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in emulsion sensitivity, arid ~ u m 0  tS the emmB fma_fed i n  measurement, 

it is possible that a part of It e o d d  be aceounfad f o r  by a ohange i n  

the constituents (especially N and E cantent) of the enulsrion i tself .  

Tfte more recent NTA type emulsions have been more W o r m ,  and approxSmate 

the most sensitive af the emuleion batohea tested. 

efficiency, the theorekieal excpectancy was recalculated OM the basis of 

the rnoert m o m %  emulsbn ana3ysis available. 

J, Spenar2 O f  EBstjnan #ad& Oompaq, Thia smXrs5s shnwe a sjilver ha&ida 

oanZIsnt of 824- $ whSeb is ~absrb ly  88 high aa it I s  practica3. Bo jpe 

Consequently, any FzxrZ;her moW%satfonrs w i l l  probably be minor OnOaa 

i w a l y ~ i 8  appms in Table Z belowe 

In order t o  e8tb&@ 

This was obtained from 

The 

0*97 33.0 0*9? 

9.47 1.62 8.26 1.62 

2,68 r .43 3*3? 

3399 

i H '  

R 

0 , -  

0,50 z098 0,50 

. i o 8 0  0069 7.02 1.03 

Specific gravity of the e a s i o n  is given as 3.e o 24%, 
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I n  calculat ing the e x p e ~ t a n ~ y  of tracks due to thermal neutrons 

by t h e  N’4.(n9p)C’d;. react ion,  only the  nitrogen content of the emulsion 

is significant, 

given for dry enaulsi:m, 

It is, %herdore, simpler t o  use the portion of the analysis 

Nit~ogen atom density is then given by: 

- S u e  ,z Fa r a t i o  x Avoga&o,*s No, x thickness x area 
Atomic w e i g h t  of? nikogen  % * -  

or nwnerically: 

neutrons, and 

n l a  the thermal neutmn exposare for one wee&*rs tolerance 3 ~ 

Numerically: 

pEJ 2,00 lcf9 I,? 1 8 4  10 8 

2 - * 2,21 x 1.04 ppotons (of O,O~ uev)/cna e 

There 2s a eorrectfsn r e q e e d  to @ompensate for protons which 

form near each surface arid escape from %e emulsfon without having been 

recorded, This is not  the s m e  f o r  d3. e:nuls5ms, Barge i n  nuclear par t ic le  



0f El which comprises 4 to E 

s l lva r  grains, 

are of but 3 to L m-afns and have a length of approximately y e  It is 

reasonable t o  asstme %bat these mains are sensitized at the end of t h e  

ranee where the ionization densfty is higher, Where %e complete range 

gives a 6 ta 8 grain track %he f S s s t  half of the path pmduces tt recogn1r;able 

track of 3 p a i n s ,  Consequently, the layer of prcbable loss is reduced, 

Lossesmmge from 5 to l.Q$* 

ties range from 2 , ~  to 1~99 x 104 track/m Di 

In the least sens i t ive  exulsions oveT %$ of tracks noted 

Making these earrectians, expected track de-3- 

2 

From the sensfti-vi'riy figures &yen above, 3e01 x 105 nth/track 

for a vieekos t o l emee  exposwe, an efE9eieney 

3.0,5$ and .L4 x I& n.th/traak give I..@ x lob tr/m 2 for the same expomre, 

8n efficiency of' 72$, 

The expechnqy of N-reeeSI jxroton tsmka from fast  neut~ons 

requires a sfmflar but more %n&fcate eafculation, The f lux aamprfsing a 

weekgs toleranee sf O,, lC rep 3 is es t imted  from 8 Vietween r-metes reading, 

neutrons per rep at varloiis energies gfven by C, C. Gamertsfelder 5 

the fission neutron energy spsct;rum4, and eonversion factors  of numbers of 

B-atom 

6 

density e m  be taken Pmm Table Is but the variable scatter cross-section 

of hy&ogen for d5.PTe?rent energies of f as t  neutrons m u s t  be coneidesed, 

The measurement of fast  neutron fluxes 2n the '}fast ca3pV1 was done 

by means of Tictoreen y-meters x i th  190 T chmbem, the discharge of the meters 

bsLng rizeasured i n  arbitrxq n-units, The n-mxit W ~ B  estimated by Bebemold 

and Anslow to be p e a t e r  than 2,i) rep7, and lnembess of $ha Biology Divisfon 6 

Z,5 rep, A previcus estimate 

on the basis of the assumption 



fast neutrons of fission energies, ?%a conversion was made on t h e  bas& 

7 

fast neutrons of fission energies, ?%a conversion was made on t h e  bas& of!" 

arbftrasy number of neut;L.sns whose energfes a ~ e  dfs-tsbibuted according t o  

the Eiss5on speetrwn/i, dT~Ld5.ng the fmctiion o f  t he  total in each energy 

intsrament, say 0,P !.fev9 by t h e  nuuzbe~ o f  neutrons pes r ep  corresponding 

to each fncrexlent, and calculating .the number of" rep repesentsct by this 

7 

Of 



for dry emulsion, 

representative of average conditlom f o r  pemonnel exposure at t h i s  location, 

H-atorn densfty fs 26% p e a t m  t h m  f a r  dry emul.sfon, or L35 x 

The poton demit7 is then determined by the follawiw rEl%t i .onz :  

?be value far 2,- HzO content (Table I] w0uld be more 

2 H-atorns/cm 

where TH is the p r a t m  density clue to H seeofis, 

% fs the H-atom demj.ty found above, 

is  t he  scatter cross-section f o r  hy6mgen, and FSH 
n is the  fast  neutron flux, 

As csn is a fmctfnn of neutron en59 .g~~  a goad arproximatfon e m  be reached 

bY 

fosg the fraction of t o t a l  flux Pn each energy increment, and totalling, 

2% increments of energy, as abme, and calculating H-atom collisions 

3 These operations g i ~ e  a t o t a l  of J,bS x 10 4 eollisfons/em" f o r  one tveekos 

toferaREe exposure3 bf 3,LJ x 107 on~l of fission energy- dis t r ibut ion 

protons a r e  counted whlch prod recognizable tracks; foea, those having 

energy greater t h a n  0025 &v, 

e o l l i s f o n  being above t h i s  mi 

e probab i l i t y  of a rrcton formed bj any 

energy was calculated by the formua: 
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f i l m s  are clemsd with xylene.and tissue papper, and stored, 

slide does not require xemoval from the stage except when cleaning is 

neces s a q  

The glass 
* 

-I Latent Image f n s t a b i l i t j  

I n  1946 PagodaSf described the fading of l a t en t  Images i n  a p h a  

emulsions in terms of densiLorneter readings, 

t o  evaluate the consequence of t h i s  phenomenon OM personnel mo&.toring 

methods, 

doses, 

evaluation of neutron exposwes at, tolerance levels was the assmrtfon 

t h a t  n track @aunt a f t e ~  exposure for a seasonable bengfh of time would 

be a measure of the Integrated dose for the  period, 

t ies f o r  some of the emlier batches of' emulsion atwe less than one track 

per f f s l d  of v i s i o n  on a microscope a% 90Ox ma&ifiealfcnfor one spesk's 

tolerance effl>osure, and the  statfstfeal error with such a count r a t e  WBB 

hSgh, these was a tendeney $0 increase &he time 8 f i h  is used, 

Sf the fad ing  is rapidg there wauld occur R time at which equi l ibr im is 

reached, assuming a zanifcrm rate of exposwe, a.1~3 track densi ty  a~,ulci no 

longer increase, 

the early pcrtion of tb?e exposure Feriod would G ~ C T J  p1u grentm t rack density 

than  a small dose dming the Istttcs: portion, 

An invest igat ion was made 

In no case is the photopaphie density readable far tolerance 

The basic poslulr-xte f o r  the use st" nuelear omtals~oas f o r  the 

Since the %sa% densi- 

Eoseves, 

k!csPscves, if" e x p m r e  5s  not wi fo rm,  a large dose d a r i n g  

The t e s t s  eonsfsted of expsfng g r o u p  of firnls to the same flu of 

fast neutrons producing about 30 "cracks/fSeld, developing cne specimen of 

the group hecZiaLely, and ntkiers &%er various perSoda of delay, 

or fldecq" of the Icrten'c Prriagc after any t h e  t was calculated from: 

The f a d k g  
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calculating the weighted 
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binatlon, The pnsit9vcl,y charged CQ~G! ,  i nns l s t i ag  of large ions, would 

disperse less quiekly thm ellactxona, and would a c t  i n  competition wicVh t h e  



Callbratiom of f i l m s  by the method outlined above has an appecf- 

able uneertalnty. The Vlctopeen r-meters used t0 ascerbi.n 9 f lux  d i d  not 



Table XIf 

J a n w y  99, 194g 

September 14, r94.9 
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A batch of M'TB emulsion an f i l m  backing instead of glass was 

These t e s t s  showed t ha t  %his C X I X ~ ~ . S ~ Q ~  on ordered for further tes t ing ,  

film d id  not reproduce the results obtained with glass plates, either 

with respect %o sensft5.vl%y o r  'La latent image slxibflfty,  

were very mu& in Sine wil;i.l thase ehown by NTB fLlrns, 

The results 

Because of this difference in respome of the mme emulsion 

on glass and on p l a s t i c  baaking, and a13o became of greater f ac i l i t y  in 

manipulation o f  glass than flexible films during microseopfc a c r u t h y ,  a 

change to glass backing was considered, 

film 5s placed in the badges with &he x-ray film wed ta monitor F W E O ~ B ~  

fcr gamma exposwe, the effect; of the pressnee of such glass G n  the gmma 

respnse  of x-ray f i l m  '888s measured, 

open window readings by apyroximately J!$! and decyeased ahie2d readings by 

about 8fAp, where percent gain o r  Zoss WTS determfned by %he difference in 

roentgens of exposure in a given instmce,  mid the roentgens r ey tk red  t o  

rroduee the  same densitometer rending in a standwd badge, 

fea of the personnel on the plant  arm require neutron monitcrhg, it was not 

thought that  

Because t he  neutzon monitoring 

The glass in the badge inm-ensed 

Since re la t tve ly  

t w o  cony;Jete g a m  film ca2ibsa%ioas were just i f ied,  

In the C Q W S ~  of several exqwsures to Po - Be neutrons, it was 

ncted tha t  the respame Tn neutsons/txn& mried by AS much as 15$ i n  

specimens from the sane batch exposed at differen-t t fmes ,  

ocewred during expcssure periods of highest  avosage absolute humidity, 

The best response 

Bees1/+ s ta tes  t h a t  a7.1 p l a t i n s  absorb o r  give u y  water ilntril an eqwllibriznr 

condition with the c%rcurnamhient a.t;rnrxqAwic rnois tum is attained, 

equilihrimn value is no t  the same for all gela t ln ,  but depends an the pB 

of the  s o l  just  hefcre drying. 

The 

Consequently, a re l iab le  corrsctiopl factor  
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neutrons showed sin4lar effects, but not as accentuated, 

occurred in the t h b d  f i l m  and mounted to appmximat~3y +3Fs ard the 9th 

f i l m  had 9% of the  track density af the f i r s t ,  

that all of these values 'IPiere 8,7 to SS$ p e n t a r  than t rack density on a 

single f i l m  of the  a m e  type errpased t o  the  ami is t o t a l  f lux ,  

The mdmm value 

It was noted, however, 

D i S c P l s S i O M :  

The use of nuclew track emu3eiona as a rnethcd of monitoring 

personnel f o r  neutron exponure is not  as sstisfaitory BS methuds available 

for monitoring f a r  other types of rudfationa exposure, 

be simplified f ~ r  thermal nelrt~ons by the Ionding of  the emulsion with 

litblm orboron ,  

for thermal neutrom, and the captmer; rosuZL h~ an alpha and R trit;sn and 

in an alpha par t ic le ,  respectively, 

discernible than those  of protons,  s 

However, since the use of the (nSp,) maat ion  of the nitrogen in the gela t in  

permits the fndfeatlon of therm3 neixtron tolcrame with the same range of 

track density as is produced by hydmgcsn recoils by a East; neutron tolerance 

dose, and since a heavier eoncentretion of alpha tracks would tend to 

obscure the less prominent proton t r acks  due to R - r e c o 3 . l ~ ~  loaded cmUsfrjns 

would nut  be aduaszhgeous fn  a loentfon such a8 t h i s  where there is as mu& 

l lkel2hood of exposure to fast  aentrans as to thermals, o r  same eombfnation 

of the two, 

The problem coCkd 

Both of these elements hiwe high capture moss-section 

The t r acks  d each are more easily 

as are farmed by capture by nitrogen, 

The laek of repodueihLli%y 09 emulsion sensitivity, as sbotm by 

the approximate fac tor  of 7' between least and most sensitive specimens tested 

is a rnajor drawback, 

fluctuations have been much less, and have %ended to the  mope scnsittvs range, 

This Ys s ~ m t ~ h t  mitigated by the f a c t  t,h% reeent 
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i’dTEHDB A 

By ’do S, Snyder 

Let p be t h e  probabiliby tha t  an activated silver half& part i c l e  

w i l l  remain developable &%el? an assigns8 lapse of kirm asd l e t  g = 2-p, 

uefine a t’trttckn t o  cons is t  of n activated pmkicles equal& spaced dong 

a atraight  line, 

t h e  no group af 3 consecutim particles of t he  s r i g h a l  tirack r a i n  acti- 

vated, Evidently, 

Lek A, be the probabai ty  that a f t e r  t h e  assigned lapse of 

{ phg 

The probabili ty of t h i s  &ternat? 

., a P n ,  does not retain three consecutive activated partielea, 



since (11, (21, and (3) a m  m t u d l y  exclusive altamatfves and exhaust the  

p o s s i b i l i t i e s  far this OeCUTPence 0 

The unique solut ion of (2) and (1) is given by, 

fo r th  denote by a, and two complex roofus, k r e a f h s  denoted by and If 

The quant i t ies  occtu-ring in ( 6 )  may be conveniently s tudied by 

making use of the transformat%on, 
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and if w e  use h t o  denote one of tihe complex ciLbe rmts 

with 

and 

gives t he  three roots  of 

of 1, then 

root of (81. Evidently 2 < 1 s o  that fur large ri, An Gs Aano But 

close t o  I unless n is very large, 

Noreover 

is re lat ively small for p 
effect 

Thus A, A# with a hQh degree of approximation except when P 
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is very close to 1 and n is small, < ,I5 
for a l l  n9 and the values of n when the  error becomes 1% or less are tabulated 

The error w i l l  be Pes3 than I$ jf 

beltX, 

P n 
111 

1 

1 

2 

4 

5 


