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erefore c 

tvo disadvan es; 

ery high coun i rat • Uni'ortunate y 

first is a larg dark curren and 

a.tton. lJ.Ihe ark cur.t' nt econd vari ble pul e hei t ram onoer c 

(7) is due to c ine.tio of ohmic le in t e u , ther mi aio:n. 

counting rat • Fisure 2 haws this dar current 

a large background 

function of th 

dynode ol e. '.rh 'Vflri~ ian 1 t.h pulJ,.e eiS}l is due to e st ti tical 

er in hich th cond.8l."y lectio . , ipli y tb.e ynode of 

p omultiplier u , vs.ry 1 and to th variation in e ize of he 11 t 

pulse oduc in tb crystal. 

noise p1U es o be of cOJDparA le 

is 

curren: y be r duced by refri er ti 

pro design of th circuit, whil. t 

by a roper choic o:r dynode voltage • 

crystal 

e height vari t ion 

ti li r tube end by 

y be controlled 

light pule t from an anthracene 

t mpere; ure 

f ls in the caoe or a odium iodide c yste.l" Hence refrigeration is 

:vantaeeo in the case of anthracene tector ut detri ntal in e 

de cto uai sodi iodide. 

III 'rm1 OBE 

surV< y ani~ consi ted of two parts, a Ja•obe which con ined 

the tector ph.ot . if'ier. 

When d signitl6 th pro , · t el ~hat t e qual! ie of total and 

, ruagedne 

es enti~. 'rhe re uir ment ar . t with a t 

of operation wer 

1P2l otomultipli r 

tube a.nthra.c ne cry tal.. Anthracene., bece.UBe of its densi , hieh 
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light y1. ld crystalli structur is icularly sui hle 

detecto • furthermore, t e t intense :velength it emits 1 

tor ich th lP2l. tu i mo t se itive. Ot er crystals (S,9) 

•• sir ble teat which out 

dvanta.ges • 

r 

1r 

crystals, 

I(Tl} which i 

which 1 v large li t es discarded cause it 1 

ext ly hYero copic .. 

Figur 3 is e. :full ecel.e di r of probe that was f'ine.lly 

ado ~ted. !hie instrument 

comparison of the amou.nt of radioac vi ty in adJe.cen are · s. A lead 

a used to ive maxi 

cryst d sir d direction and t e 

r due tbe senait!Vity of t e det ctor for radiations comine f.r other 

dir ctions. Co ide ions ot t prev n d cOJnpletely adequat 

shielding but h inch of le with which the crystal wa surrounded 

r; d.ue d the in nsi ty of the radiation inc ide upon the cryatal from the 

side by a factor of 17. e so de d :t various a rture 

could used by s · ins rtins e carr ct lead calliJ.rJ,ator. 1\U"ther .. 

o 1 proVision cry tale, o that 

dift rent on a could us d. A lar outpu: pulse was o ned by 

placing the cry taJ. in dir ct conta.c wi the nvelo o:f t photo-

multi lier be thu tting light to reach otoaensitive 

ce.thod • lt found ce aary to cool t e tube so i nsulat d, double 

wall ce.nvas b w placed arou d the probe: th s ce 

tilled with dry ic • This d creased th thermal oi&e b 

t: ·ctor of ten and perm:J.tted the detection of weaker sources. 



IV . ELECTRONIC CIRCUITS 

The apparatus consists ot three units . the preamplifier~ tha 

main amplifi er and the power sup~lies . The preampl i fier, (Figure 4), 

mounted in the handl e ot the p robe, consists of a singl e stage linear 

amplifier and a cathode follower, employing type 6A.IlG tubes. A negative 

ulse from the photomultiplier tube is applied to the first stage where 

it i s amplified • inverted and fed to the cathode follower as a positive 

pulse. The cathode follower serves to mAt ch the h i gh impedance output 

of the amplifier to the low impedanc e coaxial cable . This pr~vents 

standing waves 'ro::n be· ng formE-d in the cable.. No change i n shape or 

polarity of the pulse occurs in the cathode foll war, but s ince it has 

a gain of l el:.{s than ttu1-ty there iS a r educt ion in it .s amplitude. I:u order 

to reduce the amplification ot the noise from the photomultiplier tube 

a two microsecond time constant network ( C2 Rl5) is incorporated into the 

grid circuit of the first stage ot ampl ification. The noise ·pulses whose 

ris 
. . -9 

times are of the order of 10 seconds era suoothed out by the t'!Q 

mic rosecond network constant while the ~~ower signal pulses are not much 

affected . 

The main amplifier unit (Figure 5) oonsi~Jts of on.e stage of am:oH.-

tication• a disor1m.1nator unit and an univibrator counting rate meter., 
(10) . 

This circuit is similar to that used by HoE. Fetch hence Qnly a brief 

explanation of it is required~ The f irst stage amplifies end inverts the 

pulse received from the preamplifiero The resulting large negat ive pulae 

is fed to the discriminator which consists o:f a double diode type 6AL59 

PUlse height discrimination is a eoompl1shed by applying a pos i t i ve voltage 

to the cathode of tbe ~1rst diode . The econd diode serves to prev nt 

s wit ch i ng t rans ients from t he univibrator f rom being applied t o other 
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pa rts of the circuit . 
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hours later tests are made to discover the distribution of this iodine 

in the patient's body. A c rtain fr ction will e found in the blood, 

ome found in the thyroid and ao will have been eliminated. 

The doctor, for purposes of di osis1 requires a knowledge of 

t con rsion ratio, th t is, the efficiency of the thyroid in convert

ing free iodine into the protein bound form •. This ce.n be obtained by 

taking blood sample and separating out the pla • The plas is 

divided into two equal portions, on of which is chemically treated to 

precipi t t the prot in. The prot in and the untreated pla are then 

dried in shall..ov sample diehe d their bet activitie co par d by 

eans ot an end window geiger counter, corrections being made of course 

for background count • The method is time consuming since it requires 

several ho-ur to dry the samples. 

The probe was used on each pati nt to measure the relative 

ickup of the thyroid, that i the r tio of the activity of the thyroid to 

the activity it could hav had if all of the iodine given the tient had 

been concentrated there. To do this, the probe with its videst aperture 

was laced 30 centimeters fr the patient so that the crystal could "see" 

th whole of the thyroid gland and the activity asured in count per 

minute. A econd. count was then taken with 100 microcuri s ple.,prepared 

on the preceeding day) replacing the patient. Both counting rates were 

corrected for the background due to noise and cosmic radi tion . The ratio 

ot these corrected rat gives the rcentage pickup of the thyroid directly. 

The relat ionship between the pickup e.nd the conversion ratio is shown in 

Table I , in wh-ich each column refers to a different patient . 
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COMPARISON OF '.ra.ML PICKUP AND CONVERSION IO 

Percent 
Pickup 39 66 35 25 9.4 19 37 22 19 24 18.5 57 25 21 65 29 70 78 21 60 

Conversion 
Ratio (;) 27 75 28 39 7 5 6 18 8o 6o 24 98 10 744 38 89 90 44 64 

It i sufficient from t e dical point of view to classify th 

patients into thre groups. Thos with conversion ratios in th n.nge 1~ 

to 35~ are claseified as normal, those low 1~ hypothyroid .ana. thos 

abo~ 35. as hyperthyroid. On examination of ~bl.e I it is 8een that there 

is rather OOd eement bet n the two sets of data, particularly when 

it ie considered that error ot the ord r of 2(Y/t, are present in both 

mea.sur nte. Since it is ch simpler -to measure relati pickup than the 

conversion ratio, it would seem that the pickup asurement could ed 

as a r liable technique for thediagnouos of thyroid conditions in place of 

the more direct waasurement of conversion ratio. 

In &. diseased ~yroid there are often to\l!l.d bard nodules which may 

be either over or underactive ~d since an underactive nodule often 

indicates a carcin , the doctor is interested in id.entifyina them. These 

nodules are studied by placifli e. lead collimator in front of the crystal 

and meaeurins th a.ctiv1t1 of eme.ll :portions of' e thyJ"oid. Thi nab~es 

a comparison to made between the actiVity of the nodule a.nd that of the 

adJacent gland- Fi~ 8 (a) show the re u.lts of eu.ch measurements on a 

thyroid conta.ining a watery cyst. The figures represen th count iDS rates 

on the eland at the points indicated; the portion with a count of 41 beinG 

the cyst 1 an. underact! ve nodule. A case where surgery has not completely 

removed the gland is illust rated in Figure 8(b). Here rema.inifli tiee~ is 

indic ted by higher counts. A l.a:rge number o'f cases with nodules be.ve been 



studied n· the .:Lnt'ow..t:.tio obtuh.oti. hc.s been or velue 1n incUcat ng 

th.e traa.t n required . 
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PARr B 

THE STOPPING OF .mGOlJS IN 

I Drt'ROrtJCTION 

Cosmio radietion has bean a source or constant investigat i.on 

sl.nae 1 t waa first iseovar d in 191:3 by H~M and ",_olboerster. 

D~ eriment na ~evoslect th u n , ~iation~ to be composed ot a variety 

ot particles; protons, neutr~~. electron , photon and mesons . 

Only t •JO of these , the electron and th e on are found in ny quantity 

at ea level . or these t ~0 rtiole , the meson hes proven to be 

o ~he greatest inter at from a theoretical as ell as an experimental 

oint or view. !t i well kno •n that the only mes n component 

encountered at s~s 1 vel is that o£ h~ mu eson. This p rticle 

has a meas or 215 electron masses, a charge of tther plus or 

minus the electronic charge , and a m n lifetime or 2.15 ~cro

sac::mds (1) (B) . Considerable study has be n made of the mu son 

for it •res once bel i ev d that this particle "oe anted" the nuol us 

to ether. lthough later work proved this hypothesi to be 

ineor oct (3}(4)(5) , a great d al of study is still being d v ted 

to it for there ere etill t o very imnortant but unsolv d groble 

aesooiatad with it. The tirat or th se is the det rminstion ot the 

meob nism of capture or th negative mu meson by the nucleus , and the 

seconc is the investigation of the products of posit ive mu m son decay . 

Consider tiona of energy de and that when a n gative meson 1 

cepturcC ome ~ rt1cles be given oft with a total energy equal 

to the rest energy ot the captured meson. To date howe er, no 

- 12 -
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such pa iclea v b 1SCOT8 (6) 
• positive 

other 1 alo ed down by 1nelaat1 eollialo nd repelle b7 

cle r field til it tin 11 d ca,-s wit a ttet 
(7) 

el o ro 1 e .1 cted 

ot elS 

s . It 1a kn 

a tro t t t t n t ri a (B)(9) re leo 11 e 

al o d 1 ut t 1& d 7 1 ctio t e at io 

) . 
ot the t pop r th dee 7 or tb.e 

8011 1 t 1t 

1 

art cot ide 

er end to d t ct th · deoa7 
(2) 

ea . ae 1 t1 t u thia 

th n 11tet1 e ot the ao • en1g 10) 

he topp ot in ttf r nt ab o 

uai It is t t 

the ato 1ng 80 1 r.beorbe t ual nd to d w 

concl r h pre nt n:per 

r co in a • It 

ter thic sa ot ab e is ece s r,y 1t at 

with gel er t e 1 

ve ra e ot nly tew 

a t ab rber be n es r.y , he oh e 1 the 

,. r.y t he ic r&J' t lescopa t be made. 

l 

The 1 ctronica nvolved i the co c y teleaco • h v 

al ay be n d1ao seed (l ) a , de cr1pt1on ope 1taelt 

1s necea r.y howeY r . The counter t le cope 1a c oaed ot a 



umber or g iger tu e nged in 1'0 8 to rorm treys . 

ere then oriented o that particles a sing through succ 

The e trays 

si t:ra 

define a be • Th w perture~ nd hence th izo or the incident beam 

of eson y b a jUst d by ans of the p c 1ng or th t y ot 

geiger tube • F1gure 1( ) shows e typical geiger counter nos pl teau 

1 hown 1 1gure l(b) . These t bas were manufacture at the university 

an beh v d in atistactory manner ov r a period ot many mont • The 

till ot the usu 1 one part by volume ot alcohol vapour 

and nine rts or dry ar on t a res or 10 cent eter • 

Fi r 2 is a soh tic diagr.rua o the tel scope drawn t o 

l/4 cale. It consist ot · o t 1 1 3/4 inche long , e ch contain• 

ing 1s ei er tub • Th e tr.: y • plac d on abov the oth r nd 

sa ted by di tance o 11-1/2 inche defined th "ap rtur ~ or th 

tale cope a shown by the dott line • thir tray 20· 1/ 2 inches 

long nd oontainin nine tubes s placed 2•1/2 inches below t ;y B. 

Thi 1 cell "C" tr y i t co 1 tely fills the b a detin by 

and D t y • A n inch thickness or eb orber b tw n B 

and C trays . Thi bsorber cons1 t d ot 1 inium, carbon , or iron as 

de ired. okground counts were al o taken with no bsorb r p nt i n 

order to ha e a measure ot the number of mesons th t top in th b ss 

lls or th gei r tub between the ctive Yol e ot nd c trays . 

Six inch e of lead was l oed ab e A tray in ord r to screen 

out th sott (el ctron1c) co ponont and to act a a o erator in slow• 

1 the me on. Som electro will b pro nt 1 the m son beam 

however for they do ooompany the mesons . Thes el ctron are 

produc d in the low r 1 yers r th le d od retor are 1mpos ible 
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to ove. 
(10) 

Koenig hae e ti t d that 94 t th 1 rtiel s el 

the moc!erat r re esorus n thet &,; ar elec r • 
'l'he three t eonnec etl nical y o re iater the follow-

tng events; (1) coin idenoes d (11) Aa-C nticolneide o a, 1gure (3) . 

The • ooincidenoaa ere due top rticleo w1ich penetrat both A nd 8 

t 1• wi bin the c! d time ot 1 her t:t-ay. The . · -c t:mUoo1nc1dence are 

cau d y those p rticl which .! .... t1 e an :t co1ncid no but d.o not c u e 

a dt char e in ny f.' th · count r of C t:rey. 'l'h1s repr sents the 

er ot ABC events a re not registered . 

Tb r ere sev rftl sourc of error 1 rent in th t 1 scope. 

ot th ae is due to spurious AB coincidences c used by t p rticle tro 

ut ic! the son be tr1k1ng and t y• ectiv ly. hi error 

1 Tery difticul t to 1 1m1Mt unl s very co olio t e ot 
•fte, 

p aratus is u ed . Since !t is ll this error i gnored, or if not, 

it 1. included in th ocidentel co t . Tb g ometry 1 sue th t C trey 

compl tely fills the ~,B cone of' 1nc1denc • h nco the is no likelihood 

ot ABC (triple co1nc1denc ) p rtlol issin 0 t y due o poor 

re t owever, a 11 prob b111ty ot uuch a partial pea 1ng betwee 

the activ vol or C trsy counter en thus s an AB-C 

event . Subtract in th C baekg d count th -c lue o 

an his erro • 

Anothe:r u:roe or error lies 1 C troy e1 struc by a ray 

1> rticle at th em time that true A -c ev nt occurs . The 

allow d tor uch ~n occur nee l, or th rder of 0 .001~ of the 

to al ti e e 1 ted · r tru -c nt1co1 ei eno • 
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The el ctronie o on nt ace pany1n the .e on is o l1k ly to 

cause e difficulty beoau e the range ot th el otron 1 much shorter 

than that of the e o • The doc '1' electron ill not n llii"y th C 

re 1 by trt er1 C trey ec us the d cay particle i 1tted, on 

th average, 2 . 16 icrosecondo attar the topping ot th mesou. 

IV THE EXP !.MOO' . 

The tele cope was arranged as sho n in igure 2 nd tho electronic 

connected to it a in Fi re 3 . S verel testa were de bet'ore the 

e ipm nt s put into o e t1on, and these te t were repe ted during 

the XPerim n • Th terttng pot ntial ot the tray we ch eked t the 

beg1 ng t the experiment and atter six w eke ot op ration w1 th 

xcoll nt egre ent . Thi indio t that t e tube ore t tr l eaks 

a ot the ga wss t appreciable . The pperat e 

llowed to o e te overni ~t with th high tonsi n to the geig r tubes 

turned tt . Since th were no count o 1etered, it ooula b as ed 

t at no purious pulse w being evelop d in the elect nic • 

de thea preliminary te ts, th telesco e wa pl oed 1 

The ap tua was o ereted tor p r1od or one week with no 

orbetr betw en a C tr y in o er to stabl1 h v lue t r th 

background c t . 'l'hia background count a taken at 1 t once week 

tue f.'t;er a.s turth r check on the e t1on of. t leaco 8 

whole . od g ement s obt in d throughout . A one inch thickness ot 

ebsorb r a th n placed between t ys B and C and th AS and C counts 
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corded o or per1o6 or eks. TM!'I- nrooedure was repea"~.8d with ch ot 

t e a sorbers ln turn until a ti 1 

check on. the op tion or the equi ent • short , 2 houz- ru.ns r:ero de 

with e oh ot th e.boorb rs i n t rn s well s with ;r:u) absorber. The 

nd A -c events t1tted well ith the 'lfalue obtai d during 

the thre~ nth ot continuous operation, hence 1t w a t&lt tb t 11 or 

the dat Wllid. 

The ocid ntal counting rate was obt~in&d y atapl c1ng B tr y 

ntil it 1n plane -w.1th .A tray. cc1cental rate 1a probably 

due to .son produced how rs origl t n in the le d 1 ftU ~ll' 

bove the ,ubo • he C ecc1d~nt-l ret 1s probably alid nd au 

to shower p rticlee hevi.g 1nsuft1o1 nt enerey to penett~t~ the bros 

• pa tins lt a.:t1ve 70l~s ot 1\ and a tl'C 8 f'rorn c t 'I'• 

v 

ot the ohan e in t ~ int n 1-ty ot tll~ 1e4 on b mn ben difte e.a.t e eoroero 

arc pla &d H it. snd t o antiootnetdenee t chntque desc r ibed ln. 

Section lv, tb l~tteT is tbe ost o ficiont . Thi s is resdily sec• tram 

co 1derat1 or tha at tiat c tr.volved . ch lon,a;er countlr.g t1 

is NI!U1r tJ in rd l' to obteiu gtvon ~ccuracy u 1n tbe c nng of 

int nsity ~thod th tJ. u in h e .. hod of ant1ooi ncidenc a , cons ouently 

th an.t icoi cidsnc .tec.b.niqu.e 

baorb r s ov r a period or thr 

The oou.ntins rat o wi t h difter~nt 

a I nd II . · ntha ar list ~ 1n Tabl a 



ABSOf\BER 

Accid ntels 
ao ground 
rbon 

in1um 
Iron 

.ABS RBER 

ecifentnls 
c round 

Carbon 
1n1um 

Iron 
Av ra 

TOI',ill..S 
AB 

277 , 48'1 
1,873,035 

831 , 05'? 
1 , 275, 208 

1'1 , 602 

counTs ? 

ll82:t 72 
3864 ± 114. 
38!30 ± 85 
38 ± 60 . 
3820 ± t54 
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T BLE I 

0 

162 ,198 
82 , 259 

129 , 82 
102,885 

'l'ABL II 

-o 

332± 
379 ± 4 
3 ± 7 
429 ± 6 

TIME COUNTS P 1 
('i'iO'Urs) AB 

239 .f5 1182-t 72 
483.4 3864 ± 114.5 
21'1 . 3 3830 ! 85 
331 . 3S52 t 60 . 6 
240. 20 ±.. 54 

COR~tECTED VALID.S 
AB 0 

2682 -± l 
2648 ± 157 
2670± 153 
2638 :! 126 
2660 ± 150 

47 -.!:. 7 
61 '±. 10 
96 ± 9 

0 

332± 
379 ± ... 
393j: 7 
428 ± 6 

1 . 77±0 .09 
2 . 29±0 .11 
3 . (\1±0 .04 
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The total number of .A.B end .t~B .. c e enta as recorded. in Table I 

cons sts or the sum of the counts ovteine~ during twen~y-t~ur hour 

intervals. The value ror eaeh interv~l was th n expr sae6 in terms of 

tha number of counts per hour en~ Chauvenet ' s erite:rion ap:,Hed., 

Chau't'anet •s crit~r1 t:. (l3) COl"'l"'10 1 used in t 1.s t~e of rk for it 

permits on to d!seerd all hos observations · lhieh havo 1. rr;e 

deViations trom th ean. In l , only six raadinge were to t!'l'.! to be 

unsuitable and wer rejected . Column 4 an~ 5 or ebl I liSt the 

and -c events in terms Of counts per hour. The corrected AB ~nd AB- C 

velue are 11 t d in ble II , eolu 3 and 4. Subt cting the AB 

cci~entals trom the number or n counts gives the true nunber ot 

p rticlss inci ent upon tho abs rber. Corrections aro 8\\t • tioally 

made tor AB- C errors when the AB• C background 1~1 subtracted . Thie is 

because the Jority ot errors e bodi ed in the AB- C event contribute 

o.ually to tho background rate; h nee ubtreeting the background ra.tovee 

the errora. There will be an additi nal error due to cattor1:ng ftom 

t e beam but this is so small (lO) that it ha no influence on the 

final result . 

Column 6 of Tahle 11 shows the rstio or th number or otoppet'! esons 

to tho total number inoidsnt u ~n the absorber cxp ess a as percentage. 

If the bsarvotions ere to be of value in later exper~ent the 

(AB- C} /AB ratio zrr..tst be as lar3e ea possible and must also be accurate. 

The deviation b ainod tsine th rasont ap aretus are shown. The 

are atan.dar~ errors eal.culdted in the usual lUl nner (13) • The results 

obtained ith the app ratus as shown in Fi 2 see to b uffieiently 



te to ~~~ o: its co~tl u ·u • 

1 it nf.:>rtun':i• that t1.rw t<P not "" unit a ~.>t c~ o 1h · abaorn-

tion o · n.econE- iu u ourth ebliorctllr, l t!· f:>r c.x:..:rupl ~. . hi£ ·~ould h ve 

end ir. oxpras d y the e(}uul..ion 

""' 0.09Z+ l . 2 

wh r R =the tio (11 . C)/AS ~re eu i ~ 
~ "' t ruio number 

Tb.e r su!ts or the eu:.pe£1 en indict.t:a that ttL accid<;.:nt 1 countillG 

:ra·te onould be reduced . ;.ll1o ooul~ be o by uoinr a syot of triple 

co1 no1dene to il~fin the iuoideut bea.'D. f r r;.is '''"' 

error c u. d by count o ng ins d u~ to ·h hi · c Qnti~g rate 01 tb 

pre·eni rrangement . 

VI 

Part I ot bis work d n und r th gutd noo of Dr. M •• 1oh 

to w om th writer ackno 1 his gratitude for th ~vice n h 1 tul 

au ostions so freely tond r d. The adY1ce n di ction or te sor 

1c1 b 1s o 1. 1spon abl ror th work. b 

ls u ~ to Dr. .B. ~Lay tor xtending the t ilitie of th 

Phyoics Dopartm nt . 
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