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1. U.'TRODUC'l'!ON 

The ac1nt11lat1ot1 epeot1•o'Meter ts rapidly gaining 

prom1nenoe as n pow~rtul tool in nuclear stud:tes. Its mu, ... 

tulneas 1n measuring ge.nana rny speo:tr11 has alre11uly boen 

•atal)llshetd. eut. its nppl1oat1on 1n measuring the energy 

spectra of bats rays has not ht.um examinod thoroughly. 

Measural!»nt of \}et~ ray spectra is 1mportBnt 1n nucl~ar 

physlcs msinly·because ot tho fact that 1t lead! us to the 

an~;ula r :11omentum and pe.r1.ty c.hongae involved 111 the transi-

tion and the- determination ot these. charill'ct~r1stics helps 

ua to 1m1eu.tigate the: disintegt."'ation scheme. Th~re 1s no 

elaas!ce.l theory for bGta deeny aorr°'spon.tUng to the theories 

of electromagnetic rndietlon fo:r gtumna re:ys •. The aetai ls we 

oan obtain b:v studying tbs bota r11y apeotl"a brlng to light 

a new typa of lntll:)rsotion which 1s ei'.lruild$reblz;· mor~ eompl1• 

ceted tha.n electromagnetic radiation . 

1fWO disttnotly differ&nt principles .are U8·0d tn the 

ener,e:r l?u;nu.n1retnente of beta rays . One ts bneuu1 ~n the 1ont-

:at1on produced by th bota pnrticle 'in Ql') absorbing medium 

when tl'te p..i!!rt1cle 1s stopped 1n it . "l'he otbor principle le 

to 1ntHlsure tho momentua of th& betn pal"ticl& 11"1 defleot1ng 

1t in e ma.gn~t1a field .. '.I'he first prlno1ple 1e utilized in 

solnt tllo.tio11 spe atl'.'"otr.~try end thl!l 1H etl:rH\ one 1s made use or 

1n r.:1a.e;netic •foous1ng opeatrometors.. The appl1e•tlon of 

"elntillation c.ounta-r ln bate: t'SJ $p$ct:rosoopy f11l fille the 



need .for a .simple lnatruinent ea.pa'ble o:r analyilng beta 

actlv1t1es even though not with the pl"ee1a1on or a magnetic 

p.lrpose has been 1nvostlgatad 1.n the past only by us1r1g 

compl1cnted, self - designed eleotron1c <Ji roui ts. It 1a worth• 

while to exa.r:ttne tho adf!~ltnb1l:ity (>i° a eom!'!:lor c1al equipment 

such as tha .Nuclear <Jhicngo 1820 ~odol speat:rof>!eter fer this 

purpose fllld to show hovJ preclaely the shape of the soectrnm 

cnn be obte'i:ned using eu.ch stnn>le <''H1U1pment .. 

In thi:t type of work 1t 1s hard to say wh1ah sc1nt11-

lato:r w111 give th~ best results . H~1t.:amtl1•, a groat deal or 
work hns 'been done on org~ni o se1nt 11 le.toris nnd eon:?e of' them 

heve been proved to ba VfH•y 1H5eful in det1aoting b~ta parti-

cles .. 'l'h~ :re.$,po:noe :>f anthracene , st il.bone and na.phthnlene 

to beta :rays '.has been thor1)tighly 1!JtutUed . '.?be P\llse height 

produced ln fl.nt:t1r1a<H1ne viu•tea 11nt:Harly with the energ:r of' 

the 1mp1ng1ng electron,. 1t.G fhi:orf'H'!Cf.lnce- dec~~:r time 'la of the 

order of 2xlo- B oe.rnrmd snd roeasu'.!"able pulses well 9r.o,1e the 

background cnn be obtatned even at eltH-:tron energies as low 

as 10 to 12 Kev . St1lbonu hss e•J'E':lrl shorter fluorescence 

deea.y time ,, of the order of 8xlo""'9 second , but its oonve:rs1on 

&ff1c1$ncy 1s only about halr of th.o.t of c.nth:racene . )!aphth ... 

alene bas a deoa.y time of Oxlo-8 aec,'>nd and its oonvoxu•ion 

efrtc1ancy is only about i of that of e.nthra<.Hme . In vlew 

of these ract$ , i.t •1111tHl decided to use anthr'1c~ne and etllbene 

tn th 1e work . 



Operation of the speetrOJ:neter for a lde ~·anga ot beta 

r11.y end point ·energ1ea v1as studlad . Out of' he several beta 

spectra mtutsurEH) , cs137 hart the lowe(llt end polnt encray, 0 . 52 

r~ev and RhlOo hnd the highest , ~ . fii} t:~ev . 

In Section !JI, 

uaec for mea~uring nnd reeordirlg the numbt;r o !' pulses or 

variation in energy will be e.iven . 5e:ct1on IV deals with 

the ruetho~a nt caleulntlon us d 1n the nrinlys1s of the spec-

tra and ln the doterm1nat 1 'J""I of end point ener1: tea together 

t»l trl the e Pr6ctiona e.riplied to the shape o'f the apectre. . 

Se et ton V ls eon earned w1 th t.ho exper1m~nto.l results obtg1nod 

in the · suremcmt of the speotrtl and wlth the cialculntion of 

end point energies . 



II , HE I eh' 0 LITERA TUBE 

The £ ... rst simple or of the mo ftrn so nt1 l lat1on 

counter wns lntro•1 uced l)'Yf Cur~~n nd Oaker in 1944 ( 1). Thts 

wa tho .t"lrnt tl o n ;>hotomult1pl1er tlib ·as used t deliver 

l reo pulse is of cur ·~nt of' short duration . At a l ter date 1 

Kall n ( P.) discovered tndopen ently this ., th d of radiation 

aount:tng 1 an(! showed tlrnt both heta nd ge ma rnys could e 

detected using single c·yutale or var1ous lumineocent 

te ols t produce ~c~nt111 tlons . Kull·~n · ~ di cover 

of the oss:) llty of usln oc1nt1llation d tect rs t 

deduce tho n ture And energ;: radlA,t ions f o ths ),1 l se 

a. .plitudea WC!\8 tl1 ir-st gli~"P O f fl r ght f.u Ur fO't" t o 

se'ntlllAtion ooun er 1n nuclenr s ootr oscopy . 

Al oet at the s mo t1~o , Coltman nnd arsh 11 (3) 

v 1:'1 i d that the pule he_ght produced h " :ohnto · ltiplier 

1s dir ctl ~ ro ortitmal t the anerg re l eosed 1n th8 phoe-

phar . 

ten e•l 

all ·an' s oboo:-va t1ons wire lso c nf1 rrn&d and ex .. 

. Deutsch (4) . Eoth of thom uaed nnphthelenc for 

theae studle! and suggeatad anthraoeno ~s oas1bl• alter na-

t1 e for such work . ~ttll ( 5) ode comparat 1 ve st· d of 

naphthalene nnd nthr ca:ie nd catabl1shed the stpo:r orit 

of the latter l.n registering h gh pulse wlth n low ck-

round . ~or energy .eanur& ente ot rad1.at1on, one ha to 

know wl.ether tha nu-bar of light quanta emittod y the 

acintillntor 1s aatunlly pro. ortlono.l to the enerss r the 
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radiation. Thia wn~ Ahown to b& so by !Jl1pk1.na (6) with 

ant;hrocena fl'.)r nwnoenergctic electrons with ennrgl<tfJ ab<:.'!V& 

Shortly the:r~a rter, m1u1y laborator1.,!S a tarted investlga• 

t1ons on the future or !)C1nt11lat1on counter. seve:ra l weys 

to improve the quality of the photoitl:Ult1pller \'h:tr-e tn:tg.;~ui.ted 

b7 ,torton (?) and also 01 Jo:t"dtm and Bell (8} €tt a oonfct-~:nae 

bold at O~lc 'Ridge 1n l.~49. It w~s Be ll (9) G!~A1n,. Y1ho al':'QWed 

thnt a:nthrl\oeom~ coulcl be uaf:ld ~ff'0cttv~l:r tor beta•ray 

spectroscopy, iri eonjunotion with euttable eleett'ontc c1:r-

ou1ts. Even today, ~el.Ps vmrk f"eroa1ne as a atandord :tor 

eeint1ll"1.t1on counter otudies of beta ... ray npactrn.. He 

showed that th~ g~o!tetry ot the !nst:rt.nnent has npprfleittble 

influence on the shape of the spfHltl'UJ'11 obtA1Jil.:.\d. Th~ st>lit 

o:rystal tecl'mlque, sugg~stad b:~ Ke,tellf) (10), hftS 'been shown 

by Bell to be the beS't g1110.,,,1etrloal nrrang~ment. 

Bell's work 1.nsplred ~almer end taslett (11) to tnvest1 .. 

gate the aeoura 

a ae1ntlllat1on deteetott tJ>nd a solf•d.$,s1,e:n.ed eleotronic 

circuit to l!mnlyto th't pi~lses aceording tr'.il th~1r tmereY• 

Th1;>y showced that tbs deterr.11nat1on of the end .... po1nt energ1-e$ 

oar' be ckme with an aecn:r:r~oy of B percent or even better. It 

was thetr rtu.mlt.a tb~t 1nspired this 11141orlr. 

A sood deP.l of work has baen eoriduct-ed tn d0tormln1ng 

the. prop•rtias of various organic: eeintillatof!S" The WO:t"k 

of Sang,stDr ( 1~) 1s- a. valun},;le so'HPC$ of intorm.e.tton on 27 
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purified o-rg~m1c crystals .. He 1I1v<nt1.gated the 1t'lportant 

properties of the phosphors such as eroi~u~ion spectra, trana ... 

parenoy, w11ve length of en1tted light , decay t1me , and con -

version efficiency.. Ho found that stilbene has cons!dera'bly 

short decay time :etnd rel1a ti vely good ~espomu~, The conver-

sion effieioney of stllbene is Almost half or tht1t of enthra. ... 

c~ne, but the low value of' 1ts deoay time :nnktH3 this sc1ntil-

ln tt'}f' Vl'J!':f vn.luahlo in h!gh spee-d eount1ng ror whlch l:l m1n1-

rm .. u::i reaol v1ng t1rne ls requ1rtld. 

Anthrnc:.t'!ne, being the motlt w1de1:i; ua~d uc1nt illator ror 

electron count1ng , is known to be en 1d&G.l phof$phor for 'beta 

worlt rrom the 1nvest1..gatinns of Sell (Q) e.nc1 of' Palmer and 

Laslett ( ll) .. 

Further survey or the 11tarature in conn&ct1on with this 

work will be given 1n la.tel" sect1ona . 



A. Tho .. o1ntlllat:ton ta.tocttng Unit 

Thls un1t is n ns ... s model scintille.tion probe made by 

the .Nuclenr Chica.go Corporation. It consists ot the org. nic 

clnt lletor, a photo .. ult1pl1.er tub& and a dual rmrtpose 

preamplifier. 

The nthraoene and st1l ,ene crystals used in this w<'lrk 

ere bought fNH.<tr the Cr'ystal.a, rnc . 'r'ha scintillator should 

b<t thtok enough to atop all the beta partiolea 1Mpin5ing on 

Tbo thiokness of the <:n•ystnl required to stop tbeso high 

energy hetn rQys ws.s calculated using tho range .-energ:r 

relat1.onsh1p for abeorpt1nn of beta t,.1Qrt toles and ~ lneh 

thick crystals were obtained !'or tl11a work. They were sup-

pl led in tho e.anned fo _ R.nd th& su plte!"s lwd to be relied 

upon for th.e quality or the crystals . It is obvious. that 

the quo.11ty of the crystal determines to ar:: :npprecl•fhle 

extent th 

crystttl is n1ou:nted in e. cylindrical aluniinu'1'1 jacket wl th a 

very thin aluminum e~:.oet ut ths f'r>ont fa_ce whtoh le ext>t)Sed 

to radiation ond a~ 1.nch thick luette llght pipe at the 

other sur,ace . It :ts ee.8.led to the ~1hototu'be with nllioone 

grease. A cap wh1.ch ls U<":rew cl on to th.a phototube struetur • 

holds the cr;ystnl :C1ruly in plaee \"11th the help of t-. o rubber 

washet-s and p:reventa cmts_da light f!"at. enterLng the pltoto-



tube . The light frr.;n t!10 sclntillr"-t1ons 1e tranamittett. to 

the photooathoda· or t11e multiplier tube and an e ;~;>rec:iablo 

numl)~H' or photoelectrons nre emitted Qt t'be photocmthod& for 

fUieh d~tected pa.rt1cln • i:!ach on~ Of these ph~toeilectrons is 

drawn by an eleetr"Hiltatio potential to the ttrst "dy.nodett 

Whtlr~ 1t ejects aeve:ral, $Ooo11ds.ry elt:u.:tx•ona . 'l'hoae electrons 

&!~e 1n turn dre.wn to a ~econii dynodo end are a1m1 larly multi• 

plied . In th:ts r:umner ,. the mult1plicot1on 1s ourried out 1n 

ton different stages and about hnlf a ~1111on electrons 

appear ~t tbo anotl~ dt ·thn photomult1plt e:r tube , fo'J'I each 

1nl tle.l photoelectron. 

The olgnal current pulses fror .. the out put 01"' the photo ... 

multl;.lhu·• pa:+Hs tLrough a 4 . '7 megohm Ci'.H:lPl!11g resistor 1n 

which proportionn.l voltage pulsea are develo~d to drive a 

p?-eempltfier . Tht'l proampl1fier conalats of n 6BQ7A twin 

trtode in o. o1rcu1t designed to d.r1ve a ocaler or a pulse 

hetght amil:r~el"' • A two position si'ilitch adapts the circuit 

to meet ei thar requirsrntmt . 

Tho phototubct is serie1t1ve to magnetic tlelds even as 

weak ns that of the earth. A high permeab111 ty ti1'1snat1e 

shield surrounds the photomultiplier tub$ to :roduca the 

effect or external tnlllgn&tic f1olds t.ln the porfor tt1anee ot 
the tube . v .. 1 thout m.sgne.tlo &hlalding , the counting: ro.te 

may chnnge eie much as 25 per cant f'or dlfftn··En:tt o:ri•ntat1ona 

in the earth' s field. {ll) . 

'J'he photonn..tlt1.Pl1•n:• - e2'Potal 'H.'ltH'ambly is held in a thick 
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led eh1elrJ wh1ch h,i to hold rs , one for tle sourco end 

the other to!' ab~rnrber , if tl:ey are noeded . 

!n .. any experimenta, lt .ay be req111reti t r et ct 

.... ticl s ot low energy. 'Rho background noise. ln the ph< to .. 

mlllti. llor "eterm:1n e ttlls low en r{t lil?it, Ith o '?>een 

proved experl _ent lly that thls noise could bo reduced t a 

c nnider ble extent b opnr t1ng tho photomultiplier ttoe 

t lo· tempet>a.tures ( l3). 1I'h1.s work 'ff a done o.., roo t& -

p .tv e and tho bock round n lse w s f nnd to be n gl1r;1bly 

lo down to energl s a lo a 15 to 20 • ev . elo th ta 

llmlt , thore wore sev- rel thor predo in tlng r ct ors whl ch 

contr1 ·uted t J ext.H'H11rJ1v low ar.ergy pulses u 1d so the ack-

grom d noia co11 ld be no,tlected f r our purpcrn CJ. 

D. ltlHUo.t1.on Analyfl&'r 

'or t e purpot.c of ~ev lntng the true energy distrfbu-

tlon and re lot lv~ int .na1 t.1.oe ·Of racU at ton , :fooloar h tea..:_ o 

odel uno s r:glo- c .. annel 1.rrer ntial pulse height analyzer 

1 p vided ln th s op otro ,1 ter . A a1mn11f1ed lock diagra 

of th s na lintlon Annl:.rzer is el oY;n a chem t1c"ll tr ln 'i;rur 1. 

Tb V<Jl tD ·o pulcos fro-:?1 t. o sci :t 111 t ion detect r · ro 

fed .tn to tho lineo r amplt f"ier of this ana lyr.er unl t . Ti "&e 

p hies re aa:plifted to h1s;her volto .es cependin on th 

ons t;nnt es-n of' the nmpli 1ar. These nmpllfiod pulses re 

t •en red lnto two s pl!tndo - r 1ocr1t:iin tlng c1 cu1t , h cl we 

sluall call the \'fb ec-level" cUscrlmlnator and tho ''upper" 
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d1scr1min tor . he ho.a ... 1 vel di er .ln tor r ed 

in ns ti ·lt~ fro 1 to 100 v lt~ . The p e. st vol ot 
t 1 dt cri.ln tor d t 1nes · ,e v lta e lev l ·~lo whlch 

11 mls s 1 t :rac ive s l. l & he co trol tor 

th o e•level lsor1mln t . .r 1.a ro ided y a lO•tnrn o en-

t 1ometer . The &ns1t v1t. or the u pr d1 cr1 .. 1n tor a 

e v ried by 10 volt it ~ ference to th volt or the 

base-I~ •ol d·~ scr1 in .... ·or . Thls e ns th t the volte11 1 vel 

1 low w 1ch 11 pulsos will e re ect d by t 

er! 1nnt r 1 d e 1n d y t c or the pres v lt g a 

of th t 0 1 cr1m1n t, r. + Vup r· '11he control 

f o b u per d1scr1 inn 01' 3 pro lded 8 tr gle t rn 
pot ntlo~etor h ch la c lled t ie volt ge "window'. m 

dt !' tte olt.ge lndo is ind p nd nt or the v ltage 

ee t . g oi the s - level dT ee .·1mlnntor. 

ot th l crlrnin tor reed into n "an 1colnc1de c ~ 

1 lhl t ting ho rt1co1nc1 ence 

i bt ired b t e annl er~ e nlall sume th t the dis -

crl inator volt o ettl s r E1 for the b a - 1 l 

d1 cri inn.tor and D. ~ or the window . Then all pul. e. lo 

t e volt ge lcv l 1 w1ll c re ected by both tho d1 c lmi-

nato 

he re, cter. b the a par f 1rscr1·1 mator . 

E1 an E1 + D. ~ 111 

t the l t· er 

ul e ll tr1 ser t e ae- level d1scr1minat r. 1186 

b ve t .e • lt o lo ol ~l +fl .. ~ w 11 r ger both the i -

crimin tors. e p 1 a .... fed lnt th antieo1nc1 enc 
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circuit . T 1~ circuit ;lll pass onl· t ose ul~ hie 

rec ived fro t e b se - le el • cr1 1no. r hen the llP er 

dl cr1 ln t r i no tr gga d Si 1 an 1h"' n drl on 

b bo }; t l d1acr1 1nator , the uls e c nc 1 e hot er an 

so n utp1t ,,uls. is produced . There ore , for th cond1-

tlon ae umed , only the nut ut pul e ln1ti t.ed ..,; ul G 

b eon tle volt e l·V ls ' nnd '1 + /). ,, . 11 ti 0 t i ed l 
from he nt1co1nc1d nee ciro lt . n~ ul e bovo 1 + t:.. · ·' 

th 1 c ncelled out , whe. a o ie 

d1 cr1 nators . Th r fore )y kin t .e r nge tween ~l nd 

f 1 + t:.. ~ as m 11 s le . ; prop r ad us · on t o t l e as 

le~ 1 d h w1 .do , op t n lection of p rt c ln ner 

levels c n 'e ' d • th nt1coinc1denc c1rci1t 

ore refined hrou h a • t ·1' c. r" c1 rcui t be for being fed out 

or tho Radlatlon Anal ~e • 

or t he ope t1on of t his single clan el ul b 1gbt 

en 1 r n p rt o t recordAtng ectrorn t r, ec nn1 

of t .. e en ]'r!y r uge o!' 1 oh1 ve non-
nt n• I\ p rox1 \.Ol, li e r weep or tho btL.e - lo l 

d1 c lm1nntor volt thro 1 nge 10 0 to volt or 
1 • Th ls is one bJ a .otor dr1v1 tho 'b - le el c t r ol 

C•H1 te. t speed . 

he ner ?' .l l'l' O to ~., CG.nn d way e chan.cd !'r :n an 

st blished onli r tion factors (' two u lng ' £ in .... 

selector q- t 1 .ov1ded . he gain of tho line 11 1er 

ln th r d et ion n ·1 yzer .. cone · n • The g n sel ct or 
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is an attenuator tat the input or the amplifier and it deter• 

mines the overall gain of the scint1llat1on dete:ct1ng unit 

end the a.mplif1or system or oonvereol ", the slgnal le\tel 

Co".l'!ing out of the sc1nt1llat1on counter necessary to produ.ce 

a given ampll.t"ie:r output signal . Thus the required ga:tn of 

the sc1nt1llation detector 1s 1nverael' proportional to the 

gain factor, for any given eners,. cal1bre.t1on of the base-

le"Vel dial • Thnt 1e, if for a particular co.11brat 1on, the 

base-level voltage range of 1 to 100 volts represonts 10 Kev 

to 1 f:ev, a reduot1on in ga.1r1 by a factor of 2 wt 11 wake the 

rnnge ~pprox1mately 20 Kev to 2 Mev . 

The boat slgnal- to-no1ao rnt:to and energy resolution are 

· ohta1ned f .rom a sc1nt1llnt1on counter when 1t 1s ope·rated at 

a lo~ gain or w1th a minimu~ usable voltage applied to the 

photomultiplier tube. Th1s condition 1e-i entlefied when the 

ttga1n,. selector 1.s set to O o:r 16 . But in the work , the 

h1gheat ga1n had to be us~d often , be cw use of the wide 

energy r-ru-150 of the bate spQatra or aom& of' the sources 

studied . 

C, Count - Ruto Meter 

Tbe selected pulses emertilfl8 from the rnd1nt1on analyzer 

unit are made uniform 1n height and width 'by the 0 triggor0 

c1rcu1t, but they occur at a rnndom rate chsraoteristic of 

nuclear disintegr-at:tona . Those pulses ere tea 1nto a count• 

:rate meter and from there to a. strip- chart recorder wli1cb 
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records t o variation 1n count~tlg rate . 

Tl e main runct' on of the count - ro.to unit 1s t.o provide 

a known and a<.!1 tstablo titne 1nterv l over wl.ich th rando 

r te of the nulaes that come 1 1s avor 0ed ~ Thts 1ntervnl 

la d. unted b .. chang1mi: the t!. o con t nt of t .e circuit . 

'. th too sl ort n time c ,n tant, th metor nnd tbo recorder 

cur ant luotu te excose1vel , espectally nt low oount1n 

rat s .. making accurat m OUN, .ent d1ff cult . . 1th too lo 

a tii:'!..e con· t nt , the etcr and tho recorder l"t'.Hii)Otld too 

slowly to the pulsar tJnd for r lrl~r good accur CY; tl e 

ecann n rnto ~Duld l Q.Ve to e very sl .w. This clrcult 18 

pro dod with a o olc of our time constants . ;1th too 

long t1 c constont , the effect on o spoctrograrr. recorded 

is a slight dioplace nt of all recor od 1nfor atlon along 

the ti-e axis or tl..o ch r-t end a recorded counting rate 

les tbnn the true average . ' .. ere fore the ,int u u a le 

t m consto t has to e aolected hen running e spectrogra.!"" . 

D. Recorder 

The out lt s1gnnl fro l;le rato r.mtf r 1.s a luctuat1ng 

d.o. volt ge with n 

of uls s po tnute . 

C~ BT't recorder . This 

pen d pliicoment on n 

T. e overall •ech n s 

verag val 'Et proportional to the number 

m1 5 signal 1 fed 1ntn th strip-

prec 1s1 n recorder employs rectilinear 

call r ted strip- chart 11 inoh s ·id • 

!n known an e tself-balancing d . c . 

potentio etcr . " In opor t1on , the d . c . in ut s1-n 1 ls 
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compared tn n ate.nda!"d d.o. voltD.ge by menns or a potentiom-

eter.. The d1ff <trence betvHi.ien the tnput and the stand.a.rd 

voltages 1a then convorted to ~>O-oycle a.o. and nropl:!.t:'ied 

to dr1 ve 41. pow ex" r.unpl1f'1er. Th1.s ene:r.gites fl control winding 

in e. "bn l~nring rnotor«. '!'he ont put or the moto:t- 1e coupled 

to the bnlance ar"" or the i>lt&nt:i.omotef' and to tho recordine 

pen. The d1reet1on ot rc}tat1e.m of tho motor depends on the 

phase rele.tion b&tween the amplified ditferenoe signal wh1.ch 

1a applied to the control v1indln.13 and th.st of a refer&nce 

w1ndtng energ1e:ed by the powc~r line. The rotat!on ot"' the 

motor will always be to tr1 to estahl1ah potentiometer 

balanee n.nd when the tm.1Ance 1s reached, tl:H!~ difference 

'between thtl input algnal o.n<1 th.a standard voltage haeomea 

zarn end so tho balancing r'tOtor et ops. In this snnner the 

balance system funotions continuously to follow any changes 

in the input level.. The counting rQ.te ls 1J'ld1cat•d by th'l 

pen displncament a.nd J;\etd1At1on energy ts represented by the 

distance 1011.g the time 41Xis of the paper chart. 
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,\ . Calibration of tho Spectrometer 

Tbe most widel ndopted way to ca11br te the spectrom• 

otor 1s uslr.g the monoener.:;etlc 1nterncl converaion lines 

of 1sotopeo em1tt1ng ga·JI n .,..ttys . ln this work, the well -

known 624 K v tnternal conver~ion line or csl3? as used . 

A.asurning n straight l!ne var1 t1on or en..,r y with the ase -

ler el voltage, t nergy at o.n polnt on the absc1 aaa o the 

recorded apectrogr r3 codd be f(')md . This o~nmrnpt1 :n of 

llne r vnr1at1on, e wlll he shown l ter in this work, ts 

not quite true beca '!'SO tl..o end po1nts of' the bot spectra 
144 • HhlOG, etc ., •ere 

r und t'~ differ app "eel.ably fro 1l the nore a.ccurate values 

datcrm nod uo1ns magnetic spectrometers . A bett&r ·ethod 

for cnl1bratlon would ba e neen to t two r three cali ra-

tio. P'"'1nt instead or one 1n the range of the .axlmur.:t en rgy 

to be ensured . Th s was not done in this ork, n::ninly 

becai1ae or nonav l 'b1l1 ty of 1.noto .>es requtred to et thJse 

CE\libratlon no1nta w thin the du:r tton of this in f}St tgat on . 

The h 1gh volt g co trol of the t1 1, zor can be cali-

brated t give t e ma imum counting :rate on the con ra1..on 

line whc tl o ha e le"Vel 1a set flt 624- 1nor d v1ei ns . 

'I" er'! anch minor- d ViA1on on th base- level m:mtrol represents 

1 Ke • In th1 work, it w e often fo\md neceaear to ed ce 

th& ga.ln factors in .root' to no~omodote the co. 1lete ap&ctra 
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t hi '1 energy et . sou1~cea, w thin t ~nxl u poss >le 

SC n of t. baoe-le el C():&trol . The call ·r t ... o of t;. e h~ 

olt c 'us .one .t a tin rnctor r 4 , usine the 81,7 

nter 11; 1 con ~crrJ~ on 1 "ne. ....o, ~or aoh ch n V' ' e 

po r.t on the ... b . ci an hie' the 'P . k of tho co VO?'. nn 

lin occurred t 11. rot~~ tn order t ge the Gnors 

calibrat. n of th 13 ... 18 OT" a cl ga.1 n otor. 

l'e l{ (j f ferent:al reep n e oc ure !Vt .en e voltnge 

sens ti vitJ at th c nte:r of th6 ln·ow co DC de it' 

tmors'!~ pe k of th(} ltern 1 c e ion line . Since the 

L co volt ge 1G d ed t"> the b s -lev 1 vol nga , tho 

absolute volt gs 860.8 t1v1t at th ce 1t r of tle ndow 

t ll function of t.1e i do· ldti. B all s the f-10-1 rel 

lt e. So whonc r t 'udow width had to e changed, 

1t n"' neces~n ... to re d 1 \lS · t. e high voltng sll .htly to 

re ta n the c llbr t1 n. ll tl.lis 1ork, t e 1 d ;r w1l'!V1 

1n st 0 the c ees np l'"J 
4· olta, but ver rarely, in tll 

cas of 9 e "' k a loo, it n mrncs$ar .. - to :ncre ll6 it 

n 0 er to get n clft le counting r te . 

B. lotting th ta Spec tr 

Al o t nll the ource. u ed for t~.is rk wor sa ple 

evapor ted on alu nu .ro~l o t 1cknoss ~ 11, a d cov r d 

witL t .. 1n csllophnne tape. The d14'7 and Rul06 - Hhl06 

h 

d 

so rcoa w e obta1ne rorn t' .e /\. s La orator"/ nd the re 

a plea reclpiteted nnd dried on r•1t r r, eked p 
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I 

with aluin1rmr.1 pla.nchets and covered on top with mylar f1lm . 

In the e -:~:per1~nt, the satnr.>le was plnoed st a eonetant 

distance of 2 . 5 oms from the eryBtAl . The range selector is 
then eet to the lowest ra.nge that: wtll e.ccorn.odnte the peak 

counting rate 1n tho npectrv~ .. Then the bene - level control 

1s turned cl ookw1.se ftnd set nt the starting point ... 1ch 

should lm tho tnil end of the 0pectrum. l~ow the btuse - level 

and chart ... d:r1ve ~:nd.tch is turned on nnd trio recorder pen 

starts to record the increa8e in counting rnte as the sean 

of the basf;l ... l evol l}eg:tns . A complete scan of the btu.te ... 

level from 1000 to 1 1dnor d1vls1ons will take 30 l':'l1nutes 

and the chert drive tmvela 15 inohee during the scan . This 

oce.nn~ng range 1a linear wit.h respect to energy above the 

last 10 perce.n.t ot the oha:rt 1n the direction in wb1el1 the 

spectrum ie plotted. So in a baiu1 ... level drive from 1000 to 

l, the varintion of enorgy elong the seQnning range ie 

llnanr frotr 1000 to 100 minor divisions . l5$low 100 , the 

variation .from this linenr curve· may be as high as 30 percent. 

'l.'yp1cal spectrOt}rtarae rocord•d on tl1e atrip chart are 

e.hown in P1gu.re 2 and Figure 8 . In the case of certain 

isotopes like csl3'1 ~ nhlOo, etc ... gant'1'JI rays are emitted in 

conjunction wit11 electrons . ''.rhe organic scintillntors 

interact w1th gamma rays m&inly b;?' the Compton process &nd 

these Cornpton electrons arc nlao counted when the spectra or 
these ieotopes are rooo:rded . !n order to alhdnate the 

er.feet of those S:&r.lmD rays fror'! the plotted spect:rs. , a sepa -
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rat run of.' t}ie spectroGr& is n th th urces c ver d 

!th alu inum sor ar . hie. e jus th ck enou . rb 

11 th t p rticle .• h e T'OC !' in s r de f r ch 

of the 1 tope"' 1. . b an e in tru en s t·tin er 
1se #' r pl ttt v rall t ectr nee ~ • 
al n'!11m o!'>•or er f tar o t 11 tl e l::et pa~t1olo I 011 

tl e c HJ to m .n :r recol" lod . the ec Id -· 
un .. t !J c. nt r tl e 

ov r 11 c·r , t 1.\ 'b&t spcctru. n obt n ( . 
l 8 ,. n t h e. r. cc lI' te '? thod l n c t the 

c nc1 nc to cl. 1q es, bu it e r·, s n >ly good e ult 

an 1. Q. er 1m .. le nd quick tho ·· 

c. rm1 1 loto 

or tho ner ., spect:r un of an• slr le OUt) f eta 

ra tl G nu ber 

c n e ritten 

N ± ( ) d~ 

Here , "'( =t= 'l., ··) 

p 

nd e 

or elec n r rig or total ners 
s 

= 2\*J ~c =i= z, ) p ( ' -0 
)2 cL [sn <· il · (1 ) 

= the c lo b f t r hlcl eent1 lly r pre -
sents t!!e den ty of et part claa t th 
nucl r radiu r l t1ve to the ensity t 
1nfln1ty. 

= tho tot l e er 
units . 

eotr • 

f the el ctr n in 

= th o ntum of tre lect n 1n tl0 o units , 
J.. • , :; ~· 2 - l 

= t 001 nl:tng cons nt. 
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Equ tion 1 c n a :re r tten a 

) 
( - )2 

0 (2) 

r -- ( 0 ) , ( } 

w. re :: a c n" te.nt . 

j ve . sh uld 

r url 

1 111 'o ' 
unit • ro w · tch 

th ., d point en rgy E o"" th -..pectrum e de er" 11ed 

. 1.ng th rel t1on, 

E - { -1) . 511 ~ev . - (4) 

• r nllo d pectra, = 1, B th n tl ord n t r 
t Kuri plot for a . llo ed tr1u1• 1 t' or~ r duce to 

[ :( ) l [ t =F " , ) p . - ~ • 
sl a r ct Ts uoed t cor ect the 

for id on tr ns ... t ions w 111 'b~ dlscus ed n s ct· n v. Ir 
e et • (.g) , t!.o ord1nnt b co .. [~< ~t 01' l -Fff1· 

... he '1 lues for our pu 'r'po. ar ken from tl e ta les ot 
erml fun ct ons c pile '~ . ose na ot er ( 14) . 

If rnor t n I beta ~ group 1 emitt d ro 

source, a 'urle plot or tlc 0 er 11 co b n d. sjJec r will 

h noticenble lf't fr-o str 1 ·l t 11n • It VI 11 t rt 

r 0 a a s ral5ht 11n n br Slk p rds a 1nt. 
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ind1eat1ng the exiatGnc& of one or more low energy groups 

oJ' beta r#lys. rn such cases• the di rrer011t eo*"'lponenta con 

be aep rated hy th.e ci:nwentio:nnl method of gra11h1cal nrH1ly-

sis,. as will be shown lnter. Although th1s method is inf'ert .. 

or tn b6tn-8ae~a coincidence techniques, 1t provides reasona ... 

ble accuracy 1 f tbl!t origlrm 1 ohA-pe o.r tht epeetru.m is free 

of excessive distortion due to 'backine and source thickness . 

However , gro.phicA.1 anal:1 si a becomes compl1oated and inaccur-

ate when tho loVJ ene:rgy groups havo highly forbidden sbnpoa . 

t"or this work. co1nc.1clenoe '!t:tork was not ava.l la'ble and graph1-

ca.l anal:vsis wa.s the only ehoic&. 

D. Transrn1se1on Gorreotlcms to the End Points 

The fraetton ot' all monok1net1e electrons leaving the 

source which ie actuall71 counted 1n the d$teotor 1a aalled 

erpec:tromete:r transmission. Thtl tr~ns:m1ss1 oo. cH:>rract1ons, 

frequently refarred to in th1& wo:rk, are base:d on a metl':lod 

evolved by Palmer and Laslett (ll). Owing to tho r~. ct thot 

all electrons rJf the sturm cnargy do not produce voltage 

pulses of t~l'la tiuame height , a monoanert;;~t:to electron 11.ne 

wh.em recorded in the spectrometer w1 ll npponr as a line of 

certain width. Thif! width is 9 good me~u:n1:r6 of the rosolu-

t.lon or the resolvtn.g power of the instrument . Thtl internal 

converslon ;paali;:: ahown 1.n ?1igure '7 ie a monoanergiat:to electron 

ltne arid so 1t.s width 13 proport1one.l to the res(')lvf.ng power 

of the instrument , This line haa the shape of a Gau:u11an 
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d1str1 ution. PRlrnor nd Le.alet Q(rorox1 ted th1e sh pe 

by t e b ·t rttt1n~ triangle. The showed th t the corr c-

t!.on ls proportion 1 t t. c 1 th t balf- max . .. u .. or tbe 

so-c lled •halt'- J.dth11 of the triengle . ' lth a theo et1c l 

app o ch lnvolvtn certain eaurnpt!on , ttey o~ta ned a 

cur e of th cor:rect1on factor for the ob er ed countu 

eg. n t the ratio, 

f1 ·01t 
Ltru 

t th.el 
poini!j 

le h lt- 1th of the oo ver-
ion line 1n olt ge unit • 

T1 e curv !ncre es tn an in orse e.x .onentl l nnn r . 

o1nt] 
lie~ 

TLe ef ect1v n tHJ or this corroct1on, 1.t' .o.ppl cd L our 

case, 11 'S d scu ed in ect1on V . 
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Th1a isotope 1s known to b~ 11 pure betn emitter with 

a ~1 log ft .. u vuhHJ ot '1 .-9, which 1s a ehnract&.r i1tic of f1rat -

forb1doen transtt1ons . However , the 8pf:lotrum of !>39 ha$ been 

Investigated by P. H. ?:ell (14), I .. J " Lang~r and H. c. 
Price, Jr . (15) and many othsrs and 1t has beer1 e.atabltshad 

that the el.ape of the spoctM.uu 18 or tl"ie allowed t. :rpe .. 

The p32 spectrum l\$ recorc~d. on the st.rip chart using 

an a.nthraceno cryotal is shown in 'Pie,'"Ure 2. It VOi\s also 

recorded using atllbene crystal wttb a en.mple of dlfferent 

activity.. Thia :op&ct1~um ts aholln in Figure a. A Rur:te plot 

of th& &peotrum :ts nhm1n in !i'igul'~ 4 .. The energy cali l)rat ion 

or the bo.11rn - level sea.le wna d::me wltb the 624 i\11\v peak of 

t • 1 t 1 1 l1n"" o~ r, .. 1157, .. i ""1 ~ ile n er:na .. convers on .,, J. • ... 1.Mown n ! ' g1.l:re ~.,. 

'!he caleulnt1ons 1.nvolv~d 1.n getting the l\t~r1a ~lot are 

tabul-nt.ad ln Table l, au a enr..:pl~ of Ctlalc11lated ronults . 

'f'he end point ene:rgy determination from the Kur1e plot gave 

a "Value or 1 . 94 h!:ev whlah agr<'H!'IS w1.th tht> accopted ".ralue 

of l . 72 ~le'V to ll percent . 

Slnc& P32 hlls an allowed epectrui.i 1 th~ K.urte plot should 

have ''"'°n a etre1ght line . gut 1n~tetiu1 1 it 1a four.id to hsv.e 

a al11:;ht upward cu.rvnture nt low energies . A slight error ln 

calibration W1J\1ld not have effected the shape so rnuoh .. ?e.lmer 

s,nd Lnslctt (11) and. al&o P. H. Hell noticed tl:i1:s curvatut"e . 



Figure 2. 32 3tr1p-chart recording of P speotrum 
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Fi gure 4 . 32 Kurle plot of the P s pectrum 



able 1 . Calculated data for tlH'J Kurle plot or p32 spectru. 
Isotope: Phoephorus - 32 Window width: 1 . '75 volts Ro.nge: &O ,O Scintillator: st11bene rr1~e c.onstant ! 2 seconds Galn: I") 

" 
E Rase Eid p lo n ~ 

. 
v) level ka ·G -d1v.ts1ons (!nne )_ na J 

1.25 0 . 25 0 . 1278 59 70 . 8 0 . 7495 l . l~l 69 . 6 8 . 35 6 . 6$ 115 . 8' 

1 . 5 0 . 50 0 . 2555 118. 5 85. 0 1 .. 118 1 . 241 68 . 5 8 . 27 5 . 51 95.5 
1 . 75 0 . 75 o. ae3:; 17''! . 5 02 . 2 1 . 436 1 . 338 61.5 7 . 04 4 . 43 77 . 5 
2 . 0 1 . 00 0 . 511 2:36 76.0 1 . 732 l . ~73 55 . 3 7 . 4.4 3 . 72 G.,. • 
2 .. 25 l . 25 0 . 6388 296 G9 . 9 2 . 016 1 . 408 49 . 7 7 . 05 3 . 1~ 04 . 2 I ,_ ... 

m 
2 . 5 1 . 50 0 . "1665 2i55 62 . 5 Z.291 1 . 427 4~ .e 6 . 62 2.eo ~5 . 9 

.o 2 . 0 l . O:?.l 473 4B 2 . 829 1 . "49 3-e, . 2 5 . ?G 1 . 92 33 . ~ 

.s 2 . 5 1 . 270 596 31 . 7 3 . 355 1 .. 460 21 .. 7 4 . 66 1 . 33 25 . 0 

.o 3 . 0 .l . 533 710 15. 0 3 .071 1 . 469 10. 2 ~ .19 0 . 7£;? 1~ .8 

• '75 3 . 75 1 . 917 888 0 . 6 4 . 641 1 . 475 0 . 54 0 . '73:5 ,0 . 154 l. 

a. = :500 
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This could have been (1ue to t:he p(;as1b1l.1ty that aome of 

the electror1s ere ::icnttered out of the crystal before tl~ey 

lost all of their cnorgy 1n the tl:ryatol s.n.d so euch pulses 

add to the tru.6 distribution nt lo'"' onerg1os . !lo 11over, th1a 

error does not off'ect tho end pt>lnt . 

Thie spectrum WQEJ plottod at a "Gain" raotor or 2, at 

which the transmission corrections will make little eff'act 

on the spoatrum, 1as will be shown late-r ,, So then~ eorreo -

tions a.re not applied bere . 

B. Cesium-137 

'l'he rad1.e t1ons from this ieotopn .are well known ( 16 , 

17) . Its internal convoru1on peak at l324 Kev (18) was used 

for energy calibration 1.n the case ot all the spectra . So 
13'7 tho Cs · spectrum had to be recorded for a l l the "aa1n•1 

fnctorn used in th1s work, Viz ., 4 , 2 and. l .. The ,spectr um 

or e. goin 2 and uaing the atilbene crystal 1.a shown 1n 

F'igu:re 5 . 1'ha 62.4 f:av pefl.k 1.s found to bo at 289 on the 

baeo- lavel scale . The snr e peak for gatn equal to 4 and l 

were found to be at 624 nnd 13B :respect1vely. For anthr a · 

cene, thoae pee.ks were reepoet:lvel:; at 624, 268, and 114 

for gain 4 , 2 and l. Those results are required for the 

energy ca11brst1on of other' spectra . 

In Flgure 5, the '£rose spectrum0 , the d!.atr1but1on 

duo to gs:m:na rays alone and tbe "gnmma subtracted speetruc" 

are shown . Theoreticall:t the pure bota - speot,um should come 
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oown to the energy axis at the vnlley between the two peeks~ 

but tt 1.s not found tc be so . This effect was noticed also 

by Palmer and Laslett { ll) . Th ls might be pn.:rtly because 

som& o.f tho r11onoenergetic int.ermal eonvere1on electrons ere 

scfll t tered out of the crystal bef-01•e all 0£ their energy is 

'bsorbed in the phoophor a.nd oartly <h.ua to a high energy 

beta ray group of low abundance, wh1eh is shown to exist by 

Lanter Qnd l?rioe (16) . A !\urie plot ot the spectrum 1s 

ar!own 1n l<"igu:ra 6.. Tho h!gh cnerg:':' component 1n ex.trapole.ted 

backwards as a atra.1ght llne ar:d by reverse caleul.attons used 

1n the Kurte plot , the dlstri ut1on of the b1gh energy 

compt'lnent 1s aeparatod.. This 1a shown in Pieure 5 .. tl"rom 

the net pure b-eta apect:rurn,..this h ... f:h energy d1str 1but1on 

is subtrt.tctod and the 'f,urie plot or th1.s low energy group 

spectrum ie shown 1n Figu're 6 . 'l'h1a llne co.n be extrapolated 

downwards BiV1ng an end i>oint eneT"gy of 0 . 56 tfev . This ls 

w1th:1.n an accmre.cy o:f 9 percent of the accepted value of 

O . 51 ·!ev. 'fbo higher enor~y group 1e found to l1ave the 

end point t l . 33 ~·ev . There 1s o. good chance of error 

due to graphical analysts 1n the l'esult a obta1n<td .. 

Prom !gure 7 it is f'ound that tl:ie d1 strt.'bution of the 

1nter~al eonverolon peak 11 rather na!"row vdth a holf• 1dth 

of' only 61 bnse- level div1nlona •t ttoa1nn 2 . Obviously in 

the case of 0 oaln" l, since tl:~ spectr um ls almost halved 

1n widtl-i, tho peak 1a even nart'ower than for "Oain" 2 . 

At ''Gain'* 4, the half- width of the peak was fcuml to be 
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129 minor di vis tons for st llben.e.. Fo:r ,;lnthr"o.cen&, the 

balf-1\lidths. wen-e round to be al!' ost l '1 percent lees ,h n 

for st .tlbene . Aa we hove seen 1n Section IV, tremnnission 

correctlone dopend on t~ .. e half-width and so, for spectra 

not of much effect. .. t for ... Ga.inn 4, 1t ill oert tnly 

have aomo cf'fact on the end point or th~ spectrmn. In this 
14"1 work nln:ost all the apectrn except tha.t of Ud · -were taken 

at ttoo.1ntt lea than ~ and s · transroleeion cor:rectio:ns he ~e 

not been applied. 

o. 3tront1u.m-90 and Yttrtum ... 90 

equllihrlun is shown 1.u J."1s,ure a, as recorded by the spec-

tromt'lt&r, using a st11hene erystnl .. 

Th.f>l two components of' tho epectrum ee.n be identified 

very clea.rl;r from the l gure. A Kur1.a plot of the combined. 

spectrum 11'-'l ahown in Plgure 9 ... This plot ls a otraight line 

at high encl"g es nnd t.:len suddenly 1t shoots upwa.rd showtng 

the presence of Strc.mt1nrri·90 'beta rays. Th1a straight lino 

portion could be eJttrapolated and tha y90 apectru!':l could be 

sep l"A ted from the combined spectrum as shown 1n the ea e 

of Ce.alum. nut th1s would not glve a true end point for 

sr90 because of tlie poasihle curvature or th Kurle plot of 

the Y90 spectrum at lo)i ~..r1ergiea. 1rh1s curvature, as ex-

plAi ned oa1~11er, 1s due to electrons belng scattered out o1' 



?1e;ure s . Strip-ehart recording of the beta spectrur.1 of 

sr90-Y90 l".li;xture at secular equllfbrium 



35b 

' . a • 

-
- -

-
~ 

-
: 

~ 

~ 

" 
:;: 

-~ ::: 

- ' .. ~ - . . . . 
-



140 

120 

100 

80 

l 21~ 
?60 

40 

20 

0 
0 

Figure 

. ' 

9 . 

3.01 MEV 

2 4 6 8. 

WIN M0 C2 UNITS 

Kurie plot of the s r90 ... y90 spectrum 



37 

the cr;ratal before tl' eir energy ls totally ~bsorbed by the 

crystal , thereby lncroasing the number of low energy pulses . 

The end-po1nt anargy 1a found to be 3 . Ol ·~ev. The 

nocepted vu.lue is 2 . 28 f~ev, for Y90• So our -rem-llt baa an 

error of 24 pereent \"lh1cl'1 1s too l'l'!UCh to be "1.ttril:mted to 

the unavoidable exp~rim<mtnl errors .. It should be n . .,t1oed 

that t h is spectrum wna ;~lottnd nt "Ga1n" l o.nd the eal1brflt-

1ng pclnt was 624 Kev at 1~18 minor divisions on the bane -

level scale , which 1s only about l or the htuie · level at -g 
the end tH)1nt . So th.ls error could ensi ly h.nve been caused 

by a alight vnr1at1.on 1n the assumed linearity of the ener gy 

calibration , ns we ''o:re try1ng to calculate an enerJ3J7 v1hich 

is nbout 4 ti.mas b10gcr than tho calibration point . 
9·0 Yttr1um- 90 was aeparo.ted t:'rc>m Sr usine tbe 1 n ox .-

change sepsrat1.on and the sp~etru:m of' tbe y90 snmpla obta1ned 

is sl'v:>'\tn in Fig;ure 10 . Figure 11 shows tbe Kurie plot of 

th1s spectrum. The quality of the rea1n used for t11e separa-

tion ws.& not qu1 te good and oo the pu.r1 ty of the sarnple was 

questionable ne aan be noticed from the Kur1e pl ot . Ifowev&r , 

th1s line 1a a. little r~ore atra1,ght than 1n th.a oase or the 

Cf'J"l:btned spectrum. '.:'he end- po1nt energy d.eterminat1.or1 of 

this spectrum ;;1ves a value of 2 . 99 1..fev s.nd the c&rror ls 

therefore 23 . 7 percent . Thls is a. slightly better value 
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Thia is a well•known eoribinatlon em1tt1n.g beta ray:;t 

and ver:" weak gaum10:. ro.ys. The beta rays of Cer1um ... 144 are 

T'nthr11" 1ns1gn:tt1cant wr.or1 compn1•ed to tllose of F?-144 • Thia 

1s qu1 te olcarl:r shown in tho' speetrum of the rn1xturo nt 

secular equ1li'hr1um, g1.von in I"lgura 12. .Just wben the 

Pr144 spectrum w1u1 1•oach1ns; its penk, the 'beta rays emitted 

by th& ce144 ~ero added to .1t a·nd the total spectrum ls 

shifted steeply upwards . 

A Kurle plot ot this .npeetrum is shown in t<t1gure 13. 

lfore also, the presence o.r th<' Cerium ootrponent is quite 

eon.sp1.cu01.ls . Determ1na,t1on o!' tho ond. ... point energy le de to 

a vnlue of 3 .60 Vev an agtt1nst the accepted vo.lue of 2 . 98 

Mev. 11'.'he p~rcentoge error is, tharo f'ore , a.bout 19 . 

Or1ly one main group of botu rays ls emitted from iir144 

and normally there ehoul~i be a elenr breaking po1nt in the 

Kuri~ plot where the ce1.,14 and Prl44 cu>mponont.s Soin together. 

Thie la not found in Figure ii, only boenuee of the low 

energy aca.tterll\S~ or electrons emitted by Pr144 ., 

·The c:ontr1.but1on due to th\l gamm.a rays wer$ not sub-

tracted ft•om the gross spectrut1, since they e.ro too weak even 

to e~ et tlwmlgh tho alumimua e.bsorbar wb.tch should be thlok 

enough to ob3orb the high energ~T beta rays . 1\11.fo , the con-

tr1but1on due to these gnrl'!mll. rays 1e q1J1te negligible ( 19) . 
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'rbia co:ttblnnt1on ls s1'"'1il9r to the Cer1um-Pre:u~odym1um 

mixture . ru1l06 1s known to have the most energ$t1e beta raya 

among all the isotopes while the beta rays or nu106 is rela-

tively 't'teak . Rh106 has a very eo:nplex. d1s1ntegrat:lon scheme 

and ge.mm rays of d1!'ferent energies are also emitted . 

The energy sp~ctl"um of the comb1n&t1on is shown in 

• tgure 14 . Its shape 1a dtfforant from tbnt of' the ce144-

Pr144 spectrum 1n the ruapect that, 1n tlw c•UJe \>:f Ruthenium 

and Hhodhw, tbe cont:r1but1on by Ru106 1s ralnt1vely very 

an~all and so the gross spectrum has a nn.rrow peak at ver 

low energies . 

The effect of gt.nm:~ :Niys was eliminated by uaing sui ta ... 

ble alumim.1m absorber and then aubtl:•acting the gam!'la counts 

from tho groan oounts . ?'1.gnre 15 ab'.>w tJ the Kllrie plot . The 

curve.t1n'E7 is due to thr-0e mfl1n reasons . F1:rst of all , th.ere 

are t'":&ny croups of beta 1"'1'YS of dl.fferent ene:rg 1n the RhlOO 

component . Secondly,, the 1noornplete absorption of energy 1.n 

the crystal due to scattering of electrons lncreiues the num-

ber or eounts at low energleu! . Thirdly, the Hu106 beta rnys 

r::ake some flnite contr1hut1on . Dut, it :ts ery hard to say 

wb1ch one of these makes the r11oat predominant c:ontr1but1on 

to low energy pulses . 

The end--po1nt energ detctrminatlon from th" Kur1e plot 

gives a Vfilue of 4 . 47 .ev tor the Rh106 component . Th1s 
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deviates by an error of 21 µoroent from the accepted correct 

v lue or ~ - 5~ 'e.v . ut 1t must be noted that the r t1o of 

the corroc cnd-p•)int energy to the enor-gy at col1 r tlon 

polnt, 1n this case,, is 5 . 7 . 

• ·eod. 1um- l47 

r .. eodymlu:n-1 17 also ha3 a complex dis1ntegratlon scriome 

and it em1ta beta rays of moderata energy and also ~amma 

ro.. s . 

The groa spectrum and nlso the gamma subtracted .spoc-

trum are shown in 1i'1 ure lG . Flguro l 7 gives the Kurie plot 

of th1 spectr m. Although tho spectrum la known to be 

co plex ( 20). the Kurie plot 1s found to be al:::it1 t a straight 

lln • T-110 potnt can 'be tn ,t'orrod from this faot . 1-rat or 

all t h&re 1e not n uille dlf f ereneo botween the rnax1 iu 

onergies of the sevdrnl groups of beta rnys, unllke the casoa 

of Sr 90-Y90 , nu108-Rb106 , nd ce144- i r 144 oo ination • 

Secondly , the group wl oh hns !'J3 h ·ghost enor .. has the 

highest l:i ndanee also . 

The end- point energy tc found to he 0 . 94 lev ro~ the 

Kurie plot . Thia dev1 tes y abnut 13 percent tr m th 

cN;pted v lue of 0 . 82 llev . '1'h1a spcctl"'Um wae recorded at 

1n'1 equal to 4 nd so transmisslon corrections could be 

a plle to 1t . Th1s rnlgl t rejuce the error in the end o1nt 

nergy to some extent • but the cuange ln the eml- po1nt emn:•c:y 

111 not be very much . 
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vx. c rcr.. mr :1rs 

.. ro the reaul t lscusaed in Soct1on , 1t ls ~ ry 

clear th t the ccura.cy ti.at can be obtair1ed 1t th!.s com-

ere al eqil!pment depends on tl~e energy e wsnt to ,mea.nure. 

B lo 2 o , r ns r:inbl accu acy can be obta1ned .. ut hen 

1g..'1sr e er,.,.:..ou are to be on.sured , tho col1br ti n of the 

1nstrument h s to be done very carefully . ·1gur lB showa a 

plot of the va r1 t ion o t 10 observed energ. w1 th the true 

energy, es tal.ned r • the r nult of t hls lnveatig t o • • 

The experimental accuracy or t .ts work is qu& t1on le, 

becau. e of t e rel tivel, low nerg of th onlibr t1 n 

point, v1s., the 624 l\ev, tnte1"nal C'onvers:lon .P#')ak o"' cs137 , 

when co pnred to t .e , gn1tudo of the energ1es tb t w re 

eesured . 

better method for tte callbrat on ~r thl' instrument 

o. ld o t ko t· ·o or tt·ree c li rntion )01nta 1 stead of 

one , ln tl.e r nge or the er1argles t 'b me9 ur and t.1en 

assu line r ria'b on et e ... n tl;.eso o1nts . The internal 

conv rs1on peeks of ~o lt - 60 could be 1deal call~ration 

points a1n17 eeauoo of t teir high oner .. 1es, 1 . 16 i:ov and 

l . ~2 •av . 

The ecatterln or electron fro?:" the crystal cau ea some 

inaccur cy nnd it 1 o complientea the a l sis o the spec -

tru • Perh pa kno ing tl.e t ue roso ne at low enel"glea 

w. on the 1nstr u ent 1e uued to r.n.lyf:e nonoonargot1c electrons 
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a oorrect1on could be applied to the scattering effect . 

Aleo~ this could be furth6l" 1mpt•oved by us1ng a batter geo• 

metrical urrangement or the se1n.t11l:atlon detecting unit, as 

for example 'the split-crystal technique . 

Thia .1.notrument ls found useful \l/hen the apeotrum is 

to be recorded 1n the qu1okeet wuy poe$1ble at the expense 

of' prec1s1on . rt la also useful 1n lnveatiGntin& the act1v1-

t1as of low energy beta radiation 1n which ease the magnetic 

spe ctrometa!' h&c,.,meo ve1•y eoriplieated . 
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As all.own ln Seetlon VI , s1noe th~ var1at1on o!" energy 

with the bnse lovol eeau is not linear., it 1a eviclent that 

eali'b1~ction !a not pona1ble lrn!nc; a s!.ngle cnl1brat1on point .. 

It 1o worthwhile to '1:twostiatlt~ the posidb! lity or on11trt"at1ns 

A tih<'H.)k on this ~7lothod can btll ~d~ u&1ng the experimental 

data ' e nb.,end.y l1nvo . ·n1e 624 Rov 1nte't"m.il oonversion l1no 

of' ca l37 , the l •. ?l ~~av end• po1nt of P39 and tho 3 . 83 Mev end-

point of nn.106 a.1,.0 uaed tor tb1a put'pose . A oulibration oi1r-ve 

betV$:t!Hl tho Ol:Hierved t·UlX1mum enor(!:iG~ of tht'!UJG three itH:>topee 

and the1r Q.ctual ~•udmu~ onurzie.e 1e plotted Md thla cur ve 

1s $hown 1n Figure l.9 . Ua1ne ·thia ourve , the Rur1e plo.ts ot 
tho other 1notopes oim be oor1"eet~d and the entl- po1nt anerg1ea 

ca.n l)e t'$determ1nod . J\a oxpooted , the aoourn.cy in the det&V• 

""1~Cilt1on of end- point energies 1e vevy ~mJ.ob im.p:rovod. by this 

rnethod or cnllbrntton. Table a gives tbei re~mlt$ obtained. 

Ut.1!.nz the.a~ rti&ult.Q, t.be curve &hown ln Figuroo 10 lo re plot tea 

SO<l 1s ShOWfl 1n l?igure 10 ~UJ th(} CUf'V0 ct observed Vt1t"iat10tl 

o!' onorsy. 

The error obs•rved. 1n the t"osults o'btalnad us1na e1nsl$ 

point oalibrat1on waa ttlmost halved 1i:l th1e catn1 . \1$0 ,, the 

Jtu:r1e ploto wore found to 'be atra1elrtett than 1n the p1"ov1oue 

ee.tto . !:ven with thla eorr-eetion, the: 01~vo:r in the case o.t 
3r90,..y90 ts eona!dorably high.. A plaua:t.til.e r-Gaaon tor thi s 
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can onl7 'be some 1.nher(:):tlt r;..;1atake in the treatment of the 

distribution of batn pa!'ticles omittod by these isotopes. 

H'owover , eon$:lder1'04:; the nocurnoy obta1ned in tho ee,oe o: the 

other 1notop~$,, it otui ?Je conclud.ed that tbe beait way to 

oalibrat'e thia opeotrm~oter for a.xpe:rit.t0ntal Nl'POl::a~a le by 

using isotof.AS '\llth woll-kt1own end ... po1nt energies. 

---·~---------------..~-+·-------------------_.. __________ _ 
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