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COUN'ER CAJJIBRATIOi<S IN THE H.1. METHQDS GROW 

IlTlROIIUCTION: 

One of the chief l imitat ions i n  the application of radiochemistry t o  

quant i ta t ive techniques, is the lack of accurate methods f o r  measuring the exact 

quan t i t i e s  of the radiat ions involved and then interpreting these measurements 

i n  terms of the amount of active material. 

t i ve  o r  with large uncertaint ies  i n  t h e  f i n a l  value with poor cross-checks be- 

t reen various laboratories. 

Measurements have been e i t h e r  rela- 

A considerable body of information has been pub- 
l i s h e d  i n  the l a s t  few years concerning the e f f e c t  of backscatter (2) (3) (41, 

self-absorption, (*) (6) anc' coincidence losses(7). The applications of these 

t4chniques and d a h  t o  any g v e n  prob!_en are sometimes diff icul t  pa r t i cu la r ly  

when a large number of d i f f e ren t  isotopes are measured Sy the same laboratory 

force. 

The &thoda Section of the Hsalth Instrumentls Development Division has 

been faced with the necescit;- of making measurements of most f i s s i o n  products 

and a large number of active isotopes produced by p i l e  i r radiat ion.  

i n a l  sample may be vegetation, water, filter psFer, oil, d i r t ,  or any of the 

other numerous nedia i n  which ac t ive  materials could be found. The f o l l o d n g  

work is the r e s u l t  or  studios ma6e during the past  two years with tho ultimate 

objective of providing methods f o r  measuring accurately the a c t i v i t y  of a "spike" 

solut lon which may then be used to evaluate the overal l  y i e ld  of the analysis,  

including the laboratory manipulations pad the counting eff ic iencies .  

The orig- 

This p a p -  is presented t o  describe the techniqws dcvel.oyed 2.nd some of 

the f a c t o r s  mbasured. 

and checks ketween rr.ethods arc included, 

Estimates of the accuracy available with these techniques, 

S#AMRY: 

Fara l l e l  p l a t e  pulse counters are used f o r  measuring thc alpha emission 

of samplcs. A geometry of 5s f o r  a point source is accepted f o r  these units. 
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A correction f a c t o r  of 0.9U is applied t o  a 1-1/2n sample spread by ordinary. 

laboratory techniques. Coincidence lossee have been determined a8 2$ per 1000 

counts per minute. 
2 Beta counting is carried out on end window counters u i t h  2-4.5 mg/a mica 

windowe 1-1/8n i n  diameter. 

are detailed. Methods t o  determine the various correction f a c t o r s  and tabular 

data are presented. 

Shielding and shelf arrangements for sample mounting 

Backscattef corrections for radio-isotopes of C, S, Go, I, 

RaE, Rh, CS, P, Ce, and P on various backing materials range from 5% t o  74%. 

Absorpt5on losses i n  the a i r  and window ere determined by extrapolation of an 

absorption curve. Tables of experimental slopes of the absorption curve for a 

number of isotopes enable such an extrapolation with no further measurements. 

Corrections for an eiAended source are mzde in terms of the pofnk source geom- 

etry by measuring the var ia t ion of geolpetry across the face of the tube and 

integrat ing over the area of the source. ' h e  measured variations i n  geometry 

f o r  points off the axis of the tub0 are Confirmed by theoret ical  calculations. 

The net geometry of the t u b  is calculated from the known disintegrat ion rate 

of the source and the measured correction f a c t o r s  for the beta counting, 

ment w e l l  within 5% on 16 beta counters is obtained between a Bureau of Standards 

cal ibrated RaE source and ROE sourCes proparad in this laboratory. Calculated 

Agree- 

, .  

geometry values do not agree with the measured values presumably due t o  a non- 

ac t ive  volume immediately inside of the flange supporting the counter window. 

Self-absorption CWBS for sever41 isotopes with most common p rec ip i t a t e s  are 

presented. 

when counted at various distances from the tube i s  resolved by self-absorption 

An apparent difference i n  tbe disintegration rate of a uranium chip - 
> considerations. Gamma corrections are determined, when required, by counting 

the sourcc through an aluminum absorber thicg enough t o  absorb a l l  beta part ic les .  

Coincidence l o s ses  are accepted as 0.29 per  1000 counts per milrfite. 
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EQUIPMENT : 

A. Alpha Countcrs 
d 

The alpha counting equipment consiats of p a r a l l e l  p l a t e  prilse counters 

known l o c a l l y  as the "standardn alpha counter. (8) Thc chamber is  mounted i n  

a brass tube 4" i n  diamtor and 13" long. 

door which opens a t  the b o t t o m  of the  chamber. 

v o l t s  is  applied t o  this electrode through a pin jack i n  the rear of the shell 

The lower electrode is  mounted on a 

A negative potent ia l  of loo0 

when the door is closed. The upper p l a t e  is  connected by a short  load t o  the 

gr id  of a preamplifier un i t  contained i n  tho brass shell .  This e n t i r e  unit  i s  

suspended on a rubber shock mount to lpinimiae microphonics. 

Thc pulse from tho preamplifier i s  fed t o  another amplifier with a gain of 

100,000 and then t o  a Wgginbotham Or Offner scaler. 

on the output of the a q d i f i e r  so that a r c  discharges, 115crophonics or Fower 

An oscilloscope is  provided 

pulses may be detected. The a q l i f i e r  I s  biasod so thet only alpha pulses. and no8 

tube noise cr beta pvlser3 are  passed t o  the scaler. 

E. Beta Counters 

Mica window GM tubs f i l l e d  t o  a pressure of ten cm. of mercury with 

alcohol-argon, fabr icated a t  Ihnford works by the Instrument Division a r t  used. 

The tube case i s  tro and one-half inches long, and one and ono-quartor inches 

outside diameter with B nice Kindon of 2 t o  4.5 mg/c& cemonted t o  a flange on 

the lower end of the cylinder. (9) The tube is mounted a t  the top of a set of 

aluminum shelves designed t o  hold sample mounting cards a t  known fixed distances 

from the counter face. (lo) (Fig. 1.) Tho distance from the flange carrying the 

mica window t o  the T i r s t  shelf i s  s e t  with a gauge a t  

tances from the window to o t h r  shelves are: 2nd shelf, 0.816; 3rd shelf, 1.u 

in;  4 th  shelf ,  2.066 in.; 5th shelf, 2.691 in. 

i n  a lead shield with two-inch walls t o  minimize background radiat ion from cosmic 

rays and a c t i v i t y  i n  thc counting room. 

quenched u n i t  feeding i n t o  a scale of 64. 

0.191 inches. The dis- 
II * 

h Tho e n t i r e  assembly i s  contained 

The counter is oprated as a sclf- 
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C. Counting Plates 

Sinca thc majority of the work involves low a c t i v i t y  densi t ies ,  if fs 

mccs~ary to use counting p l a t e s  on which r e l a t ive ly  lmgo volum@s ( s c V O ~ ~  

ml.) may bo evaporakd without the loss of too much t im. 

pork has been done v i t h  one-inch watch glasses, but thcse ere generally UnaetiS- 

factory bocause of thcir non-uniformity and the d i f f i c u l t y  of indexing tho act ive 

surface u i t h  rospcct t o  tho counter. 

0.005 inch t h i c k  stainless sttgol p la t a  as sketched i n  Fig. 2 is  usod. 

the advantage of alloming 3-4 ml. t o  be evaporated a t  onc time and is e a s i l y  

indexcd t o  a h o r n  position. Tho chiof diPficulty is tho tondoncy for matorial 

A small amount of 

A t  the present time a 1-1/2 inch diameter, 

It has 

to concentrate around tho cd& thus losing goomafry, par t i cu la r ly  i n  thc b o b  

counters. Ncn pls tcs ,  dcsigncd mith radiusod corers a t  tho bottom haw beon 

made available t o  niinircizc. t h i s  diff icul ty .  Two sizcs detai lcd i n  Fig, 3 arc 

being used; tbo 1-1/21' platc  fo r  o l p k  courlting and tho In plate for b o b .  

IV. A L P I i A C O U N T E :  

Thc f a c t o r s  involvcd i n  alpha counting arc: much simplor than those for bola 

counting. 

such as co inc idonco~~ossos ,  i s  i-rith sclf-absorption since c-von a smell smount of 

material on thc platc roil1 givc s ign i f i can t  lossos i n  a 2m 

An attempt i s  made to purify samples f o r  alpha maasurcment t o  the point where 

losses arc nogligiblo 

A, Geonetrr 

The chicf difficnlty,  othcr than tho= inhcront i n  the instrument 

solid angle counter. 

The geometry of thc alpha countor has been acccptcd as 52% f o r  thin 

Although most of tho samples a r o  mounted on samples mounted on platinum.(11) 

s t a i n l e s s  steel (0.m thick),  this valm f o r  the gcomctr7 has still b e n  used. 

Tho e f f r c t  of chcngcs in samplc diameter has h e n  invcstigated i n  two  ways: 

(1) by moving Q point source across the chamber pcdcstcll and counting at %ntcrmls, 

and (2)  by measuring al iquots  of the same solution i n  thc fmm of a small diameter 

8ource and as a source spad  over the area of a 1-1/2" plate. Tho point SOUTCO 
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i n  the first mothod consistad of' a small amount of plutonium spmnd ovor a dianrcter 

of 1/161@. This sourco was ccuntcd a t  3/i6n i n t e rva l s  acrosa the d i a m t c r  of the 

p d e s t a l  end the r e s u l t s  plotted os counting rate versus distancc from the cen- 

ter. 

l i n c  source. For a c i r cu la r  plane source, i t  is neccssary t o  account f o r  the fact 

t h a t  in an annular olemont of area 24T Fdr, near ths p r i p h c r y  thcrc  w i l l  be a 

lerger f r a c t i o n  of the u t w i a l  than for en annulus of equal width (dr) nom tho 

centcr asswing  unlforrn d i s t r ibu t ion  of the a c t i v i t y  ovcr the surfnco. This my 

(Fig. 4.) Thie  curve rc2rcmnts thc variation across the d i a m t e r  f o r  a 

be accounted f o r  grapkiically by integrat ing tho m a  under a p lo t  of t'ne product 

of the radius and the counting rate versus the radius 2nd comparing this area t o  

the area under thc s t r a igh t  l i no  t h a t  Kould result if  t k r o  wre no lose in count- 

ing rate a t  increased rafiii.' T h i s  mothod C S S U M ? ~  uniform d i s t r ibu t ion  of the act-  

ivity on the plate  and ;? s y m e t r i c a l  response of the counting ckvabGr along all 

diameters, 

f o r  a 1-7/8fl source. 

Such a procccim givos a value of 0.996 f o r  a 1 4 2 "  source and .925 

Those figures represent tho r a t i o  of tho numbcr of counts 

measured for a uniforrrily sprcac' source t o  thc number measured fo r  the some mount 

of a c t i v i t y  as a point soume i n  tho ccnter of thc chamber. 

Unfortunately i t  is espccia2ly d i f f i c n l t  t o  r ea l i ze  thc f irst  assumption of 

uniform spraad ahen a hrgc number of plntcs  are prepared by ova,coration, 

material tcnds to concentrato e r w d  thc corner bctween the bottom o f  t he  platc 

and the cdge, thus giving o Mghm loss than imuld be oxpoctcd from t'nc above rork. 

TV?O scrics of ten p!.atcs ncre prcparcd, one - 5 t h  th a c t i v i t y  collfined t o  thc con- 

The 

t e r  1/2" diemeter of t!ic platc and :he othcr 76th the a c t i v i t y  sprosd. by adc'lng 

the "spike" solutioii to t vo  ml. of Isleter and sprcacllng ovcr the plate.  

gave e r a t i o  of 0.913 with a conbinod standard dcvietion of 0.016. 

is representative 02 thc. technique of only one operator and mcy vary s l i g h t l y  from 

This t e s t  

This figure 

person t o  person depending upon thcir s k i l l  and the cam cxpcndcd upon thc sample. 

T b r e  a re  some indications that non-reproducible results on these u n i t s  may 

be due t o  differences i n  thc gGonctry of the chambor a t  the odgc of the pedestal, 
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Thus, o m  counter m y  h a  x!justd so  th.t ciily n small f r a c t i c n  of tk p a r t i c l c s  

originating ct thc edge of thc chamber w i l l  register v4ule another countcr may 

be adjusted so that  a l l  p l r t i c l e s  originating a t  the edge w i l l  register. This 

i s  ps r t i cu la r ly  true i f  the pulie height selector  and gain are adjusted v i t h  a 

smll source a t  tho  center of thc chmlrcr. 

ncrnnrments r d t h  a w i f o r m  sprcad sourcc or an annuler source t o  cmphosizc these 

idgo t f fnc t s .  

Prosent plans w e  t o  mnkci such control 

B. Coincidencc ksses 

Although most of the snm~les.measnred arc low lcvol ( lcss  than 25 d/m), 

occasional measurements et highcr l ovc l s  ha-re k e n  ncedod f o r  cal ibrat ion of 

sourcos, devclopmcnt of procoduros, ctc. 

due t o  coincidence (i.c. the e f f e c t  of trio pulses arr iving Ttithin tho dead tinc 

of tho counter) has Sccn quoted as 0.75% Fer thousmG comts pcr minuto. 

detcrminc. the w l u c  02 tl-xis loss 15th thc counters used, a series of small sources 

of plutonium cere preaared. Each source of sp-roxintitely 500 c/m, was Flacod i n  

a reproducible position e,'? tho pedestal and countcd fo: a t o t a l  of 50,000 counts. 

Tho sou'ccs ;'ere then cotlntod i n  groups of two, three,  four, etc., mti1 t h i r t e e n  

sourccs, aggeg?.ting about 6000 C/E xerc mmurcd, each locatcd a t  the same point 

Tho value of the loss i n  counting rat0 

To 

it had occupizd ahen countcd 

the relatlonship,  

i n  which, 

individually. (Fig. 5 )  The data thus obtained f ollo\i.s 

Y = X(1t.H) 

Y = trw count 

X = observcd count 

K = a constsnt (20 x IO&) 

The true count ? a s  taken t o  't-0 thG sum of thc, i n d i v i d u d  counts on the low 

counting BOUI.CC;S. 

On 3 percentage besi.5, thc coincidence losses  thus determined r q r c s e n t  2.02 
r i  

0.2% fo r  each 1000 c0un-L~ pcr siiiuto obscrvcd. 

d i r c c t l y  t o  obtain tho coincidence-corrected counting r a t e  f o r  this unit, 

lhe p l o t  i f l  Fig. 5 can be usod 
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TRUE COUNTS PER MINUTE 

CURVE A i  EXPERIMENTAL POINTS AND PLOT OF EOUATIONr 

TRUE ClM = 08s. CIH + K(0BS. C/MP K. 20.0 X 

CURVE Bs NO COINCIDENCE LOSS CURVE. 

FIG. 5. COINCIDENCE LOSS- STD. ALPHA CHAMBER (NO. 4) 



BETA CrlvNTING 

The use cf Gcipr  counters for beta counting reqdms exacting tech- 

niqm both i n  the proparttion of tho samplc and in t hc  moasuromcnt bccaUs0 of thc  

large number of f ac to r s  that w i l l  a f f ec t  the xxsults. Any program of cnubration 

must include the control and masyroment of values of correction f e c t o r s  for back- 

scatter, absorption i n  the mica window and air ebom the  source, changes i n  th 

geometry x i t h  sample d i a w t c r ,  solf-absorption, and ce r t a in  othcr f a c t o r s  of 

lesser inportanca. 

A, Backscatter 

The ,.lumber of FziVticlcs entering the counter from a source mounted on 

onc of the sholvcu is p a r t i a l l y  a function of thc n i m k r  of pa r t i c los  scottared 

from thc sawple j?iete an2 t h ~  s i d c s  of t hc  shield and sbl f  assombly. 

e s t  contribution arises fron tho snmplc mount i tself  and from m y  precipi ta te  on 

The great- 

the plate ,  

Thc amount of scettcr frm the platc, i s  ckpendent upon tho  cnmgy of tb 

primcry par t i c l e ,  u p n  thc atoiljic numbcr and thickness of the sample mount, and 

to som cxtcnt,  upon the  geometry of t lw counting since the scn t t a r  is  probably 

not  symwl.tricn1 and the probabili ty of small anglc scattcr i o  grcntcr t.hm for 

large anglc scat ter .  

Bsckscattcr corrections Tor various isotopcs nountcd on set.cml rnatcrials 

hzvc becn obtcincd by prcparifig point sources of t h e  cct ive isotopes on thin 

Formvar film and mesuring thc  counting r c to  Qd th  an6 vithout  50cking material. 

The assembly used f o r  this purposc is i l lustratcc? i n  Fig, 6 .  

Form= f i l r i  of t l l i c h c s s  of 0.3 t o  0.5 mg/cn?' is strctchcd t a u t  and ccmcnted 

over s f l a t  a1wnini.m ring. k sm11 droplct of act ive isotope with negligiblo 

carrier is ricyosihd a t  tbc centcr u:hcrc it is c? rc fu l ly  dried under an infra- 

red lamp, 

t o  f i t  thc groovc:s of tbc shclf posit ions i n  the counter. 

Tk hcldcr (Fig. 6) is of oluninum and is provided x i t h  s i d e  tongues 

d circulw recess  t o  



tala? thc alurdnum r ing  is turncd i n  the  uppcr surL"ece to a shouldcr Fhich is 

*thin 0.001" of thc  p l a e  of thc bottom of the side tongue. 

the r ing  is thus positioncd a t  the exact lcvel of thc shelf. 

bottom accommodates a threaded r ing,  the uppcr cnd of which is cowltorbored t o  

leave ~l shouldcr upon nhich can be inser tcd -crious backing matcrial discs.  A 

count is rnadc %ith no backing material, thcn thc backscatter disc of inkrest is 

inser tcd i n  the rhg and bro*xght ca re fu l ly  just  t o  tho sourco f i l m ,  and a second 

count made. 

The f i l m  side of 

Tho holc from the 

Thc r a t i o  of the second count t o  the first is thc backscattcr factor. 

Backscattcr from tho 0.3 t o  0*5 mg/cn? f i l m  i s  ncgligiblc as evidenced by 

the fu l l  hckscattcr curt-c of RaE on aluminum. Using the slow of tho initial 

portiotl of thc curve cnd extrapolating ovcr 0.5 mg/cm2 changes thc backscatter 

f ac to r  by less than 

Figure 7 l l l u s t r o t c s  tha curvc obtained whm n r i o u s  thickness of d d n U  

are uscd t o  back a RED-XS source o m r e d  with 3.13 mg/cm2 of collophanc t o  Cut 

out thc s o f t  bcta p2r t i c l c s  from RED and alphas from RaF, allowing tho masure- 

ment of only thc  1.17 bkv p.a-ticlc from RaE. This cul~vc denonstratcs the general 

r c lu t ionsh ip  betrmm thickness of backing material and backscatter; tho back- 

scatter reaching a saturation v d u c  z t  about onc-fifth tho range of the pa r t i c l e s  

i n  the substance. For cncrgies below 0.6 k v  the  amount of  t h i a  saturat ion back- 

scatter depends upon the energy, For emitters with cncrgy greator than 0.6 Mcv, 

the  backscattcr froE a givcn Icnterial of greator than scturat ion thickness i s  

p rac t i ca l ly  constant. 

arrangement t o  give mxinm backscnttcr. 

It is thus advisablc t o  makc all mcasuremcnts using an 

From Figure 7 the counting r a t c  from a sourcc nountcd on 8 t h i c h s s  

of aluminum su f f i c i cn t  t o  giv:: saturat ion is  1.29 t im.;s  the expected rate, 

the corrected rate would ke 1/1.29 o r  77,5% of the counting rata measured x i t h  

Thus . 
an aluminum backing. 

Several isotopes and several  materials have been investigated to determine 

The data  obtained are presented in  Table I. the backscatter correction factors. 

I f J 8 3 y J j  
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B. pbsorption i n  Air and Counter Window 

Since beta particles are emitted i n  a continuous spectmtm with a sig- 

n i f i can t  number at the low enorgy end of the spectrum, some of the electrons K i l l  

not h n v ~  s u f f j c i e n t  energy t o  pmtra te  the  windo:v t o  the sensi t ive v o l w  of the 

counter. 

d c n  window and Fill not be recorded. 

d i s i l i t e y a t i o n  rate of the source, the loss due t o  these two f ac to r s  2Jst 'se 

S t i l l  o thers  vi11 bc scattered out of the  d i r e c t  beam by the air o r  

If a true value is t o  be assigned to t h e  

measured. 

The first portion of a beta pa r t i c l e  absorption curve follows wry clos21y 

an exponential rclatioi?. 

versus absorber thicbess should give a straight line f o r  thbabsor ' ;ers ,  

Thus a p l o t  on semi-logarithmic paper of counting r a t e  

This 

curve may then bc exbapolated through the thickness equivalent t o  thc vindov 

and a i r  present. 

Unfortunately, thc slope of this l i n c  is dcpndent  upon the relative geomotrioE 

of the source, the counter, and the absortcr. 

is placed d i r e c t l y  upon the source, an increase i n  the counting r a t e  nay bc noted 

bccause of s c a t t e r  from yort ions of tlu: ebsorber ofitside of thc cone of rripry 

part ic les .  

s i x  than thc c i r c u l c  arcs. of the intersect ion of the absorbor and the conc of 

If, f o r  instance, a t k i n  absorter 

An i d e a l  absorpticn measuremcnt could use an z b s o r k r  no larger in 

primary ps r t i c los  entcring the counter. 

Hindov as possible e s sen t i a l ly  r c a l i a e s  the idoa l  position. 

the cxtremit ics  of the ebsorbcr cannot scatter bctas in+& the RincloiT, and losscs 

by s c a t t c r  are minimized. The s ca t to r  fron the mica rrinCorv i t s e l f  cnuld k; mor0 

Placing the e b s o r k r s  as ne= t o  +A 

I n  this posi t ion 

exactly cvnluetcd, s ime  ?-it11 tho 2.bsor'mrs clo.so t o  the :rindor<, they rill cffcc- 

t i v d y  a c t  as an incrcnsed vindov thickxss. Thatever placemnt  is mado t v i l l  be 

i n  e r r o r  to sonc cxtcnt +Jccausc of thc scat ter  occurring i n  thc air. 

course w i l l  be Eininiscd w i t h  the samnle on thc first sklf  kcause of thc small 

distence (0.191") bctwcon SOLTCC end rnndon. 

T h i s ,  of 

For sources supportcd on the S i r s t  shclf ,  absorbers arc  held c t  about 1/16" 
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from the windon. For t h c  other shelves, absorbcrs (ire placed cn the first shclf. 

The absorbors cons is t  of t h in  aluminum foils rounted on cardboard cmds  or  

aluminuc: frames. Foils of 2.2, 4.4, 6.0, 9.0, 14.0, 19.5, 34.0, and 39.0 mg/cm 

're available. The thicknesses uscd i n  such an extrapolation EM dopendent lmgcly 

upon the t o t a l  rango of tbc bote p c r t i c l c s  b i n g  mcasured. Thus : d t h  C u  p m t i c l e s  

(range = 25 mg/cm2) it would be unvise to c-ry the curve much fu r the r  than 10 

mg/crri2 while rrith RaE (range 

l i n c a r  sxtrapolat ion out t o  50-60 mg/c&. 

2 

0 0  mg/cm2) i t  should bo possible t o  obtcin n 

T h e  cqusticn f o r  such an oxponcntial CUFVC may be expressed as: 

NX -mx 
' No 

- e  

where N, i s  the counting r a k  as mcasurcd, No is thc extrapolated or  t rue  counting 

r a t e ,  EI is thc slope of t h e  c u ~ v e ,  and x is t!w thickncss of thc window and air. 

The slope may be obtaincd from tho absorption curve and the No mluo  calculated 

f o r  any ?&ndovi of I r i o m  and reasonably small thickness. 

A s e r i e s  of vctlues f o r  nmll as measured f o r  various isotopes is. given i n  

Table 2. 

It 7411 be noted t h a t  those coef f ic ien ts  do not necessar i ly  cor re la te  exac t ly  

with the pa r t i c l e  encrgy. 

thc low energy end 02 the spectrum a l lov i rg  v?riatims i n  the f r ac t ion  absorbed i n  

a t p i n  shicld. 

T h i s  i s  believod t o  be due t o  possible difference i n  

I n  using the valucs cf thc! absarpticn cocff ic iont  i t  is  convcnient t o  define 

a f ac to r ,  fa, which in equal t o 5  and which when nultiplicc! by the obscrvcd 

counting r a t e  vi11 givo thc  cxtrnpolzted or No' value. 
a 

Thus, 
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Table 2 

BETA M Y  AESoBipTION COEFFICIENTS IN ALUKU?UM 

HW-18258 

0.35 

1131 

RaE 

~- 

o.ol4.2 

.0186 

.- . 0193 

r 
0.0139 1 O.OU7 0 . 0165 1 0.0167 f 

I 
-4 

0.0226 0.0260 
i 

--'t- 
0.0283 

f 
0.0177 0 . 0194 0 . 0196 0.0216 

0.00923 I 
I 

0.00230 t- 0.00235 0.00700 

I 

-1 
- 

0.00923 -.- -. - 

I 

I 

0.00546 1 0.00652 

---- -4 

*Calculated from C o U  - absorption m e .  



The value f a  is  slnqrs grezter than one a d  prill vary r i t h  total nbsorbcr, 

x ,  betzeeri sourceand e.ctive volume of counter. 

The accuracy with which the No value may be obtained using the coefficients 

i n  Table 2 depend8 grca t ly  upon tho energy of the emit ter  and thc total cbsorber 

through which the extrapolation must be made. For energies of 0.6 lbv and highr 

the error  introduced i n t o  tho f ac to r  fa because of uncertainty i n  thc value of 

the absorption cooff ic ient  is  estimate?, t o  be s.55 f o r  each q/m2 of air- 

rdndow absorber. 

For l o m r  energies large errors m y  be introduced i n  tho f mlw because of a 
tho steepmss of thc absorption curves (high value of sbsorption c o e f f i c i m t )  

and because the absorber thickness through which cxtropolatinn is  mzdo bccomos 

an appreciable f r ac t ion  of thc total range. Effccts of sclf-abuorption teconc 

more promincnt. 

by the Development Group is discussed i n  I? later section. 

An cxamdc of this accuracy acbic-vod i n  the  mozsurchent of Cu 



-21- H1A-18258 

C. Smead of Source 

In preparing a source f o r  measurement it is not  always possible t o  place 

the a c t i v i t y  in an area nmU. enough so t h a t  it may be considered as a point source. 

In f ac t ,  f o r  mast routine measurements the sample is placed on 1-1/2" o r  1" diame-tor 

p l a t e  and counted w i t h i n  0.191" of a rindow l - l /Stt  in diameter. 

of l o s s  i n  counting rate simpls due t o  the change in solid angle from a point source 

in the center t o  the edge of the p la t e  i s  immediately apparent. This factor be- 

comes less important as t he  plate is moved away from the counter face. 

The p o s s i b i l i t i e s  

A correction f a c t o r  f o r  a uniformly spread c i r cu la r  source may be obtained by 

measuring the counting r a t e  of a poin t  source at various points  across the diameter 

of the tube, and in tegra t ing  the  r a t e s  a f t e r  they have been rreighted according t o  

the area represented by an annular r ing  at  t h a t  radius. 

accomplished by multiplying the individual comting r a t e  by t he  radius a t  which it 

was measured and p lo t t i ng  a curve of counts per minute times radius versus the  

radius. The area under t h i s  curve is then proportional t o  the total coun thg  rate 

expected f r o m  an extended source of radius equal t o  the  abscissa considered on the  

curve. 

presenting the  condition if no loss i n  collnting rate mere experienced. 

This may most e a s i l y  be 

This area may then be compared. to the area under the  s t r a i g h t  l i n e  re- 

Fieure 8 represents the r a t i o  of counting rates of point sources at various 

dis tances  f r o m  the center  of the tube t c  t he  counting rat6 on the axis. 

plotted are t heo re t i ca l  curves calculatcd from the gQometrica1 conditions by the 

method presented i n  appendix I. 

of three t o  six meaaurements on RES. 

times t he  radius versus the  rd iw a t  viliicll tho points w ~ r e  measured. 

Also 

The measured curves are the  r e s u l t  of t he  average 

Figure 9 presents a plot of counting rate 

The areas 

under the curves are measured with a planimeter out  to t he  radius of i n t e r e s t  and 

the  r a t i o s  between the two areas found. 

both sides of the  center are synmetrical within the  counting error of the indivi-  

In  general, the  two c u r v ~ s  obtained on 



Although it was preswnod that little if any difference mould be noted with 

different energyparticlea except in the  lo^ ranges nhere a smll difference i n  

ebsorptiori thicknoss would bc significant, curves were measurod for C', 1131, 

M3, and Ru106- Rh106. 

of the counting rates z t  the given radius that would be obtaincid for a point 

%e results from these four  sourcos oxprossod as fractions 

2.00" Dim 

0.39 
0.62 
0.76 
0.86 
0.91 

source of the S ~ Q  activity are given i n  Table 3. 

2.50" Diam. 

0.25 
0.36 
0.69 
0.69 
0.86 

Table 3 
RATIO aF SPREAD SOURCE COUNTIN G RATE TO POINT ,SOURCE 

COUWING RATE FOR EQUALLY ACTIVE SOURCES. fd,  

1131 
Shelf 0.50 Dim, 1.00 Diam. 1.50 Dim. 2.00 Diam. 2.50 Diam. 

1 0.95 0.83 0.60 Om 39 0.26 

3 0.97 0.91 0.85 0.77 0.68 
4 0.99 0.95 0.91 0.86 0.81 
5 1.00 0.96 0.92 0.89 0.86 

106 - &lo6 

2 0.96 0.87 0.82 0.67 0.54 

! 
Shelf 0.50 Dim 1.00 Diam 1.M) Diam. 2.00 Diam ?.50 Diam. 

.--. -- -- 
1 0.94 0.76 0.54 0.39 0.26 
2 0.93 0.88 0.79 0.66 0.54 
3 0.97 0.93 0.87 0.73 0.80 1 4 0.98 0.96 0.92 0.88 0.82 

0.95 

0.97 
0.99 
0.99 

0.96 

. 

0.84 
0.87 
0.94 
0.95 
0.97 

c14 - 
0.50 Diam 1.00 Dim 1.50 D i m  2.00 Dim 2.50 Diam. 

0.95 0.79 0.51 0.32 0.22 
0.93 0.84 0.68 0.53 0.41 
0.99 0.90 0 . 7 9  0.68 @.52 
0.99 0.93 0.86 0.77 0.68 
0.99 0.94 0.90 @. 83 Om 75 . 

-- 
RaE - 

shelf I0.50" Diam. 1 1.00'' Diam I 1.50" Diam 

0.59 
0.75 
0.86 
0.91 
0.94 

Shelf 

1 
2 
3 
4 
5 

I 0 8 3 -1 -1 
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Included also are datc  for various shelves t o  i l lustrate the expected docrease in 

importonce of this fzcto- chon extended sourcee 9pe placed a t  groator distances  

from the counter ninZov. The data appears t o  indicate  t h a t  f o r  wry s o f t  beta 

emittcrs such as $4, the factm is signif icant ly  d i f f e ren t  than vhen emit tors  

of higher energy such as the 1.17 ilev beta particles from Radium E are milsured. 

I n  general, the f ac to r s  as measured f o r  the Re.dium E source should bc applicable 

t o  moderclte encrgy materials. 

I). Geomctry 

The  geomctrj of a counter is r f ten loosely referred t o  as the r a t i o  of 

t he  counting rate t o  the d i s i n k g r o t i o n  m t e  of thc source, or t o  the number of 

beta p e r t i c l e s  cmittcd pcr clinute f ron  the source. T h i s  concspt is acceptable 

when samples of the semo type and s i ze ,  mounted i n  the same m m r  are k i n g  

counted. 

and actus1 geometry r ~ y  be lumpd i n t o  a single correction factor. 

isotopes mounted i n  v s i o u s  manners and counted on d i f f e rcn t  units arc being 

measured, onch of thesc: corrcction f a c t o r s  must be taken i n t o  account aoparztcly 

if the rcsults m e  t o  be ccrprred. I n  thfs work tb goomtry has been ccnsidered 

3s the rcrtio of  the col i3  cngle subtended by thc awrturc of the aonsitfvo volume 

I n  this case 3n overall correction f cc to r  including sca t t e r ,  absorption 

Tien d i f f e ren t  

of the tu& t o  the 4 g.*soUt? angle, i . i th  thc source a t  the origin. T h i s  h i s  beon 

obtained by correcting the counting r o t e  of n source of !no:m f i s in t cg rz t inn  rata 

f o r  a l l  .;*1orm factors  such as sc-tt,er, abSOrptiOn, etc., i n  the marnor already 

describee end rocorcling tk. m t i o  of thc ccrrectod counting r a t e  t o  thc dis inte-  

gration r a to  of tho sourco os the so l id  onglc corrcction, o r  energy-independent 

geometry. 

The cxsct exprcssion for  tb r ? t i o  of the s o l i d  angle fcrmcd by the in t c r -  

section of thc ccunix: vhZo:* 74th B spherc rith its center a t  thc 8curce znd on 

the =is zf the counter, an?. r x l u s  cqwl t n  thc distance from thc point aourcc t o  

the pcriphery of the rdndon, t o  the t o t a l  soli(’ mglc  about the point i s  givcn byr 



in which, 

which reduces to ,  

R = Radius of the sphere (distance from 
point  source t o  the periphery of the 
counter rdndow. ) 

h 5 Distance from thc source t o  tho rdndori. 

G t  ~Rlh 
2R 

or  i n  term of thc  radius  of the window, b, 

The value of G calculated using this equation is &=rally higher than the 

experimentally determined vdw when it is assumed the distance h i s  measured 

from the source to thc plane of the counter window. 

postulated a possible dead space extending three o r  four millimeters up i n t o  tbe 

tube away from the xtrido?: end have obtaincd agreement betwon their results and 

the calculated value by adjusting the distance, h. Since no values arc available 

upon the ac tua l  depth of dead space beyond the winc!..ou, nr? attempts have kcen made 

O t h e r  invest igstors  (u) have 

as yet t o  correlate  the calculated geomotry with the cbservcd goomctry. 

Geometry of the sots  i n  use hcs been obtained through masuremont of sowccs 

from RaD, RaE, RaF chriiil fn two manners: 

by the Bureau of Standards, consisting of a palladium coated s i l v e r  d i sc  upon vhich 

RaD has been electroplated, has been used as a primary standard; (2) sources pre- 

pared i n  this 15borctory by evaporating swill mounts of RRD, E, F solution on o 

very smell area i n  the center of an aluminum d h c  are counted d s i l y  es routine. 

control  scurces. 

(1) a source preparcd md cal ibrated 

These control sourc~ts  hsvc been cal ibrated by counting on the 

standard 529 genactry c l p h ~ ~  counter and correcting the counting rate for coincidenca 

losses. 

thc daughter, RaF(Po), whose alpha/ 

It vas also fcund t h a t  during evaporation of the l i qu id  a small amount of 

ere countcd in the alpha counter, was 
particle  0 

lost, thereby d c s t m y h g  the  equilibrium betveen RaD, E, F. 

exhibited an alpha build-up, and froin the monthly alpha counts made it has been 

possible t o  calculate the equilibrium RaF dis integrat ion rate which w i l l  eventually 

The sourcos ham 



be reached. The sources are covered with 3.1 mg/cn? of cellophane t o  sh ie ld  out 

the alpha pa r t i c l e s  f r o m  FtaF, and the very s o f t  RaD beta  p a r t i c l e s  (0.025 Mev) . 
The beta counting r a t e  of these sources is  corrected for absorption i n  the mica 

window as outlined i n  Section E, and f o r  backscatter from the  aluminum m m m t  

the f ec to r  1.29 given i n  Section IV-8. 

the s e t s  a re  given i n  Table 4. The Bureau of Standards source was corrected f o r  

backscatter by the f a c t o r  of 1.58 given f o r  s i l v e r  i n  Section A, and for absorp- 

tion 2n t h o  air and window. 

neceesary because of the spread of the a c t i v i t y  over a one-half inch diameter on 

these sources. 

accurata determinations with points masured each 1/16 of an inch across the dia- 

meter of the  counter. 

Standard sources are also given i n  Table 4 for comparison. 

The r e s u l t h g  geometries for several  of 

In addition a correction f ac to r  of 5.3% was found 

This f a c t o r  was determined by the  method given in Section C, making 

Tho values of the geometry obtained with the  Bureau of 
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The reasonably good agrooment betmen thcse two sets of date indicate  that E t  

l e a s t  the backscatter correctfoh r;hich r.e apply cannot be I n  e r r o r  by more than a 

f e w  percent. 

of the Stondare Alpha counters on which the control sources were calibrated. 

It a l so  serves t o  substonti3tc the value of 52% used for the g80motrp 

E. @If-AbsorDtioq 

Then a counting plate  i s  prepared from an analytical sample, a slgnifi= 

cant amount of residuc is usually obtained unless the sample is  80 act ive that only 

a small amount m y  be used. The mount  o f  this ros idw m y  ser iously affect the 

rcsults due t o  self-absorption of the p a r t i c l e s  en6 t o  some cxtent  t o  scatter of 

p a r t i c l e s  by the residue intc! the caunter. 

ab8orption is extremeljj complicated due t o  thc wide spectrum of the energy of the 

par t i c los  and this phenomenon is prac t i ca l ly  impossible t o  calculate from theoreti-  

c a l  data. 

The mechanism of beta scatter and beta 

I n  gcneral, correctinn foc to r s  ape obtained by preparing plotes v f t h  

known amounts of precipit i tec! carrier and knnm amounts of a c t i v i t y  an? obtaining 

empirical self-absorption curves. Other invest igators  haw published such curp08 

for numerous materials, (5,6, 12) but  i n  general it is f e l t  thct such correction 

f a c t o r s  should bc obkinecl with the przt icular  techniques and equipment b i n g  usod 

by the individual performing the rrork. Self-absorption curves f o r  several mater= 

i d s  are p lo t t ea  i n  Figures 10 nnd 11. Those curves .are plottod as f rnct ion of 

the n c t i v i t y  masured vcrsus the thlc’mtiss of precipi ta te  spread on a one and om- 

half inch s t a i n l e s s  steel plate  and counted on the first shelf. 

S 3 ,  C14, F C ~ ~ ,  md Cs55 are of pa r t i cu la r  i n t e r e s t  and importoncu baause of tho 

extremely large sclf-absorption encountered with these s o f t  bcta emitters. It i a  

of i n t e r e s t  t o  ncte a t  this point t h 3 t  the Cu c m s  obtained i n  this laboratory 

agree very closely vcith those c?bkini.d by Dr.. YanWch a t  the Unlvcrsity of Cal5- 

f ornia. (I2) One i n k r o s t i n g  phenomenon r4th o, soft k e t a  emitter such os $4 I s  the 

The curves for 

. 
ro l a t ivc  independence of thr counting r0.b on amount of mterial once 2 ce r t a in  

c r i t i c a l  thickness i s  reached, 2 Thus, x i t h  rorc than 25 t o  30 mg/cm of barium 



. 
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carbonate on the plate in the measurement of C u ,  the counting rate is p r o p o r t i o d  

t o  the specific a c t i v i t y  or curies per gram of tho material r a t h e r  than on the 

t o t a l  amount on the plate ,  The use of mica r indor  counters f o r  the measurement of 

Cu, $5, etc.  is perfectly ncceptablc when large amounts of a c t i v i t y  blpc present, 

It is  n e t  as sensitive 0s some of the other methods outlin9d i n  the literature 

(13, 14, 15), but can bc used acceptably i f  counting rates of 10 t o  20 counts per 

minute above background on 2 sample m y  be obtained. 

t i o n  correction f a c t o r  plus  the f a c t o r  far absorption i n  the dnc%rl and n i r  and fo r  

backscatter should b determined i n  order t o  obtain absolute valuea. 

I n  m y  case the self-nbsorp- 

An i n t e re s t ing  consequence of self-absorption vas obtained rhen a request t o  

calibrato a small uranium chip for use as B counting stan6zrd P ~ S  obtained. 

smll chip of urnriiwn metal weighing approximately lo0 mg was counted on the first 

and seconZ shelves and the  r o s u l t s  calculat&d t o  apparent d i s in t eg ra t i cns  per tnin- 

u t e  using the geometries obtained by the Radium D standards for those shelves. 

measurement on the Xrst shelf inclicated 4980 beta p a r t i c l e s  per ninute, while tho 

moasurernent on tho scconc! shelf inCicnted 6530 beta p a r t i c l e s  per minute. An experi- 

The 

The 

ment i n  which inactive cerium nitrate was adclcd t o  radio-ruthenium on a one and one- 

half inch s t a i n l e s s  steel plate  indicoted t h a t  t he  increase i n  cppsront Zisintegra- 

t i on  ra te  OR thc. second shelf was ac tua l ly  real and was probably duo t o  a self- 

absorption factor ,  

A qunli t2t ivc explenation of the effect, suggested by C. C. Gammertsfelder, 

involvcr! the Ciffcrcnces i n  path length i n  the material f o r  bcte p m t i c l c s  emerging 

from a small r e c t a n g l a r  chip a t  vnrious mglc-s. Thus thc pcrticles a r r iv ing  a t  

the cwnter  on tho first shelf i nc lu t e  those vhich come out at a grentor znglo t o  

the  norw.1 than those on thc secnnc! shelf. Tho effective path length i n  t hc  wan= 

ium i s  thus longer r e su l t i ng  i n  an Effective decrease i n  the measured ac t iv i ty .  

An attempt vas made t o  obtain a semi-qmntitctive measure of the e f f e c t  by cctlculn- 

ting the ebsorpticn f r o m  a RaE spectrum and data on the penetration of pmt ic l e s .  
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(See appendix 11). 

the first shelf, d 94$ on the socon6 shelf m s  obt?.inad. %en these values 

were applicd t o  the mesurornnt, mhcs of 7200 and 6960 beta pnr t i c l ee  per mi* 

A corroction factor of 69% f o r  absorption i n  the uranium on 

ute  were obtzined f o r  the first and second shelws reepectively. 

The above ox_nlancltion r.'cs given additional weight by the results of an OVA- 

m n t  :!herein a chipof uranium 0.173 mm thick was mountod on a support which could 

bo r o k t c d  about a horizontal axis. 

slit r e s  placed t o  allow only c IILUTOP: beam of rays d i r e c t l y  from. the center of 

the uranium chip t o  ontcr the counter window. 

Diroctly over the center of the source a 

This holc'er was placed on the aec= 

and shclf and the chip rotzted i n  s teps  of 10 degrees up to 70 demos and the 

counting rato determine? for each angle. 

was nultiplioc! by a constant nhich made the i n i t i a l  point f a l l  d i r e c t l y  on the 

Each value obtained i n  t M s  manner 

value for f r ac t ion  transmittoi! at  Oo ns developec? above. 

the counting rzte f e l l  off end a t  a rate in f a i r  agreement with tho calcul2tod 

values. Both the cclculntcd curvc ,and the masured curvc are given i n  Figure 12. 

As the nngle increased 

F. Hscellnneous 

For most of the routine pork no correction is mdo f o r  the contribution 

t o  the counting rzto caused by gamma radiation, because of the 1417 eff ic iency of 

the  p w t i c u l m  k p  of counters used. This i n  general means that the r a t e  f o r  

the routine sasples ??ill bo higher than the true rate and w i l l  therefore s e m  

2s 3 safety f i c t o r  i n  hcnlth neasurcrnents. For cc.ccurat0 Fork however, it i s  asc- 

cssary t o  obtain a ve.lue f o r  the beta radict icn only. 

plished by tho use of an aluminum 3bsorber of such thickncss as to allow conpleta 

absorption of the beta g - r t i c l c s  but  m i n i m u m  ZbSOrFtiOn of the g s m  photons. 

Thus chen Ceding  rrith 2 bch p - r t i c l e  of 1.5 Mcv sufficient aluminun would be 

in se r t ed  betmen the sarrplc Cml. the  source t o  cut  out the bote p x t i c l e s  and poe- 

sibly leove about 5-16 cxcess eluminum 3s I\ safeguard. 

scrted as close .IS pnssible t c J  the countcr sc as t? minimize scatter offccts .  Thc 

smcll ctintribution of secondary olectrons f ro r  the fzcc- 02 the shield is ignored 

This i s  generally accom- 

Those nbsorbcrs .ve in= 
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since it is f e l t  that this mount of radiation would involve a very smll e r r o r  

compared t o  the mgnitude of c r ro r s  i n  the cthcr f a c t o r s  such as absorption in 

the window, backscatter, etc. 

No specif ic  dotermin-.tion for the coincidence losses has boon made although 

this noul2 be possible by tho m n o  tochniquo described under thc a l p h  counting. 

I n  gcneral, a m.luc of 0.2% l o s s  per thousand as quoted i n  the l i t o r a t u r e ' f o r  

this type of counting equi.pmcnt hns been used. 

The greatest single f a c t o r  i n  causing errors md non-roproduciblo results in 

our counting hzs k e n  the spread of the n c t i d t y  on tho counting plato. The pletC8 

used have sharp corners c t  the cclges znd tho mstorial boing evaporated tends t o  

rtgglomeratc i n  thcso corncrs givlng a r ing  of a c t i v i t y  a t  tho outor circumference 

of the plito. Sinco t h i s  r i ng  of a c t i v i t y  is a t  a ccnsiderablo distance from the 

center of t he  tube the gconetry f o r  counting is  low and a lov value cornparod t o  the 

carrect icn f ?c to r  obtained i n  the secticln on spread of the sourco is obtained, 

Radioautographs of tho p l a t e s  prep?.rcd with small mounts of carrier me 

given i n  F'iguro 13. Sinco this i s  Q more or loss random c f f e c t  and dependent upon 

tho tochniquos used, tho temparc&n=o a t  which the evaporation is carr ied out, the 

mount  of c a r r i e r  present, etc., the values for 3. given series of p l a t e s  w i l l  

f l u c t u t s  over D much :rider range than vould b expected f r o m  sheer counting 

c h c e .  It has beon c5fficul.t t o  eliminste this i n  the past because of thc desir- 

abi l i ty  of hcving platcs on nhich several  milliliters of liquid m y  be evaponatod, 

Experimental p l a t e s  smller i n  dirmetcr with the corners curvet! so as t o  eliminate 

sharp bcdk z t  the circunforcnce of the p h t e  are now being used. 

that this w i l l  produce a large improvcnent since it w i l l  tcnd t o  eliminate the 

agglomeraticn a t  thc corner cnc! nil1 mako a smaller mea f o r  the counter t u b  

t o  view, 

It is believed 

3 R 8 3 -i  5 q 
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V. Discussion 

The cst imtec!  nccurzcy of thc cal ibrat icns  employed ore such t b n t  the f i n d  

evdu3tiCn for p. point, sourco v i t h  no self-absorption s h o d 5  bc within 25% of tho 

true value for noecrete energy emittors. 

lor encrgics (0.15 - 0.4 mv.) 

non-uniform spreading cn thc sample plntc.  

the cdgcs, the bulk of the m t c r i a l  is counted r.t a l o z  geometry. The usc of one 

inch p l n h s  fo r  bctc ccunting hns grea t ly  a s s i s t ea  i n  more uniform rcsults. 

The error m y  be slightly grcctor 8or 

Thc most scrious crrGrs are bclicvef! t o  be duo t o  

Since the solution conccntrrrtes around 

Thew c c l i b r z t i m a  -.rc used t o  o a t i m b  wtivi t ics  in samples by czlibr?.ting 

a solution of t hc  cctivlty t o  bc measurL6 me obtcir.ing thc ovr r? l l  yield of thc 

chemical and counting proctss by cinnlyzing a l iquc t s  cf this cnlibr?hd solut ion 

along v i t h  the s3nplcs. 

m y  bc obiaim? nnC cxprcsscc: cs c/m pcr nicrocuric i n  thc sonple, 

is  defined fcr this * c r k  c.s th- t  mount  of rntcric.1 t h n t  cciits 3.7 IC l& beta par- 

t i c l e s  pcr scconc?.) Gencmlly such sdut ions  m y  bo nctivc onough so t h a t  the ali- 

quot use2 can bc placed an 2. vcry sty.11 zrcc thus giving ossent inl ly  a point 

source vdth nr  self-zbsorption. 

Thus 3n ovcral l  v d u c  of tho chcnical mc' counting fields 
' (Microcurie 

Scvord chccks C,I? thc ccunting h-ve bccn mclc'.c by compcrison with other mothods 

and othir lcboratorios. 

pose crf stu2yicg thc C I i c F i s t r j  of ioc?inc gave the r c s u l t a  listcc! i n  T3blc 5(14) .  

.l compT.rison of 1-131 sourccs c ~ r r i a c !  out fo r  the pur- 
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The coincidence results Ere  corrected by c s t i m t c d  v a l w s  f n r  the difference 

betweon tk beta ray spcctrurs l i s t e d  by Kcrn, Mtchc l l ,  and Zafforano(ls) .and D 

simple ccsccde scham. Tho vacuum low gcomctry 

ted ct this laboratory t o  ollow the measurement of 2 well collimated bean of beta 

p - r t i c l c s  with o rrlco .Tin:’.on tube. 

i n  a l n t o r  roport. 

&vice is an instrumcnt construc- 

More d e t a i l s  of both methods w i l l  be issued 

One sample of C‘ was obtained from Dr. Hennig z t  Arganne Nctionol Laboratoly 

This sm.plc was calihratec! very carefully fnr use i n  a nensurcmcnt of the klf- 

l - i f ~  cf C‘. His valm w9.s (1.159.0l4) x 16 d/u;(16) tho valuo obtainod i n  this 
laboratory using mic?. ?rineorr counters r a s  (1.22~0.029) x 10 5 d/m, CL 6.1% d f -  

fcrence . 
These cross-checks wculcl scem t n  in&ic~te thzt  the v d u e s  quote?. i n  this 

r e p c r t  ZG roasrnabljr consistent v i t h  the truc values. 

t o  climinntc present srr.iL1 errors c?uo t o  i n s t rwrmt  p c c u l i z r i t i e s  cnc! t o  fur ther  

refino tho correction values prcscntod i n  this roport. 

Further work is p l m o d  
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APFENDIX I 

I. Cclculatian of Geometm f c r  Off-Centcr Smrce. 

The problem consis ts  of maswing the so l id  angle subtended by t h  counter 

f x c  end CI point. This m y  bc zccomplished by calculating the m a  subtended on 

o sphere of radius 08 (%e Figure 14) by the Figure OAB i 7here  AB is a projection 

of the countor Kindm on the XOZ plane with the source located a t  the origin,  0. 

Tho q u a t i o n  of the soliZ Figure BBO m y  be calculr,tcc? by considering that 

p l w s  paro l l e l  t o  thc XOP plane m i l l  cut  out c i rc los  of f i iffcrent radi i .  Thc 

radius of thc c i r c l e  is given by: 

O R  
2 h 

(1) 2 L. - 
'J'herc h is t hc  pcrpcndicul2.r height of the countcr foco above? the SOUTCC, 

z i s  the hcight of tho gener2.l circle cf rndius R', nnd R i s  the  radius of the 

counter. 
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The posit ion of thc contcr is given by the equqtion of the l i n o  EO. 

(2) f = - h x 
b 

'?here b i s  thc  Cisplcccnont of the source ( a t  or igin)  from the center of 

tho countcr window. 

Thus the equation of thc surfme is: 

(3)  (x -b SI2 + 9 = R2 22 
h h2 

If thc length of tho l i n e  A0 is represented r, tho oquation of a spbro 

with or igin a t  tho contcr through the  point Q is: 

( 4 )  x2 + p2 + z2 = r2 

Eliminating y bctwecn oqmtions (3) and ( 4 )  t o  obtain the t raco i n  the XOZ 

plane : 
( 5 )  z2( bz -A - 1) - 2b z x + ? =  0 h2 h2 h 

Thc mop. of intcrscct ion is then given by: 

!?here tho limits a and b m e  obtained from the t r m o  i n  the XOZ plnne. 

Solving equation ( 5 )  for z: 

(7) e bx -- 
L 

%re K = r2(@ - ~2 -13) 

L =  K 
r2h 

T h i s  exprcssicn vi11 givc the 1.or.m l i m i t s  for e on the i n t c g r a t i r n  when the 

negative s ign i s  used. 

projected on the X O Z  plane by thc sphorc. 

The uppcr liriit is given by thc equation of the c i r c l e  

The limits fo r  x arc  cbtr5ncC by simnltmeous solution of thc equation of 

the trnco of tho sphcrc i n  thc XOZ plnne and thc equation o f  the l i n e  from the 

origin ts the e6ge ci' tho counter, OB. 
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r dzdx 

ci 
b - r  J b x * G c T '  L 

Since this cxprossion i o  2 i f f i c u l t  t o  i n t c g r c t c ,  it w.s rkx ic?eZ t t ?  solvo 

for the points of intcrcst  by gr?.phic:!l mcthds. 

Tnblc 6. 

Tho integrat ion i s  sunmet! i n  
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-.. 

Ratio 

--. 
0.997 

0.639 

0.158 

0.038 

0.922 

0.758 

0.546 

0.375 

0.980 

9.869 

0.726 

0.589 

0.965 

0.962 

0.885 

0.833 - 
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S9LUTION OF E( 

Area of 

. .- 

nterseotion 

- 
0.5354 

1.441" 

2.691 

- 

Ialoulated 
Geometry 

- 
0.3176 

0.2168 

0.0536 

0.0128 

0.0814 

0.0669 

0.0482 

0.0331 

0.0336 

0.0298 

0.0249 

0.0202 

0.0102 

0.01018 

O.OCN36 

0.00981 

1.00 

0.25 

0.50 

0.75 

1.00 

0.25 

0.50 

0.75 

1.00 

Calculated 
eometry for 
't. Source in 
enter 

lotal Area 
' sphere 

1 

0.816" 

0.1100 

0.0483 

0.0367 

0.7814 

0.5632 

0.4250 

0.3562 

0.8190 

0.7800 

0.6612 

0.5762 

0.9122 

0.9270 

0.8556 

0.8234 

0.75 

1.00 

0.25 

0.50 

0.75 

Table 6 

,TION FOR COUNTER G E Q e B -  

1.686 

0.5076 

0.9003 

2.864 

9.595 

8.417 

8.809 

10.77 

27-32 

263 14 

36.54 

28.50 

92.23 

91.05 

91.44 

93.40 

0.339 

0.0883 

0.0343 

0.0106 



pPENDIx 11 
CirLCULLTION OF THE ZFF?3CT OF_LWSOTROPIC D I S T R I B Q I O N  OF BET& 

PARTICLES FROM A WR’JIUM CHIP ON THE ?,FP.‘JlENT DISINTEGRATION RATE 

A graphical analyt ical  method can be used t o  reconcilo tho apparent discmp- 

oncy bctmon thc bcta p - r t i c lo  omission ratc frcm a uranium chip ?.stormined by 

counting tho chip unc?.or tno a i f f c r c n t  gemetr ies .  The 

t o  be cxplained i s  th?t tho  emission rate as oalculatod from sccrznd shclf  counting 

cxperimentnl observation 

ratc i s  m k c 8 l y  highcr than that calculr?toi! from counting thc sane source on tho 

first shclf, assuming t h z t  s c l f  absorp t im lossos arc o q m l  n t  both gconetrios. 

J\SSU~C :: chip of smill mea cnc‘, n thicknoss of 0.3 mm. Calcu1:te the equiv- 

olcnt  path longths i n  ?.ir of the p-?ths of p a r t i c l e s  from points within the chip 

t o  the surface of tho chip moving a t  angles 9, 02, 03, e t c . ,  from tho normal. 

T h i s  i s  ?one f o r  points c t  varioua distances, lltlt, belon the SuPf?,CQ, See Fig. 15. 

. -- 

I ”  

I Fig. 15 

Using t h i s  c?p.tc f o r  tho equivalent a i r  t3istnnco t r n v e r s d  by pzr t i c los  i n  

escnpimg from thc umniu chip, c corresponding cncrgy cc.n b cssigncd t o  each 

path length which vi11 bc thc bch  cncrgy rcquirc2. t.r l u s t  trc.vcrse this c?istmce 

i n  uranium. 

similar t c  t h z t  of b3, the f r cc t ion  of betas h-ving in encrgy g ro l t c r  t h m  that 

rcquircc! t%) j u s t  gct through the chip  along m m g l c  8, an6 from Q point am 

b l o w  thk sur fxe  c2.n bc cnlculcted. 

hssur5ng tht tho cnorgy P i s t r i h i t i c n  curve fcr uraniun betcs i s  

;I table or p n p h  c m  thcn bo prepmcd 



relating the fraction of beta particles transmitted a t  

of assumed depths below the surface. Tcble 7 presents 

various angles for a series 

data obtained to a depth of 

0.12 lm. 

A plot i s  then made of fraction transmitted versus depth below the surface 

1.00 

0.8 

Deptll Below Surface - x u  

Fig. 16 Calculated Fraction of Hard Betas 
Trmsnitted Thru Uranium Metal 



t 

I I I I 

I I 
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The averegc f r a c t i m  trznsnittec! along a. given cngle is determined by maaur= 

ing the we:: unclcr thu curve for tho given angle, 3nd dividing by the m a x i m  

abscissa or interccpt. The actual vclucs founZ ?re shorn schemticelly i n  Fig. 17. 

I Fig. 17 

Tho avcrnge f r a c t i m  trcnsmittod is mightod according t o  the mea of the 

window nhich w i l l  ~ S C C "  this f r x t i o n  by multiplying each such fraction by the 

radius a t  nhich thc rcy cntGrs thc window. This vdue i s  plotted against tho 

5.0 

2.5 

0 

0 10 rn 
Rccl j r n  us at Countcr Uindoa 

Fig. 18Wcightod Vcric.tion of Fraction Trnnsnittcd 

15 mm 



If the beta radiat ion were isotropic ,  this p l o t  should give a s t r a i g h t  line 

passing througb the o r i g i n  with a slope determined lq the  f rac t ion  transmitted 

along the normal (OO) l ine .  Since greater and greater losses are experienced with 

mom obtuse path angles, the actual  curvo falls below the i so t ropic  curve. The 

r a t i o  of the area under the actual  curve t o  that under the straight line is a 

measure of the r e l a t ive  f rac t ion  of beta pa r t i c l e s  arriving a t  tho window. 

As can be 86812, for  the second shelf  this departure is much less than f o r  the 

first shelf ,  since when the  source is counted on the first shelf ,  8 large f rac t ion  

of the  betas are l o s t  in t ravel ing through the  longer paths a t  obtuse angles. The 

actual  departure for the sample assumed by this dovelopment is 6% on the second 

shelf ,  and 31% on the second. 

In effect ,  t o  normalize, o r  put both counts on a comparable basis, the count 

of a small thick chip of uranium on the second shelf  should be divided by 0.94 and 

the  Count on t h o  first shelf  by 0.69. 

brought the  omission rcte as calculated from first and second shelf counts into 

f a i r  agreoment. 

In  the case axamined these corrections 

It is obvious t h a t  this analysis can give but a roughly quant i ta t ive measure 

of the e f f ec t  since several qwilifying assumptions have been required, such as the 

shape of the beta spectrum for uranium. However it does confirm the concept that 

the  geometry m y  play-an important pa r t  in the  se l f  absorption correction fac tor  

for thick samples, and t h a t  the counting and mounting arrangement us& when a self 

absorption curve is  taken must be followed exactly i f  the correction fac tor  is t o  

be valid. 
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The correction f ac to r s  presented i n  the t e x t  are applied t o  the  observed coun- 

t i n g  r a t e  ir, the  following manner. 

In  which, 

d/m = 

c/m = 

f a  = 

G =  

fd 

%.s. = 

fs.8. = 

disintegrat ions per minute 

observed counting r a t e  

&-window absorption factor a s  defined in text. 

point source geometry 

sample diameter f ac to r  

backscatter f ac to r  

s e l f  absorption f ac to r  read from graph r e l a t i n g  r e l a t ive  

counting rate t o  weight of residue on plate .  

primarily f o r  s o f t  beta emitters. 

Used 

I n  evaluating an ana ly t i ca l  procedure f o r  low l e v e l  beta a c t i v i t y  the  follow- 

ing procedure is usod. A solution is prepared containing a t r a c e r  quant i ty  of the 
isotope f o r  which analysis  is t o  be made. 

par ing al iquots  f o r  counting by del iver ing 50h o r  loo>. t o  the center of a p l a t e  of 

t h e  type t o  be used in t he  analysis. The al iquot  is allowed to  dry essont ia l ly  as 

a poin t  source with no self absorption. From the  counting r a t e  and using the fac- 

t o r s  as described the  dis integrat ion rate of the "spike* can be calculated without 

t he  complication of non uniform spreading since the sample diameter correction be- 

comes 1.00. The same al iquot  is then used to nspiketl blsnk samples, and the chem- 

i c a l  extract ion and prec ip i ta t ions  performed exactly as w i t h  the unknown samples. 

The r a t i o  of tho c/m t o  the d/m of the al iquot  of the spike is then ussd as an over- 

This solut ion i s  standardized by pre- 

a l l  y i e l d  f ac to r  t o  a r r ive  a t  the d is in tegra t ion  r a t e  of the  unknown. This y ie ld  

f a c t o r  includes e f f e c t s  due t o  manipulation o r  chemical losses  a s  well as the e f f ec t s  

of spreading and self absorption. 
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