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Analysis of Age ~~asurements in Finite Systems 

tI. E. Rose and AoI4. Weinberg 

',fhe purpose of the follow1ng memorandum is to desoribe 

a method whereby frOm measurements of the age in a finite 

medium one oan deduce the age ~n'an infinite slvwlng down 

medium. In particular~ although the age thus ob~ained 1s 

properly averaged over the primary energy distribution 

(fission spectrum)~ the applioation of the method of analysts 

ot the data does not require any knowledge of .the primary 

spectrum\') 

In the following we consider a moderator which has a 

finite reotangular oross-eection but is effeotively infinite 

1n length. Designating the latter direotion as the z-axis, 

thA age-theory result for ,the spatial distribution' of neu-

trons due to a plane souroe Is 

z _ fie - z. "/f. .l . ..J3.."" 1: ~n- )+(1:) ; y.m:' rm A7J,..,tx'3)e ell;' • (1 )-

Here £(1:> is the primary energy distribution normalized on a 

'l ~scale 1/ so that 
GO 

S f (t)dc= 1 .. c 
..... 
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In terms of the more customary energy distribution B{E} , 

we have 

f(r) = 3N(£)E~(I -fi) 
~;¥(E) 

and E is expressed in'terms of tby 

, SE. >..~t E l)clli' / l' ' 
t'(£)·87~ . 5(Ej(,;;;.(£?) 

Denoting the lateral dimensions by a and b we have 

A}) ==« ~ ,;1"'1'\.+ I 
h1 ;.,,,,, -c:c.. 

.;J. rn .,.. I. ., , 
fl'x ~ 1! 1'I"'J' 7), m,.:::: ~ /) - .... • 

and at a:pe the Fourier coefficients of the source. IT 
11", 

;' . 
the tota~ number of neutrons per cm,2 per sec is ;;, (x",y) then' 

'I" S r / J (l/) dl J'} 1-, ~:;z. h1 t I 
q'~~';=::l J aNd'; -...J(X, i ~ a;.. ,1/"';< ~ .. ~ 11"1' 

also 

the 

'- ;l..., 

4 .. 17:L{p.1'l+ll + (:?.m+ l )} 

h.M L~,,1.. ~ ~ 

Prom the measurements one obtains q{z) and tnerefore 

moments, .. 
z.:>'~'" ~_z"i (z.)ck 

S 1 {~dz. 
(",0// 
s.l , 

/1s -
l'if) (2) 

where 

I1.s ::;. 5 t S f (t) f,tJ(1:) It' 
(3) 
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One Is interested in ~ , the age. in the infinite 

madera tOl': . 

f ... 5 f(t)1;' dt:: S f(1:') 'f{?;) i- .~~ 
I 

In genel'sl we can expand ~ - (~): 
lOOt: Y (<Iv. -)' 

1/'- ctJ .. f -v! ~o 

3 

(4) 

nenca 

- f.iiO I ~<I,Jtf1 . - J :I ~~-1 ",>I+"t.. -i: J 11 Ie I? l:. + , &. 
't ..,. y. <lrllo '1+1· • • (~Hj.)t (de' 

o 

In a similar way we find . 
dt"' . / U'V¢-') ;z. U 

1= 5 f (1:) v;tt)-;;-:s I1tl 7i; (~;;;/ (-::t-c- v1 .z. 

Thel'etore we obtain tor the age in the infinite system 

t'=- (5) 

wherein all l'eterence to the primary energy distribution has 

been e 1 imina ted .. 

For simplicity or application it is desirable to arrange 

matters 80 that the source conta~ns only one harmonic, say the 

fundamental. (m - n - 0)0 This can be don~ quite 8asi1y by 
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suttable dlspos'"tlon of the fissionable material.. Then 
.~,._ e, -~d t: 

8~ce a seale factor 1s of no slgnifieana~ for the moaents .. 

The age becomes £ (v + I) tS.. v z:. a.. " + .. -
1:'= () (:;..)..11" ;...)/ ~ " 

;;0 I t6'.. JI A. i) =- (6) 
~ (.'UI)! fPd z. 

Due to the .ractorial terms the conV8ItJ111loe is quite rapid 

and in general three or four terms should suffice to evaluate 

the series in (6) to within about one per~ento It may be of -
interest to note that not only the first moment ~ or the 

fission spectrum on a ~-soale is deduoible from measurements' 

of the slowing-down densitYD but also the higher moments .. In 

at::J i ('JI'I-)a)!, ~ v.z,...;(n+.,'J..)/ 
~ ;;/ (.;.v+.!~)!. ",<1 

facto 

r".. S j(r) ("dt: ~ -.F' I A .J.. ---~~v)! /~4J .z. ~j) (7) 

... •.•• ""'''''"<N: ... , 

'--:', ~" ~ 

for Il.. :: ~.t5., 0 Alth;~~~~~ai& :not be practical to 
J»n " ('J ,." tJ . 

attempt to obtain information about the spectrum ~~ deter-
, ".,a. 

mining the higher moments. a knowledge of CI eag •• Vlould be 
. 

usefUl and could be 'obtained directly from the age measure-

ments by the method described here 0 
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