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Abstract : la tba first pare of this paper, a euc-
ciat introduction ia aada to the fundaaental con­
cepts spacific of the study of tha atochastic pro-
caaaea. Tha aeu-Poiaaoaian character ia aaphaaisad 
of the probability distribution of tba number of 
aeatroas recorded by a chaia of countsra within a 
given tii« interval, i.e. of the auaber repreaeating 
the physically observable that is holding iafora*tiona 
eoaceraiag the fluctuations of the neutron populations 
ia the reactor» The difficult problea of collecting 
the experimental data in view of determining the re -
dneed variance of the' physically obaervabl* ia solved 
by the authors by aesns of sa electronic equipment 
which is sertiag thaae experiaeacal data ia sach a 
way that the relative recording frequencies of a gi­
ven number of aeutroaa ia At interval is ditectly de-
taraiaed. Ia the second pare of the paper cte fuada-
aaatal diagram ia described of Che analysis chaia 
after which a aiaate description ie given of the fun* 
daaantal diagram ae wall •• of the aignal diagram sup­
plied by tha •teehaetis malti-chaaael aaalyoer achie * 
vad by printed eircaits in the ferm of a nlM module. 
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I. INTRODUCTION 

The conditions under which the neutron population 

within a nuclear reactor can be Vept cons.ant as a function 

of time (stesdv operating conditions of the neutron popula­

tion) result from the qeneral evolution equation of the neu-

tror. number within the active reoion of the reactor; this 

equation can be expressed as follows / I / : 

(11 PN - DN • S - £* 

where, in symbolical writing, the rates of appearance and 

disappearance of the neutrons are R « PN, respectively 

R_ » DN and where appears moreover 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 nuclei. 

The neutron population within the reactor is con -

stant as a function of time ( £y n • 0), in the ahsence of an 

excitation (S • 0), only as long as an equilibrium is achieved 

between rates R. and R . The state of the reactor when these 
d p 

conditions are fulfilled is called critical state. 

If, however, for achieving the steady operating 

conditions of the neutron population, the presence is neces -

sary of an additional neutron souroi, the reactor is said to 

be ir a subcritical state. The intensity of this neutron source 

is a function of want of balance between rates^ and R- and 

P ° 

of the level of the neutron populating within the environment. 

For a given level of the population, source S is a measure of 
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the aubcriticalllty. The intensity of the source is expressed 

by 

(2) S - *,, - Rp 

Actually, even under operating conditions that at a 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 -

clel within the environment. For Instance, th* probability for a 

neutron to provoke the fission of a fuel nucleous depends on se­

veral factors such as: 

- the position within the reactor active area of the 

respective fuel nucleous; 

- the composition of the active cone around tha res -

pectlve tpot; 

- the microscopic cross-sections of the neutrons-nu­

clei Interactions depending on the energy of tha 

neutrons. 

On tha other hand, tha function of tha neutron spec -

tral distribution ia strongly influenced by the for» and tha geo-

netrical dimensions of tha active area as wall aa by tha relative 

concentrations of tha natarlala fowing it. 

Owing to tbaaa factors, the flesions of the foal no -

elai do not oeear at regular tina intervale* ine existence of a 

dieparsioa of tha tina intervale between the flaelons offer* a 

partial explanatioae of the flootaationa ealating in tha neutron 

population within tha reaetor. Aa a raaalt of the flesion of a 

foal noeleoa provoked by a nentron exleting in the raaetor, two 
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fission fragments and a number v of neutrons (prompt neutrons) 

are simultaneously produced. *he fission fragments are radioac­

tive nuclei in mn excited state, the atomic numbers of which are 

related by : 

(3) Z. • ?., • 7, (Law of conservation of the electric charge) 

It is experinentally founJ that the nuclei of a fissile material 

that splits In apparently identical conditions (with neutrons of 

the sar»* energy) do not emit every time the same pair of fission 

fragments, nor to they emit the same number v of prompt 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, respectlvelly of 

the probability th?.t the tission would release a given number of 

prompt neutrons. 

when these probabilities are known, it Is possible to 

determine the statistical mean value of the prompt neutrons pro­

duced by the fission of a fuel nucleus. 

vp-l 

Quantity v_ is a constant of tha material/ very interesting as 

concerns the self maintaining of the chain (fission) reactions 

vfithin the active region of the reactor, i,e. of the reactor 

working. Beside the prompt neutrons, the fission of a foal nu -

cleus releases also neutrons due to tha radioactiva disiriteera-
e 

tion of the fission fragments (delayed neutrons). 
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A fission fragment releases a single neutron r/ disin­

tegration. It is a randosi phenomenon since there is a disper -

slon in the time Interval between the disintegration moment of 

the nucleus and the appearance of the neutron owing to the fis­

sion . This dispersion is characteristic of the phenomenon of 

radioactive disintegration. 

The above Mentioned phenomena emphasite 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 nane 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 of the neutron population is neverthe­

less achieved presents fluctuations around a mean value N(t') ex­

pressed by 

($) iMt) - MJlMt)} - •„ 

where M is the operator of the statistic mean 

ejm 

(•) * {nit)) - J x d rw(«) 

and Fw(x) i s the distribution function of the random variable 

•<t>. 
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Tha nautron population l»(t) within tha reactor at 
tine t should tharefor* not be Interpreted in a deteimlnls-
tlc sense. Since it is a randosi variable, the reactor atate is 
determined if its moments of any order are known. To characte­
rise the evolution as a function of tine of the neutron popu -
lation, it is necessar, to use a set of such*funcţiona depen -
dint on time and on an infinity of random parameters. Such a 
family of funcţiona definea a atochaatlc process / 3 /. 

Under condiţiona aaaily fulfilled In experimenta,tha 
study of a stochastic process reduces Itself to the study of a 
aingle sample function of the procesa. With reference to a sin­
gle sample function, time mean valuea can be defined auch as t 

(7) <W(t» -

(8) <N2(t)>-

(9) «„(T) -

A stochastic process la called eroodle when all tha time 
means exist and coincide , independently of tha aaed eample,wlth 
tha corresponding statiatlcal mesne. If the proceae la for instan­
ce Ceuesian, it is easy to show that tha condition i 

do) / / V * ) " « M / ^ T - C » 

Involves ergodiclty. 

T 
11m -ţar I N(t)dt (time mean value) 
*•" -T 

a (mean aquaxe value 
11» *£- / " (t)dt called also total 
T^. | "••" Von*») 

-T 

T 

11m - n / R(t)ii(t+T)dt (auto oorralation 
T^. " j function) 
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The ergodiclty property is vary lnportant since it re­
duces the evaluation of the statistical «cans of a stochastic 
process to the estivation of timm wans by taking into account 
a single sample of the process. Such an experiment is only va-
luar.l« if the process is ergodie and stationary or at least sta­
tionary in a restricted sense. 

A stochastic process Is stationary in a restricted sen­
se if all its statistical properties mzm invariant with regard to 
translations occurlng along the tis* axis; in particular whan dis­
tribution function vN<x) and statistical scan «^ do not depend on 
tine while the selfcorrelation function 

(11) H JMtj) . !«<t2>} - «„Ctj, t2) 

depends only on dl'.'erenee t2 - ij - t, the process is stationary 
of the second order. 

The fluctuations of the neutron population within' • 
reactor around the mean value are strongly influenced by certain 
factors depending both on the conpositlon of the active tone and 
on the gsometrlcal site of the latter. It could be expected that 
the analysis of the neutron noise would permit to determine ear -
tain global characteristics of the active tone which would pre** 
usnfull fqr d**«rfcbing/-tbe transient behaviour of ţhn ******* **, ,•> 

a deterministic physical system, The.-c characteristics that «as 
be' deueoort fro» momenta of the. f anil f?' order of the nafctat* ff -'' 
pslation are usually caîîd kinetic parameter?*. 

The state variable in rciMM te vhlch «Hţuation of evo­

lution CD *- written in thereto th« statistical "*••» of th. 
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neutron population. 

The solution of tha aquation of evolution is influenced 

by the values the following parameters' ; 

a - the decrease constant of the proapt n*ucrot. popula­

tion; 

1 - the mean life of the neutrons 

6#f~ the effective fraction of tha delayed nautronv 

k - the affective Multiplication factor of the proavt 

neutrons, or, depending on these, tha subcritical 

proatpt reactivity of the r«actor. 

(12) . 1 -Ife p ^r 
The mathematical theory of the neutron nolae in a reactor makes 

use of the usual methods and concepea for the atudy of any stochas­

tic processes. As any mathematical theory for tha atudy of phyai -

cal phenomena, it is baaad on hypotheses liable'to simplify tha 

ratheattlc relations between tha stata var labia* occur litj in tha 

description of the respective system. Tha theoretical relations 

are however valuable only aa long aa they ara varlflad by esperl-

mants. Therefore, a mathematic theory appaars aa aaeful aa concaras 

tha development and tha diversifying of tha aathoda for tha meaeu-

remsnts of the parameters of a phyelcal ayat««. 

Therefore, a mathematical thaory ehomld oparata with 

state variolas of tha phyaieal system, aaseaptibla to be physical 

observables. 

Khan studying tha neutron noise, a phyaieal observable 
a 

(which is also a random variable) can be tha number of neutron re-
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corded during * time Interval At by a counting device crovid-i 

with a neutron detector and placed within tha active area. X<et 

IT (At) be this observable. The study of the fluctuations of the 

neutron population la thus reduced to the study of the statisti­

cal properties of random variable t(A'.) / 3 /. 

9>.o<ild the neutron detector be placed In tha neighbour­

hood of a radioactive source, the probability distribution func -

tlon of tha random variable X( t) *«ould he of the Poiaeon type,l. 

a. 

) ff ,c - * 
- - 1 — ' — - P„(At) 

c! c 

Poisjon'e dlatrlbution function la character*ted by a single pa-

raaMter (* ), which la tha atatiatic mean of the random variable. 

Therefore ^ la the mean value of the number of neutrone 

s( At), recorded by tha counting device during the interval At. 

The «omenta of higher order of variable t (At) can in 

turn be expreased aa a functioo of only parameter % of Poisson's 

distribution t 

(14) Pa<A
f'i - * T ^ •*»( - *«t) 

el 

wfcere v the) mea* oomatims rat*. 

for imataaoa, the variance of tha random varlafcU da • 

flmad by 

Uf) * {{•(*« - N •Uktrf) • * {i(At)) • oj 
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la aqual to its avan value, respectively 

(1«) * [[a(At) - «(Tt)]2) - M ţs(At)} 
or 

at(At) " "«(At) 

If tha nautron datactor of tha counting davloa Îs placad 
within tha activa sene of a reactor, tha probability distribution 
of random variabla s(At) will «vines a deviation froai Polsson's 
distribution due to tha chain fltsion raactlons within tha activa 
sone. 

In other words, the neutron detector can only record 
during the interval At neutrons belonging to the same chain of 
flasions. The hypothesis of tha independence of the events ( an 
events aaans here the recording of a neutron), characteristic of 
a Polssoo's stochastic proces*, can no sore be accepted as true. 
Because of the correlated «vesta, relation 

,1" dau.! 
*s(At) 

i s no ««rifled any sore. In such a situation, relation (18) should 
become / 4, 2, 5, «, 11 / . 

JW « i • f(at) 
"s(At) 

Term *(At) represents the deviation of the probability 
distribution of variable «(At) fro* Polsson's distribution and 
becomes increasingly important as the weight of the correlated 



- 11 

•vents Increases. In th i s paper, we present a method of analysis 

of the neutron noise within a nuclear reactor that has the atten­

tion of the Laboratory of Reactor Physics at IFA, with a view 

to be used for the experimental stadias In the l a t t i c e s of »ac -

tors with theraal neutrons. 

I t Is the Better with the method of the reduced varian­

ce of the number of neutrons s( At) recorded by a counting device 

during a t la» Interval. At. 

In the f i r s t part of the paper, the theoretical .t>ares 

of the eethod are expounded. The second part la devoted to descri­

bing a chain of analysis of the fluctuations and especia l ly of 

the stochastic •ultlchannel se lec tor , an achlevemnt of the Labo­

ratory of Nuclear Electronics co-operating with that of Reactor 

Physics. 

It should be pointed out that experimentally neither 

the probability distribution of randosi variable i(At) not I t s 

s t a t i s t i c moments are acceslble to direct measurements. 

Only estimations of these s t a t i s t i c characterist ics 

can be detemlned. As It w i l l be shown further In th is paper,the 

dependence of the reduced variance on the length of the recording 

t i t » Interval At, takes the for» / 7, t / . 

J t o J (At) - ( J I ct(at)) B i«l x ™ i » l x 

(2e) U C ' - 1 • MAt) 

i - 1 * 

Relation (2o) la only «slid for eaaU values of interval At,for 

which the contribution of the delayed neutrons oan be disregarded. 
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In t h i s assumption function ?(At) previous ly Introduced i i 

pressed by : 

k 2 l - e x p ( - a At) 
(21) «(At) *CDV ( î I f - ) ( 1 - j ţ , 

P P 

Except the recording interval at, function *(4t) de­
pends on several constanta including the reactor kinetic par M M 
tars a and p_ which can be determined by auitabla fittlna pro-P P 
ced-.ires. For determining the kinetic parameters, tha experimen­
tal measurement la required of the reduced variance of the number 
of recorded neutrona for various valuea of length At of the re­
cording interval. 

This method ia only apparently alaple. The relative 
error of aaaeureaent of function v(At) and the total number n 
of Intervale At ara related by / ? / 

(22) Ml • ft**)) - 7 1 
l+*(At) * n 

If for f(At) • o.ol we accept • aaaaurlng error of lo» >u.«re 
reaulta from (22) that the neoaesary number of recording inter­
vals should satisfy relation 

n > lo* 

The achieveaent of tha recording device to which, as suggested 
by (2o), this experiment is leading, raises particularly lntri- ., 
cate technical problem / 2, lo /. This is the reason that dl -
rected as towarda the achieving of an electronic equipment (flg.l) 
capable of permitting the direct determination of the probabili-
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lity distribution of the randoa variable s(At) along the varia­

tion ranga of the recording Interval At . 

Thle equipment achieved in the IFA Laboratory of Nuclear 

Electronica la the etochaetic arultlehannel analyser. It repre -

aenta the key-element of rn analyals chain of the fluctuation» 

of the neutron population (fig. 2) nade in fact with the help 

of elemente available on the market. 

We shall describe auccintly the working of the equip 

•wnt that permits a rational enough use of relation (2o) when 

determining *(At). 

Let t • 0 Le the tls» when the START knob *.a pushed that 

releases the equipment for which the possibility is provided of 

stopping It either manually or controlled by a time T which 

can be selected by switch PRESELECTION fined on th* stochastic 

selector panel. The time interval (0,T) of a recording can be 

consluorod as divided into a number of an adjacent sublntervala 

of equal duration At. 

(23) At " Î 

Every At sublnterval i s separately analysed by the 

equipment, the number of neutrons that earn be detected within 

seen a sublnterval has a higher limit imposed by the very method 

of mroonssimg the enperlmsntal data. According to the informa -

tlone asmyll>< by «He literature, this method liaunens inapplica-

bU whom tie» •imthsr of the neutrone detected within a At inter­

val grew» higher «ham 2 . 
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If , for lnatance . In the f i r s t time aublntarval At, 

neutrons are recorded ( c ^ 2 ) , the content of the adresa of 

the memory device 9TO6B grows by a u n i t y . At the end o f the 

experiment (af ter t ine 1) the memory addresses bear the fo l lowing 

d i s t r i b u t i o n : 

(24) | q c ( A t ) , c - 0 , ] , 127) 

where q (At) Is the nunber of intervals - from the total n- when 
c 

the de tec tor recorded c neutrons. 

Whi'n d i s t r i b u t i o n fq ( A t ) l i s known, the r e l a t i v e frequen­

c i e s can be determined o f the i n t e r v a l s wnere c neutrons ware re ­

corded . These frequenc ies , suppl ied by : 

q (At) 
(25) f„<ot) - — * -

c n 

are estimations of the probability that the number of neutron* 

detected in a At time interval would be c. 

Therefore, thr. working of the recording device is only 

correct a* long aa quantities q_(At) verify relation 1 

127 
(26) I q (At) - n 

C"C 

By usir.g the r»wrd»d d i s t r i b u t i o n ( q ( A t ) \ , w* s h a l l 

be ab le t o compute the empiric «omenta of the X and ZX orders of 

random v e r l a b l e s ( A t ) ; which mrm unbiased e s t imat ions o f the s t a ­

t i s t i c a l mean value and of the mean-square v a l u e , r e s p e c t i v e l y , 

127 
(27> P. - I 0 tlLc) 

.O-o 



- 15 -

2 1 2 7 2 
(28) Sz l fc (' t ) 

These quantities p^rr.il to determine function 'it) by means 

of 

c2 2 
Sz " vz (29) *(At) - — — - 1 

vz 

So as to allow for addit ional t e s t s concerning the cor­

rectness of working of the equipment, i t i s moreover neces3<iry 

to record separa te ly the t o t a l number ND of the recorded neu -

trons during the whole time T of an experiment. 

The average number of neutrons corresponding to a s in ­
gle time in t e rva l can therefore be equally deduced from r a t i o 
n 
—- , t ha t should coincide with the empirical mean value 

(3o) rtp 

n *s 

Lastly, the recorded data permit moreover t o verify 

relation 

127 
(31) n n - E c q_(at) 

D c-1 c 

The experlaentally, obtained data parai t therefore 

to determine function •(At) oorreaponding to a given value At 

of tae arauaaat. 

Bovavar, tha datandnation of tha kinet ic paramatera 

of tho raaetor active soma ean only b* maim I f tha Aepandanoa 

of fuafftloa t U t ) o* doratloa at IS *tu>*n. 
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Tas axparlMnt mast t h a n fora b« rapaatad for a l l tha 

arguaant valuas a t , , a t j , . . . , At. to which, through ralation 

(29) , corraspond tha quantit ies: *(&t1>, * ( a t 2 ) , . . . , * ( o t . ) . 

II , METHOD OF THE VARIANCE OF DETECTED NEUTRONS NUMBERS 
/ 7 / 

Lat dt . and dt- ba two dis jo int t ins Intervals. 

We propoaa to daduca an expression of tha average naabar 

of nautrons dataetad vithln thasa intervale by a nautron datactor 

while taking into account tha nautron Miltipllcation due to tha 

chain f iss ion reactions. To do t h i s , wa shall introducă tha f o l l o ­

wing probabllitiast 

-p(si, d t . ) - tha probability for • nautrons ta ba recorded in dt. 

-p(», d t . ; n, dtj) - tha joint probability far a nautroas t o ba 

raoordad in d t . , and for n neutrons t o ba 

racordad in dt 2 

-p(n, dt. /st , d t 1 ) - tha conditional probability for a neutrons 

to ba raeordad In d t j , i f • neutrons ware 

racordad la d t . . 

ta t r ( t ) ba tha lnatantanaoua count rata at tla» t (rando» 

varlabla). Tha nuafcer of raeordlnfs la «t la than r ( t )d t whlla 

tha s t a t i s t i c sea» valua of the product of tha noabc* of raaordAnf 

in d t t by tha nusber of recording» in dt j «111 ba 

(32) <« (t1)dt l lh,'t2)dt3> • t a a p(a, dt x i a , dt3) 
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Mhan tha tiaa lntarvala ara saall, this aaan value la approxima­
ted by tha probability of a alnglc recording, whence 

(33) </|(t1)*(t2)dt1 dt 2>~p(l, dtr- 1, dt2) 

Ma ahall expresa this probability aa tha auai of probabilitlaa of 

two diajoint avânta. Tha f i r s t tar» repreaenta tha probability 

of a recording in d t , whether a neutron waa recorded or not in 

dt ţ . Tha second tern expreeaea the contribution to tha awan value 

of the eventa dafired by a -«cording in dt- after having been re­

corded in dt«. The palra of recorulnga in dt. and d t , can there­

fore be e i ther accidental or oorrelated. 

The uncorrelated (accidental) pairs of recordings are 

produced by neutrons with no coasa» ancestor , Meaning that they 

do r.ot belong to the aaa» f iss ion chain. 

On the other hand, the correlated pairs originate in re­

cordings of neutrons yielded by the saae fiaaion reaction. This 

•aimer of interpreting the pairs of recordinga w i l l be better ax-

plained later on. 

We can write i 

0«> P d , d t 1 ; l ,d t 2 ) - p a ( l , d t 1 ; l , d t 2 ) • p e ( l i « t 1 i l , d t 2 ) 

where 

(35) p c d , d t l 5 l , d t 2 ) - p d , ^ ) . p J U d t j / l ^ t j ) 

n p r a w t i tha probability of tha raeordln*; of a correlated pair 

of newtroa* within the intervals d t j «ad d t j . 
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Uncorrelatei pairs 

The uneorrelatec! pairs of recordings are due to detec­

ted neutrons that do net helonc; to the same fission chain. 

So as to be able to deduce the probability expression 

p (1, dt.; 1, dt2) wo shall define the following quantities: 

F » the mean fission rate within ti.e active zone of 

the reactor 

E • the efficiency of the neutron detector 

by relations / 1 / 

(36) F - dE dV Ef (iT,E).v(E) n(A,E) 

(E> (VR> 

where 

dE.n(jf,E) - i s the mean value of the niunber of neutrons 

per unit volume around the point the posi -

tion vector of which i s if the neutron energy 

being of E to E + dE, 

lf (/f, E) - i s the probability with regard to tha unit 

path that a neutron of E energy at space 

point * would produce the f ission of a fuel 

nucleus. 

In(jf,E) v(*)*(/f,E) dV 
(37) , <E> <V 

c -
J dE [ £f(it,E) v(E) n<r,t)dV 
(B) <VR) 

Tha detector efficiency la therefore aqual to tha rat io 

tha Man rata of tha detector reoordint and tha aaan rata of tha 
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reactor f i ss ions . The probability of a recording in dt i s 

<3«> P d d# dt) • crdt 

ao that tha probability of a uncorrelated pair recording in 
dtj and dt is supplied by 

(39) P.dfdtj; l,dt2) - c2r2dt1dt2 

Correlated paira 

Let H(t-,t) be the probability with regard to the unit 
tise that a neutron produced within the reactor at tine t as 
the result of a fission would have a descendent (itself being 
one of the») within the systea at tlae t^. 

The probability of one count in dt, frost a progeny of 
a fission which eavita v proapt neutrons at tis» t is : 

dt.c 
(4o> v*dt S(t.,t) 

The probability of a recording in dt. to be followed 
by another one in dt2 fron a progeny of the sua» flaalon at tin 
t is i 

«dt, 
(41) Cv-1) I(t,,t) -^-* 

P * s? 

The probability of the correlated palrf la therefore i 

<4,> ţ -f ]2 **2 «* *t *** i<t,,t> Kt,ft) i^ « 2 e i s j * * / « l* j# 
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The fission reaction of • fuel nucleus at t i s» t haa ralaaaad 

v neutron» but with probability pv_, so that to tha above ex-

presslon w« Bust apply the operator of the "s ta t i s t i c —an"whence 

The probability of a recording in d t j and of another ona in dt j 

due to neutrons released by earlled f iss ions of n o d a l la supplied 

by Integration 

(44) p e ( l . d t x i l . d t 2 ) - F c aD vdt t ,dt 2 J BCtj.t) H(t 2 , t ) dt 

The s t a t i s t i c aaan value of tha nuaber of both uncorralatad and 

correlated pairs recorded In dt. and dt~ ! • therefore 

(45) <n(ţ1)A(t2)dt1dt }> - e V d t j d t j + r e ^ d t j d t j j K t j . t l K t j . t J d t 

Probabilities fl(t1#t) and B(tj,t) ara solutions of tha followino 

kinetic equations / 5, S / » 

l46) S -arft» •«1c1*m» 
ui 

dt i c i + r * 

In the case of a saall t , the "sonroa" of delayed aeutrona 

be atsuaad aa approxlaately oonstant ao that tna aolotioa of tfce 

above aystaa of «ovaţiona la 



- 21 -

-at p - 0 
(48) H(t,0) - e , where a • 

° A 

The general solution of the equations takes the for» 

(4«) H(t,0) - A I ^ exp< - *kt> 

<k> 

where A. and a. are constants resulting frost the transfer func­

tion of the reactor 
• e. 

1 _ E -iTlf 
(i) " "1 \ 

(5o) T(s) - - I 5 
B4 (k) » • » • . ' 

s(t • r r-n~> - P 

With the former notations, Q Q represents the decrease constant 

of the population of prompt neutrons 

(51) ap . ae 

Mien t i s • • a l l the eaneral solution coincides with the parti 

cular one i f AA • 1. He have then o 

(12 ) mt^t) - r »k exp [- ô  (tt-t>] 

(53) I(t2 ,t) - I t\ exp [- V V t ) ] 

Relation (45) becomes 
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(54)<«(t1)«(t2)dt1dt2> - t2r2dt1dt2»Ft2Dvdt ldt2 I - i l i e a p t - a ^ t j - t j ) ] 
1.1 * i 

Introducing notation 

n*l B i . 
1 iml at* B j 

we shall obtain 

(55)<*(t1)«(t2)dt ldt2>-P2c2dt1dt2+re Dvdtxdt2 I A1Qlexp[-aJL ( t j - t j ) ] 

Let an denote by At a t iae Interval Including interval ( t . , t _ ) and 

le t c(At) be the nuaber of recordings within th i s Interval. The 

nuaber of recording pairs wi l l be 

„(2) c (At ) . l c (At ) - l l 
c(At) 2 

and the mean nuaber of pairs will be : 

at " 2 

cJAţl -[°["}'l) >•[ (56) <«- l"*l*p—f M >- dt 2 d t j c ' d ^ . f t t t , » 

t2"0 t."0 

n+1 
1 , , V A « - 2 , JLOL l-«»P(-«kAt 

(57) 5 < c ( A t ) . [ c < a t ) - g > « £ - f £ £ + r « 2 D v A t I - £ £ ( i 1 — ) 
k«l v Ouat k«l k o^al 

But erat represents t*e ««an nuaber of recordings within interval 

at , I . e . 
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(58J <c(&t)>- cF&t 

and therefore 

n+1 

(59 
<c(flt)> v

k - l "k v av '" °k a t 

or 
n-O 

<c(at )> k-1 * °Xo t 

which waa daonoad by K.N.Courant, R.L.Wallace, D.R rrlach. u.J. 

Liffler and R.N.Albrech in tha form 

c.i> <c2lH)?-<c(»ţ»2 . i • r f,ht) 
<c(at)> (k) * 

Stractnta and perforaancee of tha ayat— 

For data ace isolation, tha nanozy regiatar BM 96-B 

(4o96 addraaaaa) la oead which in an acenm latlon ragiata haa a 

capacity of lo /adrete. 

Th« ooaplate atroctura of tha e /s tea ( f ig . 1) la 

fonead by t 

- tha analyeer i toa l f , ooncalvad aa «odaie « * ( f ig . 2) 

- tha evaory daviee 3Wt-n 
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- the neutron detector D with * o,5 us tie» resolution 

- the tine-nark generator C, with a period At_ • So its - loo as 

9 

- the TIQ counter with a lo capacity for recording the total 

number of analysed pulses (detector counts). 

The analyaer preselects the information accumulation 
•> 4 

received fro» the detector In recording intervals T of lo~, lo , 

lo or lo or •» case nay be any t ie* Interval. 

The analysis chain can accept up to 127 pulses frost 

the detector during an interval 4i-„;for a nuaber higher than 

127 pulses, the 127-th address wi l l Increase by 1 i t s content 

for each recording interval. 

Opsrstlon 

During the feeding of the ins ta l la t ion , the «TART-STOP 

(SP) switch i s in position 1 (STOP) so that the binary counter 

«lth seven b i t s (NB) and f l ip-f lc?» TT\, Ytl am? IT3 mtm held at 

the «sro state (f ig. 2 ) . Ths equipasnt i s reset (deci«si counter 

n) with ths hslp of knob WHO. At the sas» t i s » , counter nD i s 

separately resst too. for data accuswlatlon, swith SP i s put on 

position 2 (START). 

Mhtn ths f i r s t pulse COSH» fron tine-stark generator O 

( » being on 2 ) , f f l pssses on ths back wave front, on "1" by 

opening gate >2 «lien the f i r s t pels* frost 0 aohlsve i t s and (f i f . 

3). It i s necessary that the f i r s t pulss should not pass so as t o 

ensure ths equality of a i l tho scesss periods of ths pulses from 

detector P. 
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Tha second pelsa froa. 6 pass through Pj where It trader-

goes a daisy t̂  - 2oo nai its wavu froat releases nono-flip-flop 

MB (the duration of tha palaa produced by Hi is A m«l ps). Tha 

baek wsva of tha KB shapaa with ths halp of delay t? s needle 

puis* of loo its, tha baek wave of which passe» FF2 and FP3 in "1". 

rroa this aoaant forward, gate 9y is oparad si.J tha pulses fro» 

D ara raoordad on n D and MB. 

Mhoa tha third pulsa eoaa* froM G, tha sequence of events 

prodaoad by tha aaoond pules la rapaatad. On tha othar hand, FF2 

la raaat and blocks gate * 1 and sinea TT1 is in stata "1", sil 

lapelaes eoalag fro» C, beginning by tha third one are recorded 

on MS. At tba saaa tlae, MS ralaasas on tha first front ths aaaovy 

eycla (IN). During this cr/ols (of 16 • 2 us) tha KB eontants is 

transferred to ths addraas register RA of nesory davios BM t«-B, 

tha BA sddraas son tan t pasaas into intonation ragiatar Rlj ttis 

oontant increased by 1 is ratornad to tha apaclflad addrass in RA. 

«ha negativa lapulee fro» raaat MB, whila ita baek w»/a 

bring* again in "1" IT2 which opana again tats Vy 

Delay t^ la neeeeeaiy for tha transient processes in MB 

to be at an and b%fore the aaaory eyela la ralaaaad. 

Iha flip-flop m avoids tha releasing of the aaaory 

cycle when the aaoond pulsa arrives from 0 which would have re-

salted la tha recording of ia event at addraas saro. On tha othar 

head, tha second palaa la not recorded on MS either. 

«ha duration of tha recording period la At • Atc - A m . 

If la a At0 interval, detector D supplied to tha output 

acre than 127 pelsee, at tha 127-th palae «ate Pj opens and blocks 

the paesage of tha palace through f. so that tha event will be ra-
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glstered on addraaa 127. Tha frequent inaccurate recording of 

avânta on addraaa 127 raaulta In tha l ighting of laps OVERLOAD. 

In thla casa, tha frequency of tlme-merk ganarator 0 should be 

lneraaaad. 

Mhan tha contanta of (n) reach lo , lo , lo or lo 

(aa a function of tha position of awlth PRBSEUCTXON), PS beco­

mes "1", tha s ignall ing lamp of tha self-stopping (S«) and TT1 

and FP2 ara therefore reacted iero; the las t memory cycle la re­

leased , after tha recording the NB content la reaet and IT3 la 

reset t o (vhlcn avoids the poss ibi l i ty of an accidental relea­

se of the menory cycle as v e i l aa of the altaring of the accmro-

lated data). Tha experiment, Is thus "automatically" stopped. 

For a new experiment, SP la again aet on 1, tha equip­

ment la react after vlch SP i s paaaad in position 2. 

Tha information accumulation can aJao be atopped " ma­

n u a l l y at any t i r e by potting SPon ppoeition 1. T*»e Interrupted 

experiment can however be continued by simply putting SP again on 

position 2. 

Characteristics of tha analvter Input/output pulse» 

* output from tlswmark generator and detector 

- polarity - positive 
» - ' i •• . • . . . . . . T , 

• amplitude - 2 + 3o V 

- deration (at I.S Volta) > 0,2< i»« at the generator "*• 

and 0 *"> pi it the detector 

- output towards the counter 

- polarity - positive 

- amplitude - 3,5 v 
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- duration - the eaaa> aa that of th« pulaaa fro* the 

detoctor 

- towarda aaaory davloa BM96-B 

- polarity - positive 
- aaplltude - 7,4 V • 10% 

- riaa t ia» - 0.3 »m 

- fal l t i n - 4o na 
- duration - 1 ua. 
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The signal diagram in tha atochaatic analyaar. 


