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Th« artcQle prainfd toy • deutarwi ^toytotnt of

liBS b««\ atudlad to d«t«rmlA« th« BiMlid«i

profttnt la tli« aijctura* Id«ntlfl«aii«i of iaotopat «•

Ad« by ooaparinf •atvrad Talutt* of half lifo and aazi*

MM % •omrtj vlth tho aoooptod fol«it. Tlold alvoo voro

dotoiniaod for oaoh looWpa pratont by 4r aolid antl*

•ountar Baaauroaanta*

CovntlBf ratat vara Boaaurad for a porlod of §3 doy^s

with 4r aad oolneldaaaa eotmtara^ obtainlBf half llraa

Whlah ladloatod ttet tha auolidlo adxtura ma aada up of

kM^, kt!^, kJ^^t km^^f aad Aa^« Thaaa iBdioatlosa voro

•oBflnMd by mikmimm. % my^rtj yaluaa obtalnad by abaorptloft

ionirwionto and froa y OBortl*> found oolac a T-ffoy

aalntiXlatlon apaci.roaatar« Maacuraaaatt lodleatva that

tha 40 hour hair IXSm raportod for Aa*^ la in arror by a «.

iijalfiWt li^t^ aod that no Ab^ una oMalJMd by thia

btHbOffdMAt. ^^^
Tbo 4r aolld anglo oonatar aooftruatad vaa ahovn to

IWTO an offloloBoy of Tory naarly 100 par«ant for partioloa

vMUto Miopo tha aouraa. Thia aountar haa provm to bo a

ary praotioal laboratory Inatnaoat aad dataHad inatruo-

tlona for ita «oo ara inaludod a a an appOBdlz*

titlti fi orti—r of fborrVod
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Th« foUovlBi If a tabular

•f tM iBTaatlgatloni

iTj Of tha ratults

I—tODt sUanz

•••6

Thiek targat
ylal4«

A.'l 7.6

A.W

T

3.i2t

0.«6
!•«• 1 0.£ lira. •4.9

A." »" 0.u «^,>o.ot •••9 1 9.f dajt l.l

A.'*
0..ft, 1.4f 17.t? t 0.13 flajTB t.f

Aa'

Aa

praaant In tha alxtura

<0.7 >70 YmapB 5 < jUU < Ift^

• Tha thiak targat /laid Taloaa apaalflad apply if tKa dautaron

baaa avrrant waa azaati/ 39 Moq^t and If tha artanie Baparatioii

afflaiano7 vat 100 pa>Mttt» Tlald Taluat g\>etad ara Vaaatf on I

eounting onXj aad 4a not Inaltida orbital alaotron aaptura*

— laaad on ratio9 af total I ta 9 aovnting rataa.

Thotia Suparrliori Roblaj D* IraBi

Titlai Frafaiaor of Phyiiea
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A* IitT>ortane« of th« InT«ftlKttlOB 9t

The fftet that ttMors af th« brtin t«)?t np a ^

iAVf* ULomt of trae« Biatal Mnp«r«d vith tnaf tHflr

^ Vj DonMl br«ln tiftu« mrnkmu It potilbl* to d«t«et

%nA to aatniitW d«t«rr>in« th« Io«Ati«tl Of tOBOrt in

tht fatMan brain* Uau«r tha auparriaion of Dr. Ooraoa

t. Brovnall, a ifmw$ at tha Itaaaarah Laboratory of tbo

Maaaaahuaatti G«nar«l '^otplt«l hat davalo^ad a aultabla

tr^iaar taehni^ua for tha diagnoaia an4 ^oopariitiTa

l«aation %t brain tuaora^ \uinf poaitrsn asittinf

iiotopaa. ift«v tntfuipanout Injaetion of tha tr&ear

atarial, tha patiactU baad it aahaoleallj aa^na^i

in tvo disanaiona by tvo aaintillation •ovAtara oon-

naetad in aoin«idtnaa. Third diaanaiooal location it

obtainod fro« tha tmbalanaod •iofla abanaal touDtinc

rataa of tha tapartta aountara.

8inea Jumiar/ 1953 • largo numbar of patlaatt ha^a

boon axaciaad nting thit ta«lyii<iua« Tha raaultt aro
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•vttt/ndlat* Tr^m bmj •*«•• tllnioAllf 41ftfno»«d

bVftlA Uti«« feat >««i 4«t«ra4Mi br tHU Mttaod. Xn

#11 €»••• wb«r« aurg«r/ was ^«rf«nMA» iiAor la««iloii

wm kamok iataFr««% 4im§MOu%9 hmtm y^mu **•• Xn ^
a44iii«n t# pWQWiAimg morm ^luutlWiiva li\XorB«tl«n

tMl if «v*lUbl# twm fU«4H^v44Mii^tl«» ^^« b«%im4

Ff«Yla«§ UM l«rt-t<^riiht lowimtlM vhith it diffl*

•ult tAtl oftaa iiMOtaibla %• •bialA €lialaaiiy»

fptal baaatt«« of sarvval ••nsldttratlMU* iTtanlt if

raadily availabia ry«i a Oautayom baabif^—at of gtr-

iplli, iJHi Aair lifM ar ^M«4f MHit«» ^*U

vltkia an aaaaytabla ran^a tmr tr&aar atmijH—
Mafi 9t tha y^raya aBitiad fras araa^ic iaatoyaa ara

ffll^ |bu«,dfffa^fla« ^i^rnfia biala§iaal al^aaU 4ua

%• radlatiaa. ' Tayy iapartant admaataga la **>^f,^^||

larga pareaniaca af araanic aetivily aaoaitta of posi-

raaolutlan aay ba «a4a a« tba raaultlBf aa&imiatloa^

radiation. -^-f^mp ^
Tba trftear araaaia ia aat injaatad vntll aaTeral

aaya axi^r ^ ^:. r ....i. k/\irx.n^ wila ^^ariad aiiy aaori*
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XlTtd •etlTlt/ pr«8«nt tltoajrs to a ntgllfible

TalM •tmp9T^ vlth that 9t th« 17.6 da/ lsotop«^^^'^^^

aad d9«s n«t affaet tha leaaalnf B«atur««antt vhitH

ra^ulra a parlod of approzi«ataI/ tw» bfurs, XX tha

k*ir livaa and tha ralttiva attirit/ poraantagai of

||m thort*Ilyad iiotopaa vara aaouratalj knovn^ thla

valtiac parlod tould ba daaraaaad or aran aliaiaatad

with a raiultant laaraaaa la uaaful attlTit/ obtalao4

twom a flTon boabardaMit.

:^t9km pvrfcia of tha praaant InTattlfttlon la %m

dataralna Insofar aa poaalbla tha —tli»4e of da««y

and aaaoaiatad daaaj aoavfiaaf half llToa, abaolvta

aotlrltiaa^ aad iaotopla jlalda of tha araanla obUinad

by tha dautar«a bawbard—at of faraaniai* In addition

to doaraaalAf tha dalay b«tvaan b«Bbaf<iB«it aad Injaatlon,

thla Inforaatlon aay parmlt tha uaa of ahort-llTod

laotopoa aa tw^rB. Za •ffaat thla alao daaraaaaa

tha baabifJBtnt tlma raq^iirad to obtain a flToa aamait

of traaar aatarlal* It Bay ba daalrabla to axjubina a

alAfla patlaat aararal tlaaa orar a p«ri«d of a f«w

vooka. Aaaurata knowladga of tha ahorV-llrad aatlvlty

praaant aay p^rait fra<;iMBt lnjaetl«i« af a laaaar

MMWit of traaar aolutlon vhlla aToidlai bamfuX affaota

froai tha ahaaloal toxicity of aerrlar araanla praaant*
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B* H«sulti of ?r«Tious IiiT«ttiiation«

frlor to B«ijai«*t InTtttigAtioiit in ld36^ ^ rry

Ilttl« vat kam^uk %hou% th« ra41oau«lld«t of aroooio*

Tbo prUMlfol rt««ltt of hit vork oa tho trtonit pro-

4«ood toj A doutoroA bffctr^BMit of coraAaiiaif at

•dirio^ bx othortf tro tob^Utod bolov and iattlndo

•11 data roportod ttxrou^n I»41«

Tjrpo niorf7

At^ 9^ ao IMV t, 4

At^ 1^ o.t •• flte Sf «

At^* I* o.t it dajr 1# *

A«^ •* 1.1

?««8 hour 3* bg 6

1.7

«•?

Y U5

A«^ 5* BS-90 dor 1# ?» ^

^•^ T ft«f ••**• ^.r T,^

Tory littla aov inft—%!> «»t publlthod for tororal

jroara but on—f Inj in 1946 roaulta voro publialiod vhith
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tonflloted vlth nuth of th« prariouR dft%ft« Tb« folloving

If • tabulation of th« viott r«llabl« data nev tTftllAblo

9m tbm rttdlAlaot^poa of Aroonlt vithovt rogard to tholr

othod of AOtlvatioiit

Typo flBj^ffy

^ 60-eo hour 10, 11. If
« (•T%) O.ltt

X , AX, x«

B A ir%t*±n^ trim. tb«

O.ft

^0«i^ !••«

;•.» M hour t, 11, X»

3.34

Ot«3i

Ao^* #• 0.69, 1.36

%^ 0.98, 1.53
17.B «07 11, Ur/$"^i.o>

Y O.M)

Ao^ i*/^'4 0.0T°>6

Y O.M, l.£l S7«C hour 14^ la

A»^ #" 0.6T9, O.T



e

!?r

ei «Xi

lo ?

.;' fe^s?

n-

Xi K

ii;-

rjill

\r»

ti !:

. .-i

ti .

0^ a-
t <il1



ZI. lUCUUl HWWllll to BE NIAftUUD

tiMm ans •^aipftaAt iiAlt*tl«D» prohibited ••aiiutinf

•A InTttftifAtion iddbtk 99mlC d«t«rr.in« attual d«tay

•«h«B«t or tAo ootiTO BAtoriol* Mltli h. d«ftlr« to

oztract as wtmk lAfoimotion as p^ooiblo in tns tiao

ovmilablo, Atto&ptt voro aado to dotoraino tho followiof

for ooeh ioetopo of areocic OMoiaoA twmm. th« boaterd*

!• AbOOitttO I aCtiTit/a 40Ai«B i od

t« lolX iifo* as tTrl«i» *A«^

3* MajLiaiBB # onorgiofl.

Xa addition it vat dotircblo to obtain laforastion

rogaxdint tha v^oaarslot of tbo aijituro of iaotopoi

m/k tba Tarlotloa of tlio apootrui %^tli tiao*

n99^0m&t^%% i«toa m
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Ill* SXPniMBI^AIi PBMDimB

A« Preparation oi MmdlAaotlTa Ar»«aie

A Qiilp •t pwM fraitili a«%ai I/3i^ laoh tM.«ic

«i%h 4iBtntioAs >/6 iBtk bj 1 iaali vat vaad aa •

tMrgat in thit M.I.T* «|p«Iotron« Tkia thip vsa

bf>ar<latf vitb 19 »• 4»iit«roaA tmr a pariad af tiO

minutaa vltb an araraga baaa eurraat of 3t Mnpa*

After bOBbardaant tha laraanlwi aatal waa oxlditad

to OaCl^ la an avacvatad ayataa valac caaaotia Cl^*

To thia naa ad4ad ICl, I^O^^ asd araanle Q^rrl^T aftar

vlOoli UM bwlk of tha OaOl^ \«a diatUXad out. Tha ib«

araaaia raaaialnf la tha soXotiaa aa At^^ vat pro*

alpltatad aa a Mital hy tha adAlUaa af iMiaaifM

liypoplMaphlta. I datallad daaorlption of thla

aaparatlos fr—Aurm la aantalaad la T^tmrmktm fi,

I w#d Aa A$$9i^i* AA *^ A«« *> -a «k<

B« Sthadula of Obaarratlofl^
''•^*'

-*- • 'vajm ^»a*

Continuoua ebtorratloaa vara aadt of tha dlainta*

fration rata of tha actira aatarlal by uaa of tha 4r

and eolnaidanoa oouotari* In an attacpt to aaoartain
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II

vh«th«r or not th« Ar*«uie oontalxMd ^ajt positroxw

•sitting itotoput bATing half liTtt of th« ord«r of 1

bour or !••• ^^»3^17f^3#C4>^ •oineia^nct •ount«r B«aaur*»

B«iiti vtrt iiaa« iis «\«liowai •a^]^ aiaut* auriag tht

IhirA hour altor UoBl^rdseut, •T«ry 6 uinuttt durin«

th« fourth teur^ tvtry XO Bi&itttt during the fiftt hour,

Aiku iir«r/ 15 aittttt*! during tht aixth tiour, Th«rMft«r

th« auuLiMTH iat«rv..l b«tv««n :ati«9ur«a9nts v«s Adju«t»d

to tpproxl»tt«l/ V(igtb t^a' valu^ of th« hall lift ^^^

inaicetod by a oontiiniou« ».10v oi countlag rato ob9#rf«*

tioaa. . ,A4 nil' 1 '^ u r-

Tua to tho tisi« ratiuirod for preparation of 4r

eounter aoureaa and tba tiaa InrolTad in cAking abaorption

•••ur^Aanta with tba and vindav $ eountar, abaarrationa

vith tnaaa inatruaenta vara aada hourly fros the tth

throttfh tba 17th tour aftar boabarlBafttj and tharaaftar

in aeeordanaa with tha aehadulo cutlinad abora*

Uaing tha aodiuai iodida aointillation apaetroaMtav

daaarlbad in Appandix II an initial ae*n of tha anargy

apaetr\m up to 3 Nor vaa Mtda within thraa houra aftar

bartarifcant in ordar to datarmina tha aaxiam anargj y*

raya aaittad froa tha araanio. teith no dataotabla y*

anargiaa praaant groatar than 1 HaT, an oparating ranga
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vhion lnoIua«d All Y-'^^^i'Cl^s up to approxi*

•Atttly 1«3 }f«if. This ai«rgy r«&4« v*s ••^oMd •oatlBttaXly

for th« rirat 7S hMort aft^y toiiiWrdB«at (Fig. l). rh«

hlfh •Bvrgj rmiifv «» Manxivd at Intarralf during this

period with aofAtlv« roaults* An addltlonAl onorgy

fpootrua w«t obtalnod 6S dAys aftor ^oa^iarilaMBt (J^ig* ^)

and af ^afora, o>i nigii timrgy y-ra/a vara 4ataotabla«

Uting tha aog vinJow j oountar# aowatiJig ratoa vara

aaaurad for ttb*ofoar thiarfnaaaaa ot tnm xaro to ]2Mr6

ag/iB « Obiarrutiona Mrnv aa4A in acoordanea with Uia

tiB# aohaduia praTioualj giT«a«

-•I »»»-^ »ii r •• r»' 'i^ir'^wi'wi ^
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Figure I

y - RAY ENERGY SPECTRUM

OF ARSENIC

Produced by 15 Mev deuteron

bombardment of Germomum

KD HOURS AFTER BOMBARDMENT
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56 HOURS AFTER BOMBARDMENT
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Figure 2

y.RAY ENERGY SPECTRUM

OF ARSENIC

Produced by 15 Mev deuteron

bombardment of Germanium

Vertical scole j^ thot of Figure

S2 DAYS AFTER BOMBARDMENT

4 6

y ENERGY (Mev)

8 10 1.2
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17. NBBDM U8BD ZV XSTBBPRET/ Tior Of TATA

%

k. iilf fdtm

OhMmtyd tonntAng r«t«, •orr«ot«d for Initfiiwital

•rror, \m» pi nn aaallof paj>«r &a a fimot'an of

curre obtained froa oolnoidan— B#Aiur«MBtft AiiuoMd

a constant slopa Indieatinf th« prts«io« of a tlngla

isotope. Applioaticm of %hm B«tlio4 of laaat tiiuar^fl

to data in tha ration of constant tlopa jialdad a datar-

mination of half Itt^, saro tiua activity^ a»d tlMlr

r«apaotiya standLra daTlatloas. Eubtraatlan of Taluas

thus obtaiaad froai tha eurra of total •ounting x*at«

rajidtad in a rasidual eurYa also possassing a constant

final slopa. Suoccssirc application of this a«tkM4 par-

mittad tha rasolution of 3 straight lina coaponants froB

tha datk obtained by eoincidanoa couatinf (fig* 3).

Tha 4r counter data included a ralativaly long-lirad

•OMponant vhich vaa not apparent in coineideiiee sea sure-

73
ts« Assmiag thia to be As''^ reported as a 0*05 Her
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J ^

negf.tron flBltter of half lift <^ 20 d&7»,^^*^ on« 4r

counter touroe vet eovtrtd with 13 • 7 a^Cfc' lumlnun

foil (« thlckncsB ©qulTaltnt to rv. 3 tl&tt tL« rtngt of

t 0.06 KtY tltttron) tottntnelng on ti^ 4ltt cUy after

boaburdtttnt . Lr^-t^. , (.*ln«d vlth tlilt source plotted at

t ttrtilght lln« vlth « hAli lift of 17.66 cUyt. After

tubtr&ctlou of tult 17.M d«ky t^ctlTity froia the tot^

oounting rate turw tne ooostant slope extr«Ma^c^ ji' tht

reildual corvu in<lltatod a h^lf lift of /^a«' d«/t. Thlt

proced'ore permitted early evaluation of data vltriout

valtlii^ for tht prtdoaintnct of tht 89 day oovpontnt ax>d

tht ro suits art In good agrtcatat with tlit As "^ nttnod

of dto&y reported by Mel*^ ^ ;>uoaessive a^nlioatloa of

the Btthoa of le«tst squares to the 4V counter data resulted

In the resolution of 4 straight line ooaponents* (Fig. 4)

Half life determinations were also maut froai atiillog

plots of counting rate vs tjjae ootalntd using absorbtrt

of sptclfic thickness with tht tnd vindow ) counter. Tht

tthod of curve subtrtctlon preTiously outlined was

un^yloyed and a total of 3 strai^nc line eonpoiionts were

resolvod having half lives of £6 hours, 5^ hours, and 16.7

days*
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no

B* Abtolut« 9 AetlTitx

Bine* th« •ffiel«ncy of th« 47 mtnait%T tor a ooxintinf

if qult« hifh (Appandlx I), thtt« d«t« v«rt u««d in th«

dttMiiiMtian of abtolut* 9 nativities. The z«ro tin*

attiritltfl obtained in applylnt tne aetnoci or ion it

i.99lMi*ot to half*lif« dotorttination voro correoted to tho

tlm #f •oaplotion of boabardsont* Tbeto retulti oan bo

•poeiftod In ttiva of /iold if tpooifio Ttluei of doutoron

botTi ourront and arfonie toparation effioioney are ataunod*

C* MaxiauB 9 Inorgioa

Tbaao vtluet vera found froa abaorption currea obtaia»<

by uao of the ond vindov 3 counter (Appondix IlO* fro«

BoaaureKonta of «axisuB raago aado at Tarioua tiaoa tho

•nars/ of tho aoat onorfotit ¥•• dotoralnod for both tho

'M hour and the 17«S day iaotopea* Tha nothod la illua*

trtttd in fl4* S vhlah i« applicable to thft^Sft^iir iaotope.

Za additiox4y naaa abaorptloa •oofflaloAts ^#ope deter*

Binod froB aanilog i^ta of oountioc rata va abaorber

thitkaoat talcon at Tarioua tlsof, Ualnf theae Taluea

aslflHi Miorgiea vt% dotorBlned for tha 17.5 day and
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Figure 5

COUNTING RATE vs ABSORBER THICKNESS

doto of 8 March 1953
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tht 59 hour iiotoptf (Fiff* 6, 7) • Th« TsluA obtained

by this Mthod for tht 17.5 day ifotopr^f^Ka with thA%

found by tht mxIbum rtngt ••at-urtotnt itnttd tboTt. Tht

euTTt o^ttintd for tht £6 hour Itotopt (Fit* 0) vat toiw

OATt toviird tht orlcln and «oiiId aot bt trtattd by this

•thod* i dttailtd diatuation of tht atthed and thtory

InTclTtd it tontaintd In Chapttr I of rtftftnot £t.

\~

Cwrv<
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Figure 6

COUNTING RATE vs ABSORBER THICKNESS

dato of 23 March 1953
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Curve A holf thickness 55 nr^/cm^ -l49M«v

Curve B holf thickness • 32nr>g/cm' ~ .99 Mev
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Figure 7

COUNTING RATE vs ABSORBER THICKNESS
dofo of 14 Morch 1953
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V. RB6LXT8

!• Th« lonfCBt-llTsd l»otop« pr«9«nt in th« nlztur*

VMM d«t«ctec oy only tA9 4v oounttr* The hAlX life was

d^t^niiJMd to b« Ba«9 X ^•^ ^*y* *^ ^7 ^* rilt«ring

B«tbod d«0crlb«d in S#etion lY A^ th« aaxlima ft •n«rgy

w»t found to b# 0.11 ««T > E ^ > 0»0£ r.tv. ; inc« thii

itotop* vBt not d«t««t*d vith tht ooineidMioe counter it

if tttroMd to be a pure negptron enitter. This nuclide

73
it belierea to be At '^ cue to the close cgreeceni wxth

the reported obareeteristioa of that iaetopeb^^

S« Vith Wf ••latidenee, and e«d vindov ooiaters a

hMlt lire of approxiaately 17*5 days wai resolTed* Tvo

I energies of thia nuclide were detemined by absorption

BeaauremMiis to be 0,99 Mst eni 1*49 Mav* The close

agreement of ti^ese results wiu^ tnose pr«Tiously reportedC^^l^;^^)

•g
sees to Justify the assumption that this isotope is As •

3* ftid vindov A counter Aessureaents using an absorber

thiekiMss of £C4 ng/em^ iiidioat«d thikZ no isotopes vera

present haying |i energiea > 0.7 Her and half lires in the

range I6«7 days > ^%/f
^ ^^ hours* Using lesser anounts

of absorber a half life of approximately 59 hours was

resolTod* The only other half lires found to hare tbJ.s

spproziaiate Talue were 70.1 ± T.f^ hours from 4r counter

data and 4P.r ^ l.'^ hours froB •alnoidence •asur«B«nis*



« 1

V«VvrK£ifl Wfw T 9fttfft>nt b9vl.r^S7:9%tml toft .1

f^tixs^ e

- A.J..

:o#o«i

rjcyrt-wii^f! «•?

I

1:tf ••

.v®^'

Mb

iii

'i»i» 4

.JliJ«&'£ *«d^:SJ *o ^fit$>

• < < i-x**
**^'^'" ^^*-—

^

^nKtmfofi T?5>

>«X ± :.\h bam MiMb



*4fcVlltt«r TaXu* •o«bln*d vlth th« tnttrgy lialtAtion

'prnrlouily tptelfitd Justifl^i id«ntirie*tion of this

laotdp« At jit*'l.<^»l^#^ Tht longer hAlf lift T«lu«i

^obtalnvd froa Aw and end vind«v tounter »•» turonAnta

Indicatt tlitt th«r« la alao pr«a«nt a nag^troa tsittar

having a ^\/^ longar than 7U houra vlth anargy < 0*7

!!•• Tht 70 hour half Ufa d«taralna4 twmk 4r eountar

71aaauraaaata la ballarad dua to a alxtura of Aa and

Aa aaauBing that tJia tingla raportad Talua for tha half

Uf« of tha lattar^*^) la in •ttot. Thia apparent dla.

«rapAa«7 la vorthy 6T future atudy.

4» frov data of tha 4r aad and window ^ eountara

a aonpoQtnt of half life P&»6 ± 0«? houra with a naxlaoa

• anargy of 3»S5 MtT vaa datarminad* A y^r^v energy of

0*6S Mer vlth half life approxijaately t9 ho\ira vaa found

lawr aaiawta sada vlth %h« t*p*T aolntillatioB —
paatrofliater* Theae raaulta aonflm praTloualy raoortad

aluaa^'*^^'^^ and identify thia laotopa aa Aa^. Thia"^'
**

half life detarained froai aoincldenee naaauraaenta waa

«1,7 1 O.r houra,

5« Tkara v«a no laAitation of tha praaanea of the

70 ( B)
58 adAttte Aa laotopa^ ' in the nixtura. In addition^

alnea no f»ray energiea > 0.85 Mar wore reaolTad it vRa
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AP9*r«nt thet th« PT«6 hour As iaotop« harizii two

r«port«d Y «n«rcles > 1 Msr^ ' ' v^t not pr«t«nt«

•• Tabvlar tvBBary of ehArattorlitlos of th*

Mixturo of ndionutlidos dttormlAOd by thit inT«ttig«tlon.

XflotAoe

4a.I; 1 l.£ hrt.

Thisk tsrgot
yiold*

4.^ #^ o.ee 7.6

A.W
?••• 1 0«f hpi. •4.»

1." 1* O.U>l^jj>0.01 •••9 1 Kff 6A7f l.l

A.'*
IT.t:? 1 0.13 dart ••t

A.W lot proflont in tho Bijctvro

A.W #• ^©•T >yo hours 5 < Jfl^< l»—

• IW ttiUii U?f«t ylsU falvss spotUitd i#»lr if %bm doutoron

WftB eurront v«s txattly y% titapt §mt if ths arsoaic sopsrttion

•fflelon«7 was 100 porsont. Yiold vaIuos quotod sro bssod on 9

con&tlnc only sad do not Ineludo orbital oltttron sapturo*

^Mi Bo sod on ratios of total ^ to ^ oountlnf rstos*
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A^artn I

for rarious •ounttr TOltAf** (•l«otroni«

fain •onstAAi) •••• 61
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affhtdix z

THE 4r COUWTER

A* D«t«ription of th« Counter

Th« 4r tolld anglt eo\mt«r was d«tlfn«4 at ft

eonTftnitnt Iftborator/ InitnaMnt to b« utod for tho

•bftoluto •tftaitrdiifttion of p Mdttort* A photo-

fraphift Tl«v of tho dltftttOBbltd eountar, fig. 1«

lllttfttrfttot tho iBportant ftatux^f of ftonttruetion

ttud ioureo •uBtlng. D«tAllod •po^ifiectionft aro

glTon in flfft. fi and 3*

Tha aanaitlTa voluaa of tha aountar la faosatrl-

aall/ alAllar to thai of Caavall^^^ and of Borkovakl^^^

Tha eountar waa daalgnad and oparatad aa a flov

•twitar ualng n butana gaa rathar than aa a fill

eomitar dua to tha faet that tha formar la apra stabla

vlth far battar raprodualbllltjr^^'* Elnaa tha eountar

BUJt ba opanad aaah tisa a aouroa it ehanfad^ uaa aa a

flov eountar vhieh allalnatat tha nvcaaalty for a

aeuvB aaal graatl/ alr^pllflaa tha operating procedure

aa aoapared with that of a flll-txpe eounter* The 0*
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with the top half of th« eountor rwao^dd. Th«

*«tlTe sourea it th* ^Tk «irouXfitr &r«« in th9

o«nt«ir of th« thin fllffi v^iioh &|»pf&rs as &

X%^% «r9ft In the ittnter of th« soureo rlng^

Th« bottom Yl«¥ dhovt th« eosiplst^lr (^i^'*

ftiit«nl»l«4 «oimt#r« tim r#taixilng ring for

hoXdlug th« soureo rini In pX4^«« i» thoim

with tha rtmoTftt^ld haiidXing plat In |iXao«*
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rizii teal Is us9d to rtdue* Itakagt of flov gat to an

abtolut© minljnai. ^*1iMi

Bquaaza-fltted Ttflon plnga ar« tsaed Inataad of

K9Tar fflfitt for oomittr •at^-te-f^iard ring and guard

ring-to-cantar vlrt Intalatlon^ with all Inanlator

turfaoa laakagt patha datlgnad for approzinataly 5000

Toltt, Thlt faotiire is for eonTanlanea In ataaffbly^

elaaninc of the aaniitlTe ToluBa, and to mlnlmizt th«^

poatlbllltr of braaJcaga la baadliai*

tha 1/4 Ineh thlek eountar eata li naehlnad froa 5

inih'^liiii atock, all alaaya antriai to tha easa balat

tllTar-aoldarad and tha antira aaaaabl/ nlekal-platad

to f&cllitata elaaninr. Cantar vlrat of 1 mil tTmgttaa

ara aligned bj l-O gauge hXpod«mle needle ttocK to %hich

th«y are aoldered at the extresitlea. Canter vlrea are

gnard-rlnged vlt^ t^a imard rinrB at the tare high

potitlTt potential at tr.a center viret. The tripod

legt aupporting the eounter fit into intulatlng ttanda

Bade of drilled polyttyrena rod stock. A grounded br^aa

ahlalding box eontalna tha entire eounter atteablr and

minlBitea externally^eauaed electromagnetic interference.

IClaotrlcal eonneetiont vithin the box are nade vith

rubbar-ooYared wire Inaulated for iOOO Toltt. All

electronic oonnectiona to the ahielding box are made
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by eo&xl&l ecbl* and atiociAt«d fittings. A U*tub«

oll-flll«^ bubbler •ztsmiLl to th« ihitldinff box aalntains

(as prvBfurt vlthin tne ccimter liichtl/ 6Dctc ataoa*

phtrie and Toldi ahangai in (at toncantrttlon*

Thraa ir.ll ihlff fteal Btoclc* proTldai n iturdy

source aountinf ring* Tha steal is first cut into 3

inch aquaraa and a 5/6 inch hola is pWMlMi in th«

ear.tar of thasa tovares* Tha ? 3/4 inch outer diacatar

la than obtainad by use of s J if and ordinary pbpar

shears* Tha prepared source rinf is held in plaaa la

the counter by uae of a split brass rinf (slsllar to a

piston rinf)

•

r
To retain toaa of tha pulse lisitinf properties

of the conTentional Geigar counter while eliminating

any of itt oojectionable feitures, toe 4t counter is

operated in the region of liMited proportionality*^ ' '

The counter is operated at a veil regulated 4300 rolts

with tha eathooa PiOO rolts below ground and ceat«r

wires and guard rings 1800 Toltt abora ground to mini-

aize corona and **SDurty* noise effacti. This operating

point if approxiaately 500 Tolts abore tne beginning

Of a counting rate plateau vhieh is better than 0*6

percent per 100 rolta. The center wire ontput is fed

• Obtainable fron Vard bttel Co., /rliiict«i» Mass, t^
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to a Kodtl 100 aaplifitr through a tathod* follovar

pr«uipUfiar (Atosle InatruMQt Co« ltod«l I04«B) vlth

th« aapliflar outout drlTing an M.I.T« Modal 400*11

docada aealar. Tht ooiuitar vlth aaaoeiatad alaetronle

oqulpnant eonnaatad for nomal oparation la llluatratad

in ris. 4,

!• Appllc«bllit7 to Abaolttta 3 Countix^

It a oovntar la built vhlcL eollaeta pArtlolaa

aMlttod trom a tourea In all diroetlona. It ha a saaj

adTantacaa for —aamrfint of abaoluta aetintj* rirat^

tinea all p^rtlclaa arlttad froa tha aourea ara eountad,

a dlraet —^auyaat of tha 9 dlalntagratlon rata la

a4o vlthout tha naod for praeiaa knavlodca of tha aolld

ABfla vlth Its aMiWMiilttf aoattarinc problaaa* Alao^

tinea tha "afflalaney for 5 partlalat* It nov 100 paroant^

iNMh tBoIlor and thlnnar touroot aay ba praparad thut

r«4ht0lac tha talf-abaorptloa •onaidaratlona.^^^

In tha 4r eountar, anjr 9 partlela vhleh produeat

an imk f^lr outaida tha tourea and tourea aountlnf vlll

ba totmtod unlata thla ion pair la fonaad In a raglon of

low anough Intantltf that raaosblnatlon ooaura prior to
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f&§i 4* Photograph of eoimtor with oloetronie oqttli^

mmt eozmeotsd for i^anml op«r«tlQR«

fh« insixXs^tlxig polfiitfT^ne sotmt« aro vlsiblo

within the hraas thl«Xdl»g hoac and tht oil*

flllod huhhior it •howa oa tho o«t«id# XQ%mr

loft oomor*
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lAlUAtioa of tht TvwqmmA avalaxiaiyi. C«>xiiid«ration of

thm i%om»%Tj >JA (txid tu« fltldt •xittlAg In th« a«njltiTt

ToIuB* lQJicat«i A T«X7 tBiAll probability for countinf

losf«i du« to tlxli •ff«ot.^^

An/ lotUiatloR produced b/ int«nuiLl Qonvartloa

•leotrons^ bran«h«U ipoctraj x«ra/ 0p«ctrAj and tltctront

produotd In th« counter vbXIi or in th« tat viXl noroly

add to th« total ionixatlon por dislnt<iC'«>tlon and win

th«r«for« b« oountod aa a ainclt pulta* Thia la alao

trua of annihilation radlationa and ttxia fa«t aaXoa tho

Aw aollil aagla aathod ralid for tha aaaay of poaltron

Mdttara*

X>«Tlatlona froa 100 parcant abaoluta affioiaao/

viU ba 4ua only to (a) abaor>>tion in tha aourct and

aourta aiountini filM» (b) araai of low fiald intanaity

aiantlonad abova^ and (e) raaolrinf tlaa loaaaa*

C« Isportant Aapoota of Souraa Praparatlon

Tho ^raparation of a thin aouroa it tha oioat dlffietilt

problaai InTolTad in tha praotieal uaa of tha Aw oountar*

It la aaaantial that tha av'uroa ba .;alta thin and uoi-

fom for any iaotopo aadttinc aoft ^ particlaa* Iha
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ohaaittty 1atoXt«4 Ia pr«p*rlA4 uolX^m thia ftouro«t

ijrl«a vlth th« •l«A«Qt lavolT*<l« '•h«n a tAxipl# 1ft

•Ixply allovtd to drj^ tht actir* KAtarlJil hMB a

WB4iA«^ %o «r/BiAXlift« out a* oum or iaor« lArgs

fartioltt or to 1x7 in a thl%k rlAf oX tBoll tryalAlf

arovod tho odft oX tiM 4f*f« U»o of on Infrorod Imap

i«,eo::i tT&yorotlon ood rodoooft %li9 tojoaooo^ to 'ciuiktor*

la OTory oo*o ott««pto4« It hot boon «iplrieollj

dotormlBOd that MiiHiJH X«i*«* ^^ to lolf-oboorptioA

ooa 00 ncftiactad if th« aozijiiuo soxla oootaiit of tbo

•ouroo ift ^ 6 ii^CB for | •norftloft :t 0*6 MOT» but for

tnargios ^ 0.4 M«¥ solid oo&toat of tho lourco sLould

not oxeooo u«l t^^a. lo««t a, rv>.. -. : to1u«» urt oaftod

on o totoX plpottod ftotirco toXuoo of 0*095 mX« Vlthla

tho ipoelflad llnlta, •If-absorption Xoisoa art nacll*

fibXo ooaporoa to iostos in uno oooauotiv* ii^tr on UMi

•ourco Boontind film* L.oXf»«boorptlon ooa mtrmr bo

ontiroly oXlAlnotod by oontlnuad roduotlon of totoX

•oXl(]ft ftinoo thoro la a flxuta partlcX« also which tho

otorial suftt asaiBO upon prooipitation* It hat boon

ahovQ that boXov a cortain Tory aaaXl coneontratiooj a

dooroaso in aoXic^a dooa not ineraaao tha obaarrod oountiat

rato* AlaOf a alight ineraaao in aoXidt abOTo thia Talua

dooa not dooraaao tho obaorrod oountint rato of a aoureo.^^^

ioBtina r
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D. Preparation of Source Mounting Fila

A solution made by difsolving 5 graAS of stick

parlodion* in 65 ml of aiiyl acetate vas Touxui to pro*

duce the most durable Ter>' thin uniform fil:sa. a

perioa oi about two veejca^ vitn irec^uent agiLation^

is required for the formation of the solution.

Thin films are made by dropping an appropriate

SBOunt of the abore solution on a clean surface of

distilled water. The vater used should first be boiled

to elimiriate dissolred gases and an indicator such as

phenolphthalein should be add«d in order to check pii.

Vater which is even slightl/ acidic seems to decrease

the physical strongth and life of the film produced.

A room should be cho!>en wliich is as dust- and draft-free

as possible and a strong light is essential for in*

specting the films ai^d the vater surface.

The siL.plest and most expeditious method is as

follovs:

1. Fill an 8-10 inch diameter culture dish to

overflowing witli the water prepared as indicated aboTe.

S. Express two drops of p&rlodion solution on

the clean water surface and observe the color display

ypder a strong white light as the film spreads.

• Obtainable from Central 6«ientifio Co*, K. X.
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3. IrfhMi!— eolor dlipla/ It •TidMit n*«r

th« •di«0 of th« fllBf dr«f th« pr«par«4 •ourt« rlAf

hflrlsontallr from a iMlght of tbout 1/7 inth onto th«

ttottp of th« fl»«tiaf fftrl9di«r< flls*

4« E»|.diAC oiM odg* •f tKo floating aoure^ ring

•ad tttaehod flla, trim m^my tho oxeoat filv vlth a

^•ry aharp knift* Tlia rlmf la than alid froa tha

aitffa^a of tha vatar at a CBall angla to avoid aurfaM

taraion filn braakaga and mmj ba plaaad Tartioalljr la

g drying raak*

B« filn tlijgk—ia aax ba datamiaad Vr obaarratigA

of raflactad aolor widgr iMta light and aiparigaa

irith aTailab^a anrraa ^diieli raad dira«tlr in ^§m/mr

(fig. 6). for itora ataurmta datavaiaationf tha a ttxlate-

ntaa gauga mmj ba uaa4« TMa tonaiata of a MXlinatad

sourca of polonlun fgat^i^d to a noTabla niarWMttF jav

vnieh ia nctmt*d Tartlgallx rboTa a thin viiKio^ Oaigay

eotmtar. A aaro roadlag of tha tad of tha a fartiala

ranga ia •##» aftar vhiah tha fila ia |^lag«d oTor tha

•oxrntar viadair tad tha agiwuaf rtptai^d^ Tha

distanca batvaan tha two aurraa ao ottaiaad giraa tha

ii^Mvption of tha filn in air^m, vhloh aan ba trana*

latad fliraetlj Into fg/mr^ Tbo gauga la oapabla of

naaaurlng thieknaaiaa aa aaall aa 1 |ig/en vith lata

than 10 paraant •rroTm
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I. Cor.ducting lAymr Tor taarmm Kstintlncr niM

f9Bt ftbfloluttt n«a»ur«B«&tt, It Is •••ntlal ttk^t

thft eoll««tlAf fitli vlthin th% oountor r.nt be Uttortcd

bj th« ditl«ttrl«-coTor«d bole in th« •ourc* rtng, k

thin Mtttettiac BAtAllit l^jmr vhieh •••r* tho •ntirt

Mcnres luoport au&y b< rrs?or£t*d free & h^atad tuiuivt«ii

flliin<iit^ th« •T&r oration b«ln€ p«rronB«d In a ¥»#aB

of approzlaat^lj 1 nitx'on* To Insure olttttrical ooiw

tAOt Vi^th tha oount.ar eaia, th« lPTf>r should b« donositod

on \t\i^ ztixm of tu« souroo rln^ opposite ui.

tho pajrlodlMi filB adbisriis, Thm opparstvs us«d for

otsllio OTsporatlon ! niu«tFiit«d In n^, ft v^aro

ths Bat>4>d of surs^rtlAA um ftouroo ring doseno c 4

bolov is eloarl7 Tislblo. &!•• tho cr«s%«st

of filA broakago oMvro in tho Botollie ormroFatlon

proooss, this oporotloa should bo porfonMd j r. ^r to

pipottlnf tho 00tiro souroo Botorii^l.

for souroo tolutloao i4\ieh do not oontain hydro*

chlorit atidf aliaimai produoof a svitablt conducting

la/or and tho following pr«ooduro is isiS—Mlid,

1* Plaoo tho proparod gourco ring horisoatall/

atop a longth of BO ast dianotor glass or pjrox tubing

vhieh oxidosos tho ;yr«parod tnngttii filaaitnt. Tho
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fig. 6* Photogrftph of apparatus U8«d In a«tftllie

•Vfti»oratlon*

Th« «o«rc« ring lying on top of th« ftyllndrle&X

glsits tubing undor the b«lX jaf Is In proper

position for sX\adnum eT&porstlon* f«^lag whieh

earrlos cooling vst«r for the fllssMst sloetrodM

is Tlslbls to th« Isft of tli# bsll Jar*
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fllMMRt fMP • ^erMB ef 1 vi*

9« Vh«n • wtimmm of 1 n !• roseh^d^ tlovlr

im»— • fH—•«% cvrront vntil %h« ft2»ila«i b«flxu

to vWipOToto froH «h« rilHMat* O^oofvo Vio Olll*

of dopocltod AloainuB OS th« glatt tvbo ana whon it

roAOtMO %lM %of of th* tu^oy tlmt off fllMMst viarroiit.

This prooo4«ro rooultt In unifora oonduotlAf larorfl of

froM opproxiMitolr 10 to 16 ^%/mJ^ la tlUtflMosf.

Th« tiftffoolfcl—li asid im wkssf %wn %% tolutiontf

tflll intoratt vlth tho olvBloui furfaoo of tho touroo

typtiaj Mid frot.uontlj oauaos a dooroaao in ooVKting

•ffioi«i«r. In Moh oooot • thlB Uyor (It-SO n^H^
of fald pvod«oot a tid^iMo HMdwotlai wirfaoo. A

•UMtrd fy—wo tUio plnood at tho aaoo Tortlool

dlitUioo aboTo tha cTartoMMM filOBMnt as ttia aouroo

•ountlnf fllB and ooatod oi—Itaaoomly vlth tho ooiiroo

fllB pliPfidoa a Moaourocant of tho thloknaai of gold.

A pogjitottoo aaroti tho loAgth of tho tlido jaoaauriag

batvoon 90 aad MO oagolMa indloataa a thlatuiaaa of

fOSI »i»iHW 15 ani SO |lff/«i^*^^^

for tho ooaturamont of laotopoa haTlag 5 onorgloa

iraatar than I Mov^ olwttnB foil of 0,1 ail thioknaaa*

• Olhtoiaabla froai frank H. Caffin an^ Son, tt Kla Ct«^

Urdo Partly Kaaa*
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Miy b« uA«4 lmst«i«d of th% ••por«t«d iMtAlllt la/cr

vlth no dotoctabl* oountln^ lots* A flAO Aitt of

di«tiXl«d vator !• d«po»ito4 «& %h« pr«p«rod soure*

TiMg by !!• of an ordinary bulb typo atonlior. Tho

0«1 nil foil la than laid oTor tho oittanod aoiireo

riaf^ oarofullj bruahod flat vlth a fi»o oaaoXVa

^aIf brufKf and tbo ozsost triisod off vlth ttiaaors.

Jf tho ab«T« la oarafull/ porfo>rB9d tho foil ia than

iaftparabia frwi tho fouroo rlnf and aarX»dlon fila«

Vo tonduotinf layor no«d bo appliod to tho aouroo

Bountinf if a high dogroo of atauraoj ia not roquirod*

Vtiltootloci of tho notallio layor roaulta ia ••VBtXnf

lot tot of fros approjLlnatoly 1 poroont to 3 poroont

dopondiBf am tho naxlnmi p 9mmw$T •/ tho iaotopo uaod*

for oaMploy tho oboorrod oovotinf rato froa aoToral

Bon oonduatinf P^ aouroo • ia«roao«d by ' ^0,5 ^roont

vlth tho addition of oithor foil or oraporatod al

ooatinfa*

a«d ptpa

Tho boat nothad fouBd ao far •onaiata of adding
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&« V
k mhOI amaimt of atotoaitt^ « •oll^ldAl uud, to tht

pi9«tt«d dropa of ^wuro« toXution. Ih« •ouret loa«

aF« Ad0«rb«<l on Um BoAtooit* vtioh d^*e in a fairlj

unirora Iay«r of fino p*rtiel»i« Kiorose«pit ob»«r-

*%lott of tottroo* propsrod in ihif mAjai9T yltldt a

trplMl ilzt of I altron for tho iargott partiolot^

i.o., 0.1 m/w* for MiorlAl of ditioity l.^^^ Tho

la/or it Buob aora unifom if inataad of aiaplf

ollovinf tha tour00 to dry, an imfrarod laup ia uaod

to dooraaaa araporation tiAO*

Ufing tha highaat apooifie aetiTitf aourao natorlal

OTailabla to miniaiao aouroa aolid oontaat, a aolution

of fros 1 to 1*5 po/ml ia proparad. Thia ri9l6» ap*

prozlmata eounting rataa froa 55 k lO'^ to 8(*5 k XO'^

dpA par SWk of aatiTO matariaX, 8inoo tha raaoXrlng

tina of tho oouBtar ia approxinatoXjr :H> )*aaa, thia

ranga of setivitiaa Xiadta raaoXving tiso Xoaaoa to

^ 8 parcant*

In aoXutiona of aatariaXa of high apaeifia aotiTity,

aonaidarnbla loaioi aay ba causad by adaorption of thO

aotira oonatltuonta on tna waXXa of aontaining Tatiala

and pipattaa uaod in saaaurORont*' ' Thia affaot

raaulta in a dooraaao of aotiTitx In aoXution^ oopaoiaiXf
iuoci
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\f tmi

t99 9^rri.9T^fTm9 BAt^rlali. This l#«i •f aetlTltr u^j

hm r«(!ue«d by th« a ditlon of ixu-ttlT* isotop«t of th«

•«• eh«mle«l for« • •erri«ri prior to prttparrtion of

tho Botiroo •olvtioc* for oxuiplOf a tBall cucntlty of

KHj|PO^ if aMtf vlth toltrtWilt Of e«rrl«r-fi*o« P^ and

KI 1« ttfod with etrrlor-fr«t I^^^. Tho aftia of iarrior

vhieh Bt> ha adfl#d if 4«t«rBlA«d br th« pormlaiiblo

0U4 ttataat of the aolvtiMi b«t • atiirrbla ratio t«

aka •^••rptlan Mfligiila la ayyftl—fly 10^ isMtiTa

atoau Mr aativa atcau

Tha pfi of tha aatira —

I

trti— la valntaiaai to aa

to kaap tha aatlva atoaa in aolution* Far aaaa laetopaa

tha fOlmtiaA th—li ba aeiala vhila othara raqulra 4^^

baala talation. A ganaral r«I« vhiaH haa fav aaaaations

la ta pT9pmrm an aalAla aalntioc if tha aativa atoB la

%m tha aatlar and a baala aelutlae if it la In tha anion. ^^^

IB all aalatlaMi m9 aubatJ»nao aaaatf ta adjmat tha M
nat ba aolubla vha* aa«hlhail alth tha aativa aatarUl i

la T^mr ta ar<*Tant rr^aipltatiaa* -• ^^^'f^^r^

%iim Tha fallovlas fvaaadnra la raaaasiaiad for tha aataaX

99ur%% prapar. tiont • -<r-^** vf ^^ •^•ifl t-»-»^

a, WxprmMB t§k (O.Offt mX) 1 aatira r il^htaa

wm tha aantar af tha ft/I iaah dlaaMtar rataXlia aaata«

yarlaAias fila« Iha miaropipatta ahoola ua rinaad twica

s^4«^ wr.irafg» xjll«



f 5 m .v4 ^m .i.k».

-a 9m99

••fhMNHI

!1 Ci >!?^« «j(ffR

*i:fr>.v:i

»

.-t

{»)

«1 rwliS

M% til-:

Xa

;r .-,.:

'Ti{Kf<:iO

T'^r?*

fro



onto th« foureo ring in ord«r to rmmT9 all A«tlT«

Mftt«rial froB th« plMtt«* It bft» b«ttn •xp«rlM«nt«llj

d«t«rmiii«d thftt th* feilawlnf p«r««ntiic«t of aetiyo

BAi«rlAl ar* •ontainMl in rint«t of tJio M.p#tt«i

lat rinso — 3 por««nt of iAitlal eoat«ntt

lAi rijuo — 1 roroant of initial •ontatitt

yrd rinaa «• 0*6 pcre«fit Qf initial MStanta

iNlero^pattaaf' oaad in a^ort* pf<a^ratian MUt b«

calibrated wltli —wwj flii4« daviatioimof 1 partcnt

^ • V %^ , L^l^ JM PUMP

b« If fOTaral a«ux*cts rra to bo praparad at

a tUm, the Taarai trap arrar«fanaiit tlluatratad in

Fig* 7 ia iadispanaabla. Aft#r aasli ^urca (oonaittiAf

of ona pipatta iroli^a plua tvo rlnaea) ia axpraaaad^

tha pipatta mat b« tfaorovihlx tVaaaad a%d driad prior

to praparlAg tiM ndzt loxirea* Utlac tha Tatum trap

amBgawKit tha rlp^tte eui ba elaanad viti jo: luctlvf

carrlar solution follovad by flofhi^ vltk pura dlit^Uad

vatar and than driad by tha air ttraaa pnllad Ukra«gli

tha pipatta. Tha total aparatian of claaniaf and drying

raquirat lata than ) nimitas vith thia apparatua*

«• Ixpraaa lOX of Bantft&ita aolution (approxl*

nataly t0 sg Bantanita/rl h. *)} Into tha drop of sourca

* Obtalnikble iroa i^dlAtiozi Countar I^t«, 16-1 '•• list

St., ChlMfO, 111.
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2 TO MICRO -PIPETTE

I TO VACUUM PUMP

VACUUM TRAP ARRANGEMENT FOR

CLEANING AND DRYING PIPETTES

Figure T





•olution iircTiouftl/ fonMd* wmtmm^ ^f

d« flMnrovghly diftp«ri« th« Btatooitt in th«

Bour«« soluvion UAlai an air j«t wtm^HmmA fv«B an ara*

tmvif^r «hl«k baa b^Mi flama^-tfram *o m tXam •aplUary

i|Wtn»> A atvoas lljht faoilitatai Tiaual obaarration

of Xhm Biftini vhioli is Mnpl«ta KiMi tba Mitlr« drop

tates oa » olouO/ afpMWioa*

•• Zha praparaA 9omr— la iteA drlad uadar ^

Inat Xaap*

la ardar to ialniaa aalf^^iatwrptiaB loaaaa

IB tha aaaaavanflkt af aaft 9 Hurtialaa wmtwmm aava

ba takiK In praparatlon of tha thia aaaraa, mu oeiallj

if %aa iaotapa aolvtian ia a ahlarida w^ ah tanda ta

fans larga aryatala on praalpitation* Tha follovlni

prooadura, appliaabia to praparatlon of Co aooraaaj

la altaa as an —pU.W
a* Ofing Co af hlfli activity (appraslMataly

1 aufla/^HIi^j dlluta ta prapar oparatiai raafa using

radlatillad HCl. tte aolld aantant af iiKiUM Jifil

oftaa mxM9^9 tlM MftiA aaatit ot tkm aauraa aatarlal.

fha aarrlar aonaaTitr^tion ahauld ba of tha erdar of 3

g af Haily^11tar glTlng a total aollo contani la a Ml

allquat af 0«OTB t&g*



•M9To^ rt^v^iiyn^^q oolitrlo*

aolit»Tt««dr ' *^- '»^»^iil»*»^ *H»*,w ^i4io«#« A , ...:.y.•

teMi MJMi >«nttK» ••Xttj^vji^ ^ rui to itmmrummm 9di At

C to ^ObTQ »lflf ^O «r«t» fdT

iipiX«



to dr;iirsf 4f CoClg Im orJor to |Ot ri4 of tho BC1«

Thon 4dd A vFop of v»tKr to tho •apofaltttf matorlAl to

radltiol^f i; (/ CoCI«*

•• IB.« latroc t lA a baakar. ahould

ba tiaod to praeipit#<ta tha ccbalt %miah ahoul/l eorar

tha antlra arac of tha orlfin*! watar Iroy

fonljr.

(tafa (\) and (a) aboTa ahould ba doao in a daalo-

•4lfr vlth aoiluK h/droslda i^%C. te » Staiccant* A

Co aourat earafvUy praparad at o«tIi&od abora vlll

roduea talf*ab«oiTtlon to tha sIhIbvi Taloa kAc.n t%

bo obtaXiubla at this tUa,

0* fotAoi aU in AbaoXuta Countiac
»> T*a * ^

lorauilXy toxaa fiurcaa :r« prspax^l ta outliaod

la Saotion f tt^m oath oolutioa to ba oountad. CoAparlMa

of ootmtlar r^ttf of tht tbrat tovreos gir9B a loaturo

of tha praeiaion In s:..rca prepare tion. 1 :Ji a ilttla
tma



«ftT09 Marc ••8 ?j«.t •• ^s^w «cf
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« ' f

pr«etie« th« diff*r«ne« b«tv««i tetirevt do* to all

•rrort iii¥olT«d in pr«p«ration bat bt BalntciEi^d at

c 1 p«re«ct«

t. (pym^iyg pr—di»a>
Backgroand eeunti art takan bafora (and aftar

Xt aacatiary) aa«b rwtk by inaartlng • plain ahia ttaal

dlae In pl«oa of tha tourea* Tv* Maparlaon tasta ara

ada on all maafuTanantt atda vlth tha 4w aountar*

Jlyat, vlth aountar Toltaga flzad at 4300 Yoltt^ Inta*

grtl dlserlninator aurTai ara plottad for gain tattlnga

of lOilf 9%1, and 8il« Tha lattar tvo aattingi aath ?•

dasraaaa alaotronia gala by a faetor of approslaatalx 8

(figs. 8 and 9)« Sacondly, vlth alaotronle gain hald

MBAtant at lOtl^ Intagral dliarlalaator aurrtf ara

fXottad for aountar TolUgaa of 3900» 4100^ aid 4300

Tolta (Flgft. 10 and II) • If In both aatai tha dliorlal-

nator eurraa art flat orar a dlaerlmlnator rajaga of ^
10 Tolta (rig. is:), va aan aaa«Ma that all S partlolat

aaUttad Into tha aanaltlTa toIubo »T9 balng aauntad*

figivraa 9 and 11 vhleh ara typical of Co olaarl/ lndl->

•ata tha high pareantaga of collaatlon and aa/ ba

parad vlth nga» 8 and 10 vhleh ara trpleal of F^ •

Tha aathod of axtrapolatlon to datamlna tha trua
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iitinttp'ttiavi nW^tt iadie«t«d •& tli •unrtt. A ^^

twtthmr 6n«ek to TTitr proper of«ratlon is « Btatlttlcfl

•kEUlyfla of th« toimtixag rat«t for points oa th« <ii»->

•rxAiiuttor pl«t#ftu« Thm •an Trxu* Um* obtaiaod thonld

atf«« vitta in* txtraroljit^d tnw •otutlnf r»t««

Ob«« th« ^p»li«g« mat* •£ tli* 4i»«rlaiJMit#r plAt««u

hat Wan datarminau for a glTtn laotopo iht ooiuitlAf

proeo^oro it tlmrllfiad. loa Uiaorlmlnator aa/ thmo. bo

aot tt th# Bldpolttt of tha TOltaga plateav and vlth

aouBttr nit-^^^ .at ^t %^jO Vwl&b *i«»i^ a^ •lacux-yiu.tt gain

of lot If « florioa of ru&a ii sado* i vtatittloal analxtlt

of thato rvna la tha?i mda to Inttira that tha oomtar la

o^aiAdof proyoyiy aao tao ooBvrrwo *-"r*T-ig vaao la

4o%arai»o4 ^r too «oan TaXno thua obtained*

A.n elootTo&le ga-^a of lOil la okMOft at tho ooraal

oyaratii&i po4.ai.* At tblt Taluo xnm larfait pultai iju

tha touatar j«at orarurlTa tha Nodal 100 *apllfiar -ithout

Mttilat oouatlnc lottoa, aad tha Mlloat pulaoi aro

Ntfriolo&tlx largoT than rioiaa %m %• tetottablo ov ir a

uaoful dl»ori.ad.i«ator roata*

3. Corrootlon to oL«#rT«A CQuntini rata.

Aha aTorafo baokgroima la aubtracten iram. too

oaan Taluo of too Booaurod ooiBtlac rato^ to /laid K^



i.'^ xotfa«Aa.i-3,i>
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fCA^

9^ •«i««2 O^bjU
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MH

tnt "^t^^^wvbA eouatlAi r4kt«« For oouatUif r»t«« ^ 60^000

t^tft, it en Arror or j ^#tt«at it ^•••ptAbl^*

Anjf or «11 cf th« fol!a>..^£ c3t.Gcticr.& to./ ¥• kx.d9

V

iSBSTT ft ffi^eifSla^ r«.&olTln4 timm wi^lcr. ;p s L4a^ dttar*

aljMd to Va ApproAl&4tcl^ ^ l»f06«

a^untini. flL ,. It It if ^asirf^d U> BAkO thlt oorraetioOf

tk«i at tha tafto tl«a %h« oourca i^9». . ara ftrapftjp^tf^

coTor I^yart of pArlo^ilon fllvi of tha aana thiaicnaaa

thouli bo proporod on adurao riai;a ^olng t central

holo of X 3/e inoh 4iAJMt€r. Tho •oadmotlA^ fllA

•fs^por^tod q& thofto aoTor la/ara ohouIJ bo of t)io *. 4ao

tyiicknats ai tL«t da^friloj oa t^ rlA^ oor«tolxilx^ Uio

ootlTo oourca*

With tha *otl¥a oou-'^'^ '.n pltao obtJiin Rj^.^ tho

aotual ooyatini rate« TiMa iJMiPi tho iHtfllio rin^.
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wr*j

•artfully pise* tu« rlBf •oatainint th« eoy«f layar

dir^etly ov*r th« iourea to form a sane v. • kith

this aandvieh^A Bonr%9 in plat«» ag In naaaura M/^*

Tha paraantaga 4ifrara»a« in U^y aaA Bi^ slMuM ba

fttlt* «!••• %• tha trua aarraation for ahaorptioft 4im

to tha Bamtiiu riin.

A aliffhtlr siva aaturata dataftolaation of abaori^on

MAtlM fiia^'^^ !• «uata4 balofw for aoMplataaaaa.

nava baan aaaduata^ to dataraina tha

It of abMrytioa, if •nj, dua to tha flLa batvaaA

tha Bonr99 amA tha lavtr half or tha 4r aooitar* Tha

iMhar of partlelaa aotmtad hf tha top hair of tha

—imtar 9makm9f6 taparatalr vlll ha

l'^ -
-f^ By Cl - r )B^(b)] 0)

tf^ ia taa tnia aisiniasration r^%9 ot tha aouroa,

B« la tha paroantafa haafcaakttar.iAi fran tha rilo^ la

tha frttOtlonal ahaorptiaa la tha tx^i., and l^(h) is tha

fdj^aijaja iMMiilMMtot 4ua to tha vkIIs tM %m "^yttaa

ilft^ Vho MMfhaF of partiolas aouotad b/ tha oottoa

hair aooaaetad aapMiataly will ba
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«./ VJ

*froa •ywi«tr7 «oa»ld*ratioat \{t) By(b) B^,

^Thtt factor B. •an b« n«cl*«t«d wh«n th« filA It

t In uid of low ato&le nuBbor^ to that (1) boooaot

»wp • Tt C- ^ V <'>

la tho bot%«i ^Bi'f aialA AituBlac B^ « 0, oao obWlno

%•»%- - ^[(1 - O h] (4)

P«ttia« this la tho fom y ax b flroo

"With tho tbia filJM uB^or toaoidorotioc it ooa

bo oftuBOd that tho oboorptioa if dlrootl/ proportional

to tho film thlokaoaa* K«4uatioa (&) oan bo uaod to

dotormlAO tlM aboorptloc eorroetioa ftrapble&ll/* A

UNTO diroot mothod of dotoniaind t eaa bo dodueod

trm ti. O) tad (4). ,^ ,

»fp-»botto.-lP^«l- V- W
Tho actual oouatiaf rato obtonrod vith top aad bottoa

h^ot ooaaootod tofothor io
4Tua ai ^ ^

^ ** <d tbof

ao that (6) boooMi, U oao Iota ii^^ • Sottoa * ^
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!!:'-V^??f - fiSiT' <•)
'tb "bott«i "tb

and •ImllATly
i:Ul^3»

it^»- I; « ir^> »^^ • llll . lillMH - 1, * •* (HI' "tb

Tht «b»olut« eountiac rat# it th«n obt«ln*d by sob*

tittttinc (8) inf

• • r?*V- <»>

Thus by tAJOof thr«« dirf«r«it rMdlagt of tht

•oiir«« on a Infflt ttlm 1% is pottiblt to dtttrmia* tht

tbtorption by tht fllx. Thi« prvrtt txtrtntly uttful

for low ontygy 9 p«rticlti«*

: rmrrniiiM fnr itK-jfciirattii ti^ M§Mr

tht tourcaa prtpMMi art vtir tkiB tim rai vit

^U^ thi«m#l# for t abt^rptloa ia awtt Mit#rUl. .v^

SlAaa tNt r«tult«ct ttlf-abt^rptl^n and btektottttrlcr

oorrtatioxu urt jaall (utiull/ < I ptrctiit)^ approjii-

«»t# •tboda Bay ba «fa4 to ttiimta ttaaaa aarraationa.

Tb* aTar4ifa touroa thlaluiaaa ia ataip»ta< fros tba aearea

ayaa am4 tha known aaaa af natarlal aontainad tharaia*

Bair*abaarptiaa aay ba aatiaatad aa fellavai '
^'-
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(in ff^mr) — trfsswi^Bi

'•LA. z •«r»i« ••«r«« tki«im«ta (in pii/os )

th«n tta« tr«* a«tlTiW ^^ i« rsJUtad to th% ototarrad

•«tlTity Ij^ ^

i^ --^ I
(|)<»^t) dS

-H-t
J ** T*

* •

It^'.^ yrtr-

"t

If d«iir*4» aaflksaattoriai Mirraatiaat ba/ ^
4p»F«ilMt«4 froa Um r«suiu pnJblighmA br San/mlt.^'^

In th«i« eorraatloos it it atiuaad that whan th« aouro*

•vAtlac BAtarlal it •ry thiA^ ih« p«r#«iiiac« of Mtu*

rttloa b«tks«att«rlxig obtained la • itaiotion only of

ita tMeknaaa in tarma of absorption half tiiiajinaaa*

With toil aaavaiptlon^ th« ^uav&it data obtaiabod for

polyatyrana oan bo appliad to parlodioa by ^tm^ring

raXatira half tMaknaaaaa InvolTod.

Thors la alao a anall loaa for «3articii»a wnitll

traTal tranaToraaly throfugb tha film and ara absorbod
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hM

df this !••• oaa ^ aoAo ^ Miuiicitration of th« solid

an(l« idthin «bi«to p«Ttl«i«ft vlii tr*T«rs« onm half*

thittaMts of tiM fllA boforo •M«rclii«« ror F^ (a«siaaBC

• lulf iHiokMAB #f abovt ItO m$/m^ tnii ciTtt» for •

• ualfovH fiLi 0*05 ac/M^ thi«lri

vh«ro S n th« fSMtMA of MMrgsM Mrtieloi vbl«b '-^

tM99«f«0 « path "^ «&• hAlf-thleknoti of tho flla^ vhi«li

ii noglixlblo, ^OF Boftar ) por%i«lot, this fPf iotloa

AX bo Imrgo «n>ii|h to roquiiM iNMtfiioration.

I« ^mortont Cbop%«torlatiefl of 4r Ooimtop

Cemify toIIamo pjotoom btgins ot 3700 volttt

•lopo < O.e po^ont por 100 Toltt*

Countor voltagoi 4300 roltt

Cathodoi not voltf bolot' grovBi^ 000 Toltt

MppU^d \y botttrlot.

Contor vlrot and guard ringii laoo Tolts aboro

grouxid*
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^il||||^lli£ f^^v i^f XiJift' approslMit«lx S Mbbl«s/s«t

•«ttlnis)t

e©^ ?6 Toitt
^*^ 131l"^ 3C volti

H" BO Tolti

Co^^ ~ ^7 ^•'•:> r4u« to txi^h sol

'

1 «!nt
ft»li^ iijrution

of aTail«bl« Co •otlTity)
«•.« ^ UOtfL^^JU il#OnjrOA

X*''*^ :^ 98 pcroont

?•* :> 99 p«roont

ioooax .lUi^ t««li- »4 F^bt

IMf.

#• .UEK< xiL^^fl iirvgnoT 4«iocab iforgy iiooo«xaft

•«Btf mi' f<O«Mtl0fl Of

eatrtalii#tS la rmt^rpwrntf ms. 9^.
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rm PCIPTIiUTlOi Y-RAI

Th« •ouBtvr eontltts of •oditai iodli* thfllliai

• otlT«t*<3 errttal 4*9 ts 1b dlaB«t«r and f> tsr lone

veun%«d oa «A HCA tjpc 6619 rMbMmltlpIi«r tub«« in«

C»ln of th« llB#«r nKpliflAr \if*d it adjusted to that

th« tptetruB It alvtrs r«pr«t«nt«d ^ Toltafa pult«t of

ttmm to 100 Tolta. A ainglt ehanrol difftrontlal

p«l»o boifht moAlyfr, fod tor tho llnoor onpllfiory drlTot

a prtolaioa eouxitin^ r.w. ..«t«r oi rarlablo tlso conataLnt

and full-acalt tanaltirlty of froa COO to K),000 eoxmta

pmr iBtxto. Iho dlftrUalnfttor baso lla« it Tsriod ooa*

tlauoualy froa approziaatolj to 100 Tolta aad a vlndov

•f S Tolts it u««d for all obaorrationt* Calibrittl'Ni

rmt voro sado baforo md aftor obtaining oaeh tot of

data by uto of y^omittert of knovn on«rgy«
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MUt

A* D«8eription of RQuipKcnt
*>

cons' -J.ulX«r

vhieh eonUint i^lidlMC tvayt for a^euVAV* po»lfl<Mil«f

of tmiro* fciuS absorbor.

D* Ixt^rlaflntail T««hnlqu«

vxth a touro« lai«rt«U or* tU« lo< «r tr^y und«r th«

thlokn«6ii«f of ab»orb«7 •ontainad on tha uppar tra/«

* '^i*f-.oarlJ»bf loc. ial^ar Tul>^, v^ii.iov

thiekMaa S a«/«b^«

«Hi Tracarlaby Ino. lyoa U-3A Calibratad Abiorbara,

TraearUbf Inc. Nodal &C«90 ihialdad Manual laapla

Cbanfar*
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Counting procvdurt varied l«p«DdlQf upon th« thieknttt

of •bflorb«r« At high eountinc rattt^ th« iiinib«r of

eountf ptr 1 mlnut« int^rral vat r#««rd«d for at laait

throo iDtorraXi. At inttnaodlato tountlnf ratot^ thm

proflot sount faaturo of tha toalar was utlllaad and tha

tiJM raqulrad for lO^OOO •ounti vaa ratordad* At vary

low aountlnf rataa. a praaat aount of 4000 vaa uaad.

Tha tuba vas oparatad at tha Aid-point of Ita

Toltaga plataau to iniura aajUaai •tabilltx* In addition

a aat of fira atandardliad $ aslttart of knovn mimrgj

vaa parlodlaally oountad thua anabling tha aorraation of

obaarrad eottnting ratat for any ahangas in inatrxaant

aaoaitlTltr*

na)

C« Corraationj of Obaarrad Data

r ^ i.-. 4. ^

6thar than eorraatlng for ao\mtar •antitiTitx

fluatuatlona aantlonad aboTa, tha onl/ aorraetioa

raqulrad vma for ratolTlng tlma laaaaa« Thaaa eorraatlona

}i%T% aada by adding to tha obtarrad counting ratai tha

mmbar of loat tounta par minuta (fig* S)«

"lat
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It !• i«Q«rftlly «09«m4 th«t th« r«solTlQc tim« of

an lnfltr\»«nt It MSftant ft all tovatABf rattt cind

torr««tlont art uaually nad* for ratolTing tima lotsaai

by •*&• af •quation* darlT«d on tha baaia of tvo

C*n«Ml eouAtar typaai tha paralyaabla aatf tna non- j;.4«.«i

MVAlXtAbla* A datailad traataaat of thaaa two aaiai*

raaults in th« fallavin< a^uationai

n Ha*"^ (paralriabla typa) (1)

*^ n W(l - np) (non-p^Mlysablt typa) (r) *

H^io^ eountlai rttat bdth aquation (1) and ^IHltion (r)

raduca to -s-Urd ttr/- -u^__^ jtt«ruL

- n(l m) (3)

>^h»T^'^i WPi •r^ ratt^attl^ly tha t^^lim^dbii^lt
"^

aotmting ratat and p It tha ratolrlnc tina.

**^ In thlf axparinant It vat eontidarad nacattary at

tuba to eoixnt at Tarr hifh rata a ( ^ 60 »000 epft) batauaa

of tha potaibla praaanaa of thort-liTOd itotopat and tha

datlra to obtain eo&plata tat a of abtorption data at

quiekly at pottibia. It vat obriout that tha approxlmata

aquation (3) eould not ba utad and it vaa alao found that

* ETana, R. D.t Claaa Notaa for Couraa S.Sir, Chaptar 30«

r^^t^ fitntrfci
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tt«lth«r •quAtions (I) ncr ( > rrr>,.s>rl7 eorreot«<l th«

obt«rT*d oountli*! r»t«s if ft itttitaat r«tolTiAg !!•

vft» a««vp«d.

I

fm o^%MW> A ua»ful r«Iatloi; t)«tv««n coimtijic rftt«

and ratolTlng tlsim loesj tki« r«s>ons« of tbm iaatrv—nt

t# A ••ri«« of Btattdcrd tonrttAs of knouQ aetlrity vaa

—tufftd and a plot acit oX abaarraa Ta azpttotoa eouBtiaf

rata (fig* l)*^ Tvo raaixmaa curr^a ara ahavn^ ona for a

AA#«rlaliuHor aattlng of 4, tho AtlMr for a sotting of
I

••** Froil tA« oxmro for a dia^rlBiaator aotting of 4,

tha aattiag mo#d throughout tho azporiiMntf a plot of

lOiOt ooonta por Ainuta va obaarrod oowiting rata (fig* f)

I

voa praparod to fatllitata oorrootion of tho obaorrod

data*

To vorify tho aooizratr of thio proooduro^ aoraral

•oi^irooa v«r« aountod vith diaariKlnator aattinga of 4

and 6* Tbo folloving tabvlatioo of tho oounting ratoa

•bjorvod aad tho truo oouating ratoa tawjiitod froa tho

•p^loablo ourTO of fig. I, thovs that tk0 oottputod

Ti^Iuoa agrao within ozporisant«l orror thug indicating

thot oonaiatant corraotiona nay bo mado by thla Bothod*

^ trana^ H* D*i Claaa lotoa for Courao n,5ir^ Cluptar

30 « paga I6«

** Data of !• ftaavola, Phyaiea naaoaroh Lab«ratorr»

Maaaaohuaotts Gonoral Hoapitai, Hoaton, Haas*
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lObm MM
41360 38910
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iULMx^ PH9t fi

XMM 10700

M3aO 53900

110^000 109,000

ll«f«rrlAC to Fit* 1# It it •••a that n«ith«r r«tpo&««

•nrr* eoixi«ld«i vlth th« th«or«tleAl eurTti of •quatlont

(1) and ( ). It It Apparent that th« wmib%r of lost

••viit la stroofl/ d^pMUMit upon tha diacrlaliiatbn

l«Tal« Xba ra tulta obtalnad mmj b« •xplala^d b/ a

eonaidaration of tha pulaa haifht dlatribution aa a

fxmetlMi of tovntlnc rata** Thia ahova that a a tha

oountiat rata la Incraaaad, aamj mmU pulaaa ara

formad aad aona frsetion of thas« p«laaa is loat baoauaa

•f tha dl aariaioatioxi laral aad ttat baaauaa of tha daad

tiB« of tha tuba*

• McCallf R. €•! *Gaisar-Mullar Countars*, M.l.T*

'•§M Ra;^ort, 1953*
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ooo^toi ooo^oxx ooixe oost»

#toX lo tiCfffn Vif^ «;&ri;t i^iM»«A«M ! i^X i:!>a« (X)

nd ' ' «£ii JMfir ffl»lmwt»i> xXfiiMt* tX tintreo

•fit 8a $»ff^ tvocft ftlrlT «',t^«Y ixUtiiKr»» lo o^limuiX

•iajMl«d d««X «/. ef »t»^ lo iioX;^OftYl mbos bam bMnel

Ibavb ttf^ lo 98. i0A btuk X»v»i aoX^rcoiAlidtli^ •<ii !•

#•<»« •<» t« MBit
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Li«t of Plfurot

JbLL. liUA

1 Kohoutie dUgraa of tintiHoUon

•ountor 10

fl Oolnoldoiioo counter ••••biy ....•• 03

3 ftioiultlTlty dlotri¥utioa of oeinoidittl'

oountor ••••••••••• M
4 Coinoidoneo eoxmtor rooponoo turro • • • M
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APPBVDIZ IT

TBI COIKCIDIirCK COOIITB

A. Description

Thi« •culpM«nt oontltta of tvo thalllua aetlvftted

•odiuB l0did« •elntillatlon eounttrs eonr.eeted in

eolnold*nc« witl. «infl« ciianuei anc; coinciaciic* voalinf

eireuitt dririat atthanictl rogitt«rt« Th« trystalt

aro 1«B inehot ia diAaoter« 1 inch dtcp, and ar« mounted

•n RCA type MIf plMt«Bsltiplitr tub«s«

Thm eountart ar« oontained iu lead thialded heads

alone vitb th«lr e&thode follower tyoe DTeaBDllfiers

Bhmm eetaesMtieally in Pi(* !• xae tvo neaoi are aouated

on a Meehanleal teaoalAC derlce such that the tvo opposing

ervstals are eoaxlal an<t ara teoariited bv approzicrtelT

£7 ca« A eountia*' oraoket pert^ts pot^itioning of a source

equidistant froa the crystal faoes and collnear vlth their

eeaeen axis.

The eoineidenee circuit is of conTcntlonal deslen*

proTidlng both single channel and coincidence outputs which

• rvg. Ho« B->1547*A^ file 6^75, Laboratory for Kuclear

ftclenee, M.I.T., S8 April 1950.
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Fie* 1* Seh«afttl« aiagrwR of •ei»tiXl£tion eount^r*

Th« loeatlon of ttoiBi.pon«nti within tho l«Ad

ihiolilaf lMi«d It At l»dle£tt««
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Ar« f«d through linear 8B^lifl«r8* to ••parat* sealinf

aircultt^^, Thm •<;uipa«ut atteKblad for nomal u»m It

lllustrntad in rif. £•

B» ExparijMntal Ttchniqut

Th« •quipsMit is op«rat«d to thr.t th« iadiriduAl

ehainttflt r«citttr approxiatttly 'fcual eountlBf rtt«t

vhmn a touroa it at tha nld-point on tne axit batv««n

tha eountar haadt*

flgura 3 illuatrataii that eovntinf rataa pv only

tlightly affattad by M*ll dltplaeiantt of tha tourca

trmi itt tantral potition* To ainimixo arrort eautod bj

Tariatlon In oount^r tanaltivlty dua to othar aautat^ a

ttandard aa tourca Hat eoimt«d prior to aaoti asaAura-

«nt and tha eorraetion thut datarminad vat appliad to

tha obaarrad aountinf rf«ta.

Ill all aaturaaantc tha nxnbar of eountt par 1

Binxita intarral vat racordad, aaah obaarration inoludlng

at laatt thraa lataryalt for aingla ehannal aoiiiitt aai

tix intarralt for aoineidanea oountt* At la«tt lO^OOO

•antt vara inaludad in aach obtarration to intura a

aximm fraational ttandard daTiation of ^ 1 pareant*

« Atomie Inatruaant Co. Modal 804B Liaftar Aaplifiar.

— Atosia Inttnaant Co* Modal 1030 "eeala of 1000" Scalar.
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••vrtiaMi USA* •# vol^q ft*^Air«r6 a«i »««ufeji **
Att i>«iatos#«

^ l^liqqA %mr teahn»#*b toil^ M»ll9*n#9 Mft ham Sa^m

X %%^ t^fliroo lo ftimatsi •d^ t#a»«mn*«« XXa sil

BAtbirXsxxi irtol^BV7»«4!B /!•«• ^^•^•••ii •«« IgftmfiU •Suatm

ym %imf09 XMUUMit •1§aI% '9»'i wltcrtwtnl ••tM ^«a»X 1«

MOfOX tt««(X tA '^eo ••fWblMrXo* tol tX«f^»tiil xlt

ti5»"»^* - X ^ ic /loXtf ^^"'^ frV4&iii»4« Xj«a©XidA^l flciAlJi^ai
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Fig* km Coincidence ooxmter &.»&9mhly*

Th« 9<^uipm«nt Is shown a« a«»«).ibled for u«#

in BUBxming m^».»MTmxmnt8 at Haftsachusetts

udn^^al Hosj^itaX* th^ aeanaloi s^ad plotting

»«chajilsi&s aro eoxitaln^ In tha caatraX

saetion. ot tha pliotograph* Tlia oppoaing laad

shialdad oountar ime^dM aro Tlaibla to tlia

right of tha plotting board.
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Fig. J, Senalti^t/ dl^trib-utlon of ©oineldence

counter*

The Isonensitivlty curves &bout thd axis

lllu«ti'at« th« r9ry slight seniltivlty

srlatlon Tor small source dlsplac^amvx^ts Traa

the central position.
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C. Corrtetlon of Obffvrrvd Cauntlng K«t«t

Coincidence eountinf retct were eorrcetod by tub*

tr««tlai froB ttom obfeprca Taluec the chance coincidence

rate* Chsnee rctc vac eewyuted by aeenc oi the equation

^fhere H , K^^ ure tlie Im^ividual channel rate* and r la

the reaolTlnf tiue of the coineldenoe eirenit* Bf

•ountlnc an ecaentlally aonoenerc^tlc T*r^7 critter

positioaetf eff the axia of the cryitala, t vtf eoaputed

to be approxisait el/ 0»36 fiaee by uce ef the aboTc equation*

GovBter response •opearc to be linear for counting

rates up to 140,000 o^ en i Ingle channelc and 14^000

cpB for colncldcncea (^Ig. 4} • Conaeqxicntly ao eorrectiona

vere applied to the data for reeolTinc tine locacc.
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The lineasrlty of eopnting mte ir« jiourc«

•^rtttgth 1» •vldmt t9T both Aijrtgltt «h*jm9l
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WfttterB

An lnYe«tl6«tlon of tn

radionuclides of '^*^^®^^

J^to5nt of r.^rrM!^^^
15 Ver deuterone.

it . •'"E'!;^

lliedi Vfttters
20653

V27 An inrestlcatlon of the r?dio-
nuclidee of arsenic Todaced by-

cyclotron bombrrdnent of f:emr>zL-

iua with 15!'eT deutsrons.

M«*»i«r«y, C..

idU! bcbool




