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Abstract : In the first part of this paper, s suc-
ciamt introductionm is made to the fundamental con-
cepts specific of the study of the stochastic pro-
cesses. The non-Poissonian character is emphasised

of the probability disctridbution of the number of
neatrons recorded by a chaim of counters within
giver *!za incerval, i.e. of the number represeating
the physically observable that is holding informetions
concerning the fluctuations of the neutrom populations
in the reactor. The difficulr probles of collecting
the experimental data in view of determiniang the re -
duced variance of the physically observable is solved
by the authors by means of an electroric oquipment
which is serting these experimentsl dats in such =&
way that the reletive recording freqaencies of o gi-
ven svmber of nmewtroma {s At intervel is directly de-
tornined. 1In the second part of ths paper tle funda-
neatal disgram is descrided of thas snslysis chaia
after which s ninute description is given of the fun-
damentsl disgran as well as of the signal diagrea swp-
pliad by the stechastie sulti-chasmel smslyser schie -
vad by pristesd cirenics is the forms of a NIN medule.



1. INTRODUCTION

The conditions under which the nautron population
within a nuclear reactor can be kept cons. ant as a function
of time (steadv operating conditions of the neutron popula-
tion) result from the qgeneral evolution equaiicn of the neu-
tror. number within the active region of the reactor: this
equation can be exnressed as follows /1 / :

(1) PN - DN 4 S = ;%n

where, in symbnlical writing, the rates of appearance and
disappearance of the neutrons ara Rp = iﬂ, respectively

RD = DN and where appears mnreover a term expressing the con-
tribution of an excitation source of intensity R.

The production rate of the neutrons is proportional
to the fission rate of the fuel nuclel.

The neutron population +“ithin the reactor is con -
stant as a function of time | ff M = N), in tha ahsence of an
excitation (S = 0), only as long as an equilibrium is achiaved
hetween rates R, and RP. The state of the reactor vhen these
conditions are fulfilled is callad critical state.

If, however, for achieving the steady opsrating
conditions of the neutron population, the presence is neces -
sary of an additional neutron sourcs, the reactor is said to
be ir a subcritical state. The intensity of this neutron source
is a functior of want of balance between rnto-~np and Rd and
of the level 6f the neutron populating within the environment.

For a given level of the population, source S is a measure of



the subcriticallity. The intensity of the source is expressed
by

(2) §= R, - RP

Actually, even under operating conditions that at » macroscopic
scale are called steady, the neutron population in the reactor
displays certain fluctuations due to the stochastic character of
the microscopic interaction processes between neutrons and nu -
clei within the environment. Por instance, the probability for a
neutron to provoke the fission of a fuel nucleous depends on se-
veral factors such as:

- the pusition within the reactor active ares of the
respective fuel nucleous;

- the composition of the active zone around the res -
pective cpot;

- the microscopic cross-sections of the neutrons-nu-
clei interactions depending on the energy of the
neutrons.

On the other hand, the function of the neutron spec -
tral distribution is strongly influenced by the form and the geo-
l-tﬂ.éal dimensions of the active area as well as by the relative
concentrations of the materials fonfnq ic.

Owing to these factors, the fissions of the fuel nu -~
clei 40 not ocour at regular time intervals. The existence of a
dispersion of the time iatervals between the fissions offers a
pertial explanstions of the fluctsations existing in the neutron
population withia the reactor. As & result of the fisston of &
fuel mucleus provoked by a nsutron existing in the reactor, two



fission fragments and a number Ve of neutrons (prowpt neutrons)
are simultaneously produced. The {isgion fragments are radicac-
tive nuclei in an excited state, the atomic numbers of which are

related by

(3) Z, + 7%, = Z (Law of conesrvation of the electric charqe)

It is exparinentally found that the nuclet of a fissile material
that splits in apparently identical conditions (with neutroms of
the same energy) do not emit every time the same pair of fission
fragments, nor to they emit the same numher vp of prowpt neutrons.
These relative frequencies represent as a matter of fact
estimations of the probability that as the result of a fission
the nucleus of a given species would appear, respectivelly of
the probability that the tission would release a given number of
prompt nsutrons,
¥hen these probahilities are known, i1t is possible to

deterrine the statistical mean vaiue of the prompt neutrons pro-

Auced by the fission of a fuel nucleus.

(4)

Quantity Gb is a constant of the material, very interesting as
concerns the self maintaining of the chain (fission) reactions
vithin the active region of the resctor, {,e. of the reactor
working. Beside the prompt neutrons, the fission of a fuel nu -
cleus releases also neutrons due to the radiosctive Aisintegra-

tion of the fission fr;qnonto (delayed neutromns).



A fission fragment releases a single neutron by disin-
tegration. It is a random phenomenon since there is a disper -
sion in the time Lntor\'ml between the disintegration moment of
the nucleus and the appegrance of the neutron owing to the fig-
sion . This dispersion is characteristic of the phenomenon of
radiosctive disintegration.

The above mentioned phenomena aphnue. the stochastic
character of the neutrons interactions with the surrounding nu-
clei and chiefly of the fuel nuclei fission.

The stochastic character of the microscopic processes
peculiar to the neutron multiplication within a reactor explains
at the macroscopic scale, the presence of the fluctuations of
the neutron population in the reactor. This kind of fluctuations
takes the nabe of neutron noise / 2 /.

There results that the neutron population N(t), exis -
ting at moment t considered with respect to an arbitrarily
chosen origin, within a critical or subcritical reactor, where
the statistical balance cf the nsutron population is naverthe-
less achieved presents fluctuations around a mean value iTt") ex-

pressed by

(%) WE) =R emy

where M is the operator of the statistic nean
[

0] nmew) = fxarm

and r' (x) 41s the distribution function of the random variable
n(e). |



The neutron population N(t) within the reactor at
time t should therefore not be interpreted in a deteiainis-
tic sense. Since it is a random variable, the reactor state is
determined if its moments of any order are known, To characts-~
rize the evolution as a function of time of the neutron popu -
lation, 1t is necessar; to use a set of such functions depen -
ding on t.ln and an an infinity of random paramesters. Such a
family of functions defines a stochastic process / 3 /.

Under conditions easily fulfilled in experiments,the
study of a stochastic process reduces itself to the study of a
single sample function of the process. With refarence to a sin-
gle sample function, time mean values can be defined such as :

T

M <H(t)> = 1im -i, [ N(t)de (time mean value)
Toaw
-7
2 1 T 2 {mean square value
(8) (N (t)H= 1im w N (e)dae called also total
Too msan ‘power)
-7
T
(9) Re(1) = lin g [ B(£)W(ts1)dt (suto correlation
Tom . function)

A stochastic process 1is called ergodic vhen all the time
means exist and coincide , independently of the used sample,with
the corresponding statistical means. If the process is for instan~

ce Caussian, it is easy to show that the condition

(10) //Nh)-ﬁﬁhca

involves ergodicity.



The ergodicity property is very important since it re-
duces the evaluation of the statistical means of a stochastic
process to the estimation of time means by taking into account
a single sample of the process. Such an experiment is only va-
lualtis 1f the process is ergodic and stationary or at least stes-
tionary in a restricted sense.

A stochastic process is stationary in a restricted sen-
se 1f all its statistical properties are invariant with regard to
translations occuring aleng the time axis; in particular wvhen dis-
tribution function Py (x) and statistical mean L do not depend on

time while the selfcorrelation function
(11) Miweey) omep] = RoCe, )

depends only on di’lerence t, - H= ' the process is statiomary
of the second order. -
The fluctuations of the neutron population withia a
reactor apund the mean value are strongly influenced by certain
factors depending both on the composition of the active zone and
on the geomstrical size of the latter. Tt could be expected that
the analysis of the meutron noise would permit to detetming oer -
tain global characteristices of the active zone wvhich would prowe
wsefyll for describing the trgnaicpt hohaviour of the Zescker Af .. .
a deterministic physical uyutcn."m.w characteristics that emm
be dedused from momm®a of tho. T anil 11 order of the nertrtn pr -
pulation arc usually ¢a’led Zinotic parmmotera, ‘

The atate variable in reaard te vhich equation of evo-

lution (1) 1is writtem in thorofore the ntatistical ®ean of th.



neutron population.
The solution of the equation of evolution is influenced

by the values the following parametery :

op - the decrease constan: of the prompt neucron. popula-
tioa;
1 - the mean life of the neutrons

Ber™ the effective fraction of the delayed neutrons
k - the effective multiplication factor of the promt
neutrons, or, depending on these, the subcritical
prompt reactivity of the reactor..
(12) oy 1 p;n
The mathematical theory of “he neutroa noise in a zeactor msakes
use of the usual methods and concepcs for the study of any stochas-
tic processes. As any mathemitical theory for the study of physi -
cal phenomena, it is hased on hypotheses liable'to simplify the
rathemsrtic relations between the lﬁu variables occurinj in the
description of the respective systam. The thesoretical relations
are however valuable only as long as they are verified by experi-
ments. Therefore, a mathematic theory appears as useful as concerns
the development and the dintutglnq of the msthods for the measu-
rements of the parameters of a physical system.

Therefore, a mathematical theory should operate with
state variahles of the physical system, susceptible to be physical
observables.

¥hen ctudyin.q the neutron noise, a physical observable
(which is also a random variable) can be the number of neutron re-



corded duringy a time interval At by a counting device ctrovid-1i
with a neutron detector and placed within the active area. Let
v (At) be this ocbserveble. The study of the fluctuations of the
neutron population is thus reduced to the study of the statisti-
cal properties of random variable 2(47) / 3 /. -

Stonld the neutron detector be placed in the neightour-
hood of a radioactive source, the probability distribution func -
tion of the random variable 3( t) would he of the Poisson type.,i.

(13) Prob (z(u) - c(At)} -itl e = p (8%)

Poisuvon’s distribution function is character!sed oy a single pa-
rameter (%), which is the statistic mean of the random variable.
Therefore /1 1s the mean value of the number of neutrons
g( At), recorded by the counting device during the interval At.
The moments of higher order of variable z(At) cen in
turn be expressed as a function of only parameter R of Poisson’s
distribution :

~ [ -]
(14) P (a3 = 1!-?1— exp( - Sat)
[ -]

whers Vv the mean cousting rate.
Por instence, the variance of the random variable de -

fined by

as) B oo -fsenf} -V san) - %0ty
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is equal to its mean value, respectively

(16) A {(zee) - 1ELIY} - B (se0)]

or

2
%s(at) " Pg(ae)

If tha neutron dstector of the counting device is placed
vithin the active sone of a reactor, the prokability distribution
of random variable z(At) will evince a deviation from Poisson’s
distribution Jus to the chain fissiun reactions within the actiwve
zone.

In other words, the neutron detector can only recurd
during the interval At neutrons belonging to the sams chain of
‘t'iuiom. The hypothesis of the independence of the events ( an
'ownu means here the recording of a neutron), characteristic of
a Polsson’s stochastic process, can no more be acospted as trus.

Secause of the correlated events, relation

(18) o (ae) o,

is no werified any more. In such a situation, relation (18) shouid
become / 4, 2, 5, 6, 11 /.

2

(19) o
2088 & 1 + g(ae)
.z(u)

Terx ¢(At) represants the deviation of the probability
distribution of variable s(At) from Poisson’s distribution and

becomes increasingly important as the weight of the correlated



events increases. In this paper, we present a msthod of analysis
of the neutron noise within a nuclear reactor that has the atten-
tion of the Laboratory of BRsactor Physics at IFA, with a view
to be used for the experimsntal studiss in the lattices of eac -~
tors with thermal neutrons.

It is the matter with tha method of the reduced varian-
ce of the nusber of neutrons z( At) recorded by a counting device
during a time interval At.

In the first part of the papsr, the theoretical bdares
of the method are expoundec. The second part ii devoted to descri-
bing a chain of analysis of the fluctuations and especially of
the stochastic multichannel selector, an achievement of the Labo-
ratory of Nuclear Electronics co-operating with that of Reactor
Physics.

It should be pointed out that experimsntally neither
ths probability distribution of random variable z(At) not its
statistic momsnts are accesible to direct mesasurements.

Only estimations of these statistic characteristics
can be determined. A2 it will be shown further in this paper, the
dependenca of the veducod variasice on the length of the recording
tims interval At, takes the form / 7, 8 /.

n 2 n 2
21 claw - (L 1 e ae)
(2¢) {ie] i=]

- =1+ 30ae)
1 o an
11

Melation (20) is only valid for smeli values of interval At,for
which the contribution of the delayed neutrons can be disregarded.
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In this assumption function ®(At) previously introduced is ev-
pressed by :
k 2 l-oxp(-cp at)

—P -
(21) v(At) ¥ €D ( = - ) (1 aat

)

Except the recording interval At, function ¥(At) de-
pends on several con3tants including the reactor kinetic parame-
ters ap and °p which can be detsrmined by suitable fitting pro-
cedures. For determining the kinetic paramsters, the experimsn-
tal measurement is reguired of the reduced variance of the rnumber
of recorded neutrons for various values of length At of the re-
cording interval.

This method is only apparently simple. The relative
error of measurement of function ¢(At) and the total number n

of intervals At ars related by / ¢ /

(22) A(1 + 9(at)) V/E
149 (At) n

If for y(At) = 0.0l we accept a measuring error of lo* ...re

results from (22) that the necessary number of recording inter-

vals should satisfy relation
n > 10°

The achievemsnt of the recording devics to which, as suggested
by (20), thic experiment is leading, raises particularly intri-~- .,
cate tebhnical problems / 2, 10 /. This is the reason that di -~
rected as towards the achieving of an slectronic equipment (fig.l)

capable of permitting the direct determination of the probabili-
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1ity distribution of the random varia™le s(At) along the varia-
tion range of the recording intervel At .

This equipment achisved in the IPA Laboratory of Nuclear
Blectronics is the stochastic msultichannel analyser. It repre -
sents the key-elemant of rn analysis chain of the fluctuations
of the neutron population (fig. 2) made in fact with the help
of elemsnts availhble on the market.

We shall describe succintly the working >f the equip
wat that peraits a rational ¢nough vse of relation (20) when
determining ¢ (At).

Let t = 0 Le the time when the START kncb s pushed that
releases the equipment for which the possibility is provided of
stopping it either manually or controlled by & time T which
can be selected by switch PRESELECTION (ixed on the stochastic
selector pansl. The tims interval (0,T) of a recording can be
oconsiuered as divided into a nusber of ar aljscent subintervals
of equal duration At.

At =

o9

(23)

Bvery At subintsrval is separately analysed by the
oquipsent. The nusber of neutroms that ¢an be detected within
swch a subinterval has a higher limit imposed by the very method
of prooceseing the experissmtal data. Acocording to the informs -
tions -qplul‘.li the literature, this method becomss inapplica-
ble vhen the amber of the neutrons detacted within & At inter-
val grows higher them 2.



If, for instance, in the first time subintarval At,
neutrons are recorded ( c‘Z’), the content of the adress of
the memory device P:95LD grows by a unity. At the end of the
experiment (after time T) the memory addresses bear the following

distribution:

(24) {qcum , € =0, 1, v.u., 127]

where qc(At) is the number of intervals - from the total n- when

the detector recorded c neitrons. )
When distribution {qc(At)}in knowa, the relative frequen-

cies can be deterrined of the intervals wners ¢ neutrons were re-

ccried . T™hese frequencies, supplied by :

q_(At)
(25) gc(At) - _%-.._.

are estimations of the prchbability that the nusber of neutrons

detected in a At time interval would be ¢.

Therefore, t*- working of the n‘eording device is only

correct as long as gquantities qc(bt) verify relation:

127
(26) I q.at) =
Cc=0
By using the recorded distribution (qcue)}. we shall
be able to compute the empiric momsnts of the 1 and II orders of
random veriable =(At); which are unbiased estimetions of the sta-
tistical mean valus and of the msan-squaere valus, respectively,

127

(27 u, = I c f (Le)
E owo ¢
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(28) Sz = I c” f_(tt)

These quantities mearmii to determine function (it) by means

of

(29) viat) = 22 .

So as to allow for additional tests conceininq the cor-
rectness of working nf the equipment, it is moreover necessary
to record separately the total number Ny of the recorded neu -
trons during the whole time T of an experiment.

The average number of neutrons corresponding to a sin-

gle time interval can therefore be equally deduced from ratio
n
D

- that should coincide with the empirical mean value

(3o0)

oL,

n s

Lastly, the recorded data permit moreover to verify
relation
127

(31) n,.= [ ¢ (At)

D" 9%

The experimentally, obtained data permit therefore
to determine function $(4t) corresponding to a given valus At
of the argusent.

However, the determinztion of the xinetic parsmsters
of the reactor active zone can only be mafe if the dependence
of fyagtion ¢(AS) o duration it 18 known.
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The experiment must therefore be repeated for all the
argument values Atl, Atz. cos » Atj to which, through relation

(29) , correspond the gquantities: Hbtl), vidty), ..., O(Atj)-

I1. METHOD OF THE VARIANCE OF DETECTED NEUTRONS NUMBERS
/77

Let d"l and dtz be two disjoint time intervals.

We propose to deduce an expression of the average nwmber
of neutrons detected within these intervals by a neutromn detsctor
while taking into account the neutron multiplicstion dus to the
chain fission resctions. To do this, we shall introduce the follo-

wing probabilities:

-p(m, dtl) = the probability for m neutrons te be rxecorded ia dtl

-pim, dt1: n, dtz) = the joint probability fer m neutroms to be
recorded in dtl, and for n neutrons to be
recorded in dtz

-pin, dtzln'. dtl) = the conditional probability for n asutroas
to be recorded in dtz, 4f » nestrons were
recorded in dtl.

Let r(t) be the instantanecus count rate at time t (random
variable). The number of recordings in &t is thea r(t)dt while

the statistic meanr valus f the product of the nusher of recordings
in at, by the number of recordings in dtz will be

(32) (R (tl)dtvﬁtz)d{z) - »apin, “1’ n, dt,z)

4
m,n
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When the time intervals are small, this msan value is approxims-

ted by the probability of a single recording, whence
(3%) (Mtl)l(tz)dtl dt,> == p(l, dt,; 1, dt,)

We shall express this probability as the sum of probabilities of
two disjoint events. The firs: ters represents the probability
of a recording in at, whether a neution was recorded or not in
dtl. The second term oxpriuoo the contribution to the mean value
of the events defired by a —ecording in dt2 aftexr having been re-
corded in dtl. The pairs of recoruings in dtl and dtz can there-
fore be either sccidental or ocorrelated.

The uncorrelstsd (accidental) pairs of racordings are
produced by neutrons with no common ancestor , mesaning that they
do rot belong to the sams fission chain.

On the other hand, the correlated pairs originate in re-
cordings of neutrons yielded by the same fission reaction. This
manner of interpreting the pairs of recordings will be better ex-
plained later on.

We can write s

38 pa1,aeys 1,de)) = p (1,4t 1,8t,) + p (1,d¢e;; 1,4¢,)

whers
(33) pc(!..dtx: l.dtz) = p(l,dtl) . ’u'“z“'“x’

repressuts the probability of the recording of a correlated pair
of neutrons withia the iatervals Ctl ad dtz.



Uncorrelated pairs

The uncorrelated pairs of recordirgs are due to detec-
ted neutrons that do nct belong to the same fisgion chain.
So as tc be able to deduce the probability expression

pa(l, dtl; 1, dtz) we shall define the following gquantitines:

F = the mean fission rate within tl.2 active zone of
the reactor
e = the efficiency of the neutron detector

by relations / 1 /

(36) F - I [ dE 4V I (K,E).v(E) n(A,E)
€} (V)

where ,

dE.n(R,E) - is the mean value of the number of neutrons
per unit volume around the point the posi -
tion vector of which is K the neutron energy
being of E to E + dE,

Le(fl, E) - is the probability with regard to the unit
path that a neutron of E energy at space
point K would produce the fission of a fuel
nucleus.

f dE I I, (R.2) viemid,E) av
(37) (B) vy

ae [ L (W,E) v(E) n(l,:)av

(®) Vo)

The detactor efficiency is thersfore equal to the ratio betwesn

the mean rate of the detector recordin:¢ and the mean rate of the



reactor fissions. The probability of a recording in dt is

(38) pd(l. dt) = cPdt

so that the probability of a uncorrelated pair recording in
dt, and clt2 is supplied by

(39) Py (l.dty: 1,aty) = czrzdtldtz

Correlated pairs

Lat n(tk,t) be the probability with regard to the unit
time that a neutron produced within the rsactor at time t as
the result of a fission would have a descendent (itself being
oiie of them) within the system at time ty-

The probability of one count in dt1 from a2 progeny of

a fission which emits vp prompt nesutrons at time t is :

at,tc

(40) vprdt ity t) "V:_

The probability of a recording 1n‘dt1 to be followed
by smother one in dt, from s progeny of the seme fission at time

t is
(111
(41) (v.-1) Rity,e) -—d
, >

The probability of the correlated pair: 1is therefore

v (v ~1)
4 Ty 1e? ae o) ae, miey,0) Niey e
’ .
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The fission reaction of a fusl nucleus at time ¢t has released
vp reutrons but with probability p\.p. 80 that to the sbowe ex-
pression wu must apply the operator of the "statistic msan“vhence
v_{v_~1) 2

(43) - Fc¢ dat & dtz ll(ta,t) l(tl,t)

)

P

The probability of a recording in dtl and of another one in dt2
due to neutrons released by earlied fissions of nuclei is supplied
by integration

t

1l
{(44) pctladtlf 10“2, - P tzbvdtl'dtzl '(tllt) l(tzrt) dat

-

The statistic msan valus of the number of both uncorrslated and
correlated pairs recorded in dtl and dtz is therefore

31
(45) <n( 22 2
tyIA(E,)at e, > =e?PPde de ore?D at de, | R(e,,00H(e, 08t

Probabilities ll(tl.';) and l(tzot) are solutions of the following
kinetic equations / 5, 8 / :

( 46 ) an _p-
*® 2-‘—2 T+ IMC, + 8(¢)
(1)
ac s
(47) .. 4
= M T

In the case of s small ¢, the "sourcs” of delayed meutrons can

be assumed as approximately ocomstant 80 that the solution of the
above systems of equations is
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-a_t p -8

(48) n(t,0) =e ° . where a, = —

The general solution of the equations takes the form

(49) R(t,0) = AL A exp( - o t)
(%)

vhere A and @, are corstants resulting from the transfer fumc-

tion of the reactor

s B
1- 1 o
1) 1 A
(50) T(s) = = I @ —t
8 (k) s +
i Sy
s(t+ I —)=-p
1) = *"

With the former notations, L represents the decrease constant

of the population of prompt neutrons

(51) up L

When t 1is small the general solution coincides with the parti -
cnh:onouho-l. We have then

($2) Rty ) =18, oxp [- oy (t4-t)]
k=0
(s3) Bie,,t) -kio b em [~ o (t,-0) )

Relation (43) becomes



BB
2,2 2 1 a -
(54) <utl)l(tz)dtldt2> P dcldtzﬂ'c D\'dtltlt.2 L ;—;;:.lp[c‘ (tz tl)]
1.3
Introducing notation
n+l B
Q = L
i o1 o, ¢ uj

we shall obtain

2.2 2
(55)(l(t1)ﬂ(t2)dtldt2>-r € dtldt2+rt D"tl'.lﬁt2 :

( Alfllc::p[-ei (tz-tl)]

)

Let us denote by At a time interval including interval (tl.tz) and
let c(At) be the number of recordings within this interval. The

number of recording pairs will be

) cfar).le(ae)-1)

c(at) 2

and the mean number of pairs will be :

At 2
c(At).lc(At -1 -
(56) (elstlfe )2 oo | g, | aeencep).niey))
t,=0 t,=0
n+l

2 2 l-exp(-0_at
57 3 <&elat).[e(pt)-Dy= 2-{-294 wrelp oy T N0k X
k=l 'k st

But t¥At represents the msan nusber of racordings within interval
‘t' 1..1

)



(58) <cl{At)>= cPFAL

and therefore

n+l
2 - l-exp(a At) -
(s9) <8 <cO) | 1ep ¢ a- ‘P;k )
cc(at)> Ykap T Ox
or
2 _ 2 ne? 1 - exp(-a At
6oy SE-lat Cc@e)d ., ¢ Y (1 - A:k ,
Ce(bt)> k=l %

wvhich was deduced by E.N.Courant, R.L.Wallace, D.R Prisch, v.J.

Liffler and R.N.Albrech in the form

2,0, _ 2
(61) c (4 scf(d =14+ Iy
<cidt)> (x)

Structuge and performances of the system

For data acc sulation, the memory register BM 96-B
(4096 addresses) is used which in an accumulation regimz has a
capacity of 10% /adress.

The complete structure of the s/stem (fig. 1) is
formed by :
= the analyser itself, conceived as module ¥I%™ (fig. 2)
- the memory device 3M6-R
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~ the neutron detector D with a 0,5 us tise resolution

- the time-mark generator G, with a period ot = 30 us - loo me

= the n, counter with a 109 capacity for recording the total
number of analysed pulses {(detector counts).

The analyser prcuhct-'thc information accumulation
received from the detector in recording intervals T of 103, lo‘,

5 or lv:s6 or as case may be any time inteorval.

lo

The analysis chain can accept up to 127 pulses from
the detector during an {anterval M.s(tot & number higher then
127 pulses, the 127-th address will increase by 1 its content

for each recording interval.

Operation

During the feeding of the installation, the SBSTART-STOP
(8p) ‘wu.:h iz in position 1 (STOP) so that the binary counter
with seven bits (NB) and flip~flcps PP1l, FF2 and FP3 are held at
the zero atate (fig. 2). The equipment is reset (decimal counter
n) with the help of knob SERO. At the same time, counter n, is
ssparately reset too. Por dats accumulation, swith 8P is put on
position 2 (START).

Whin the first pulse comes from tims~mark generator G
($# being on 2), FFr) passes on the baek wave front, on "1" by
opening gate P, when the first pulss from G achieve its amd (fig.
3). It is necessary that tho first pulse should nct pass 8o as to
ensure the equality of all the access periods of the pulses from
detector D.
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The second pulse from G pass through P, vhere it vnder-
goes a delay ty - 200 ns; its wave front releases mono-flip-flop
M8 (the duration of the pulse produced by M8 is Am-l vs). The
back wave of the N shapes with the help of delay t, a needle
pulse of 100 ns, the back wave of which passes FF2 and PP) in "1",
Prom this moment forward, guote Py 1s opared &.1 the pulses from
D are recorded on n, and WB.

hen the third pulse comes from G, the sequence of events
produced by the second pulse is repsated. On tha other hand, Fr2
is reset and bloocks gate ’1 and sincae PPJ is in state "1°, all
impulses coming froe C, beginning by the third one ure recordsd
on NE. At he sams time, M8 releases on the first front the msemo:y
cycle (IN). During this cycle (ot 16 + 2 ys) the KB contents is
trans ferred to the address register RA of memory devioce BM 96-B,
the RA address sontent passes into information register RI; tlis
content increased by : is returned to the specified address in RA,

The negative impulse from resst N8B, while its back wan
brings asgain in "1" FF2 wvhich opens again gate Pl.

Delay t) 1% necessaiy for ths transiont processes in WB
to be at an end Dufore the nsmory cycle 1is released.

The flip~flop Fr3 avoids the relassing of the mesory
cycle when the seocond pulse arrives from G which would hawe re-
sulted in the resording of an event at address zero, On the other
hand, the second pulse is not recordsd on NI either.

The duration of the recording period is At = Aty ~ A,

If in a Atg interval, detector D supplisd to the output
sore than 127 pulses, at the 127-th pulse gate P, opens and blocks
mmmumnuummrlnmummuumu-



gistered on address 127. The frequent inaccurate recording of
events on address 127 results in the lighting of lapm OVERLOAD.
In this case, the frequency of tims-mark generator G should be

increased.

L} 5

When the contents of (n) reach lo~, lo‘. lo” or lo‘
(as a function of the position of swith PRESELECTION), PS beco-
mes "1”, the aignalling lamp of the self-stopping (SA) and PPl
and FF2 are thersfore resetsd zero; the last memory cycle is re-
leased , after the recording the NB content is reset and FF) is
reset to- (whica avoids the possibility of an accidental relea-
se of the memory cycle as well as of the altering of the acrumu-
iated data). The experiment, is thus “automatically® stopped.

For a new experiment, SP is again set on 1, the equip-
ment is reset after wich SP s passed in position 2.

The information accurulation can also be stopped " ma-
nualiy® at any tire by putting SPon pposition 1. The interrupted
experiment can however be coamtinued by simply putiing SP agsin on

position 2.

Chapcun!ggg of the analyser input/ouytput u;ug

= output from time~mark gmmerator snd datector
- ,ol.‘uney - gulg;l’v;
- smplitude - 2 % 30 V
= dpration (at X.5 volts) >'0,3 ps at the generator ¥
end 0 " yus at the detector
~ output towards the ccunter
= polarity - positive
- amplitude - 3,5 V
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- duration - the same as that of the pulses froe the
detoctor
- towards memory device BM96-B
= pclarity - positive
- asplitude - 7,4 V + 108
-~ rise tise -~ 0.3 us

fall time - 40 ns

duration - 1 us.
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The signal disgram in the stochastic analyser.



