^nfl (9).

The next pnr^grnphfi show the schene which W»R followed in innVinp 

of the angular distribution n»aAureB»nts.

(i) Ti^e counter 0 was used to monitor the beam current and other
* 

possibly variable conditions: it w»s arranged to count (He * background)

at «ngle 90° ill the l^b. system,

(ii) The rotating counters A and B were set at C.M. angles <li ** on 

eitii^r sidr of • •*& bc^-i ^xis *md recorded (lie5 4 background) or (H* * 

background according as reaction (a) or (b) was being investigated. The 

output from either counter A. or B wag fed aftrr aj^plificftti^n into two 

sealers with the discriioinator bias set at levels 5 volt* apart, <* 

procedure which checked that the slope of ti>e proportional counter 

•plateau 1 was not greater thm the tolerable l*vel, as described b^lcn?;.

(iii) fh« windows of counters A nnd B were then masked by i thickness 

of brass sufficient to stop all the charged reaction products,

count mde for one-third to one-half of the original number of monitor
C 

count., «ST subtraction of (iii) «rtf(u) after conversion to tkie s

of mr^nitor counts, the r,u^, r of op Cfnmt8 ^ToW of 

ground) per unit monitor count was found. These relative counts

til0n corrected for the background in the tuonitor counter, *nrt final IT the——— —— • ———— \ • v





(Of'H 
jo

(CJ)



ratioi

(or H3 ) counts at
at :-0

was used to compare H*** or ff5 counts «t different «rvrle«
Before % count *r*a accepted for Inclusion in the results «t a 

energy, It was necessary to cheok that the •plntea.u 1 In the counter 
eurve had * tolerably small elope* The shape of the bias curv* de 
on the window *nd ^baorber thiokner«es «nd the energies of the particles* 
but * ty?io*l form, for oount^r« with no wbporber before tt^e windows f is 

shown in figure 6(n)* Wwm «^n nn^lysiE such as T*bl* I it is
to di»oov<pr wtiloh particles f»re responsible for tJw? riRpf in 

the bias curve.

The pulses counted .it the highest rjiflcrtmiiwtor bins (nbont 45 volts)gcare the ffe i tlw groups «*t bias (b) are tfue to deuteron^ ent«»rin/y the
counter ftftrr elastic scattering* The H begin to be counted when th<»
bias is lowered to (c) «»nd at (d) «nd tte sm«»ll "nl*^* from protons in 
the ««iine reaction are counted. Figure 6 (b) shows the filtering effect 
of an absorbing film: the only charged particl^s entering the counter 
then are fr *nd protons, and so if the discriminator bi*>s is properly 
chosen to exclude the proton pulses, tt¥? H3 alone are counted*

If the ordlnate height of this curve 1$ to be « £>vx1 munure of tl*e 
Bttriber of particles entering the countrr, it is important th^t tlie curve 
should h*ve a negligible slope in the bias region betreers the pl 
where two P^roups of particles begin to be counted. 4 ^lone is e 
for several rearonsj for inet^i^oe the str.tlstloal unorrt-inty 40p.oci.tt6a 
with tlie munber of initial ion pairs former1 in the oo»i*w leads to a 
•struggle* in tt* ^"lse hri,7htp; -l«0 st hir^h counting rates f nlle u>»



a.
, ~ fh~ finite time which the counter pulses will occur because of wie nniw *<MM*

to be cleared. Ag»in, because of the finite angle of acceptance of the 

particles by the counter window, particles of the s^ae energy may pw 

through different length* of counter gas and so produce a 'struggle* in

the pulse heights.

In order to estimate the alope of the 'nl^t^u* the oulpes from one 

of tiie counters (say A) were fed in parallel to two sellers ?dth 

discriminators set to give biases differing by 5 volts as shown in figure 4. 

The criterion for accepting a count was that the wlope should be not 

greater than Q^3$, change in counts per 5 volts bias, <\n3 by careful choice

of bias levels a place could usually h* found wiriere the slope

5 snaller than this. For He ,the axmn value from 24 experimental runs was

a slope of 0.04** per 5 volts? for If* the mean of 19 runs was 0. 

°rovided this 'plateau* slope were satisfactory, the count from the count­ 

er A (with tlie divided sealer channel) was given by the mean of tliCfse 

t^~Q seller counts, ^nd the bias of the seller on counter B waft set to the 

nean of those on counter A, Figure 5 is drawn from the counts recorded 

in a 25 channel pulse discrLiiinator. TJie curve is effectively a 

frequency uiagram oi1 pulse iieights, or tiie differential of puch bins 

curve B ft ?» tho«e of figure o.

It v L.,, ortant that the discriminator bias on *»11 four aonl*r0 

should be properly related eada one to the/ others, in particular so that 

tiie biss differenoe of 5 volts could be set on the sellers recording the 

'pliteau' slope. Thi« ^« aone by feeding pulses from «. pulwi generator 

through two channel* into two sealers simultaneously. The bi»s on 

wan then raised just sufficiently to stop the counting. Thi« w* 

for various pulse heights, and by plotting the one sealer blaa



0*
otter, the expected linear relationship wae found. These line, were 

toen ur.^ to refer bias settings on three of the sobers to the «mii*«l<?nt

setting on the fourth.

$y « proper choice of conditions, it was possible to count H pulses. 

Since e?cn H5 of reaction ^b) is produced in company with a IT, Jsount 

of H* is » useful check on thr efficiency of th<» counter. Since the 

specific ionization of nrotone is small the g^s aapliflo«tion in the 

counters was raised by increasing the H.T. to about BOOv. An r»bf*orber 

could tton be chosen to cut out the He^, !$ <»nd lr, ^ncl with the 

appropriate discriminator bias, only H* were counted,

Uith the increajse in voltage, the* b-ck^round count rose greatly o^ing 

mainly to the increiBe in pulses due to neutron recoils, *«rttl w<*s in fact 

nearly i the tot^l count, Tids lead to uncertainties in the proton count 

larger than for the H^. In order to aoiop'sre the lr count? with those of 

HT »t the same angle, two adjustments to the recorded counts are necessary. 

Pirrt, the ^articles itave different energy, so the factors nriGd to bring 

^nglfs and solid angles from tlie lab, to GM system of coor^ina 

different. r^cond, Uie asyimjetry of the angular distribution p 

must be tak^n into account to bring counts of both particles to the 

which would h^-ve been recorded at the s^jae C.*'» ^ngles rough vnluee 

for trie ooeffici^ntf 1 «?r*"i B were tr*ken from the work of D*vrnport ©t

A.fter n^kin^ these oorrectioiiB, the fin**l fl.»airee were*

lr counts » 0.855 ^ 0.017 
Monitor counts

Ratio H3 counts « 0.847 - 0.013 
Monitor counts

In the oirouBBtftnceft, tte agreempnt is seen to be veiy good,



1*9a.
Result^.*

The experiment*! result* for the angular attribution c*n be 

displayed in several W Conventionally, the Point8 »re fit tea by

curves of the form

where \, B, 0, ...•••• «« functions of the deuteron energy F. This is

?in extension of the nn^lyia of earlier remiltp ^t lovr energies, ^vhere the 

nayraiytry could be most conveniently represented by » single term A 

It also ,jiv*s Pii indication of the extent to which pnrtisl waves of 

diff*»rrnt nntnilnr momrr.tAim contribute their ^nlaotroplc -listributions to 

trie ipotropic con^/onent.

?rom this latter point of view the curve o«m be better represented 

by a linear expansion in Tjpgcndre polynomials $

2 * A4.^4 >..... (11

where Pn (oosrf) y is the kegendre polynomial of the first Vind of order nt 

and Afj, A2 » A. .... are now proportional to th« intensities of outgoing

particle wave* of angular moiaentuin ou«sntuffi nunfoer n » 0,2,4 ......

Despite the thporetic*l convenierice of tliir? representation, itvie?s 

considered th«*t ther^ vould be ^n «flvor>tnge in calculating the

so thtfit the curve fitted could be v/ Li, ten in the form
• »

where bQ ,bi rwi bg ^re nunrrical coefficients nnfl po »'\> '''o»- • • • • wre 

orthogonal polynomials. Such 9 polynomial Pn contains? pover t€.TW» in
/ r 7. )Jf \ ^ ^v-X (' r^ <p ; uo to *- ind the coefficient of "* it?^lf is unity* 

The pftrtlculnr property v/iiich is of value to the present <mftly*is ia 

thnt Uie coeffioients bo , blf bg ...... fjre in<1ep<»ndent in the sense

thot if a 8ft of pointfl i» fitted with * curve containing tern* in x
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X Sin<J>
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C7 * Arv^ubo- distribution, of trltorvi fVom.
D(d,p)H5 At 450 kV.
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count* «t 20

at ti» energies 130, 200, 260, 550 And 460 XV. » «*nrl *t the l*b. *n?les 

16° 85° 50° 80° 70° 80° 90° 100° 110°. The isuitsb^r of oount.s in thii 

r*tio hnve been corrected for t*#» solid nn^le conversion from l?b. to C.M. 

«md the factor sin 6 converts the ylel* +o the v«1ue for

unit length of ben*.

Thun at e«soh energy ti^ere were 9 points through which 

distribut on ourv« h«id to be fitted. H e»ch point the count w«» 

for about 109 000 counts on ti* monitor, s ti*at e^ci- point c«« be 

very ne»rly ti*e s^rae statistical weight, iw'i the

A typical plot of y againnt x(*oos o^ *) in shmm in flsmre 7. The 

standard deviation of each point lies within the circle drawn round it» 

Hje 'nirve fitted hnn b«em ^etrrndned by m tyj><* o^ least »f»tmre« mBthoft» 

using ortho;;on«Ll polynomials ns t^ inder>endent v«srinble *»» rl^pcribed 

ftbow, *»r«i the« converting t> the form of equation (10).

Ti*> values of tt*e ooeffioients 4 aw; B, deV-rndned in this w^»y for 

both r«»otl«m» »t eioh energy, «re eitown in Table 2 **nd fip-ures 8 nnd 9,

For reaction (b) Davenport *t al. iiavc estiraated .1 «%nd B vr-lue* for 

two energies in the r*mtre oonrirfered i^erc, ^ncl their points ->r^ *l?o 

included* On *»11 th^se j^ointn ti^ vertioftl epreod is the Pt^r^nrd error 

of tiae efttija^te.

A.t energies below 150 KV. there «sre man* **«tlnwtei» «^ ti»e coefficient 

*f alone/ v/hrre ttje analyrla h«s not beon carried to terms ir» ooc/4 •* ?b 

the redone given *it U*e beginning of tni* r*ot:-:mf the«e vnlues of " 

nre riot directly o«np»r*bl« with the present re-ultp, but rnurhly 1th our 

Vr,i-^« of (\ 4. B). * plot of (A + B) including a few lov? energy
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0.

lithium repon^noes. Using the n»nr-ur*d v^lue of 971.3^ for t*« 

r»*i»tor, m assuming ^n energy for the resonnnoeB, th*» pot*r»tiara*t*»r

\A thrn bf »s«^ to find a vluf f«r th* hlc^hre*<Un,'-" «t

vnlue of this repiBt^.r«o« w«is *lso 

a 1000 volt ..ower pnck» The r«sislt«

R(441?KV) « 1450 t 18 

H(MOKV ) « 1448 - 0 k-1. 

R(0.8KV) =r 1440.7 - 6 

wriguted moan R. - 1443.8 - 4

Irwr by ur

TXu*ing angular dietributlon exp«risz»ntR» tin© voltage Vept to

selected on control de»k voltaaetftr» In

greater o«ll

Tineley (with n gnlv^nometer to

this r««nor. the two voltage** ne«K3 to fc» r»lnt«»d cms to th« other.

In

th«

3 below the potontioawter renrlinfis h«v«» been tr««ns1.«!t*>d f by

, into n sonl^ of true

It thit th€ voltiaetftr in in error nbout 10 K¥', at th<* flill R

Tnble

Control £»ek Volfanctcr 
Kllovolts.

300

4;"?.') 
500

fr«« Kilovolteu

105

205

508

410



Finite ^iiflrlff of oe»

In the pln^ of rotation of th« oountera, *•- - aeunV*r -adnrtnrw -lit 

system aubtencfo *« «mgle of about 1,5° at the bems and e«oh point on 

the win'lcw has a 'fir Id of vl«wf of about 6°, f»o ti.«M a confli^erab 1 * 

length of bean is B*#»n. FV>** parponcR of ooB?s^ri«?on %itfe thaory, tht

awi at eiou ^.iuwition mist be reduoec^ " fr>io»e vrtdch v 

V-*r. r^.^mvin^ if qii tJ«* di»integr«.tionR h^ t^ken plnoc on the 

of the counter »y»t»iuf iwl If ti*e window ?«lit vldth «t?re negl5.^ 

geometry ia shown in figure 3» ^e oonst»nte independent of

nrei

Window radiue ft * 0.102 cm 

Window elit width V * 0.150 " 

Window di8t«snoe from counter axis B^" 5.760 " 

Slit :istance fi*ota x^?ind<w * 1.5V4 M 

Beam rAtiiua r « O.P^O '*

dist^noe from be^m axis,

Distnnoe (in pl*r* of wintiow) from centra of window- 

R m rdntiuioa rrow *rea of window dA at vo volmne dV of be*m «»t

Angle between peotoro R ».M R »

s of 0 , defined by flit jwwsu
' b>

ancJ eolid ^ji£l<*» taRf*fiured in a co-ortlinnte By stem in which the 

centre of JBMIP of t)*) renotion pnrticlea is iife^fcion^ry ("O.k.** Fyf.tera> 

are indicated -*ith ftn aaterisk* OUu*rwiae tnglea cure Btf»^«?ire4 in a 

oo-ordin*»te ayateat at^tionary in the l<\bor«tr>ry ("lab." system), ^B 

write th« ratio of angle ft And ratio of colic! angle* in these *ypt*iw aa

tta. iMBbrr of <;iBlntegrninns/ora3/e^e « K. Consiaerlnp n (dven



C. 

prod ict, the nuafcer/seo/mit solid *ngle (OK)

The nuobor in * rrviir! *r«?l* (l*b. ) A w ^t ^n.ry.le < * is

Ooiis icier u,€ rtlsintcoT^tlone in <» volume flV £~ 4"C 9- ^/ x ^§ )J 

Th* nun4**r êc reaching a otrlp A A of win " >m dV is

ROW

c fot*.l nufflber re%ohin^ the stri is

tht*

The fnotor containing x O^T, r««dlly be Integrated, but thr one containing 

ia best solved oy nuwerioal Ruaciatioiu The two p«rt«

where k - ****<>-+2,

The eiteiaation of tt«? f no tor in ^ ,1 aoro* for 5 strips of -sdndow of 

, for which

resulting oorreotion which raift be nrplier! to the counts to oorr^ot



'ft
c.

tinoe of th«» countf r sr* ?Lown Infor tirf? finite <-»n£l<? of «ocef 

T*ble 4 below, *nd «re ce*n to be negligible in all

He 5 *t 450 KV

»50 rv

150 KV

*>
1B°

SK>°

«<)0

eo°

Co:rreotlon %
i wnj

• 01

.04

-.25

-.?e
j



/Sfc

th* result!, of tL« oresent •J^eri.wnt, tether -Ith th* WM* of
» 3*
!/ «t lower «r*r«ies -in* thi»t of Blair «t •-"'. -'• i '. ->**r

lo«v* little doubt Urn» t» » nronounowd ^ifferenoe In 

th<» ^nmi^nr- r" -f «> tribn tl /m of> th"" wrortuot* of tb«? tv?o iw fictions,

In tiw? tibfteiiOft of ^ny othrr puvat^h^ th^or^tic^l tr»ats»nt of

1>-I> r*t«otlon» It IK rM&*fi&Kry to t^ly on the work of Konoptn^kl *nd
y» %c 

Teller and ti*«\t of Beiduk «t «1, Tuerc ^utiiorn ,<n not ex-vrfr^f -1.

n<» in tln0 a»ynw»try o*» *.?•* r*^^tlona 9 but it nwy be 

to Kitm^riRe very briefly ti^ st4»p» which !<»%fl to tholr 

for tii« differential oropii-aeotion, since if th«ir theory be 

it i» in ten»B of differences in the n^r^aneter? cont^-in^iS in 

this expression that the different fteyawaetry nwst be ex|>l«iined,

In order to explain the gererAl beh-«virHi,i- of th^ •-*?v»f-^.r»|^nt A 

for tltfj proton /-e^oti^n (which rli»es to « iaaxiK*j» of nbout I -»t About 

400 KV. «nd h** m-gative veliieR after nbout 1 'iSV. ) it w«is neoan»4ry to

degree of spin orbit covipling. Thftt spin-orbit interaction

exist l*ns l»*?«»r. recently deiwon«tr^tf«1 by «aea»ureiwfnt» of the degree
<l,xi of polarizition of the proriuot protons and neutrons.

Th« trRni?ition» from initial to fin*l «it*ite of tl;.e aoro:>ounr! nuol-us 

lied ted by oonsid«r*tionii of parity, ««e eKclusion principle, 

cymaetr^ ->^ ti-** re^r^fon. T^ ^iffcrerti^l oro«*«-^eoti«?n for e 

nllovr«d tr-».nritlon ls» * tpum of pro<Iuot«, e^oh of t^doh include* n 

m>ighting factor detfrrrulmd by tt»e spin configure tion, «m"intrincle 

reaction probability r^doh d«te miner. Uw isagnltiide of the outgoing 

w^ves, the oroee-arotion for compound nwcleun forwticn 

includes t^*e penetrability of the nuclear b*»:rTiera by the

l h^rm-nic,



TU vnlim of ^ w*it fwtfrf urinf' th* W3 approbation to thn 

condition *t the jturfnce of tte nuoleu*, nl though this approximation is 

of flo^tfm. v-iv-'ity j^re. Tn thr rotation urrtf bj Belck'fc, the fiiml

•rpr*ssion for the diffVrpntl^l <srtv«-f.*otton

ndth

b/ i.«on with

of the

in theor related to the

rer;,onpi> 1^ ^nr * tr«nM.tl.fliu This

expression i» vdid for

component of

^i«p u^ to *bnut 30O *» e

r!i«trlbritlon

4 t<rv
^1 lot .1.; T--{-'( the

found, within

tftriu in <ixprennion (IB) vanishes on Intogrntion

tint of the

th6 but K ^

r«Rult» of

b« tn>t for

^rerient ex,o«rini»ntfi suggest homtvwr th^t this 

rtn of thr crops-sections of both

from rui»*

a tly
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40. 1

47.5
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^"(b) OJ. bfliTTf!

V5.7

;$fl. r>
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n?, f5

81.fi

The

lees

errors of

It would th*?r«t*ore seem th«t

tr» tij* extr*t term of expression (It), ?w fi«»t

Ir*

-^i-.^ ^ X : « differ.

of tn*» freedom of choice ^

th)»t *>f the

refl. by th«* *»tr«».

values of ti^eee parametera 6bt*t tried by fitting our

Beiduk not

f (i

to



' S7



T *



ii .i.v invent 1 tl^n of ...m^^f^lcs

A t

esti*;-- ting t ' 

in figure 1.

be tilted to : ;ive

of are* 105 cm. x 75 am. -nil 7 oou deep ^*s rn^dn for

U»e

1 jot*nti»l distributions. Thi** IP 

>f the four lf»v«»llltlig »or«w« A ti , v-nk 

of electrolyte, m ert^nr'inr tK« u?.»» to 

of fields* wh

t^nk is Mf%de fr m * >-*xolin f in * steel The

probe in its t*old»r B is o»rrie<t ii. • ,*e 

width of th«<» t^nk on mil?* T>. Tii«?e r form

tr-»v*»Ts

of* t,; r=

of be /;;th of the

set of of * rod »?

on

r>l*m on v4dch

its onrri.--** i- ^rted ^t five ..ioints b,/ b^ll

'n o is set by trutl the

» fieoes of light

Tap

rod T-R^cti^n ^

pieoe of co \>?>r --vire *bout 1/34 di^jwter ii»»-if»rr,rii1 to »» d^-.

ti*e nitrf^oe. ( ft. thinner ./robe ' R not justified by

tl sf? t'-nk 

socl^ted

accurnoy r the

troubl' oorror/ion -\ml antiirotirjn ftt hiwh <surrerjt

position of tLe /.robe WAS found by reference to so*»lea

to

either or field lines of the
fed

current of tl*e 

with ^ o*ti*ode

bridge network n- - nfi 

oscillosoope or





Figure Apjx£ : Sc&rck cotl.



It w*»e estimated tlrt the oeitione of the morlelt.

corresponded to those of the re<>1 case *dthin about #'• If c*re was t*ken 

to avoid distortion b,/ ti* t^nk walls*

In general It waa fnnn* th«t models could be »o»t en«ily net ur in 

tl*» tank by repress ntinf wtgnetlc pole surf noes with in^ul^.tiiM-r '-"'*• 

Fbr tiieee, brlcke nf p^rnf fin *mx were oa»t ^nd ol^ne^ to nlnn* Iron 

nheet elcotrodes ware ni^peti roui?iAly to oorrcn; iiv. -- ••!-,«* nctunl fieW 

in n nnrt of th^ tnr>> r^rtiote frcan the »re» urelor inv 

'noclel* «nulpotentlnls represented t r«ftl l fteld line«, nnd vice ver*m»

of this ar-thod of working is thit flux-le^knpref frora 

rtArf?»oer -rr easily eati«jRted from ooanireaionts of th»» p 

Une «<•• r^spondlnp. ol'ncjes on the cxxlel* 

Coil.

field T«iriotion «\lonr Uie ontl of the be«m «ind at the pole 

boundaries WM fouac ^ocurately vdtti th< pr rci ooil onr^ng»a»nt ri.-vm 

In figiire 2 (a). The coil W*B nwrJe AD ea^ll «« posBible t A smnll pl^ntio

bobbin b*ing wound with about 100 tum« of 40 SWB endnnelled copper vrire,
»» 

tije ofvernll outF?id* diameter being only 5Ag • Coils were mounted in

holders either a« shown in future 2 (b) or (c) according as the direction 

of the field conpenent to be aaeasuredf The ends of the -dre were t*ken 

to ^ nut Ji KtA ring B whiota a*4e cont^ot vdtti oorresponding p^rte of the 

lonjT probe C of figure (a). '^eible <Iisturbing iiKluoti^n in loo^>8 

formed by the coil le^s w«s avoided by ranking tt^> probe effectively A

ooaxi.^1 osble*

Tte probe h»* freedom to rot te tlii^ougii 6O° (mnrVer! on scnle T>) 

about a horizontal a«i: F, ^jT ol^n^ing ti*e »iole a Sfr>t>ly to t^ie 

yoke, tiiis axis is nortmlly ^et to coiiwido ritu Uie axis about which
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App.

This lenn vm» resigned to te&\, U*H ^ractio^bility of an optical 

analogue of « magnetic l«n« n^tm, *« deRerH-nefl in p*»otton 10 of r»«rt A 

lens fas one fixed gtas surface A, and one surface of vari^bl^

a»de by a ti;ln trnnep.^rent rubber araibr^rK'? B* A br«»? ring C 

fonnp the will of tuc cell, v.iiioh is filled with wtcr. The curvature 

ber«e ttir on««r of th^ l^ns, e<5n be ob«n."*ic? by com^r^*fiing or 

g the aylphon bellows Df wiiich is provided with » 8cr«w sdju^twp 

(not PUownj,

Tl-KR nullity of tu« uur .'T"«* is of course poor, y*t it is euffioiently 

good fnr the n\irno^*» con tempi n tmi. In tti*? single l<«ns »o f«r m*de, tlie 

radius of 3urv»ture of tt*& raeRibr^ne oould be v«vried b«tween ^ 9 

which gnve «t foo^l length betwp^n * S7 cnu Th«r« would bo some 

in unlttfs a liquid ur g #>*trr option! deiieitiy.

It i^ ir.t^-^fitin to not*» tii-=t v-itu th« lenr in tiw position 

i.e. as • pl^no-convex lenn ^ith the plane ?urf»oe u ;>perH»st t U^» 

incy«*»»ed l^yctj'ojst^tiG preflpure nt tt«» t3*ntr« will o^u^e «m incr^^se in 

QU?-vnturf» n'iioh c^n in theoiy give an nnpheric purf<;oe devoid of
•

ftberT«tlon if the iapft4>rftj« is given tb» right initial tension
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