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Part 1

Correction Fector dus to A ssorption

it has been cugtomary to mse solid filws of active
materiai_}n the parallsl plate pulse counting chamters, The
material is deposited over s constant srea on every £ilm and tha
£ilm weight is allowed to determine the thickness. Sines both
alpha and fisgion particles have extremely short ranges in aolid
material, sore of the particles prodmeed in the filr will be ab-
sorbad by the filr and will never escape to the surface to be
counted. We shgll derive an expression for the totsl numbsr of
disintegrations in the film as a fumction of numbar of particles
counted, |

Fe shall assume that a certain length (7 - k) of the
particle’s rgnge {r), must remain after the particle leaves the
surface of the film in order for it to be counted.

Thus where:

Ao is the mamber of ionizing particles produced per minm,
per o, of film depth.

A 18 the observed counting rate.

D 13 the thickness of the £ilm,

r is the range of the pérticles in the materisal
of the rilm.




ax =1

Ths prokatillty of a particle escaping from the upper

surface is the integral of ths probability of the nartiele start-
ing at @ depth 3¢ wmultiplied by the probability of escaplng from
that depth. Prom the diagram, this second protability is the

ratioc of the ares of the zone subtended bt a cone with altidude X

on a sphere of radius k, to the ares of the entire sphere. Thus:

D b
A= A:[‘ Me(k-x}ax . 20| (k-x}dx
2
9

4Tk &~o
= 4¢D (1 -~ D)
T &) (1)
Equation (1) also gives the obssrved counting rats as s
function of disintegra%ioas oeccurring for a plate being alphe counted;
however, in fission counting, each disintegration produces two fission
fragments, and the obgerved rate will be iwice as grest., Wore uaeful
sxpreasions may b2 obbtained by observing the proporticnaiity betwesn

thickness and film rass,



There: m 1g the mase of the film,
AL tho mess sbsorbtion coefficient.,

A0 the nmumber of digintegrations per min per

mg. of film,
Ac = 2 4 - for alpha counting {2)
111 (1 "/M » ) - '
Ac = A for figsion counting {3)
m 3 - Am) '

It ig noted that these expressions zre valid only as
long as P < k. At the point where k¥ = 4, one half of the fis-
sion events (3/4 of the alpha particies) are teing lost in the

film, and & further incresse in film thickress will not increase

the counting rate.




Faxrt II

Dead T™re Larrectlons

Experiment has shown the radioaciive di.aintegration of
atoms to bs a randor phenomenon. ¥hen counting avents wnich ac~
company such disintegrations for an insignificsnt fraction of ths
half/1ife of an ismotops, iho aversge rate of lhelr oceurrence
{4¢) may e taken as constani.

Under these conditions +ths events conform to uwhs well-

known Poigson Distribution,

)< S k ~Act
Pe,t * Rt = (B0B) @ {1)
k k:

Px,t 18 the probability that k events will occur in e time intey~
val t where the average rata (4c) s z/t.

¥any countiﬁg devices sre characierized by a shori veriod
of insensitivity following an svent. The minirum time between tzo
events, both of which can ve counted vy & device, i3 known zg its
resolving time or dead uime, Thus when ccunting random events some
wiil not bs counted dne to their occurrence vithin the Jdead time
period following ancther,

Counting devices gemeraglly fall betwsn two extrere typss.
At one extreme esch avent nroduces a reecition ¢f duration % and the

device Pails to count any svent occurring while such & reaction is



-

in progress, @s shsll call “hig sxivews Trpas I¥. Parallisl plate
nulge cowndting lonization chambers have besn roumd o very closely
approximate Type I, A% the other sxireme the device goes through
2 cyecle of duratior ¢ for each event countad and fails to count any
gvent occurring during such a counting cy _e. Tnle tehavior is
closely approximated by ““1gger1vs devices such as staling pairs

-

and blocking oseillators and w1l s rsferred to as Type 1I

H

o o

To find the number of czounts lost ver wmit time in & Type
I device, we multiply “he number of dead %tire periods‘pér mwit
time (equal to Ac) by “he probable number of eveniz introduced in
time ¥, If ons eveni occurg within time t of the vreeceding one it
will not bte counted and thus the orobabiiity of losing ones count in
this way can bte dstermined from {1) as Pl,to If %wo comnts ozcurred
within a time t following another they would not he counted. However,
the probebhility of losing the lzst 1s ineluded in Pl 5 as it oecurred

aingly within time t of the seecnd somnt, mZﬂus the additionsl loss

is (2-1) P, ;. Likewise when n counbs oseur withir tine L of wnotier,the
additional loss is only a-{n-l} P 2s  The total number of counts
. ’&‘

Jost (on the gverage) Iw unit time wgy therefore bve expresssd 2s

#Skinney ~ Phys. Rev., 52, 122

- s,




3

i3
@
e

Ae~A = Ac (?1,t * Pg,t e o & T Pn’t * s e a-;’
¢ ~Act 2 «=det n -ich g
= Ac gﬁct e  +thct) e R 0.2 - T N
(3 2 % ‘ ni )
-pet  \tAet )
= Ac © (& -1)
Ac-4 = Ac -Ac e”ACt ’ - _ {2}
whence, .
J
~Act 2 3 A
A= Ace = le ?1 <get =+ {Act)  -{Aaed)” v . . o) {3)
2 3 3% }

#hile aquation {3) serves to delerrine the observed counting
rate we usually wish to deterrine the aversge rata Ac of the random

events entering the counting devise. This may be done by solving the

aquatior for Ae, Using the wethod of undetermined coafficients:

ao = A (L« At + 3/2 (a0 873 (at)d + 125724 (at)* - 208 (a6)” + L . )
0 (4

To find the mszimum valus of the remainder after the tern

in (At)éz

Ae % 2 3 4
ge = o T n e at e 32 (a0 5 83 (aw)’ - 125 (a) + By
A 24

Toking 2 value of ictslightly lerger than eny wet with in
precise counting, say Aet = 0,1152020 = find:

o2 B L3 122100 (whence it = 0,1026664)

1}

i

Ac =Rq
A

1 + 0.1026604 + 0,0158106 + 0,0028357 + 0.0025883

1.1219460

whenecs. T = 0,000154 or 0.013%] »f the correction.
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If this error be considered oo large, the next erm, 108/10 {A%)s
may be ineluded in (4) and the remainder A5 evaluated. HEg is 0,000030
for tha.above conditions or 0,C277 of the corrsetion,
To find the number of counts lost in wnit time in & type

TI device we muliiply the number of counting cycles {egual %o 2' of
dead time (t) by ths probable number of events introduced into the
device in %ime (%), Here the probable number is simply:

1P, g+ 2P 4 *3P3, 4% o o o« TRPy g+ o0 o)
and the total number of counts lost ia

Ac=A = A (lpl’-t + 2 ?zst & 3 Psy{a T e s ot 1N Pnst * s s a)

-Act 2
= A @ (Act + (Aet) + {Act)B N ,
szt
) A
= Ae :ACt(Act) El + Act + (Actzz P
¢ 2 )
= 4 dct n
whence
A= Ae (8)
1+ Act '
and
Ac = __A (9)
1l=A%

foed

% is perhaps unfortunate that the routine counting cham-
bers do not conform rore closely to Type II than Type I. 4 compar-

igson of the corrsction formulae for Type II and Typs I may be made

a8 followas




2,03
Tpo IT ag - 1= &t > (an)? e (ae)d - (et e L0
A = Aot
. 2 .3 4 )
Type T e - 1 = At + 3/2 (at)” = 8/3 {as)” + 123 (At} =+ . . 2)
A 24 )
2 ¥ )
= het = 172 (hot) ¢ /6 (Aed) + L (et} ~ . . -)
24 )
Act
= =),

For Act l2ss than 0.1 as is usumily the case, the two cor-
Pections sre leas them 107 and 10,527 respectively. This is rather
goc large a diffsrence %o ignore in preelse counting.

If we consider the caus wisre two units, the first with &
dead tire t, and the second with & dsad tlwe s, are operated in series
with ] sealing pairs between them, two total demd Lime loss equations
are possible. First, if a < thy the second unit cannot possitiy re-
eoive two counts in & ¥ime shorier than s, and thus will faithfully
foilow each count passed by the firsyunisz. The total dsed time loss
ie then sa expressed by squation (2) with the dead ltime of the first
wnit.

I the seccnd case, whers sjy’zjt, the loss of ths first

enit 1s still given ly equation«{2), mt there will also be a factor

counts on to the scaisrs in the time s following =a comnt, one time in

every 29 , the scaling palrs will pass one pulge on to the econd unit



Pegs 10

within the time s of %he figsé, If the firsit unit were to pass on
2J + 1 counts 3in time 5, there would be twice the prombility of
finding the scaling circuilt able to pass on a pulse to ths second
it within time s, ete, This will hold itrue up to ths case where
ox2d are passed on by the first wnit. From hers on to 3x2J it will
be certain that the szcond unit will receive one pulse within time s
of another, and there will b» an increasing orobability that it will
receive twice that meny, Thus to find the total loss due to the
second mit, we will sum the probabllities, Qr,s of finding r pulses
in the time s Ffollowing another count, wultipiied Ty the loss which
wag8 shom sbovs to égcompany such an ocourrencs, This gives for a

Type I device as the number of pulszes lost (L) per unit time:

L:ﬁ(ql,s*qzss‘“ 3’8‘}@.04’%,8‘}0‘0} (3.0)
2d :
as in {2)
where
Q =Ll P +2_® R ik - s2iap .
" 2d 2d,s 29 2diags 23 se2daa,e 23 20298

o -3 [+ 3 * 3’;‘5 Eb .
23 3°23”293

Q,=LlF  +2°? ta.. 2P
2 n.2d,s 2) no2da,s 23 (ne1) 2d1,8
g p
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Substituting, . c /
— 2%2¢ =1 - = -
‘qzz::,ﬂ, ~
2 ~
P < “Bﬂ b “'3‘ &
L= 311 L --?g... Tk, :?k,s
P ya s
A A
i 3
(. 2¢ 2x2* e
a
The number of counts 1lost in %hs second unit will bs A

times the numbsr of pulses lost., Thus i 4, is the cutput rate

{including the scaling Fector)

2xp-1 - Rl
4 j n ‘:?}“ A IR 2 3 P < A@ /> o
2?.2 o= Al = L = ..‘33. o E:S L 'g - ’ & s { 1}

3 W A & :.\93 (1
27 2J ox2°

is it is usually Gesired merely to Iimit the lezs in the
geeond wnit to negligilbile proportions so that an overall dsad tinze
sxpression may be smploysd, the cbvious sxtension to a type I device
i3 omitted, Sinece the lcss in & Type I unit will be slightly less
{see above) uss of the Typs II formuie {11} marely introduces a
glight safety factor.

1% remains to evaluate P,s the probability of finding I
ecounts delivered b7 the first unit within time s following anoiher
count. It ig eviden® that since each count coming out of the first
unit nas associnted with it a demd period ©, the tolal free time
that will be left wiﬁhin the time g in which ¥ counts may be passed
on to the secend wnit will e {s-k ©).

The velus & is dependent upon the iyps of tehavior exhibited

Wy the first unit. If tne first vnit 33 of Typs 11, & w1l be
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i
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i
identically squal o the dsad tire t. However, with units of]
Type I, it is seen that & will be in_geneml slightly greater than
by since there is & posalbility that a comt will enter the first
unit during some of the % pericds and thms axtend thé isngth of the
dead peri~d. To evalueits © in this case, we consider that a csriain
fraction of the counts coming in st rate Ac are lost in the first
uait. 7This fraction, given by equgtion {2} as l-e~A°t represents

& total fraction of the time in which no count cean bs delivered. To

find how much of this iz to be gssociatsed with each count coming out

~Aet
of the first unit on the average we mgy divide Yy 4 = Ace Ae o
Thuas
- ' Aet '
@?—l-EACt’-ﬂ]_.__(e "1) (12)

It is now seen that the total {hma interval avsi sble to
the X counts, {g-k ©) ﬁ‘Sy must'be divided between thew on the aver-
age in such a way that each individual interval mey vary from & to
3, dependentiy in such a way that the sum of the individusal intervals
shall always be S. To find this produst will in genersl raquire a
{kel)$ order ihtegrationo Howeﬁer, an spproximste result could te
obteined by allowing some number of intérvals to vary dependently

over the proper range, and assuming that 411 of the remaining inter=

vals are of equal length. By inducition on such a result, we Tay ob~

tain the correct form for the gensral case.




2
&
JQ
Py

{-t

Wt

T oad Pl CRIDR -
Let ths Tirst tw lnterva

¥
b

@ b3 x end y; and esch of the re=-

maizing intervals s {s-x~y) / ik=? . Then:
{’5 S ~ Sex fal
o f } Yo ) i i
i i : 3 e
e,z ¥ A4, =y {(S-mey) idx &y ag™} =z (G=x) adx
k, : . , ’

point

ig of

-
$
no

)
£
3
¥
W
U
N
N

P ak o
= A S
v ka2 o
(a2 (e & {%el) O 1/2 8 {13}
P42y {k+2) % {x=1] {%k=2} /2 8 (13

This equgiion is perfecily rigorous for ¥ = 3, for at L.ab
ske agsumption is correct, For that value of k, the equation

the form:

sn induction on eguation {13} it is evident that an ox-

14

~peasion of the Form {34} will be rigorousiy valid for il valuesg of

“

¥ from 1 %o 578, The value of Pk,s of covrszs falls to sero when S
“ 4

teeores zeroy that is, when & = s/k., This is not precissly correct

Por units of type I since absoluts cut off of counts does nol ccour

(¢}

mbil ¢ = g/k. Thig ervor, which arises sinee 1t iz necossary 0 use

an overags velue for $, ig vanishingly emall
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with this Iimitation, the fraction of counts lost in
2 unit of dosd time s following ¢ wnit of desd time % with j

gcaling pairs botwesn the two is given bys

1
<2 k X
SN T
F, = P he (k-2 + 1) (s-K8) (k-1) °
T 2 {m-1) 3
ke =2
5/8
N X k
+/> - Ac (g-k©) (k-1 i _
o —— {2 x-1) ¢ (15)
k=2t

Where for Type I units, © s given by equation (12) and for Type II
units 8 1s identically eguai to tvcj »

From tals equation we may caleulate the following table,
giving the maximrm valuesz of s/ that will be permissable at veri-

ous scaling factors so that the second unit will lose less them

C.1% of the counts when AcS® == 0.1,




*5
4
bad
A W'Y

Sealing Peirs Yeive of 9/8 for no loss Velve of 5@ for 0,17
%0 be uged in the second unit loss in the second umit
1l i 1.01
2 - Z 3.1
3 4 17,2
4 8 68
5 16 188
6 32 443
7 64 954
8 128 1965
9 256 3989
10 - 512 5000
11 1024 16000

12 2048 32000

&



Page 16

PART III

Split Film Calculations of Dead Time

Al e I

| In order to give a more scourate value for t, the
deed time, the familiar split. film equation (16) may te ex~
tended to inelude higher order ‘terms of the counting loss
squation for 3 Type I counting device, *n#

Where Ao, Bo, snd Co are the obgerved counting rates

for the first, and ssoond halvesvan& for the entire film; A,
B, and C are the respective acttzil cowiting rates, q 1s the

background count, and t is the dead time:

Ao = A(1-At + 1/2 (at)? - 1/6 TOLE IS

Bo = B(1-Bt + 1/2 (Bt)2 - 1/6 (Bt)3 ¥ e os )

Co = (A+B-q) {1-(A+B)t » 1/2 (A+B}2 2 - 1/6 (A*B)B T )
£" (first approximation) = ActBo - Co-g = R

2 Ao Ro
' (16)
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{ . 2, )
( (A+B}—§A2+Bz) o+ (83483 132 - ahBhtT e L L)

(
{ (A*B =q) - (A+B)2 t o+ (A+B)3 t2/2 - ws)é’ t3/6 + 0 e s

-

) -2

( , 2 2 3 3, )
2 & B (1 -(aéB)t + (A+B) % /2 <(A+B) % /6 + . . )

a4 ( 2 2 2 }
TV -3/ (Bt /6 (2 A3 ABHIBIY L. e

( , 2.2
(1-(A+B)t + 31/2 (A+B) € * . o oJ

setting = X (t;) s‘-/@'(i;)z 1 {1.533 +

=t t +1/4 (a+B) & (t")2 + 1/12 (A2+BZ) cl (tq)3+ N

* 3 (12 + 1/2 (A+B)/Q (£)>+ ...
+3’ (t?)3+ o s s
o(=i,/6 =4»1/4 {a+B), § = 1/24 (A2+ (; AB+B2);T: /3 A B
t =t -1/4 {4+B) (tr}Q + /3 4B (ti)3 + oo o e
gince(A+B) = (40 + Bo) + (Aoz% Boz)t# ...aond AB=i0Bo+ . . .
£2 4" - /4 (o) (£))% - /4 (4o +B0 It (¢'F = e

1/28 (80%6 oBo + Bo?) (¢')7

[l
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wiaere A, B, and € ars the observed counting rates corresisd for

- extraneous background™*¥ of the uwo. halves {4 sni B} and of %he
entire Tilam (C)

Whenes:

po.
o5,

1=Bt) {1-Ct) + B(I-4t) {1-Gt) = {1=-at) {3-B%) ©

N

2 2 |
A-ABt - Act+ABOL” ~ BeABt - BGL + ABCY. = G - ACt - BOt + ABCt

2
— ABCt -~ 2 ABt + 4+B - C =0

{ﬁ:"s - C)

¥#%The following derivations will hold sirictly for cases whers inhe

axtranecus background, ¢, iz very small, and will give

s

e greatest

precision when Ae and Bo are nearly equal.




PART IV
Zelcvistion of Tesd Tims From

Sources of Xnown Activity Hadin

In counting sysiems where the geometry of sample place-
ment iz not criticsl, the split film wethod is not essential. It
is needed for instance, where the sample activiity follows the
inverse assuare lawv,

Two samples wade or the ssme rzierial but differing in
weight provide 2 mors rapld method of calculating dead time. g
absorption losaes are oresent they must e known, of course, be-
fore the counting sctivity ratio can te determined. Therefore we
ahall refer %o the functicn ¥ defined as m{l-u r). {See repori
C-9, Part I).

The observed counting rate of = Type I counter ig then

=nE .
r=a#s (1}

Using “wo sample

144]
™
f;a
2,
N
—rt
&
@

fdesl cownting rate n»n for

wmit ¥ can be derived.

n ¥
1
niy t=1n Ty (2a)
ko] Mz
n¥ t=1n T, (2b)
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nﬁl ¥
N . —— £
Mn lﬁ 211 = Ml ln rz i,.,)
¥, ()R M (MM
e i)tz g faay (4)
{T1) (¥*2
(Myitp) (UM (g )2
n s{— (= {5)
(¥ (1
¥, B
(rl)m_:w gr My <o (6)
n = m) 2\ v
(¥y) {8

2 2 (7

(8)

The value of ¢ may also be found from the t correction
formula {See report -9, Part II) or graph. The t correction is
simply.

nfﬁl or ﬂMz {9}

n T2




]
{9

Jig
Gr
.
b

The formule cor geaph gives thoe valus of ¥
whence 1 1s found upon dividing Wy the indicatsd observed count~

ing zete.

Similsrly for a Type II counter

iy R
rq = or I+tnHit = e {10s"
1emily & r-
ol ey
Pyt oy leniieb ¢ e {10v
1+n§!£2'% - T,
whenes
?&’!2 “fl }
nt ~{M2"ﬂ1) = 7 "‘—-mg (11
é5}"2 f’l;
and

2

Tify = T Hy y
L {12)
-11"2 \5.2“&'1)

The sensitivity of these formulas iz closely proportional
tc the difference in the counting activiity of the i{wo =amples up

to rot valuves of 0,15. Thus it is edvisable to have ams large a

gifference in counting rates as practicable. Wlth limited counting




Ny
2

Page

time it becomes desirable %o sacrifice some sensitivity by
increasing the counting rate of the lighter sample %o a

point where the increased precisicn of the average randem
counting rate combines with the sensitlvity of the formule

to make the overall uncertainty in ¢ s minimum,
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LABORATORY DIVISIOXN

RADIATTON ZESEARCE SECTION

Serial No. C«10
Fils Index No. XB=2
April 26, 1946 '

To: e do A Elacémann

BUMHARY'OF PRECISE, SIHPLIFIED MFTFDD op
CALCDLATING ENRIGHM&NTS BY GOUNTING FILM FILSSIONS

A In terms of the counting corrsctions developed in
_ Report C-8 the correctec specific ccunting rate of a film

may be found from the formula

merffgmzle W
Subtraction of the term ¢ 1s necesssry to meke n
directly proportional to £ |
£:£, n/ng (2)
B For'routina caleulation the average value of u
over a long pericd would probably be more rel.able than one
&eterminad at an individual calibrations A ten par ceﬂt
uncertainty in the eatimate of u produces less than one one
mundredth of a per,éant uncertainty in f provided the same
estimate of u 1a‘used shroughout the celculations and the
_setusl value of u remains constant. A one per cent varlatian

2n the velue of u between calibrations introduces less than

—— =
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0,015 per cent seror in the resnlt (Ff) of any analysis
(based on a 5 mge calibration £ilm). Thus swall variations
in u are insignificant as well as hard to detect in & lime~
Ited calibration period. Hence, it 1s suggested that the
entire term
m (l-um) (3)

be road graphically or tabulated for routine operation. In
case it ls possible to use Tilms of a constant weight the
value of £ will be wmaffected gy this verm and its use may
be gvoided in caleulsting £

The ¢ correction should certainly be cbtained graphe
ically during routine calculatlons. Graphs of & ¢ correee
tion ve r at ten microsecond intervals in the range 350 to
450 microseconds being adequate for the counting eircuits
now in use. Over night runs of‘split £1lms can be used to
evaluats the deadt%me (t) as shown in roport Ce9. The free
quency of % determinations ls goveren by the magnitude and
perlod of drift of this quantity. As routine counting cire
cuits have run for months withont recallbration it is not -
enticipated that ¢ will need o bte redetermined as often es
the calibration.
[ A nign éounting rate "check", or "verification"
film should be counted d&ily or oftener to detect changes
in calibration and correction terme; The higher the comnting
rate (ry) of;fhia L1llm the more senaitive it bYbecomea to

changes in t. Likewise a mass (my) as far removed fram the
mass of the calibréting standarda (m ) és any being usecd for
unknowns gives maximum sensitivity of ry to changes in u.
Immediately upon recalibration or redetermination of correeé

tior constants the verification film shéuld.bs run, its gs-




Rnp routine daily chocke w*ﬁﬁe vhe eaiibratizn snd correcs

£3om monstants vemain ths simo 1t Is aufficiant $o goumpare

D The ealibraiica standard conslis%s of a seb of
‘?iimas having the naxns weight (gl nnd a sonvenlent counting
'?até {ra). This oet must fivss dbe carefully comparcd with

.8 like set of normal Tilms $o determine 1ts aseay fgo Fore

wulas (1) and (2) eppiy.

-

Po calibrate g counting urit wthe zet of standard

”3

iima .8 coumbed piving Pue Frez {1) ng is caloulated.
The guotlent fg/ng may then be determined and used as ‘the

celibration oonsbent for sssaying unimown samples. The

oompicSo expression for £ then Lecomeas

(£ ) ( % corr. o)
£2(3/m) % Ty "°§ (4)




. Glossary

égmpla sub- (o) Worral (s) Standard {v) Verificastion { ) Unitnown
acripts '

Observed .
Counting Rate e - Tg v r
{per minute) ' -

Film weight : .
(mg Tz0g g ng my m
Corrected
speocific
- Oounting Rate no ns nv n
= (per minute) -
- (per mg Uz0g)}

Bte % 3235 fo 'fg fv ' i 3

t Corracted overall deadtime of counting sys~
tem obtained ﬁ'om
t-f" Approximate deadtime determined by aplit
film experimentss (For calculaé!.on of ¢
sée report C-¢ Counting ,Coﬁmctions.)
ﬁ - Absorption coefficient
t corre Deadtime correction
14 rte3/2 (rt)%+8/3 (rt)Sneas
as in repors 6-9.
u corr. Absorption correetioh
m (Leun)
from report C=9 .

o Extrapolsted fission counting rete of

Upsg per milligram UzOg per minute.




