APPROVED FOR PUBLI C RELEASE

ONCLASSIFIED

CIC-14 REPORT COLLECTION

REPRODUCTION | -
COPY | : ]

I

49 7483

i

I

i

LOS ALAMOS

I

UNCLASSIFIED

" Lo - - .
-~ 3 —_— Poy ’ . I VPP Ty “-;*“‘."‘..‘mw
. b el - . . .
VR TP Y V0 ST TR SEIPRS IR TN MO . —
L3 VBt PRV e - . .




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

VERIFIED UNCLASSIFIED

/2 ﬂo,// Y1577

PUBLICLY RELEASABLE
Per EN. 0160y, v88-16 Date: 5-31-90
By f . Cic-14 Date: 2 22-7(

La REPORT 101

June 27, 1944 This document contains a pamses

STATISTICAL FLUCTUATIONS IN THE WATER BOILER AND

THE DISPXRSION OF NKUTRONS EMITTZD PER FISSION

WORK DONE BY: REPORT VRITTEN BY.

R. P. Foynman ] ' F. de Hoffmann

¥. de Hoifmann

R. Serber



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE
s .8 ses VIVVRMIMHTICY

ABSTRACT

Short time fluctuations in neutron intemsity of the water boiler
were investigated with. the boiler running at oritical. 4 theorctical devia-
tion is siven oconnecting these flustuations with the quantity ;3‘ -y . that
ig, the average ol the cauare of the number of neutrons per fission minus the
average aumber of neutrons per fission. Experimental results for the fluotua=

tions of the boiler are given.
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STATLISTIGAL FLOCTVDATIONS IN THE WZATER BOILER AND

THE DISPERSION OF NIUTRONS EMITTHD PER FISSION

I  INTRODUCTION

It was theoretically predicted and experimontally confirmed as socn as
the water boiler at Site ¥ was in oporation that thero were fluctuations of the
nautron intensity which were larger than an ordinary Poisson fluctuation when tho
boiler wos run at criticel.

Closer examination of the theorotical forzﬁulae for such a fluctuation
gave hopes of datermining/é quantity which was nsedod to calculate the probabil-~
ity of predetonation of a gadget. The quantity in quastion iﬁ/ého quentity
:Z - ¥, i.0., the average of the squaro of the number of neutrons per {isaion
minus the average number of neutrons por fission.

In the following, a itheoretical derivution is given for the fluctua=
tions of the boiler investizated. This shows the connecstion betwecn the fluctua-~
tions of the holler and the quantity Y* -9 . Experimental a:ranisments and re-
sults for the fluotuations of the boiler are also presented. It shbuld be clear=-
iy understood thet this may not be interpreted as 2 mewsurement of the quantity
Y*.P , aince sone further experimental work rcgerding & certein coﬁstant, nanmely,

the prompt multiplic:tion of the boiler, is still lackin;.
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1.0 BERPIATIEA SR

€f wo lot ¢ be the number of counts for a spocified time interval and
3 bar denote averages then we shall proceed'to obtain oxprossions for ¢ and gl
and later combine them in such a fashion as to give &Eﬁ) - (E)ayg'which con be
shovn to involve directly the quantity V2 - 5. In the case of a Poisson distribu-
tion of ¢ the quantity B;E) - (E)%}é is vnity.

1t has been shown by Serbsr and de Hoffmann that the effect due to de~
laved neutrons can be neglected if the "gate-width", i.o., time over which counts
ag tuken}is small compared to the average delay period. In the following it is
assumed that this condition is fulfilled and we may neglect the effost dus to de-
lays.

“ha fact that a neutron born at one placo may not produce the sams cubde
soquent eff'ect on the boilor as one born at another place has a small effect in
our case. Thig is due to the symmetry of the boiler and also to its amall size
so thet & neutron has a good chsnce of traversing the whole sphore during its
lifstine. Calculations of Feyrman have shown that this gecmetrical factor when
takon sccount of amoﬁnta to only a fow porcont and can really be neglected.

Feynmen has further carried out the derivation with a contiruunm of velo-
cities of neutrons snd the result obtained is identical with that when only one
typo of noutron is assumed. Because of tha above information concerning dolays,
~ geomeiry ond velocities; we shall in the following givo a simplified derivation
treating all neutrons in the boiler as being equally effective.

if we introduce a large number of noutrons inte the boiler, then s.incc
A number die, the rate of change of neutrons will just be proportional to the

nupber present, i.e.,

oo UNCLASSIFIED




APPROVED FOR PUBLI C RELEASE

UNCLAMITIEY

S N
-5 = ——
N s-ul, i.6., Ns Nye™b (1)

where o 18 the rate of decay. Thus if at time zoro one neutron is introduced
into the boiler then the expected number of neutrons present at time t is @™~ “.

If onre neutron is known to be present in the boilor, then let the provubilis
of its producing a flission in time dt be dt/T. Furthor, let the probability
that any neutron present, whether an initisl or a fission neutron, glves a count
in the chamber during the time dt bs (€/0)dt. Let S be the number of fissior:
per seoond. Then we may say that ST noutrons are present in the boller on the
averase and hence SE€ counts ere registered per second. Thus &€ = number of ccunts
ver figgion in the bLoiler and

¢ = Set (2)
where t 1is the gate-width, defined ns bsing the time over which counts are . _
" tmken,

Next let us select two arbitrary times &; and tp with oorreaponding
intervals dt, aﬁd dtz and let us usk whet the expccted numbgr of prirs of oounts
is, i.0., a count at &, in dt; and elso o count at %y in dt,,

If we remember that there are a certain number of primary neutrons born
every seocond due to such things as spontaneous fission, cosmioc rays, y-n reactions

in the Be0 tamper, etec,, then we may draw the {.llowing schematic picture:

stz UNCLASSIFIED
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This shows us that we may have two different kinds of pairs of counts
at {9 and tp. The first type we shall call “accidental" pairs. Thoso ere due to
a count registering at t, dus to one primary source neutron and a count register-
ing at tp duo to an entirely scparate family from another independent primary
neutron. The pair of counts A and D ropreaents such & situation. The gecond
type we shall call “"coupled" pairs. These are pairs of counts which in tho last
znalysis can be traced beck to some common ancester, i.o., one fission. Such a
gituation would be represonted by A and C. The cammon ancestor is X.

¥hus let us exprcss rathematically the expected number of pairs in dty
and dty, dua to accidental and coupled pairs. The expected number due tp

agoidental poirs is merely the probability of having a count in dt; which is
Sg¢dty multiplied by the probability of having a count in d&tz which is Sedtz. We

way muleiply in these probabilitios sinco'we are dealing with independent events

L ] e oo ’ L ] o0 L
_.........:_...‘......_.._..._..__ . . . [ d : L [ ] . ® [ ] [ I
“or en expansion of this argu?gpt,;sﬁ: feduedais 11,
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if we talk about acoidental t accidental puirs

= §%¢%(dty) (aty).
Now let us treat the number Af expected coupled pairs. Let us assume
+het the common ancestor, i.e., fission, occurred at time T, which can be eny-
. where from T = = coto T = %y, the time at which the first count registors. The
axpected number of coupled pairs is then madoe up of the following independent
probabilities:
1) The probability that such a common fission occurred at time t in
tha interval dt which is
S du
Z) The probabilibty that & certain number of neutrons which we shall call
. - be libsrated in this fission. lLet this be
.P,
3) The expcoted number of neutrons at tl present due to the v neutrons
created at time t
v e alt, - 1)
4) The probability that each of the neutrons present at time ty will
cogister a count in dty

4
Llol

AT

5) The expeccted number of neutrons presont at t, due to the v neutrons
croated at time + and rememberingm that there are only v -« 1 left to deal with
which oan produce the second count

(v-1) o~ ot (8 ~ t)
G) The probability that eech of the neutrons present at time ty will

ragicter a count in dtp

{
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Iostly we have to remembor that we shall have to do this for &1l t
from ~ oo to % end all possible values of v, i.e., sum over v, so thet we moy
write:

(Expocted nwnber: of coupled pairs)

i - .
=51 s at p veoo alty-T) f—dtl (v ~ 1)o= A2 - %1) £ 4, (3)
Y Jm . v . ¢ ‘ T
\2
s68 - alty ~ ) 4 2
= e dty dtg &£ p, (v - v),
w A

a——

t us ncte that Spv (v2 ~ v) is merely v* = ¥ s0 that we mey write
(Bxpected nwmber of pairs in dt, and dtz)
b L _SeF  maltp -t - (1)
a 8§%° dtg atp + —22 . 0 a(ty -~ %) dty dt, (v -~ 3), .
' P Y _ _
Next let us examine what the expected number of pairs over an intervel
of time t (i.e., our gate-width) ia:

(Expected number of pairs in interval t)

et fLyety _ (5)
= j (expected number of pairs in dt, and dt, ),
torQ “£y%0 -
2 1
Making use of Eg. (4) and integrating as indicated, we get
{Expected number of pairs in interval ’c)
{6)

= Eeff | 5O (o | (1me™),
2 2 o2 72 ot

iet us further note that if we met ¢ counts per interval of time, then the ex-~
pected number of peirs in that interval is meroly c{c ~ 1)/ 2o Remenbering that,

by Eq. (2), Se¢t = T, we may write

-3 32, GE- ?‘;‘-ﬁ'zf:g !.-’:if;iif.t.?t; (7)
2 2 2afARts %% etab e —_—— e e o
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It romaina now to show what d, means in terms of more conventionel quantitiss of
the boiler.

iet us recall thet one primary noutron introduced into the boiler mesns
that e~ % will be the oxpected number of neutrons presont at time t due to
thet primery negtron. Then there is o~ &t at/% fission oxpocted during a time dtk.
Hence integrating over all t +the total number of fimsions penerated is 1/0()/, v
aach producing y neutrons. Fonce 1 neutron produces v/q}’ grogeny, and thus
v/q;t is the multiplication of & source which is usually written as 1/vp- Thus we

mey write {xt) = vv, and hence

P —
m° (&) 2 1 4l e(v - v) - w
= 1 \y)“(v SEE (1 — (9)

¥or simplicity's sskeo we shall introduce the guantity Y =

Ls(vz @ v) (1 = Ouut))
(v )z(v 2\ wt

.
LeBay

[7 - (8)2}/6 51 ey (10)

TIT. DISCUSSICN OF FOSRMULA AND EXPERIMENTAL CONSIDERATIONS

We ncte first of all that for large values of the quantity (gt) i.e.,
r i .
ior long t the bracket l_l - (1 -~ e=™t)/4t] tends towerds one. Thus if
6" % 4¢ 1 then:
—2 -
. ¢(v* ~ ¥)
v = (11)
{v) (vp )

S—
—ri
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Hence if we knew & and vp WO could obtein the required gquentity (;E - ¥) as-
suning V which is lnown from experiment to be sbout 2.5. The gate-width depund-
ence given in Eq. ( 9) might bo affected by the fact that the lifetims of a ther-
mal neutron in the tamper is comparable to o = v(vp/t). However, since the gate-
width is long compasred to either of the guantikios vp oF U in the limiting.caae,
the limiting formule (11) will be correct. As is shown later!) some film data
helped to confirm that the quantity (Y + 1) doos fall off markodly with amaller
gate~width.

In all moasurements it can Lo seen that & high ¢ will help to deter-
mine Y since it will help to make the fluctuation term large compared to the
Poisson term of value one.

let us now oxamine the quentity (:E ~ V) more clesely. If v were al-
ways 2.5, a physical impossibility, then V2 -~ ¥ = 3.76. If v wero to divide

oqually between two and three then v& - ¥ =4.0. Thsn the mathematical minimum

of our 2

~ V is 3.75 end the lowest one physicelly possible is 4.0. It can be
seen that if v divided say betwean 2, 3 and 4 in such 2 way &s to give ¥ = 2.5
the quantity ;2 ~ V would vary betweon about 4.1 and 4.4. If on the othor hand

vy divided consistently bstween 2 and 8 in such & fashion as to give ¥V = 2.5 thon
¥2 =V =6.4. A Poisson distribution of v would lead to a value of

V.= (v)z, i.e., 6.25.

These figures are merely quoted to show that it saems hopeless to con-

clude snything sbout the way v ectually divides merely from a knowledga of the

l) See Fig» 4

‘RELEASE
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quantity v¢ - V. Bowever, this is nd® ke Losliol Ll oxporiment since wo
originally set out to determine morely ths qunntity-;z - V[%hich is noedod for
the probability of prodetanatioéy

The experimente performed were therefore set up with a view toward ob-
taining a value for the guantity Y so that if at a future time the quantity v, osn
be meusured successfully a velue for the quantity';;;;; mizht be obtained.

IV. EXPFERIMENTAL ARRANGEMENTS

Two distanct experimental methods were used which shall be called the

"f£ilm" end "electrical" method respoctively. They are descoribed in the following:

1. THE PIIM METHOD: It should first be notod that the largoat shars of credit

for the successful use of this method is due %o Brixner and Mack of the Ordnance
Division. Due to their help in lending us their equipment as well as actively
working w;éh us, it was possible to uss high speod photographic metheds.

The experimental setup was as follows: & BFg chamber was so arranged
as to have as large an efficiency as was easily obtainable with existing equip-
wont on the boiler. The BFy chamber used had an active volume of 520 cn® and a
pressure of 60.1 om of Hg. It was placed just outside the BeQ tamper with blocks
of paraffin all around it. The efficiency of this arrongemont ¢, i.e., the
number of counts in tho BFz chamber per fission, in the boiler was determined by
obteining the ratio of counts in the BFy chamber to that of a 25 chamber in the

center of the sphere. This ratio wmas found to be 1.45 x 10%. The efficiency of

the 25 chnmbsra) is 2.5¢ x 30~7 counts/fission which makes the gfficiency of the

2) Seo forthcoming report on the operation of the water boiler

e ——
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BF chamber .

€ = 2.54 x 107 x 1.45 x 10~3 = 3.69 x 10~% counts/fission
Fulses from the BFz chamber were fed into a Btandard'Nuckolls pre~amplifier and
amplifier and then mto a Higinbotbam Discriminator Scalar. The rise time of
thig system is cstimaled to be of the order of 5-6 microscoonds.

The boiler itself was run at critical and the intensity so adjusted
that the scalar recorded about S00 counts per second.

The scalar was then tapped off at the cutput of the first stage and the
signal fed to the v;;ﬁ;;al platés of a blue screen 5 inch DuMont Oscillograph.
On the(vertioa giates e specially built lincar sweep was imposed and ad;usted to
a frequency of 250 cyoles. The screen was photographed by means of a continuously
moving film, with the film moving vertically. This is shown schematioslly in
¥ig. 1. The developed fiim showed a pattern like the sample shown in Fig. 3.

This pattern can be interpreted easily since the firat stage of the
scalar reprssents a flip-flop circuit; and consequently its output changes from a
meximum to & minimum and back to & meximum with successive pulses. Thus a shift
of the height of the line on the scope or film réspectively will indicate that a
pulse has registered. It should be clearly understood that with the use of this
schome the length of time botwoen "breska" (i.e., shifts in lino-beight) is the
time elapsed betweén the appearance of two conseo;tive pulses and anot the dura-
tion of a singls pulse.

1% is important that tho sweup return very fast in order that pulses
ey not be iost betweon the end of onc and the beginning of another sweep. In-

dged the swoep used, which was deszgzeﬂz ny E:gznuo?}mt' tna sSends, proved to have

a return time of oaly several mlcroseconds. Slnce a sgngle pulge in bstween two

APPROVED FOR éUBu C RELBASE ¢
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sweops is easily detected because of the shift in line-heipght, and further, since
two pulses within that time are rather unlikely because of the limitations due to
the resolving time of the smplifior, this swoep was found entirely adequate. Both
the swsep and incoming signal were put directly on the respective mots of plates
of the oscilloscope in order to by-pass the comparatively long time constents of
the internal scope smplifiers. The incoming pulse height was reguleted by means
of a volume control between scalar and oscilloscope. It was so adjusted as to
nmeke the pulae height about a quarter of the distance batween consecutive swoeps
on the film, as oen be seen in Fig. 3.. This volume control had to be varied of
course when a different film spsed was used. Usually the film was run at a speed
of about 100 £+/min through e Genoral Radic Co. Oscillograph Camora.

Tha developed film is most easily read on a Recordsk Miorofilm Reader.
Then the number of counts in say 4 milliseconds, i.e., corresponding to one sweep
across the filq’can bo counted. In order to obitain random 4 millisecond intorvals
it is mgraly necessary to move the film through the viewing apparatus stopping at
vandom and counting the particular 4 millisecond interval. This procedure of
course can be ropeated easily for 8, 12, 16 or more millisecond intervals by
merely ;ounting 2, 3, 4 or more consecutive swesps.

The most obvious advantage of thic method is the faot that omne and the
neme ‘dathu, l.e., strip of film can bs analyzed for several "gate~times" as de-
seribed. ‘This enablos one to got some idea of tho dependence of %E - (E)élle on
the gate~time whilo one is sure that experimental conditions have not changed
sinco wo are merely analyzing identical data in various ways.

L] [ X J L ]
Unfortunately the longer $3%: ghti~tife &sitiken the fower pieces of in-

fornation can we got off one individual £ilm.  Films which wa took were 100 f&.
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long and for the sualler gate-times this meant about 100~300 data per film. But
for instance, for the 160 x 107° sec gate;width analysais not more than 20 or so
pieces of data can be takea frowm one film in a sufficicatly random manner.

Fveon though we might use several films, it would still take meny feot
of £ilm and a great meny man hours to count the films to got a reasonable number
of higher gats-widths.

Tho electricel method was therefore used to obtein highor gate-width

data.

2. THE ELECTRICAL METHOD

The arrangement was the same as in Mothod 1 up to and including tho dis-
criminator scalar unit. The signal, hovever, was iteken off ths output of the dis-
criminator then fed through a gate circuit and then fed into another Higginbotham
diascrininator secalar unit as shown in Fig. 2. The gate circuit which was designed
end built by C.P. Bakar was so designed as to let pulaes pass through it starting
Lrom the time the switch was clogsed £ill a predetermined time loter, e.g., 283
millisoconds.

Thua by oclosing the switch and reeding the scalar, one can obtain the
awsber of counts for a 283 milliseéond intervel.

The boiler was run at critical and at an intonsity of about 1000 counts/
sec in tho BFS chambaer.

The true length of time of.gate was determined by feedings 1000 cyolos
from a standard audio~escillator into the input of ths g&te eircuit and noting the
number of counts recoxded on the acala;. ?h;p alao gnqbled one to make a oheck of
constancy. Over a 12 hour run the ra%eorerr&'uodh ia netter then 2 percent.

APPROVED FOR RUBES*C RELE/SE‘_‘; —
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V. EXPERIMENTAL RESULTS

On Fig. 4 there are plotted the data obtained from the film measurements.
Counting was carried out over different gate-widths and all taken from three 100
£t. films. Sincse the average counting rate © was not the same on all three films
it was naecessary to compute the Y + 1 for a particular gate-width from each film
end thon combine them propsrly so as not to get fictitious fluotuation due to
variations in €.

If on one film a number of gates. m wes countcd for one particular gate-
time it can be shown that the computed Y + 1 from this film should be multi.pliedS)
by the factor o/(m ~ 1) to give the correct value of Y + 1. The data from several
£ilms were then combined by taking the mean correct Y + 1, weighed according to
the respective m's. The probable error in the guantity obtained can be shown to
be./2/e where ¢ = Em. This probable error is iﬁdicated on Fig. ¢ in the usual
manner . |

A single point at a high gate-time was dotermined by the electrical
mgthod. 2200 individual gates were taken over a period of some 12 hours. These
2200 gates wora thon broken up into 76 small ssts of from 10 to 50 gates in such
a way tbat the mean € did not change violently during one set. Apain this was
done to avoid a fictitious increase of the quantity ¥ + 1 due to viclent varia-
tiona in €. These gets wore combined in the sams feshion as d:;ucribad for combina-~

tion of data from different filme. The result was that for & gate-width of 283

milliseconds
TR I
... ..: ... ... .E

3} See Appondix I ... e, o, ¥T 0
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Y+1z25.17 %02 3 = § 0 i}

and hence
Y(283) = 4.17 * 0.16 .
The mean deviation of tho 76 individual Y's f{rom their mean was vomputed and
found to be in compléte ngreament with the deviation expscted statisticelly. This
instills confidence that the velus of Y obtained doos not contein fluctuations
Lrom other than ststistical causes.
A rough estimate of the correction due to the geometrical factor was

made with the use of some previous date on distributions of neutrons end source~

effectiveness in the boiler. The result was 1.01, i.e., negligible as predicted.

¥I. DISCUSSION OF RESULTLS

The results from films indicate a distinctive falling off of Y towerds
zoro for small values of the gate-width +. From the rough data obteined it would
probably be stretching a point to ssy that it follows the theoretically derived
form. As an indication of the theoretical gate-width dependence a curve has been
drawn in on Fig. 4, by assuming4) an o = 135 gec™l. A closer Pit to experimontal
data cen be obtained by choosing s dififferent o. However it was not believed that
our data weregood enough to obtain anything like an experimental value of ok.
Nevertheless the data obtained sufficiently confirmed cur idea of the properties
of Y. It allowed us to choose a gate-time, namely 283 milliseconds, which we be-

lieved to be sufficiently long to be close to the asymptotic value for Y and yet

4) This value obteined by using vp = 7.7 x 10-3 and /v =57 x 1076 sec as esti-
mated by Christy.

APPROVED FOR PUBL C RECGASE
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he able tu nezlect the effect of delayed neutrcus. This assumptién could be
made bocause of the considerations of long gate-width already explained on
page 10.

It has already been pointed out that the quantity VP has not as yet
besn moasured. Theoretioslly we cen, however, at least srrive ot a rough valus
for ‘QP. This is so since wo may write ¥ =1 - K  and we may say tha} at
oritical

vp = l-sz Y&
whore f is the fraction of neutrons that are delayed, and y is the factor
to acoount for the fact that they are born at lower ensergies, and henoce have a
better ohance of leadinz to fission since they are less spt to leak out. Using
dats from the Chicago laboratories y wes calculated to be about 1.29. We found
f reported as around 0.006. [Fermi was kind enouzh to inform us that this value
of £ was & very rough value and might well be 0.007 or 0.008. Algo rouzh pre=-
liminary experimonts donc on our boller indicate that our yf 1liea somewhere in
that resion.

If merely for the sake of argument we would use a value of yf of about

.008, we would for instence arrive at a value of 4.5 for the quantity:;1e§3 5).

1t is hoped thai a measurcment of 99 may be msde and 8 supplementary

report then lssued, treating the quantity »* -F rather than Just ‘the fluctua-

tions of the boiler itseclf.

L oo b4
&) vhis rouzh estimate was € = 3.69°:° iN¥
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APPENDIX I.Dorivation of thé.;.:vzcrr'.’r.tiréx Byrsitah ' {m - 1)

In order to compute Y + 1 we have to compute . the quantity
cz et (6)22 i'e" (l/m) }.: (ci - 3)2
2

since this is meroly a mathematical identity. Experimentally however we measurs

the quantity

(1/m) £ (o5 - & T.o3)?
Thus we shull examine the relation between the measured quantity and the reguirsd
ona. Now

(V/m) & (ey ~ 2

= R

Les)
2

(Va) S(c; -8 +5 -

Bl

T.o3)?
p A

(V) 2 (o3 = ) = [(W/m) 2 (o4 - 5)| 2
i
Thus we have to svaluate the expocted velue of (1/m) 5 (3; = o) to obtain ths
i

most probable difference between the two quantities. Now

[(1/“’) Z (o; - 5)]2 = (1/n?) E.?JZ (c; ~ 5')(cj - T)

in this sum the terms with i # j are just as likely to be positive as
negative and therefore on the average cancel out, leaving only the terms with

i = j and hence the expected value of this quantity is:
(V/n?) £ (o5 - ©)°
1
Hence we see that we mav expect that
(1/m) % [ci ~ (1/m) _Zci]?' [(1/m) - (l/mz)] T (e -3
i i
[(n = 1¥/m)a/m) 7 (ey - 302

[}]

or consequently

[Expected true valuc of (Y

2

: 1)3 = [m/ (m-lﬂEneasured valu;} °
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APPENDIX 11. Probability of Accidental Pairs

The faot that the probadbility of acoidental pairs may be expressed
as the producst of the individual probabilities of sinzle counts {in spite
of the coupling that might exist between some of those single counts) may

be made clear as follows:

Let the probability of a count at t, arising from a fission at time
% be F(tlwt) and tho probability of & fission per unit time be P. Then the
probability of a count in dty; at %; is
©
B F(5,~t) at

» 0d

and the probebility of having a commt in dt; at tl arising from one fission
and also & count in dt, at ta from another fission, is the produot of two
such expressions since the two fissions are indcpendent events. Thus the prob-

ability of an accidental pair in dt,, dt, is theo product of the probabilities

of counts in dtl and dtzo
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