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FOREWORD 

This B u l l e t i n i s the f i r s t of an intended s e r i e s of regular i s s u e s of 
c o l l e c t e d in format ion from tho Nuclear Data Contre s e t up by the S ta te Cornmitte 
on the U t i l i z a t i o n of Atomic Energy to ensure the c o l l a t i o n , s y s t é m a t i s a t i o n an 
exchange of in format ion on nuclear p h y s i c a l c o n s t a n t s . 

The conten t s and layout of tho Informat ion Centre ' s b u l l e t i n s are determi 
by the need to p r e s e n t i n convenient form, i n as short a time as p o s s i b l e , the 
e x i s t i n g in format ion on nuclear data . 

The B u l l e t i n w i l l t h e r e f o r e i n c l u d e only in format ion which has been 
c o l l e c t e d and s y s t e m a t i z e d by the groups of the Informat ion Centre a t the 
moment of p u b l i c a t i o n . For t h i s reason the i s s u e s of the B u l l e t i n , i n c l u d i n g 
t h i s volume, l a y no c la im to prov id ing a complete and ordered compi la t ion of a l 
the e x i s t i n g i n f o r m a t i o n on nuclear data . I t i s however assumed tha t the gap • 
i n i n d i v i d u a l i s s u e s v / i l l be made good i n subsequent numbers. 

The present B u l l e t i n i n c l u d e s data on the parameters of the elementary 
i n t e r a c t i o n s of neutrons wi th a substance ( i n the energy range of i n t e r e s t f o r 
r e a c t o r c o n s t r u c t i o n , i . e . S not exceeding approximately 15 MeV), and the 
macroscopic c o n s t a n t s , empir ical formulae and i n t e g r a l parameters (and 
c h a r a c t e r i s t i c s of such parameters) used i n c a l c u l a t i o n s f o r r e a c t o r s and 
r e a c t o r s h i e l d i n g s , to the ex ten t that such in format ion i s not conta ined i n 
prev ious p u b l i c a t i o n s by the P u b l i s h i n g House f o r Atomic L i t e r a t u r e (Atomizdat 
Most of the data g iven were obta ined i n 196j5—164, or became a v a i l a b l e during 
t h i s per iod . The m a t e r i a l g iven v a r i e s w ide ly i n i t s degree of completeness . 
For example, capture and e l a s t i c and i n e l a s t i c s c a t t e r i n g cross—sec t ions , and 
the resonance parameters of neutrons are very f u l l y covered. On the o ther ha 
the data on the c h a r a c t e r i s t i c s of f i s s i o n a b l e n u c l e i , f u r exampl e , are very 
incomple te , wh i l e the energy dependences of t o t a l c r o s s - s e c t i o n s are not g iven 
a t a l l . The e x t e n t to which the a v a i l a b l e in format ion i s ana lysed a l s o v a r i e 
For example, the resonance parameters g i v e n were obta ined by averag ing a l l the 
a v a i l a b l e data , but on i n e l a s t i c s c a t t e r i n g s p e c t r a and cross—sect ions only th 
data as measured by d i f f e r e n t authors are g i v e n , wi thout a c r i t i c a l d i s c u s s i o n 
of them. Apart from the r e s u l t s of measurements of nuclear data and t h e i r 



a n a l y s i s ; 'tha B u l l e t i n conta ins informat ion on the methods used f o r c a l c u l a t i n g 
c r o s s - s e c t i o n s and f o r a n a l y s i n g experimental data , and a l s o on c e r t a i n other 
a s p e c t s of tho determinat ion or p r a c t i c a l use of nuclear phys ica l c o n s t a n t s . 

Tho present i s s u e u s e s more or l e s s genera l ly ucceptad terminology and 
n o t a t i o n , and t h e r e f o r e no l i . t of symbole or d e f i n i t i o n s i s g iven . In view 
of tho d i f f e r e n c e s in n o t a t i o n and terminology used i n d i f f e r e n t s c i e n t i f i c 
o r g a n i s a t i o n s , i t i s proposed subsequent ly to undertake a r a t i o n a l u n i f i c a t i o n 
of symbols and terms. 

The B u l l e t i n i s produced by tho S c i e n t i f i c and Tochnical Informat ion Bureau 
of the Physics and Power I n s t i t u t e of the USSR State Committee on the U t i l i a a t i o : 
of Atomic Energy. 

(The E d i t o r s ) 
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PART I 

PARAMETERS OP ELEMENTARY INTERACTIONS OP NEUTRONS WITH NUCLEI 

I . Nov/ data on the i n t e r a c t i o n of slow neutrons with a substance 

1. General i sed spectrum of normal o s c i l l a t i o n s f o r Ho0 and D̂ O 

Yu. V. Sokolov and 7 . P. Turohin 

The d o u b l e - d i f f e r e n t i a l c r o s s - s e c t i o n f o r s c a t t e r i n g of slow neutrons may 
be w r i t t e n i n the form J 

( D 

where S(x,co) i s the s c a t t e r i n g law and ôc - ~R - Rq j u = (3 - E ) / h . 
Using the concept of the symmetriaod s c a t t e r i n g l a w S (5c, со) , r e l a t e d to S(5c,u) 
by the equat ion 

(2) 

formula ( l ) may be presented i n the form 

(5) 

I f the s c a t t e r i n g system has no separate s t a t e s i n the macroscopic sense 
( l i q u i d , gas , s e m i - c r y s t a l ) , the s c a t t e r i n g lav/ w i l l not depend on the d i r e c t i o n 
of 5c. Complete in format ion on the s c a t t e r i n g cross—sect ions i s then contained 
i n one f u n c t i o n of two p o s i t i v e arguments S(»c,o>). This i s a b a s i c f a c t o r i n 
proces s ing and p r e s e n t i n g experimental data , and was f i r s t used for t h i s purpose 
by E g e l s t a f f / ~ 2 J * Since the d o u b l e - d i f f e r e n t i a l s c a t t e r i n g c r o s s - s e c t i o n , 
measured exper imenta l ly , depends on three v a r i a b l e s , E_, E ,9 , by pass ing on to 
3 (ас (a f u n c t i o n of two v a r i a b l e s ) , v/o incruase the d e n s i t y of the experimental 
p o i n t s on the graphs of the r e l a t i o n s h i p s required , and are able to countercheck 
the accuracy of the experiment i n a more s u c c i n c t form. 

I n most case s a rough approximation i s adequate f o r reactor des ign _ / . 
In t h i s approximation, the s c a t t e r i n g law f o r a system of N i d e n t i c a l atoms takes 
the form 

(4) 

where "X(x , t ) i s the Fourier transform of the a u t o c o r r e l a t i o n f u n c t i o n G ( ? , t ) „ 

i 
! 
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For high and, low va lues of time t , the func t ion У^р'̂  f t ) takes the Gaussian form 

(5) 

For an i d e a l (mono-atomic) gas , a cubic c r y s t a l , or a l i q u i d on the 
continuous d i f f u s i o n model, equation (5) i s v a l i d f o r any value of t (tho 
f u n c t i o n r ( t ) d i f f e r s of course from gas to c r y s t a l and from c r y s t a l to l i q u i d ) , 
For other s c a t t e r i n g aysterns, equation (5 ) ( for arb i t rary t v a l u e s ) should Ъе 
regarded as a (Gaussian) approximation. 

Fol lowing E g e l s t a f f wo take as a b a s i s the symmetrised s c a t t e r i n g 
law s ( x у со) with d imensionless arguments 

(6) 

- (7) 

( l i s the Kelvin temperature i n energy u n i t s ) 

(8) 

We des ignate 

(9) 

where S (a .B) i s the Gaussian part of the s c a t t e r i n g law, corresponding to the 
f u n c t i o n A ( x ,'t) i n the form shown i n (5)? and Sn(a,J3) i s a non-Gaussian 
c o r r e c t i o n . 

Using the experimental data on the s c a t t e r i n g lav/, i t i s p o s s i b l e to 
determine ГЬ, and to c a l c u l a t e the Gaussian part of the s c a t t e r i n g law S (a , f l ) Q. 
with arbi trary a and В v a l u e s . 

Introducing the dimensionloss rea l func t ion 

' ' (10) 

the s c a t t e r i n g law s ( a , £ ) may be w r i t t e n i n the form 

(11) 

Using double i n t e g r a t i o n by par t s , we obta in 

(12) 
( i f , when t'-t00 , W(t ' ) does not tend to i n f i n i t y , i t i s necessary before 
i n t e g r a t i n g by parts to separate the m u l t i p l i e r . . . . . . . ) . 
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S c h o f i e l d £~Э_J bas shovffu that a t low or va lues the non-Gaussian number i s 
2 '' ' ' ' propor t iona l to a » Consequently 

(1?) 

We determine the f u n c t i o n q (b ) • , 

' • • ( H ) • 

Then r e v e r s e Fourier transformation g i v e s 

• (15) 

s i n c e i s a r e a l f u n c t i o n of t 1 „ . . 

' I t can be shown £~1 _J that f o r a cubic c r y s t a l 

(16) 
where „ . „ . . . . . , . i s the spectrum obta ined with normal o s c i l l a t i o n s of the c r y s t a l 
i n temperature u n i t s . 

I n the case of an a r b i t r a r y s c a t t e r i n g system we may in troduce , by analogy 
with ( l 6 ) , the g e n e r a l i z e d spectrum of normal o s c i l l a t i o n s 

(17) 

which i s j broadly speaking, temperature—dependent. 

I t i s not d i f f i c u l t 1 _J to o b t a i n an expres s ion f o r W ( t ' ) . This takes 

the form 

• (18) 
Since t o c a l c u l a t e group c o n s t a n t s i t i s s u f f i c i e n t to know the f u n c t i o n 

Q(f i) , the l a t t e r i s determined from the experimental data on the double-
d i f f e r e n t i a l c r o s s - s e c t i o n s by e x t r a p o l a t i o n i n accordance wi th ( l 4 ) ° This 
i s s u e of the B u l l e t i n g i v e s the q(B ) f u n c t i o n s f o r HgO and DgO taken from 
r e f e r e n c e s / ~ Ю _ 7 / ~ 1 1 _/* 

о (Bibl iography) 
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2. Condit ions determining the course of the r a d i a t i v e 
capture and f i s s i o n cross—sect ions of c e r t a i n 

elements i n the thermal energy range 

V„ N= Artamkin 

In c a l c u l a t i n g t h e r m a l i z a t i o n e f f e c t s , i t i s convenient to present the 
energy dependence of the capture and f i s s i o n c r o s s - s e c t i o n s i n the form 

where n i s the number of resonances making a pronounced c o n t r i b u t i o n to the c r o s s -
s e c t i o n i n the thermal range. I n t e r - r e s o n a n c e i n t e r f e r e n c e i s d i sregarded. 

For elements whose cross—sect ion obeys the law 1_, only one component - a — 
v remains. 

The t a b l e g i v e s v a l u e s of the c o e f f i c i e n t s a , c^ and e^ f o r a number of 
e lements /~1_7» The c r o s s - s e c t i o n s obta ined by u s i n g them d i f f e r from the 
data i n r e f e r e n c e _ / by l e s s than 0 . 2 5 f o r energ i e s lower than 0 . 2 eV, l e s s 
than 1% f o r 0.2—0.4 eV, and perhaps a l i t t l e more f o r e n e r g i e s above 0 . 4 eV. 

. . (Bibl iography and Tables) 
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Hew data on thermal-neutron capture and s c a t t e r i n g 
• - s e c t i o n s for elements wi th Z ^ 91 

Ï) Л . Kardashev 

Gamma 
cro p. —к e c t i o n 

(barns) 

A c t i v a t i o n 
crosc-:-iection 

(barn) 

3 • 

Table I 

S c a t t e r i n g 
c r o s s - s e c t i o n 

(barn) 

tt e 0 « . (Table and Bibl iography) 
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I I I . Parameters of isolated, resonance l e v e l s 

• ••£)•.M. Zakharova and A.V. Malyshev-

The tab les given here have been compiled using the same assumptions as those 
i n the seoond ed i t ion of the Directory /~46_7» Par t ia l widths obtained in recent 
v/ork have been averaged with the data in the Directory, i f i t could be dc- f in i tc ly 
e s tab l i shed that they belonged to the rosonance in quest ion, and i f the d i s c r e p -
ancies did not exceed the margins of error indicated . In other cases only tho 
data of the l a t e s t work are g iven. 

The parameters givon in the tables for resonances for f i s s i o n a b l e materials 
were obtained by one- l eve l a n a l y s i s . I f the data on tho t o t a l moments of the 
resonances ?/ere contradictory? the r e s u l t s preferred in most cases were those 
obtained by experiment with polarised neutrons on oriented n u c l e i . I t should be 
noted that because of the separate averaging of the p a r t i a l widths , they may 
sometimes not agree with each other within the l i m i t s of the indicated margins of 
error. . The data of some new s tudies aro not given, s ince the information contained 
in them i s not complete. 

„ (Tables and Bibliography) 
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IV. How G.-/.porirnon bal data on r a d i a t i v e oapturo Orom-Hoctlonn 
and l'ononunco intégrait'. of neutron absorpt ion 

Yu. Ytt„ S bavi d о к,y . 

Tho r a d i a t i v e capture or/Xiij-ncotiont-! and roisonanoo integral!.! of neutron 
a b s o r p t i o n are g iven only f o r nou- f i r . c ionab lo elav.untr,, Firujionable оlemonti; 
; / i l l bo d e a l t v/ith i n tho next itw.va of t h i n .Hul lot in . 

The data on tho r a d i a t i v o capture croi'.c-noobion;; ("ny) arc pro"ontcd in tho 

form of graphe and tablet.-;, which i n c l u d e tho rc:.iult,'.; of moa^uromentr; publ ished up 

to I/fa,y I964 . 

Most o f tho exper imenta l data v/ero obta ined by record ing tho capturo y-rayr;. 

Among thorn aro tho data of F .L. Shapiro o t a'.L 

9 о « 

0 », Yu.Ya. S tav i saky 0 b a l . . . . . 
and II.L. Macklin and J.H. Gibbons . . . 

Tho'mothods and r e s u l t s of the moanurementr. ai'e not difjcuonad in each i n d i v i d u a l 
c a s e , a a t h i s i o done i n tho l i t e r a t u r e c i t e d . For inoBt olorncntu, the data agree 
wi th oaoh othor i n over lapp ing energy rangea, i n r .pite o f the di f l 'croncoa i n 
measuring mothodo and energy r e s o l u t i o n s . I t should* hov/ovcr, bo noted that for 
a number of oloments there i.o a d i screpancy botv/oon the r e s u l t s obta ined from 
d i f f e r e n t work us ing the came methodr;, and a l s o a uyrrfccmatic d i screpancy between 
the a c t i v a t i o n measurements and measurements of r n y b;/ r e c o r d i n g tho capture 
y - r a y e . This d i screpancy should obv ious ly not be regarded as a matter o f chancc, 
a l though i t s nature i s not y e t c l e a r . 

The diagrams show the capture c r o o s - c o c t i o n ^ jny ac. a f u n c t i o n of tho energy 
of the bombarding neutron. In a number of cauoe ( in tho work of Shapiro ot a l . ) 
th s measurements were made on upecimona of d i f f e r e n t thick nor; л or. . Thi:; makct; i t 
p o s s i b l e to a s s e s s the degree of s e l f - H h i o l d i n g of tho capturo c r o s c - c e c t i o n in 
the resonanco range , and t o determine tho energy range v/here c e l f - c h i e l d i n g becomes 
unimportant . 

For the e lements f o r which new meaauremonta over a wido range of e n e r g i e s aro 
l a c k i n g , the v a l u e s of the capture c r o s s - s e c t i o n s f o r nonok ino t i c ncutronc aro g iven 
i n Table I , which a l s o i n c l u d e s the a n y of Ha and K, as measured on the f i s s i o n 
spectrum. 



Tab l o I I g i v e s the r e s u l t s of a c t i v a t i o n measurements of a n у over wide 
upoctru which are or. tab l i shod iri the s h i e l d i n g of BR-1 and BR--2 f a s t r e a c t o r s 
(Sh - l ) v/ith a mean e f f e c t i v e oriorgy of ~ 150 koV and ~ 30 keV r e s p e c t i v e l y . 
Wido v a r i a t i o n s from the average 3 .,,, va luer tiro marked v/ith an a s t e r i s k . Some Oil 
of tho r o n u l t s appearing i n Table 5 have a lready boon publ i shed / ~ L - 3 _ / • 

197 
To obta in tho a b s o l u t e value!.! of оПу, a o n y va lue f o r Au 1 of 940 + 140 mb 

measured by t ransmis s ion i n s p h e r i c a l geometry ( f o r E .. = 5° keV) - and a va lue 
of 1 . 7 4 Ъ ав tho f i s s i o n o r o s s - s e c t i o n of P u ^ ^ ( for E .̂p̂ , = 150 keV) v/ere used as 
suppor t ing oror.r,-,.!action:-.. 

Tublo I I I c o l l a t e s the data on a b s o r p t i o n rosonance i n t e g r a l s I not inc luded 
Y 

i n "Nuclear Phys i ca l Constants" by I . V . Gordeev e t a l . Coltunn 2 ohows the v a l u e s 
of I i n barns , an obta ined by d i r e c t measurement and a l s o as e s t imated by the 
authors- of the o r i g i n a l papcrn on tho b a s i s of t h e i r measurements of capture cros 

c o t i o n s 

Column 3 i n d i c a t e s the h a l f - l i f e i n oases v/'ion measurement was made by the 
a c t i v a t i o n method. Column 4 - Comments - i n d i c a t e s which energy range c o n t r i b u t e 
to tho resonance i n t e g r a l g i v e n . The absence of comment i n d i c a t e s t h a t the t o t a l 
rosonancc i n t e g r a l i s g i v e n . 

. (Diagrams, Tables and B ib l iography) 
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'V. Cross - sec t ions of neutron react ions accompanied Ъу the 
escape of charged p a r t i c l e s 

L.P. Abagyan, S.M. Zakharova and H.IT. ï î ikolaev 

This s e c t i o n i s a compilation of the experimental data h i ther to published on 

the c r o s s - s e c t i o n s of neutron react ions accompanied by the escape of charged 

p a r t i c l e s , for the elements He, Li, Бе, В, С, I , 0, F, No, Да and Mg, 

Tho r e s u l t s aro given, i n tho form of graphs and tables* The graphs genera l ly 
she v the c r o s s - s e c t i o n s of the (n, p) and(n,cc) r e a c t i o n s . I f the reac t ion has an 
energy threshold , i t s value i s a l s o shown on the graph. In some cases , the values 
of the cross ~o ec t ions for the f i s s i o n spectrum arc g iven for threshold r e a c t i o n s . 
These f i g u r e s are of d i r e c t p r a c t i c a l i n t e r e s t in c a l c u l a t i n g f a s t r e a c t o r s . 

Рог С, 0 and Ne values g iven are those of the c r o s s - s o o t i o n s of the (п,а^)> 
(п ,а^) , e t c , react ions which lead to the formation of a res idua l nucleus in the 
ground, f i r s t , e t c . exc i ted s t a t e s . 

• I t should be noted that the r e s u l t s of measurement of the c r o s s - s e c t i o n s 01 
the r e a c t i o n s studied agree, w i th in the l i m i t s of experimental error. An except ion 
i s the c r o s s - s e c t i o n of the ( n , t ) 2a reac t ion! in paper F-56_J t h i s v/as 
measured by studying the tracks in emulsions, and i n paper Ъу recording 
the t r i t ium y i e l d by abso lute c a l c u l a t i o n of й - a c t i v i t y . In s p i t e of the d i f f e r e n t 
in method, the absolute values of the c r o s s - s e c t i o n s agree w e l l . The r e s u l t s of 
paper /"])-6l_7, in which the c r o s s - s e c t i o n was measured Ъу recording oc-particles 
in an i o n i z a t i o n chamber, are approximately one third as large i n the 4*5—MeV energy 
range. I t i s i n t e r e s t i n g to note that the c r o s s - s e c t i o n of the F"^ (n ,a) N"^ 
r e a c t i o n as measured in the l a s t mentioned work i s a l s o considerably (as much as 
50^o) lower than the r e s u l t s of other works, although i n t h i s case the discrepancy 
does not exceed the l i m i t s of experimental error . 

In some cases the graphs of c r o s s - s e c t i o n s obtained from inverse reac t ions arc 
g iven. 

Table I g ives some supplementary data on measurements of the c r o s s - s e c t i o n s of 
various reac t ions accompanied by the езсаре of charged p a r t i c l e s a t an energy of 
14 MeV, and a l s o inc ludes c r o s s - s e c t i o n s for the f i s s i o n spectrum and the reactor 
spectra? the shape of the l a t t e r i s s imi lar to that of the former in the high 
energy range. 
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I t should Ъе noted that, data arc a v a i l a b l e on the angular d i s t r i b u t i o n s of the 
charged p a r t i c l e s formed i n the reac t ions discussed? but those are not included i n 
the present review. 

The authors are g r a t e f u l to Dr. H. Liskien and Dr. A. Paulsen of EURATOM for 
the information they kindly gave to S . I . Sukhoruchkin about the (n,p) and (n>a) 
reactions' on Mg and Na, The data tliey provided on some of tho heavier i sotopes v/i l l 
together with re levant addi t ional information, Ъо included in the next i s sue of this 
B u l l e t i n . 

Table I 

Reaction Energy, 
MeV 

'Cross - soc t ion , 
mb Paper Notes 

, A neutron escapes 
on decay of 

A neutron escapes 
. on decay of 

F i s s i o n spectrum 
Reactor spectrum 

A neutron escapes 
on decay of yîT-м 

Reactor spectrum A neutron escapes 
on decay of .ylîl7 

. . . . . . . . . . (Figures and Bibliography) 
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VI. E l a s t i c s ca t ter ing of neutrons 

N.O, BazazyantB, M.N. Nikolaev and V.I . Popov 

This sechion gives the r e s u l t s of experimental work on the e l a s t i c 
s ca t t er ing of neutrons. 

Tables I - V contain the angular d i s t r ibut ions of scattered, neutrons given 
i n the form of c o e f f i c i e n t s of expansion in Legendre polynomials. Using these, 
i t i s poss ib le to ca l cu la te , by the formula given in the tab les , tho d i f f e r e n t i a l 
c ros s - s ec t i ons for any angle of s ca t t er ing . 

Tables VI - VIII give the d i f f e r e n t i a l c ros s - s ec t i ons as a funct ion of the 
angle of scat ter ing . ' All' the data in the above tablea re f er to vrork published 
s ince 1962. 

• i • - • 
Pigs, 1-11 give experimental data on e l a s t i c s ca t t er ing published in 

I963-64 and also before , but not included in the standard work on angular 
d i s tr ibut ions , 2 _ / ' i 

Table IX g ives the t o t a l e l a s t i c s ca t ter ing cros s - s ec t i ons given by the 
authors of the corresponding papers, and a lso (marked with an as t er i sk ) ca lcu-
l a t e d by in tegra t ing the d i f f e r e n t i a l c r o s s - s e c t i o n s over the t o t a l s o l i d angle. 
When there i s a discrepancy between the ca lculated c r o s s - s e c t i o n s and those 
l i s t e d from 92 ~7, as О , , - 'Г' , the l a t t e r are given in brackets.-' • t o t non7 0 

The fourth column of t h i s table g ives the average cos ines of angular 
d i s t r ibut ion , ca lculated by the formula 

These are a l so given, as a funct ion of the i n i t i a l energy of the neutrons, in 
P i g s . 12-16 for nucle i of l i th ium-6, l i th ium-7, beryll ium, boron, carbon, 
nitrogen and oxygon. When there are large discrepancies in the . 
values obtained by analysing the data of d i f f eren t authors, only the most 
r e l i a b l e f i g u r e s are shown in the graphs, preference being given to work using 
more modern measuring techniques and a more correct method of analysing the 
experimental data. 

Brief information on the methods used in the experimental programmes whose 
r e s u l t s are given in t h i s paper i s to be found in Table X, 
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Table XI makes i t p o s s i b l e t o convort tho Legendre polynomial c o e f f i c i e n t 
f o r thô expansion of the angular d i s t r i b u t i o n of s c a t t e r i n g in the centre^-of-m 
system t o a laboratory ' sys tem of oo- iordinates . 

Graphs r e p r i n t e d from tho standard work on angular d i s t r i b u t i o n s O ^ - ^ J 
f o i l ov/} these g i v e ? i n the most convenient form, a l l the data publ i shed up t o 
Ootobor 1962, The present paper thus comprises tho r e s u l t s of a l l the e x p e r i -
mental work publ i shod on tho angular d i s t r i b u t i o n s of o l a s t i c a l l y s c a t t e r e d 

' noutrons up t o May 19&4» 

A complete l i s t of tho l i t e r a t u r e used appears at fcho end of tho a r t i c l e . 

. . . : . (.Tables I - IX and P i g s . : 1 - 1 6 ) 



METHODS OF EXPERIMENTAL WORK Oable X 

Paper Method 
Threshold 
energy of 
detcctor 

Correction 
for multiple 

scat ter ing 

Correction 
for angular 
reso lut ion 

• 

Notes 

1 2 3 4 5 6 7 8' ; 

(ЗА) Time of f l i g h t , 
threshold 
s c i n t i l l a t o r 

Not introduced Absolute cross—sections 
given with an accuracy 
of 15-20$' .. . 

(5) i Introduced Assessed as lc.v 

d ? ) 

1 

Not introduced Introduced Absolute cross -soot ions 
given with an aoouracy 
Of 15/0. 

(37) Not introduced Not introduced Relat ive cross - sec t ions 
obtained and normalised 
to theore t i ca l curve 

(38) Time of f l i g h t , 
annular geometry, 
threshold 
s c i n t i l l a t o r 

Introduced Introduced 

(44) Time of f l i g h t Not introduced Not introduced 

(46) Nuclear emulsions 

(52-53) Wilson Chamber 

(54) Annular l iqu id 
threshold 
s c i n t i l l a t o r 

• 

(55) Threshold 
proportional 
counter and 
l iqu id 
s c i n t i l l a t o r 

Introduced Introduced 

H 
ОЭ 

О Щ H P> on о 4 H' 04 H-3 p 
H 

о 
.L 

Vj^ 



1 2 5 4 5 . 6 7 8 

(56) Threshold 
s c i n t i l l a t o r 

Introduced Absolute croBS-soct ions 
g iven with an accuracy 
к 20$' 

(67) Threshold 
proport ional 
counter 

. . 

Introduced 

Assessed as low 

Hot introduced 

(77) Annular 
geometry, 
threshold 
s c i n t i l l a t o r 

. . 

Introduced 

Assessed as low 

Hot introduced 
. . . 

(37) Boron countor 
i n a moderator 

Introduced 

Assessed as low 

Hot introduced 
. . . 

(89) Annul ar 
geometry, 
i o n i z a t i o n • 
chamber 

Introduced I 
M 

! 

(Tablo, Graphs and Bibl iography) 
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VII,. New data on i n e l a s t i c s ca t t er ing of neutrons ' " " " 

V. i/L Sluche vslcaya 

This sec t ion includou experimental f i g u r e s for tho fo l lowing! c r o s s -
s e c t i o n s for i n e l a s t i c i n t e r a c t i o n s ; crooa-aeotions for i n e l a s t i c s ca t t er ing , 
nuclear "tomperaturos", angular d i s t r ibut ions o±' . i n e i a s t i c a l l y scat tered 
neutrons, c r o s s - s o c t i o n s for e x c i t a t i o n of 1отоIs in the i n o l a s t i o s ca t t er ing 
of neutrons, croBs-'Sootj.ons for- emission of gamma rays i n the i n o l a s t i o 
s c a t t e r i n g of neutrons, and spectra'of tho scat tered noutrona, 

This material has f o r the most part :boon obtained during tho l a s t two 
years , and i s therefore not contained in thu Directory 58_/ . 

. « . . 0 , 0 0 0 » (Data for l i thium, beryl l ium, 
'boron, e t c . ) 

(page 255 
of o r i g i n a l ) 

Mothodo of measurement 

Neutron spectrometry //as in most cases carricd out by the t ime-of - f l igh'c 
w.-i ihod/~l. 2, 4, 6 -9 , 17i 18, 22-24, 26, 28> 29, 51-33, 37, 41, 46, 47? 49; 
52-55? 60, 61 у 68_/ a.nd by i n v e s t i g a t i n g the spectra of the r e c o i l neutrons 
using photographic p la te s / 57? 64, 70,. 72_ / , i o n i z a t i o n chambers /~15 , l o , 39_/ 

.... г 
and s c i n t i l l a t o r s / J>6, 40, 45? 69 _/ » 

Papers f l l j and £_ ?-7_/ used dctectors with an e l ec tron ic threshold. • 

I n e l a s t i c s c a t t e r i n g has a l so been studied by i n v e s t i g a t i n g the gamma rays 
emitted /~4, 5 j 12; 14, 1 9 2 5 , 34, 35, 50, 62- 65_*/. 

In paper /~35. . / the c r o s s - s e c t i o n for i n c l a s t i c s ca t t er ing or. Mg^ i s 
obtained r e l a t i v e to that for the Mg ' ' (n ,p) Na 4 react ion, 

In paper _J the' cross—section for e x c i t a t i o n of the metastable s ta t e of 
zirconium i s measured at' 2„3 MeV Ъу gamma--.ray emission. 
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In papers / ~ 3 _ 7 , / ~ 4 2 _ / , / ~ 4 3 J and Z~T1 _J the c r o s s - s e c t i o n s 
f o r i n e l a s t i c i n t e r a c t i o n s are determined as the d i f f e r e n c e s between the t o t a l 
c r o s s - s e c t i o n s and the exper imenta l l y determined c r o s s - s e c t i o n s f o r e l a s t i c 
s c a t t e r i n g . 

Papers / " l O j , jA~46_7 a n d /~~51_7 i n v e s t i g a t e d the n ' - y c o r r e l a t i o n . 

(B ib l iography) 
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VIII » Some now data on the c h a r a c t e r i s t i c s of f i s s i o n a b l e n u c l e i 
235 

1= Average number of prompt neutrons emitted on f i s s i o n of U 
by neutrons v/ith an onorgy of 0 . 1 - 2 . 8 LCeV 

G .IT. Srniranlcin e t a l . 

« * o a « a o e o o o o o o ( | Tci О 1 О 

1) Measurements made by the method descr ibed in the a r t i c l e by Yu.A. Bljurnkina 
e t a l . y Huclear Phys ics , 52, 648 (1964)» 

2) Measurements made by record ing the co inc idences between a block of "boron 
235 covmters i n p a r a f f i n and a f i s s i o n chamber placed i n s i d e i t conta in ing U 

2. Average k i n e t i c energy of f i s s i o n fragments and average number 
of prompt neutrons in spontaneous f i s s i o n of Cm244 

V . I . Bolnhov et a l . 

О / / 
For the spontaneous f i s s i o n of Cm ' va lues wore determined f o r the average 

k i n e t i c energy of the f i s s i o n fragments (e. = 182.3 + 2 .3 MeV) ; the width of d i s -ix 
t r i b u t i o n a t h a l f - h e i g h t E^ = 24,8 + 2 ,5 MeV) and the average number of prompt 
neutrons per f i s s i o n (\7 (Cm244) = 2 .71 + 0 . 4 ) . 

The- k i n c t i c energy of the fragments was measured us ing a dual i o n i z a t i o n 
chamber wi th a g r i d , by comparison v/ith the w e l l - e s t a b l i s h e d f i g u r e E, = 166 ,9 + 0 . 8 Mf 

23S for the f i s s i o n of U wi th thermal neutrons . 

v Cm 2^ was measured r e l a t i v e to the value v (Pu^^) = 2.17 + 0 . 0 1 5 . The method 
used to measure v was that of recording co inc idencos between a neutron dotoctor (a 
group of counters conta in ing BF, i n a p a r a f f i n block) and a f i s s i o n i o n i z a t i o n chamber 

• • . „ „ 2Д4 ^ £ 240 

conta in ing l a y e r s 01 Cm and Pu . 

the journal "Atomnaya Ensrgiya" 19Ô4. 

2Л4 ^ PA0 conta in ing l a y e r s of Cin"'^ and Pu-"1" . Tho work w i l l bo descr ibed i n greater d e t a i l in 

3 . F i s s i o n c r o s s - s e c t i o n s of TJ1^, ï ï 2 ^ and P u 2 ^ i n the neutron energy 
rango 0 . 3 ~ 2 .5 MeV and of P-o240 i n tho range 0 . 0 4 - 4 . 0 MeV 

G.îî . Smirenicin e t a l . 

. . . . . . . о . . о . , . (Tables) 
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23^ 
4„ Fission cross-sections of Fa and Pu " in the 

neutron energy range 1,5 ~ 1500 keV 
S.M. Dubrovina and V.A. Shigin 

2T1 Fig. 1 gives the fission cross-sections of Pa'"'"' in the range 150 - 1700 koV. 

The measurements were made on' an electrostatic accelerator. The method of 
experiment is described in Г\_J and _/ 2__/', The absolute value of the fission 
cross-section v/as determined v/ith an accuracy of 15 

The authors have discovered three maxima in the curve for the fission cross-
231 section of Pa , at neutron energies of 330? 550 and 880 keV. Fig. 2 gives the 

239 
fission cross-section of Pu in the neutron energy range 1.5 - 1250 keV. The 
measurements were again made on an electrostatic accelerator. The method of ex-
periment is described in paper / ~ i J . The absolute value of the fission cross-
section was determined with an accuracy of lûyo. 

The dispersion.of the neutron energies in measuring the fission cross-scction 
251 2^9 

of Pa is + 20 keV, for Pu + 20-- 50 keV at neutron energies of ^.200 keV, am 

at neutron energies of 100, 30, 6, and 1.6 koV 10, 8, 3> and 0.8 keV respectively. 

. (Figures and Bibliography) 
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IX» Inves t i ga t ions of delayed neutrons 

B. P„ Maksyuteriko 

A characterist ic; of t h i s f i e l d of i n v e s t i g a t i o n i s the f a c t that the f i r s t 
attempts to ca l cu la te the probabi l i ty of the omission of delayed neutrons were 
not.made u n t i l 14-years a f t e r tho experimental discovery of the ir e x i s t e n c e . 

This i s explained by tho i n s u f f i o i o n t l y rapid accumulation of mater ia l , as 
a r e s u l t of considerable d i f f i c u l t i e s i n uxporimenting, including low i n t e n s i t y 
of y i e l d , short l i f e t i m e s , and laborious mathematical troatmunt. 

( l ) Groups and i d e n t i f i c a t i o n 

Theorotical c a l c u l a t i o n s j_ 1, 2_ / predict that the precursors of delayed 
neutrons are- the f i s s i o n fragments l y i n g c lose to tho areas with c losed neutron 
s h e l l s of 5° and 82 neutrons, occupying the l e f t and r igh t s lopes of the peaks 
of tho double-humped curve of mass d i s t r i b u t i o n ( l i g h t and lioavy fragmonts 
r e s p e c t i v e l y ) . A p o s s i b l e s e t contains about 50. The main contributors 
must be i so topes of bromine, iodino, rubidium and caesium,, The absolute 
values of the y i e l d as ca lcu lated i n 1 _ / and /~2__7" sometimes d i f f e r by one 
order of magnitude and cannot be considered accurato enough. 

Mathematical ana lys i s of the decay curve _ ] has e s tab l i shed that a l l 
elements and i so topes subjected to f i s s i o n by thermal neutrons and f i s s i o n -
spectrum neutrons give r i s e to s i x groups of delayed neutrons with h a l f - l i v e s 
of 55; 22, 6 , 2, 0 .5 and 0 . 2 seconds. Chemical reparation Г4_J showed а 
s l i g h t l y larger numbor of groups, with h a l f - l i v e s d i f f e r i n g from the above. 
Using f i x e d c r i t e r i a of s e l e c t i o n , Keepin _J e s tab l i shed for each of the 
mathematically determined groups a se t of precursors, e i ther from among those 
i d e n t i f i e d chemically or postulated on the bas i s of theore t i ca l ca l cu la t ions 
(Table I ) . A study of delayed neutrons i n the spontaneous f i s s i o n of 
californiuti>^252 /~5_/ showed that the groups with a h a l f - l i f e of 55 an& 6 seconds 
had disappeared. Since tho groups corresponding to tho l ight -we ight peak must 
disappear - because of i t s displacement f o r e l enents of higher atomic weight -
we must conclude that bromine—88 cannot be a contributor to the second group, 
i . e . the precursor with T~15-5 seconds must bu a heavy fragment, iodine-138 
cannot be a main contributor to the third group, e t c . The chemical i d e n t i f i c a t i o n 
Г4__/ must therefore be considered as for the most part erroneous, nor can too 
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much re l i ance Ъо placed on what tho same paper says regarding the quant i ta t ive 
proportions between the groups. Only bromino-87 and iodina-137 c a n be regarded 
as r e l i a b l y i d e n t i f i e d . However, i t should not be thought that the chemists ' 
work has been i n vain. I t has shown that there may be more contributors than 
mathematical breakdown of tho decay curve suggests . Unfortunately, even with 
high s t a t i s t i c a l accuracy, standard mathematical methods cannot separate more 
than seven to e ight groups. This i s because when determining both the h a l f -
l i v e s and the i n i t i a l i n t e n s i t i e s of the groups, 14 to 16 parameters must be 
determined. The separat ion of groups c l o s e to each other i n h a l f - l i f e and 
r e l a t i v e contr ibut ion i s an e s p e c i a l l y d i f f i c u l t t a sk , requir ing , according to 
o u r - c a l c u l a t i o n s , a s t a t i s t i c a l accuracy unattainable with e x i s t i n g neutron 
f l u x e s . The combined e f f o r t s of chemists and mathematicians might improve 
the s i t u a t i o n . I f chemists can r e l i a b l y e s t a b l i s h the h a l f - l i v e s (and t h i s 
task i s a simpler one, s ince e i ther one group i s separated i n the pure form, or 
only two need be separated) , the number of parameters to be determined for 
mathematical ana lys i s of the curve can be halved, and.the contr ibut ion of more 
groups can consequently be determined. The s t a t i s t i c a l accuracy at present at 
оггг d isposa l permits the separation of groups with h a l f - l i v e s of 15» 5 and 24 
seconds. We have made these c a l c u l a t i o n s for plutonium—239 and i s o t o p e s of 
uranium 7 'and' th i s 'paper_J . 

(2) Empirical laws 

The empirical laws obtained.up to the present time may be summarized as 
f o l l o w s ; 

1. Per i s o t o p e s of uranium and plutonium 1, 8 _ j , and for one and the 
saine energy of f i s s i o n - i n d u c i n g neutrons, the t o t a l abso lute y i e l d of delayed 
neutrons increases with the increase in the m* .0 number (Fig. l ) . 

2. On passing from uranium—238 to plùtonium-239> there i s a sharp drop i n 

t o t a l y i e l d . The dependence of the y i e l d on the Z of the nucleus' i s thus greater 

than on A. 

3. Yields of ind iv idual groups show tho same dependence on Z and A through-

out the group. An except ion i s the group with T-55 seconds, i n which there i s 

an opposi te tendency (Fig. 2 ) . 
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• - 4- • Wo havo studied the way .in v/hioh blio r a t i o "bo bv/aon tho y io ldo of 
indiv idual groups ( y i u l d / o f f i r s t group takun as un i ty ) changes v/ith a ohango 
in- tho onorgy of tho neutrons causing f i n « i o n , Tho way in which tho rat io ' 
changes, io shown for. uranium-2jj8 i n Pig, ') and Table I I , For most groups thu 
r e l a t i v e y i e l d s ( i . e . r e l a t i v e to f i r s t group) docruaso v/ith an increaaa in 
energy ( t h i s çccurs a l so for uraniuir:-235 and plutonium-239 (Tables I I I and I V ) ) . 
In the energy range -where tho ( nf nf)' roact ion begins there i s f or uranium—2JÔ a 
sharp increase i n r e l a t i v e y io ldo . У/а аги at present taking measurements for 
other f i s s i o n a b l e nuc le i in the same range of energ ie s , 

(pagos 268-270 
of o r i g i n a l ) 

Table I 

No. T 
soc Procuraors of .groups ( l ) 

Brornine-07 
Iodine-137 : 

• Bromine-88 

Iodine-138 (bromine-89j bromine-90) 
Iodind-139, caesium-144j bromine-91, bromine-92 
Iodine-140 (bromine-92) ' 
Bromine-93, rubidium-97 

. . Table I I 

•Uranium-258 
E e l a t i v e Yields 

.. (Table) 
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Tablo I I I 

R e l a t i v e y i e l d s of de layed nautronts (uranium-235) 

Thermal noutrono 

• 

T « h a l f — l i f о ( s a c ) 

Table IV 

Plutonium-239 

T 
s e c 

Thermal neutrons ( l ) 
R e 1 a t i v 

F i s s i o n spectrum ( l ) 
e y i a 1 d s 

Note* In the 
l i v e s 

se data the second group i s a mix 
of 24 seconds and 15»5 seconds . 

r, 

ture of tho groups wi th h a l f -

(Remainder of Table IV 
F igures and B ib l i ography) 
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X> Resonance structure of total cross-sections of a number 
of elements for intermediate and fast neutrons 

1/1.И. îïikolaev et al. 

Below are given tho characteristics of the resonance structure of the total 

cross-sections'of ' 2C> elements (Wa, Mgi 'Al, IP,' S, K,"Cr, Te," Fi',"Cif, Zn, Zr, 1Tb, : 

Mo, Od, V/, Pd, Bi, U and Th), these characteristics being obtained by analysis of 

the transmission curves measured in a good geometry to an attenuation of 

T , - 0.01 - 0.001. The structure of tho total cross-section is described in 
rain 

terms of the function P(a) - the probability of finding in the investigated neutron 

energy range -a value of -the total cross-section equal to o.. 'This function is re-

presented approximately in tho form of a weighted super-position of the.standardised 

b functions s 

The coefficients a^ and tho crost:-sections a^ are unambiguously determined by 

analysing the transmission curves T(t) by the least squares method accoi^ding to tho 

•form ......... if m and T . are fixed. I 

ram 

Knowing the function P(o), it is possible to find the average values of any 

functions from the total cross-section ......... . Apart from the magnitudes of 

a^ and Table I gives the average characteristics (o/> and (the angular 

brackets denote averaging over the intervals indicated). The value of the product 

of^ff^ and , which is a convenient characteristic of cross-section structure, is 

also given. 

Table I gives the preliminary results of such a breakdown, obtained approximately, 

in graphical form.... Accurate analysis will be carried.out on a computer. It should 

also be noted that accurate analysis carried out for the сазе of uranium (Tabic- II) 
showed that, at least in the case of a not too considerable cross-section structure 
( ~l), the approximate recuits give a reasonable estimate of the size of the 
real structure of the total cross-section. The last column of Table II gives the 
value of the correlation coefficient for the values of the two cross-sections which 
describe the resonance structure of the total cross-section of xxranium. This figure 
must be taken into account in calculating errors in the calculated average 
characteristics. The errors given in Table II do not take into account the effect of 
indeterminacy in the thickness of the specimens, nor the effect of scattering onto 
the detector. A detailed description of the experimental method for measuring the 



- 29 -

structure of total cross-sections, and of the methods of analysing' the data given 
here , appears in papers 1_/ to ]_ 4 J > 

, (Tables and Bibliography) 



50 - ( p a g o 28/} 
o f o r i g i n a l ) 

PART II 

REACTOR CONSTANTS ' ' 

I о Cross-sections averaged over tho M&xwoll spectrum 

A.N. Galanin et al. 

Tables I-XII give the cross-sections of uranium and plutonium isotopes 
averaged over the Maxwell spectrum) which are used in the 2-group method of cal-
culating nuclear reactors. They arc given as a function of the neutron gas 
temperature and of the energy corresponding to tho boundary whore the Maxwell 
and Fermi spectra join. The energy dependence of о , o„n and a, and the reson-a 1 
ance parameters were taken from papers / ~ l - 4 _ 7 . The c r o s s - s e c t i o n s are normalised 
to the agreed in ternat iona l values of c r o s s - s e c t i o n s a t 2200 m/scc given in papers 
Г 4 - 5 . 7 . 

(Tables and Bibliography) 
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I I . A d d i t i o n to "Group Constants f o r D e s i g n i n g Nuclear Reactors" 

L .P. Abagyan e t a l . ' 

Some a d d i t i o n s to the 26--group system of c o n s t a n t s _ J are g i v e n be low. 

The f i r s t i s a system of c o n s t a n t s f o r cerium (Ce) , which i s used i n f a s t r e a c t o r s 

w i t h l i q u i d metal plutonium f u e l . Group c o n s t a n t s are a l s o g i v e n f o r the s t e e l s 

most w i d e l y used i n r e a c t o r c o n s t r u c t i o n (EYa-lT - 7 ï 1 ® ) 1 Cr, Э°/° Ni and 

EI-874 - 67^ Fa, Vrfo Cr, 15lo Ni , yfo Mo). . 

' ?35 Some c o r r e c t i o n s to the v a l u e s of the group parameters of Pe, N i , U" and 
239 

Ргд are then g ivons t h o s e are based on m u l t i - g r o u p c a l c u l a t i o n s of macroscopic 

t e s t s on r e a c t o r s 2_J u s i n g the sys tem of c o n s t a n t s £ 1 / ? and on new e x p e r i -

mental and t h e o r e t i c a l d a t a . 

These c o r r e c t i o n s aro i n c o r p o r a t e d i n the American e d i t i o n / ~ 4 _ 7 of the 

26-group system of c o n s t a n t s . 

The sys tem of n o t a t i o n i n the group c o n s t a n t t a b l e s g i v e n hero i s t h a t used 

i n 1 _ / . 

F i n a l l y , data are g i v e n which f a c i l i t a t e the i n t r o d u c t i o n i n t o the s l o w i n g -

dov/n c r o s s - s e c t i o n s o f c o r r e c t i o n s f o r the shape of the i n t r a - g r o u p spectrum. 

In the group c o n s t a n t t a b l e s , the c r o s s - s e c t i o n of e l a s t i c f lowing-down 

(1) 
c o n t a i n s the c o r r e c t i o n 

( 2 ) 

which d i f f e r s from u n i t y v/hen the i n t r a - g r o u p spectrum i s n o t a Fermi spectrum, 

can be c a l c u l a t e d by quadra t i c i n t e r p o l a t i o n of the group spectrum s 

( 3 ) 

Here Ф̂  i s the i n t e g r a l f l u x of neutrons i n the i ^ 1 group o b t a i n e d as a f i r s t 

approx imat ion (wi th u n c o r r e c t e d s lowing-down c r o s s - s e c t i o n s ) a 

The c o e f f i c i e n t s A^, B^ and C^ g i v e n below were determined i n such a way 

t h a t , by e x t r a p o l a t i o n o f t h e shape of the neutron spectrum i n the r e g i o n of the 

Z~4_7 L .F . Abagyan e t a l . , "Group Constants f o r D e s i g n i n g Nuclear R e a c t o r s " , 
Consu l tan t s Bureau E n t e r p r i s e s I n c . , Ne-,v York ( i n p r e s s ) . 
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î *1 group of quadratic form (j), the'integral neutron fluxes in the _ (i-l)"tl1, i^11 
' 

and (i+l) groups are retained. 

The coefficients for the first two groups are not given, since quadratic 
extrapolation of the flux is not well applicable to them. 

Furthermore, the reactor spectra in this energy range are alv/ays close to the 
fission spectrum, which was used in paper /"~1_7 claculating the slowing-down 
cross-sections of groups 1 - 3-

Paper /~lj, in calculating the slowing-down cross-sections in the third 
group, accordingly introduced correcting multipliers taking into account the dif-
ference "between the spectrum used and the Fermi spectrum (taken in the lower energy 
groups)» 

The coefficients А, В and С given here for the third group take into account 
the fact that in order to obtain an accurate slowing—down cross-section it is 
sufficient to multiply the slowing-dov/n cross-sections given in the table for the 
third group by b̂ ,, calculated using the coefficients given. 

. . . . . • . . . . . " . . (Tabl es and Bibliography) 
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III. Tables of coefficients for determining group parameters 
of anisotropy of elastic scattering of neutrons 

M. I\i. j'Tikolaev et al. 

To carry out accurate calculations of reactor systems and radiation 
shielding, it is often necessary to take into account the anisotropy of 
neutron scattering v/ith greater accuracy than is -the case in the normally 
used transport approximation v/ith isotropic transfers from group to group. 
To carry out such calculations it is necessary to determine supplementary-
group parameters, namely the moments of the cross—section for scattering tha.t 
results in the passage of neutrons from one energy group to another or in. 
leaving them in tho same group. The values for these parameters depend 
on the width of the energy groups used in the calculation, on the intra—group 
spectrum of the-neutrons, and also on the form of the angular distribution of 
the scattered neutrons. 

For elastic scattering, tho expressions for these values may be written 
in the form 

(1) 
where 

(2) 

is the cosine of the angle of scattering in the laboratory system of 
co-ordinates, 

|i! is the cosine of the angle of scattering in the centre—of-inertia 
system, 

^ о Ш ° ( 3 ) is the Legendre polynomial coefficient for the analysis of 
the elastic scattering indioatrix in the centre—of—inertia system, 

a is the cross-section for elastic scattering, 
i 

В is the initial energy of the neutron, 

E is the neutron -mergy after scattering, ............ 
Щ and determine the boundaries of the energy range in group JL from 
which elastic slowing—down to group 3 is possible, 
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S. and..®'. , are. "the. boundaries of the. energy, range in group j into 
J ^ ' n 

which the elastic slowing—down of neutrons from group take place, 
th 

P m (ц) are Legendre polynomials of the m ordor. 

Фп(Е ) is the spectrum of the n ^ harmonic of the neutron flux. 

The form of this spectrum is 'Correlated with the energy dependence of the 
. ! G Ш / ' \ 

cross-section в" (E ) and the coofficionts (3 ) and is determined by 
expressions given in __/. This correlation leads to an effect of resonance 
self—shielding of the slowing-down Cl? О S S—S О ction and of the parameters of 
anisotropy of scattering /~1_7. To separate this effect, which is linked with • 
rapid changes of the neutron spectrum and tho cross-sections, we replace the 
rapidly changing functions . . . . . . . . . . . . . . . . . . 
in expression (1) with their average values in the range 3^ - E^ We then 
substitute the results of this averaging for the average values in the whole 
energy range of group Л , which makes it easier to allow for the dependence of 
the group parameters determining tho alowing-down of the neutrons on the form of 
the intra-group spectrum, smoothed out aa to its resonanco properties /~2_7„ 
The formulae for this averaging are given in papers _J and / ~ 2 A s a 
result of this operation, expression (l) takes the form 

' (3) 

In the second integral of formula ( 3 ) > we now replace integration with 
respect to E by integration with respect to Ц, using relationship (2). 
Transferring to a laboratory system of co-ordinates in the analysis of the 
scattering indicatrix, we obtain 

(4) 

where - .. . • 

(5 ) 

Here ........ is the m^*1 harmonic of the elastic scattering indicatrix in 
a laboratory system of co-ordinates, averaged according to the spectrum of the 
n t h harmonic of the neutron flux in group Я. » 

ФП(Е )'is the neutron spectrum smoothed out as to resonance characteristics. 
The form of this spectrum must be fixed beforehand when compiling group constants. 
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The tables reproduced below give the coefficients A'n~̂  for a v/ida range of 
elements used in reactor construction, calculated by formula ( 5 ) on an M - 2 0 

computer j/~3_7» These coefficients can in principle be used to calculate the 
parameters of anisotropy of scattering, which must be known in order to make 
reactor calculations in the P--5 approximation. In cases where this calculation 
can be made, the degree of accuracy with which the anisotropy of scattering can 
be taken into account (i.e. the number of terms of the analysis of the scattering 
indioatrix) corresponds to the P-7 approximation. 

The group intervals used in the calculations coincide with those used in 
paper J^'2-J' The neutron spectrum <p(E ) is also taken, in accordance with the 
same paper, as equal to the fission spectrum in groups 1 and 3 and to the Fermi 
spectrum in the lower energy range. The programme of calculations also envisaged 
the possibility of finding the coefficients ш ^ for set angular distributions, and also 

— £ .̂ m 
of determining No provision is made in this programme, hov/ever, for taking 
into account the resonance self—shielding of tho cross-sections. In view of the 
incomplete nature of the analysis of the experimental data on the angular distri-
butions of elastically scattered neutrons and on the resonance structure of the 
differential scattering cross-sectionsj the values of W are not given here. 

Я-I 
For nuclei v/ith. comparatively low mass numbers A, the coefficients A ^ 

are given separately for each element. For heavy nuclei, they are given for 
groups of elements with A values close to one another. 

The values of Л and j are given above each table. In' cases where the 
coefficients A coincide for different values of and :j, a single table is 

nm n 
given above'which are indicated all the values of -c and j. 

In tho case of heavy nucloi it is possible v/hen calculating' equation ( 4 ) to 
use only two terms, corresponding to the values m = n and m ='n + 1, To save 
space, a slightly different layout for.presenting the data is used in this case. 

(Bibliography and T.- ''es) 
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XV. Group cross-sections of some nuclear réactions . 
used for detecting neutrons 

V.I. Golubev et al. 

The most widely used method of checking the accuracy of multigroup reactor 
calculations is to comparc the experimental distributions of the rates of various 
reactions having different cross-section vs. energy variations with the'calculated 
distributions, and also to compare the calculated and experimental ratios of the 
cross-sections of these reactions on reactor spectra. 

To be able to perform the calculations for a given type of experiment, we 
must have a set of the average group cross-sections used for testing tho reactions. 
The number of groups in this set, and also their energy boundaries, must'correspond 
to the breakdown used in calculating nuclear flux. 

The most complete system of constants at present in use for reactor calcula-
tions is tho 26-group system J_ 1 J . The group cross-sections given here, for the 
reactions normally used for macroscopic tests on reactors, presume the use of 
this system of constants for calculating neutron fluxes. Y/hcre the cross-sections 
of reactions used for detecting neutrons are given in paper •1_7", no attempt is 
therefore made t.o review them hore. 

The init'ial data use.d to compile the tables of the group cross-sections were 
the published results of individual small-scalo experiments, and also information 
on the parameters of the resonance levels investigated. The papers used to 
compile the tables given below are listed in reference 2 J . 

In the energy ranges where sufficient experimental data were available, the 
average cross-sections were obtained from smooth curves passing through the 
experimental points. 

In ranges where there was sufficient information on the parameters of the 
resonance levels, the resonance capture cross-sections were calculated by adding 
the integrals of the separate resonances composing the group-

When there were in a particular energy rango neither experimental data nor 
information on the parameters of individual resonances, the radiative capturc-
cross-sections were calculated on the basis of the average resonance parameters. 
In this case the energy dependence of the contributions, made to the capture 
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cross—section Ъу neutrons with different ortbital movements was taken into 
account, 

The cross—sections of the Np^^(n,f) reaction at energies above 10 keV were 
obtained from the average of the known experimental data. At lower energies, the 
cross-section was determined from the theory of sub-barrier fission and from the 
available data on resonance neutrons. In the energy range 0.2 - 1 eV the figure 

237 
given is the higher estimate for the fission cross-section of Hp y [ according to 
the parameters of a resonance at 0.49 

Apart from the average group cross-sections, the tables also contain the 
calculated values for resonance integrals and cross-sections for the fission 
spectrum. Both these sets of figures are compared with experimental results. It 
should be noted that all the experimental data used in this work have an accuracy 
not exceeding 5 T h e accuracy of our knowledge of the parameters of resonance 
levels is, with a few exceptions, even lower. Therefore, when experimental and 
calculated distributions of nuclear reaction rates are compared, agreement to 
within 10-20^ should be considered satisfactory, the more so since in calculating 
neutron fluxes the constants used are generally of the same degree of accuracy 
(especially when the effect of resonance self-shielding of the cross-sections 
is great). 

The proposed average cross-sections of nuclear reactions have been checked 
in macroscopic tests on a BR-1 reactor [_ 3 J . 

(Bibliography and Table) 
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Gross-sections for the fission spectrum 

Measured 

Calculated' 

Resonance integrals of capturo 
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V. Empirical constants used in calculating 
radiation shielding for nuclear reactors 

1. Coefficients of secondary gamma radiation 

S.P. Belov and Yu.A. Kazansky 

The intensity of the gamma-radiation caused "by the radiative capturo of 
neutrons in the shielding (secondary or capture gamma radiation) is conventionally 
normalized to the all-wave integral neutron flux behind the shielding. The co-
efficient of secondary gamma-radiation is determined as a ratio of the total number 
of gamma quanta to the total number of neutrons leaving the shielding (ĉ B) £ \ J ° 

Using the coefficient of secondary radiation, it is possible to determine the 
gamma flux j(R,$) at a point behind the shielding with co-ordinates R and Ьг 
j(H,-&) = BQbG(Rj-&) whore G(R,9) is the geometrical factor of attenuation, which can 
be calculated comparatively easily in each particular case / 1 , 2, 3 

Ac has been shown in references JT~1 _/ and jT~/\._J, the values of for a shield-
ing thickness of 150 -- 200 g/crn are in practice constant, if the length of the 
mean free path is less than the analogous figure for the neutrons of the leading 
group, and depend on the physical properties of the medium, i.e. the linear 
coefficient of gamma attenuation, the cross-sections of interaction of the neutrons 
with the-nuclei, eto. The coefficients of secondary gamma-radiation can be experi-
mentally determined without resorting to absolute measurement of gamma and neutron 
fluxes. The accuracy of the measurements of û for gamma-rays with an energy of 
more than 4 - 6 bleV is ~10^„ At lower energies the error increases considerably as 

a result of the indeterminacy of the number of gamma quanta emitted on the capture 

of a neutron. 

The table gives, in percentages, the experimental asymptotic values of the 

coefficients of secondary gamma-radiation for a number of materials and two neutron 

sources /~1, 4? 5 _ 7 (Po-a-Be), and the spcctrum of tho RIZ -reactor. /~5j°-

The coefficients of secondary radiation are determined for gamma quanta with 

energies higher than E , the values of v/hich are given in the table. 

. . . .... . - . - . - - „ . » . (Table and Bibliography) 
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2. Angular distribution .of intensity of scuttorod gamma-rays on 
tho "boundary of P.. sorni~inf ini to medium • 

Yu.A. Каиппску and E.S. I/Iatusovich 

Tho angular distribution of intensity from tho gamma-rays omitted by an 
isotropic point sour,со on tho boundary of a somi-infinite modium is determined 
by tho expression 

( D ' 

v/hore Eq is tho energy of tho source ? 11 is tho distance between the source and 
the boundary of tho medium, 0 in tho angle between tho direction from the source 
to tho observation point and tho direction of observation. 

This distribution can bo represented by an expression with one experimentally 
T determined parameter 0 

( 2 ) 

where I is tho intensity of the source, ц is the linear coefficient of attenua-o " ' о 
tion of tho gamma-rays from the source in the material of the medium, Boo is the 
energy factor of accumulation for a point isotropic source in a medium of infinite rp 
extent. Representation of J^ in the.-form (2) is valid for the range of angles 
5°<-&<S)0O v/ith an accuracy of the order of lO'/o. The empirical magnitude is in-С dependent of R to an accuracy of up to 10^ when цИ>1. 

The experimental values of from papers /~~1_7j Z~2_7 anc^ П 3 _ / a r e given 
in the following tabic. 

T -Ô degrees С 
Source 
energy Medium Source 
energy 

Water Iron Lead 

0.411 MeV - 49 + 3 
1.25 MeV 38 + 2 3 3 + 2 19 + 1 
2.76 MeV 30 + 3 - -

T R The errors take into account a slight change in 0 depending on |i . The values of 
Ф с о 

% for intermediate Z values of the medium can be obtained by linear interpolation. 
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For a piano monodirootional source, with normal incidonce on a barrier of 
thickness d, tho value of the intonsity of radiation por unit solid angle may 
also be represented by the following expression 

(3) 
П П ' in v/hioh «T̂  depends on one pax'ainoter 

(4) 

where q̂ , is the energy omitted by a unit surface of the source and B^ is the 
energy factor of accumulation for a barrier of thickness d (в^ и Boo), The 
formula is valid for 15<'9<90O, and values of are independent of |iQd to an 
accuracy of up to 10$. 

The experimental values of obtained in papers /~4_7 to /~8_J are given 
in the following table. 

n Values of ô in degrees 

Source Medium 
energy Aluminium Iron Lead 

0.28 MeV 40 32 
0.411 McV 32 14 
0.66 MoV 24 21 16 
1.25 MoV 21 ' " 19 15 
2.76 MeV I 6 . 5 15 
4.0 MeV 12.5 

The error in the -Эп values is + 10$. Linear interpolation according to Z is 
^ T n permissible. In formulae (2) and ( 4 ) •& and aro given in radians, с о 

. (Bibliography) 
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;) „ Some constants determining flux and dose rate of fast neutrons in 
air- at different distances from the source 

S.F. Begtyaryov and V.I. Kukhtevich 

A. Infinite air medium 

If R is the distance from the source to the detector, S is the macroscopic 
scattering cross-section of air, Q is the source intensity and E is the initial w • - о 
energy of 'the neutrons, then the expression 

( D , 

where ............ is tho flux of scattered neutrons, and .......... is the flux 
of direct radiation («««tea o-oooeo)j will he valid for a point isotropic source and 
an isotropic detector. 

Expression (l) is valid for 0 R ^ 5 0 m and for initial neutron energies from 
0.33 to 14 MeV. 

For the same geometric conditions, if 2 , is the total macroscopic cross-• t . . .. . - ; 
section of.interaction,. then ' . 

j : ' " Г • (2) 

where B ( E q) = 0.195 ± 0i02 for 0.33^ E. б MeV and 0.145' ± 0.015 for 
7 j S E гс 14 MeV, D is the dose rate due to the scattered neutrons, and D > is о ̂  ' рас ' np 
the dose rate of the direct radiation (D = where Ё is the coefficient : np , о 
converting® single neutron flux into dose rate). : 

i 
The angular distribution from a point isotropic source, and the spatial-

distribution from a. p.p.lnt monodirectionàl -source, are described "by the expressions 

(3) 

where -9 is the angle of orientation of the monodirectionàl source or detector 
relative to the axis connecting them. 

For dose rate the expressions take the form 

(4) 

The accuracy of expressions (3) and (4) is + 20fo for distances of О < S < 50 ra. In 
(l) - ( 4 ) R is expressed, in m, E. in m and in (3) and ( 4 ) £ is expressed in degrees. 
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В. Air-earth separation boundary 

If H is the equidistant height of the 
tector above the earth's s uri cl со. and R is 
detector, then 

where 

isotropic source and the isotropic de-
the distance from the source to the 

(5) 

R and H are expressed in m, ............ in m The accuracy of expression 
(5) is + 10$ in an initial-neutron-energy range from 1 MoV to 5 MeV. The limits of 
applicability of ( 5 ) are 5 < 11 ̂  30 m and 1 m ,<: H <c JO m. Expressions (l) - ( 5 ) 

are obtained from the results of papers /~1_7 -

. . . . (Bibliography) 

4 . Passage of fast neutrons from a reactor through 
shielding not containing hydrogen 

B.I. Sinitsyn and S.G. Tsypin 

In media not containing hydrogen, the functions of attenuation of a fast-
neutron flux (E > 3 MeV) at medium distance from the source of a fission spectrum—^ n 

can normally be approximated with sufficient accuracy by functions of tho type-

(1) 
where R i s the thickncss of the s h i e l d i n g and q .is an empir ical parameter equivalent 
to the rec iproca l neutron r e l a x a t i o n length ^ , which w i l l be determined belov/. 

The range of applicability of expression (l) is normally limited to from 
2 to 15--20 mean free paths of the neutrons. With high shielding thickness, the 
effcct of filtration of the neutrons by the shielding material may have a con-
siderable effect on the relaxation length. In this range the relaxation length 
will be determined to an increasing extent by the mininrum - for the energy range 
investigated - cross-section of interaction of tbe neutrons with the shielding 
material. 

The following values are normally used as the parameter qs 

^J The spectra of neutrons in reactors in the energy range above 3 MeV normally 
differ little from that of fission neutrons. 

**/ For plane-parallel geometry. 
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(l) The removal cross-sections S , determined for the -group of neutrons' with 
energy E > 3 MeV /~l__/s 

rem 

(2) The cross-sections obtained from the reciprocal relaxation lengths = 
for the group of neutrons with an energy E > 3 MeV f ^ l j î ^ 

(3) The asymptotic cross-sectiors E obtained by solving the one-group kinetic as 
equation? using the expression 

(2) 

obtained in the transport approximation, using group constants systems _J! 
for the energy groups 1*4 MeV to 00 and 2.5 McV to <*>„ 

In expression (2) the following symbols are used s 2 - tho total transport tr ty 
cross-section in the group, and - the transport scattering cross-section in 

S ' the group, s = + Eyk? S ^ being the cross-section for removal from tho group. 

The table contains the empirical parameters .................. . (q is the 
density of the nuclei), taken from the numerous sources in the literature. It can 
bo ^oon from tho table that thes-o parameters agree satisfactorily (the maximum 
deviation from the average does not exceed 10%). This makes it possible to use 
th;se data'for estimates of nuclear reactor shielding. 

« . . . . . . . . . . = (Table and Bibliography) 
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VI» Critical parameters and, nuclear safety 

li. G. Bubovsky et al. 

The authors have carried out a series of critical experiments aimed at 
nuclear safety and the study of reactor physics. The results of some of these 
experiments are given below. 

The experiments were conducted with aqueous solutions of U0 o (iTO-^g. The 
temperature of the solutions varied from 15 to 21 C, and the number of nitrogen 
nuclei q was 

between ^.0 and 3°1 times as large as the number of uranium 
nuclei o^. The uranium concentration of the solution was varied from 40 to 
500 g/l. 

The experiments were carried out on reactors in the form of spheres, 
cylinders and rectangular parallelipipeds made of stainless steel 1-1.5 nrn 

thick (3 mm for the parallelipipeds). 
All the experiments may be classified in one of the following groups s 

1. Critical parameters of reactors of different shapes. 
2. Efficiency of neutron absorbers. 
3. Interaction of sub-critical systems. 

1. Critical parameters of reactors of different shapes 

The dependence of the critical volumes of the solution and the critical mass 
of the uranium on uranium concentration was studied for reactors of different 
shapes with a water reflector and with no reflector. The results of the 
experiments with uranium of 90Jo enrichment are given in Figs. 1 and 2, and those 
with uranium of 10$ enrichment in Table I. 

(Table i) 

2. Efficiency of neutron absorbers 

Boron and cadmium absorbérs in the form of rods and inserts were studied, 

(a) Rods 

The absorbing rod was a cylindrical sheath of stainless steel containing 
either boron carbide powder with a density of 1.25 g/cm^, or a cadmium tube 
0.5 mm thick filled with water. 
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The dependence of the''efficiency•'Of '-the' rod'on its diameter, the thickness 
of tho steel casing, the diameter of the core and the position of the rod in the 
core was studied for various concentrations of uranium in the solution, for ЭОуо-
enriched uranium. 

The interference of tvra or more rods as a function of the distance between 
them was also studied. 

The effectiveness of lattices of absorbent rods as a function of the lattice 
pitch and the number of rods in the core was studied. 

Figs. 3-8 give some of the results of experiments v/ith rods and rod clusters, 

(b) Inserts 

The absorbing inserts were two coaxial stainless steel cylinders v/ith the 
absorbent placed between them. 

Two types were investigated - "thin" ones - in which the absorbent was either 
boron carbide powder v/ith a density of 1.25 g/cm''j 6 ram thick, or cadmium 0.5 mm 
thiok§ and "thick" ones in which the absorbent consisted of two 0.5 nun layers of 
cadmium on the cylinder walls, with either 25 or 50 mm of water in between. 

The efficiency of the absorbing inserts as a function of the average 
radius of the insert and the thickness of"'the layer "of water v/as studied-for 
various concentrations of uranium in the solution. 

Figs. 9—10 give some of the results of these experiments. 

3 » Interaction of sub-critical system^ 

Interaction v/as studied on reacton; in the shape of rectangular parallel-
ipipeds v/ith a 30 cm base, and of cylinders 30 mm in diameter, for various 
concentrations of 90^-enriched uranium. 

Figs. 11—13 give the results of S'jme of the experiments. The diagram 
shows the dependence of the volume of the solution in one reactor on the distance 
between reactors, on condition that all the reactors are critical and the amount 
of solution is the same.in each. 

The interaction of these reactors ; through water, graphite and boron carbide 
v/as also studied. 
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A semi -empir i ca l method of c a l c u l a t i n g the i n t e r a c t i o n s of s u b - c r i t i c a l 

r e a c t o r s , known as the method of "equiva lent dimensions",was developed i n the 
l a b o r a t o r y . This method c o n s i s t s e s s e n t i a l l y of r e p l a c i n g the whole system 
of r e a c t o r s by a s i n g l e r e a c t o r , determining the e q u i v a l e n t dimensions of t h i s 

r e a c t o r and comparing the. geometr ica l s p e c i f i c a t i o n of the e q u i v a l e n t r e a c t o r 
wi th t h a t of a r e a c t o r of the p a r t i c u l a r des ign i n q u e s t i o n . The formula used 
to determine the e q u i v a l e n t dimensions of the r e a c t o r i s С . -- С / Г + (n—1)й7, equiv . \ ' 
where С i s the dimension of one s u b - c r i t i c a l r e a c t o r i n tho d i r e c t i o n of i n t e r -
a c t i o n , n i s the number of i n t e r a c t i n g r e a c t o r s i n the d i r e c t i o n of G, and>Q 
i s thé s o l i d angle between two neighbouring r e a c t o r s i n the d i r e c t i o n of i n t e r -
a c t i o n . 

F i g s . 11-13 compare the r e s u l t s of c a l c u l a t i o n s by the "equiva lent dimensions" 
method wi th experiment . 

The i n t e r a c t i o n of a largo number of sub—cri t ica l r e a c t o r s of б - l i t r e c a p a c i t y 
was a l s o s t u d i e d . The r e a c t o r s were c o n s t i t u t e d by c y l i n d r i c a l g l a s s v e s s e l s 
l 8 cm i n diameter and 24 cm high . The wa l l t h i c k n e s s was 0 . 5 cm and the 
c o n c e n t r a t i o n of uranium i n the s o l u t i o n was 96 g / l . 

The v e s s e l s were arranged i n s e v e r a l planeo at d i f f e r e n t d i s t a n c e s from 
e a c h ' o t h e r , forming a three—dimensional network. The r e s u l t s of the se experiments 
are .g iven i n Table I I . 

As can be seen from the diagrams, w i th a small number of r e a c t o r s arranged i n 
one plane the c a l c u l a t i o n ensures a 10 -15$ s a f e t y margin. In the case of t h r e e -
dimensional networks ( T a b l e ' I I ) t h i s margin i n c r e a s e s c o n s i d e r a b l y , and may 
exceed 100$. I t emerges from the rev iew paper £~ \_J t h a t the accuracy of the 
proposed method i s comparable w i t h that of other methods of c a l c u l a t i n g systems 
of i n t e r a c t i n g r e a c t o r s j i t i s d i s t i n g u i s h e d from them, however, by i t s c o n s i d e r -
ably g r e a t e r s i m p l i c i t y and convenience . 

(B ib l iography) 



Table I I 

Arrangement af 
conta iners -V 

Ho. of c o n t a i n e r s 

Used C r i t i c a l Calculat ion-

I n two p l a n e s 

d = 1 cm x 
d = 4*5 c m 

У 
d = 12 cm z 

I n t h r e e planes-

d = d = 6 . 5 ' cm x y 
d = 12 cm. 

I n t h r e e p l a n e s 

d = d = 4»5 cm x y J 

d = 12 си z 

I n f o u r p l a n e s 

d = d = 9 cm 
x j 

d = 11 cm z 

I n f o u r p l a n e s 

d = d = 7 . 5 cm x y 1 y 

d = 12 cm 

23 
I n f i r s t p lane 4 x 3 = . 1 2 

ï n second p lane / 4 x 3 / - 1 = H. 

52 

I n . f i r s t p lane 4 x 4 = 16 

In second plane 4 x 5 = 20 

In t h i r d p lane 4 ^ 4 = 16 

39 

I n f i r s t p lane 3 x 4 = 12 

In second p lane / 3 x 4 / + 3 = 15 

I n t h i r d p lane 3 2: 4 = 12 

67 

I n f i r s t p lane 4 z 4 = 16 

I n second plane 4 зс 4 = 16 

In t h i r d p lane / 4 x 5 / - 1 '= 19 

In f o u r t h p lane 4 x 4 = 16 

64 
In each p lane 4 зс 4, = 16 

23 12. 

54 ± 0 . 5 

/ E x t r a p o l a t i o n / 

3 9 o ± 0 . 3 

/ E x t r a p o l a t i o n / . 

80 + 5 

/ E x t r a p o l a t i o n / 

: 72 + 5 

/ E x t r a p o l a t i o n / 

18 

12. 

27 

d and d - d i s t a n c e s i n p l a n e s d - d i s t a n ç a between p l a n e s . A i l d i s t a n c e s take i n t o 
x y z 

account w a l l t h i c k n e s s , i . e ; are d i s t a n c e s between s o l u t i o n s . 
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Captions ~to diagrams 

P ig . 1 . C r i t i c a l masses and volumes of aqueous s o l u t i o n s of U0o(lTO-)p 

( i n top r ight -hand corner) 

Cyl inders . 

With f u l l Ho0 r e f l e c t o r s 

Without upper r e f l e c t o r s 

Rectangular tanks without r e f l e c t o r . 

F ig . 2 , C r i t i c a l masses and volumes of aqueous s o l u t i o n s of UOg^O-)g. 

( i n top right—hand corner) 

Spheres without r e f l e c t o r y 

- experiment, curve 1. 

- c a l c u l a t i o n of geometric parameter, curve 2. 

Spheres with water r e f l e c t o r /curvo 8/g 

- experiment - c a l c u l a t i o n of geometrical parameter v/ith e x t r a p o l a t i o n 
l ength . . . = . . 

Cyl inders without r e f l e c t o r s 

F ig . 3. E f f i c i e n c y of c e n t r a l "boron carbide rods and v / a t e r - f i l l e d cadmium tubes 
as a f u n c t i o n of rod radius through absorbent . Reactor without 
r e f l e c t o r . Diameter of core 400 mm. 

1. Cadmium tube 0 . 5 m.Ti t h i c k , w a ^ e r - f i l l e d . Thickness of s t e e l 
cas ing 2-3 mm. 

2. Boron carbide rods . Thickness of s t e e l cas ing 2-3 mm. 

Uranium concentrat ion i n the s o l u t i o n 286 g / l . 
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•Pig. - - E f f i c i e n o y of c e n t r a l boron c a r b i d e rods and w a t e r — f i l l e d cadmium 

t u b e s a s a f u n c t i o n of r e d r a d i u s through a b s o r b e n t . Reactor 

w i t h o u t r e f l e c t o r . Diameter o f core 400 ш . Uranium c o n c e n t r a t i o n 

i n the s o l u t i o n 156 g / l . C r i t i c a l volume o f r e a c t o r w i t h o u t rod 

25° б 1 . 

1 , W a t e r - f i l l e d cadmium tubt) 0 . 5 ram t h i c k , 

2 . Boron c a r b i d e r o d . T h i c k n e s s of s t e ^ l c a s i n g 1 mm. 

P i g - 5 . C r i t i c a l volumes o f r e a c t o r s w i t h and w i t h o u t - a n a b s o r b i n g rod as- a •• 

f u n c t i o n of core d i a m e t e r . Reactor w i t h r e f l e c t o r . Diameter o f 

a b s o r b i n g rod through boron c a r b i d e 50 mm. T h i c k n e s s o f s t e e l 

c a s i n g 4 mno 

1 . Reac tor w i t h rod . 

2 . Reac tor w i t h o u t rod . 

Curves — uranium c o n c e n t r a t i o n i n t h e . s o l u t i o n 286 g / l • 

Curves - uranium c o n c e n t r a t i o n i n the s o l u t i o n "]2 g / l . 

P i g . 6 . E f f i c i e n c y of one and two a b s o r b i n g rods as a f u n c t i o n o f t h e i r 

p o s i t i o n a l o n g t h e r a d i u s o f t h e c o r e . Reactor w i t h o u t r e f l e c t o r , 

Diameter of core — 400 mm» Uraniur., c o n c e n t r a t i o n i n t h e ' s o l u t i o n 

286 g / l . Diameter of a b s o r b i n g roc', through boron c a r b i d e 24 mm. 

T h i c k n e s s of s t e e l c a s i n g 4 mm. ' ' 

1 . E f f i c i e n c y of one rod . 

2 . E f f i c i e n c y of two r o d s . 

3 . Double e f f i c i e n c y o f one rod-. 

P i g . 7 . E f f i c i e n c y - o f s e v e n r o d s . Diameter' of core 400 mm. • Reactor w i t h 

s i d e and bottom water r e f l e c t o r s 

1 . Boron c a r b i d e r o d s 50 mm i n d i a m e t e r . T h i c k n e s s of s t e e l c a s i n g 

4 mm. Uranium c o n c e n t r a t i o n 281 g / l . C r i t i c a l volume w i t h o u t 

r o d s 1 8 . 0 7 1 . 

2,- Cadmium r o d s 46 mm i n d i a m e t e r , t h i c k n e s s of cadmium 0 . 5 mm. 

T h i c k n e s s o f s t e e l c a s i n g 5 - 5 mm. Uranium c o n c e n t r a t i o n 457 g / l ° 

C r i t i c a l volume w i t h o u t r o d s 17 -56 1 . 
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F i g . 8. E f f i c i e n c y of a c l u s t e r of "boron rods . Diameter of core 40 cm. 

Reactor w i th s i d e and bottom water r o f l e c t o r s . Uranium c o n c e n t r a t i o n 
281 g / l . 

( a t t o p ) 

L a t t i c e p i t c h 40 юо. Diameter of rod 16 mm. 
u u и и n u и и it 

w i t h c e n t r a l rod 

w i t h o u t c e n t r a l rod 

F i g . 9. E f f i c i e n c y of heron and cadmium annular i n s e r t s . C y l i n d r i c a l - c o r e 

40 mm i n diameter . Uranium c o n c e n t r a t i o n 288 g / l 

0 — boron i n s e r t 
Л - cadmium i n s e r t 

Curves 1 and 2s w i t h s i d e and bottom water r e f l e c t o r s 
Curves 3 a nd 4î w i thout r e f l e c t o r s 

F i g . 10. E f f i c i e n c y of cadmium annular i n s e r t s as a f u n c t i o n of the average 
radius of the annular l a y e r . C y l i n d r i c a l core 40 cm i n diameter 
w i t h s i d e and bottom water r e f l e c t o r s . Uranium c o n c e n t r a t i o n 281 g / l 

(a t top) 

0 - annular i n s e r t 25 ram t h i c k 

Л - 11 " 50 mm " 
P - 11 11 50 mm 11 w i th p o l y e t h y l e n e i n s t e a d of water 

With an annular i n s e r t of average rad ius 100 mm and t h i c k n e s s of l a y e r 50 mm, 

48 1 of s o l u t i o n were poured i n . Extrapo Lation of i n v e r s e m u l t i p l i c a t i o n curves 

g i v e s a c r i t i c a l volume of 75 1» 

( a t bottom) 

C r i t i c a l volume wi thout i n s e r t — 18 .1 1 . 
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P i g . 11» I n t e r a c t i o n of p a r a l l e l i p i p e d r e a c t o r s w i t h square hase =• = 300 m n 

1 and 2g two and three r e a c t o r s r e s p e c t i v e l y . 
Js c a l c u l a t i o n f o r two r e a c t o r s . 
4s c a l c u l a t i o n f o r three reactors- . 

Uranium c o n c e n t r a t i o n i n the s o l u t i o n 71 g / l 

Arrangement of r e a c t o r s -

F i g . 12 . I n t e r a c t i o n of p a r a l l e l i p i p e d r e a c t o r s w i th square hase a = Ъ = 300 nan 

1 , 2 , 3s- t h r e e , four a n d - f i v e reac tors , r e s p e c t i v e l y . 

4s c a l c u l a t i o n ( f i r s t approximat ion) . 

Uranium c o n c e n t r a t i o n i n the s o l u t i o n 71 g / l 

Arrangement of r e a c t o r s — 

F i g . 13 . I n t e r a c t i o n of tv/o c y l i n d r i c a l r e a c t o r s i n water-

Diameter of core 30 cm 

1. Experiment 
2 . C a l c u l a t i o n 

Uranium c o n c e n t r a t i o n i n the s o l u t i o n 113 g / l ° 
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PART I I I 

METHODOLOGICAL QUESTIONS 

I» C a l c u l a t i n g neutron c r o s s - s e c t i o n s from the 
o p t i c a l model u s i n g a commiter 

V,E. Kolesov 

The development of methods of c a l c u l a t i n g var ious c r o s s - s e c t i o n s , and a l s o 
the carry ing out of such c a l c u l a t i o n s , are of grea t p r a c t i c a l as w e l l as t h e o r e t i c a l 
i n t e r e s t . The data obta ined may Ъе u s e d , f o r example, to e s t a b l i s h systems of 
m u l t i - g r o u p cons tants f o r c a l c u l a t i n g r e a c t o r s and t h e i r b i o l o g i c a l s h i e l d i n g . 

The o p t i c a l model of the nucleus /~~1 _J i s w i d e l y used to c a l c u l a t e c r o s s -
s e c t i o n s . I t s a t i s f a c t o r i l y d e s c r i b e s i n a l i m i t e d energy range not only the 
t o t a l c r o s s - s e c t i o n cr ,̂ but a l s o i t s s e p a r a t e componon+s. Apart from i t a l s o 
permits c a l c u l a t i o n of what i s known as the c r o s s - s e c t i o n of o p t i c a l e l a s t i c 

s c a t t e r i n g o s , -the c r o s s - s e c t i o n of format ion of the compound nucleus (capture n 
c r o s s - s e c t i o n ) a c , the t ranspor t c r o s s - s e c t i o n and the d i f f e r e n t i a l c r o s s -
s e c t i o n of o p t i c a l e l a s t i c s c a t t e r i n g . "Optical e l a s t i c s c a t t e r i n g " here 
means the e l a s t i c s c a t t e r i n g which proceeds wi thout the format ion of a compound 
s t a t e . This c r o s s - s e c t i o n i s sometimes c a l l e d the " c r o s s - s e c t i o n of p o t e n t i a l 
s c a t t e r i n g " . We f o l l o w the t ex t -book f^V-J for the d e s i g n a t i o n of the var ious 
c r o s s - s c c t i o n s , 

The o p t i c a l model i s a l s o w i d e l y used f o r c a l c u l a t i n g the c r o s s - s e c t i o n s of 
i n e l a s t i c s c a t t e r i n g o^, and r a d i a t i v e capture cr ,̂ and i n c a l c u l a t i n g the p o l a r i z a -
t i o n o f neutrons . The data obtained by c a l c u l a t i o n s on t h i s model may a l s o be used 
to s o l v e o t h e r important problems. 

• The v a r i o u s c r o s s - s e c t i o n s and the degree of p o l a r i z a t i o n of the neutrons are 
expressed by the c o e f f i c i e n t s r\£ , which determine the r a t i o between the amplitudes 
of the outgo ing and ingo ing s p h e r i c a l waves i n the e x p r e s s i o n f o r the neutron wave 
f u n c t i o n i n the entry channel . For nuc lear p o t e n t i a l s w i t h a s p i n - o r b i t a l component 

T)rt-. depends not only on the o r b i t a l moment Z of the amount of movement of the <0 
neutron, but a l s o on the t o t a l moment j = l i i + - | l . 

To f i n d the amplitude of тi^., i t i s neces sary to s o l v e Schrôdinger1 s equat ion 

f o r the r a d i a l part of the wave f u n c t i o n . V/ith the forms of o p t i c a l p o t e n t i a l a t 
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proa ont in genera l uoo, t h i s equat ion i s s o l v e d approximately , or var ious 

numorieal methods are used which g i v e a f i n a l r e s u l t of s u f f i c i e n t accuracy . 

Computers are normally used f o r carry ing out the numerical a l g o r i t h m s . 

Tho present review dpfi.çrlbes,. .'brief l y .tho numerical method of f i n d i n g the 
c o e f f i c i e n t s tj^j » a number "Of 'programmée based' on thin method, v/hich make i t 

p o s s i b l e to c a l c u l a t e the var ious neutron crofîG--soctions w i t h i n tho framework of 
the o p t i c a l modol of the n u c l e u s . Information i s a l s o g i v e n regarding the t a b l e s 
f o r c e r t a i n c r o s s - s e c t i o n s , c o e f f i c i e n t s n, and p e n e t r a t i o n f a c t o r s T, c a l c u l a t e d 

according t o those programmée with d i f f e r e n t types of p o t e n t i a l . 
.i л 

о . . . . . . . . . . (Acknowledgements) 

Method of c a l c u l a t i n g OP О S!3 — s e c t i o n s 

In the r e g i o n of space where the nuc lear p o t e n t i a l V ^ ( r ) may be regarded as 

equal to z e r o , there e x i s t s f o r SchrOdingor1 s r a d i a l equat ion /~*3_7 

( D 

an a n a l y t i c a l ' s o l u t i o n i n tho form of a l i n e a r combination of c y l i n d r i c a l f u n c t i o n s . 
The problem i s to f i n d a s o l u t i o n of t h i s equat ion in the range of a c t i o n of nuclear 
f o r c e s . ' Here the p h y s i c a l boundary c o n d i t i o n a t zero obta ins s 

(2) 

As i s known from /"~3_7, the c o e f f i c i e n t s r\£. are expressed by the l o g a r i t h m i c 
d e r i v a t i v e of equat ion ( l ) 

(3) 

a t a c e r t a i n po in t r = H where tho p o t e n t i a l i s a lready c l o s e to zero v/ith a 
s u f f i c i e n t degree of accuracy . I f equat ion (3) i s regarded as a second boundary 
c o n d i t i o n , equat ion ( l ) , t oge ther v/ith (2) and ( 3 ) , . forms a boundary va lue problem 
i n which the l ogar i thmic d e r i v a t i v e i s an unknown'factor. 

The s o l u t i o n of t h i s problem by the method of f i n i t e d i f f e r e n c e s us ing the 
s i m p l e s t 3~pe in t d i f f e r e n c e scheme l e a d s to a system of h igh-order l i n e a r a l g e b r a i c 
l e v e l s . The system be ing n e c e s s a r i l y s o l v a b l e , e x p r e s s i o n s can be obta ined f o r the 
l o g a r i t h m i c d e r i v a t i v e and the r e c u r r e n t r e l a t i o n s h i p f o r c a l c u l a t i n g the determ-
i n a n t deduced. 
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For a complox p o t e n t i a l , the r e a l and imaginary p a r t s of the l o g a r i t h m i c 
d e r i v a t i v e are equal 

where h i s the i n t e r v a l of the f i n i t e d i f f e r e n c e system. The va lues of 

P о? Q ,• and Q OJ which have to Ъо known i n order to c a l c u l a t e f , , . , are worked n-2 n - 1 n -2 
out Ъу the recurrent formulas 

(4) 

Here 

The form of the i n i t i a l c o n d i t i o n s f o r the recurrent r e l a t i o n s h i p s depends 
on where the boundary c o n d i t i o n (2) of the problem i s p l a c e d . When i t i s s e t i n 
the form of a l o g a r i t h m i c d e r i v a t i v e of n of the type of ( 3 h at a c e r t a i n po int 
i n the neighbourhood of zero the i n i t i a l c o n d i t i o n s f o r (4) take the form 

v/here 

The f u n c t i o n F ( r ) i s comple te ly determined by the form of the p o t e n t i a l 

•ь- J 

Ho p a r t i c u l a r r e s t r i c t i o n s are p laced on the nuc lear p o t e n t i a l j i t s form 
may vary over a wide range. The method permits s imple c a l c u l a t i o n on a computer, 
and i s s a t i s f a c t o r i l y accura te , wi th a comparat ive ly low consumption of machine 
t ime. The method descr ibed here of f i n d i n g the l o g a r i t h m i c d e r i v a t i v e i s s e t out 
i n more d e t a i l i n r e f e r e n c e f^^-J» The method has c o n s i d e r a b l e general p r a c t i c -
a b i l i t y , and may be used to c a l c u l a t e not on ly the c r o s s r s e c t i o n s , but a l s o the 
bound energy s t a t e s i n the nuc lear p o t e n t i a l . 

The ampli tudes of the outgo ing waves rĵ . are expressed as f o l l o w s v i a f ^ . 

The v a l u e s of h^ , S^ and Gg are complete ly determined by the c o n d i t i o n s i n the 
r e g i o n of space where the p o t e n t i a l i s equal to z e r o , and are s e t u s i n g the 
r e l a t i o n s h i p s " •• 
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The s p h e r i c a l B e s s e l f u n c t i o n s j (x) e n t e r i n g i n t o t h e s e formulae depend on the v 
v a r i a b l e x = kH and are expressed i n t h e i r f i n a l form Ъу means of t r igonometr i c 

f u n c t i o n s . 

Thus, knowing t h e - l o g a r i t h m i c d e r i v a t i v e F^.., i t i s p o s s i b l e to c a l c u l a t e , 

Ъу known formulae , the cros . s - s ec t ions f or the i n t e r a c t i o n of neutrons w i t h the -
g 

n u c l e i . For example tho e x p r e s s i o n s f o r the i n t e g r a l c r o s s - s e c t i o n s о , a and о il С 
take the form 

where 

(5) 

the s o - c a l l e d p e n e t r a t i o n f a c t o r s , which r e p r e s e n t the p r o b a b i l i t y of a neutron 
p e n e t r a t i n g the s u r f a c e of the n u c l e u s . These f a c t o r s are w i d e l y used i n c a l c u l a t -
ing the c r o s s - s e c t i o n s of i n e l a s t i c s c a t t e r i n g and r a d i a t i v e capture of neutrons . 

C h a r a c t e r i s t i c s of programmes 

The method d e s c r i b e d above proved very e f f e c t i v e , and was used as the b a s i s of 

a number of programmes f o r c a l c u l a t i n g var ious neutron c r o s s - s e c t i o n s , employing 

the o p t i c a l model of the n u c l e u s . The p o s s i b i l i t i e s of some programmes w i t h 

p o t e n t i a l s of d i f f e r e n t forms f o r d i f f e r e n t computers are descr ibed below. 

1 . Programmes f o r the "Strola" computer 

Two types of programme are p o s s i b l e f o r t h i s machines (a) f o r p o t e n t i a l 
wi thout s p i n - o r b i t i n t e r a c t i o n _J and (b) f o r p o t e n t i a l tak ing the s p i n - o r b i t 
i n t e r a c t i o n i n t o account / ~ 6 _ / . 

(a) The o r i g i n a l v a r i a n t of the programme 5_7 wss s e t up f o r the p o t e n t i a l 

(6) 

with s p i n - o r b i t i n t e r a c t i o n not taken i n t o account . The^programme permits c a l c u l a -
t i o n of cjS, a , a and the d i f f e r e n t i a l c r o s s - s e c t i o n i n t h i s case expressed 

n e t dQ 
as f o l l o w s v i a rĵ  and the Legendre polynomials 

Certa in a l t e r a t i o n s were subsequent ly made to the programme / ~ 7 _ 7 s o t h a t the 
formula could a l s o be used to c a l c u l a t e the t ransport c r o s s - s e c t i o n a. s 
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The programme v/as so arranged t h a t a f t e r one i n s e r t i o n of the i n i t i a l informa-
t i o n i t v/as p o s s i b l e .to c a l c u l a t e the c r o s s - s e c t i o n s f o r f i v e n u c l e i v/ith any mass 
numbers A and any parameters of p o t e n t i a l (6) f o r each A. The number of v a r i a n t s 
in energy and the maximum o r b i t a l moment £ were s e t . The number of n u c l e i , and max 
a l s o the number of v a r i a n t s i n energy and the number of harmonics f o r which the 
c a l c u l a t i o n i s ' c a r r i e d o u t , can be reduced to any f i g u r e . Reduction of £ _ g i v e s max 
i n many c a s e s a no tab le s a v i n g of machine t ime, wi thout detr iment to the accuracy 

of the c a l c u l a t i o n s , To save t ime , the programme provides f o r the p o s s i b i l i t y of 

not c a l c u l a t i n g the angular d i s t r i b u t i o n s f o r some, or even f o r a l l , e n e r g i e s . 

The parameters of p o t e n t i a l and the o ther data and c o n s t a n t s neces sary f o r the 
c a l c u l a t i o n s and f o r c o n t r o l l i n g the o p e r a t i o n of the computer are i n s e r t e d i n t o the 
o p e r a t i v e memory of the machine t o g e t h e r w i th the programme, as i n i t i a l data f o r the 

c a l c u l a t i o n . The f i n a l r e s u l t s , p r i n t e d or on punched cards , are A, E(MeV), the • g 
cross—sect ions с > a , a, and <j. i n barns , the va lues of Rer^ and the p e n e t r a t i o n l l C t tr л 
f a c t o r T̂ 7 (v/ith s i g n s of the corresponding v a l u e s of Imr^) f o r each Z, and the 
angular d i s t r i b u t i o n s qS (ц) ( i n b / s r ) f o r ц i n the range from - 1 to +1 a t i n t e r v a l s n 2д 2 
of 0 . 1 , The va lue of i s a l s o ob ta ined ( i n u n i t s of 10 cm ) , v/hich makes i t 

p o s s i b l e to qu ick ly c a l c u l a t e the p a r t i a l c r o s s - s e c t i o n s с U ) . S ince the p é n é t r a -С 
t i o n f a c t o r s T^are p o s i t i v e i n t h e i r p h y s i c a l s e n s e , i t i s p o s s i b l e , knowing the 
s i g n of Imr]£, to r e - e s t a b l i s h the imaginary part of the amplitude Imr)^ from the 
known Set)^ and T̂  u s i n g ( 5 ) . 

The required accuracy of c a l c u l a t i o n can be a t t a i n e d by c o r r e c t cho ice of the 
i n t e r v a l h . Experience shows t h a t i t takes an average of about a minute to c a l c u l a t e 
one v a r i a n t (one energy w i t h a f i x e d s e t of parameters of p o t e n t i a l ) w i t h an i n t e r v a l 
of h = 0 . 1 . v/hich g i v e s the f i n a l r e s u l t s an accuracy of the order of 0.5fo. This 
time v a r i e s s l i g h t l y f o r l i g h t and heavy n u c l e i , and depends on the energy, i . e . on 
the va lue ofJP 

max 
The programme makes p r o v i s i o n f o r c o n t r o l of the accuracy of the c a l c u l a t i o n s 

by machine5 t h i s i s achieved by r e p e a t e d checks us ing magnetic tape . I f the con-
t r o l t o t a l s of two qhecks do not a g r e e , the programme prov ides for a t h i r d check. 
The machine s t o p s i f a l l three t o t a l s do not agree . 
(b) The programme J f o r the case when the nuclear p o t e n t i a l conta ins a s p i n -
o r b i t a l component of the type ( f o r ^ / 0) 

(7) 
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where V(r) i s s e t Ъу formula ( 6 ) , i s a m o d i f i c a t i o n of the prev ious programme /~~5_/» 
They t h e r e f o r e both have the same p o s s i b i l i t i e s except that the programme tak ing 
in to account the s p i n - o r b i t i n t e r a c t i o n does not provide f o r c a l c u l a t i o n of the 
angular d i s t r i b u t i o n s and transport c r o s s - s e c t i o n s . The time taken- to c a l c u l a t e the 
c r o s s - s e c t i o n s i s roughly doubled i n t h i s c a s e . I t i s a l s o p o s s i b l e to use the 
programme f o r c a l c u l a t i o n s wi th a p o t e n t i a l having no s p i n - o r b i t a l component, i f 
XT i s taken as equal to 0 . 

2 . Programmes f o r the BB3M-2 computer 

Two programmes w i l l be d e s c r i b e d . One of them <8_J a f f o r d s the p o s s i b i l i t y 
of c a l c u l a t i n g , as w e l l as the other c r o s s - s e c t i o n s , those f o r i n e l a s t i c s c a t t e r i n g 
and r a d i a t i v e capture of neutrons . The second provides f o r c a l c u l a t i o n s 
according to the o p t i c a l model i n the case of both volume and s u r f a c e absorpt ion of 
neutrons . 

(a) The programme takes the p o t e n t i a l (6) corresponding to the case of 
volume absorpt ion . For a nucleus v/ith mass number A, p a r t i c u l a r parameters of 
p o t e n t i a l and the o ther nuc lear c h a r a c t e r i s t i c s necessary f o r ' the c a l c u l a t i o n s , 
the programme permits c a l c u l a t i o n o f the f o l l o w i n g c r o s s - s e c t i o n s 

where a^1!'̂  i s the c r o s s - s e c t i o n f o r i n e l a s t i c s c a t t e r i n g wi th e x c i t a t i o n of the 
th (A) th 

m l e v e l and сЛ ' i s the p a r t i a l c r o s s - s e c t i o n f o r r a d i a t i v e capture f o r the £ 
harmonic. Apart from c a l c u l a t i n g the above c i ' o s s - s e c t i o n i t i s a l s o p o s s i b l e to 
c a l c u l a t e t h e i r var ious combinat ions . This must be r e f l e c t e d by s e t t i n g the 
appropriate cons tant i n the s p e c i a l s i g n c e l l . 

The f u n c t i o n s of e x c i t a t i o n of the s e p a r a t e l e v e l s are c a l c u l a t e d by the ' 
Hauser-Feshbach formula , and the c r o s s - s e c t i o n taking i n t o account the 
concurrence of e l a s t i c and i n e l a s t i c s c a t t e r i n g , by the formula of Margolis /~11 J . 
The theory of t h e s e c r o s s - s e c t i o n s assumes that the p r o c e s s e s reviewed pass through 
the s tage of a compound nuc leus , whose decay does not depend on the method of 
format ion. I t i s accepted that s t a t i s t i c a l i n s p e c t i o n i s v a l i d for a compound 
nuc leus . In the c a l c u l a t i o n s , i t i s a l s o assumed that the v a r i a t i o n of the energy 
dependence of the neutron p e n e t r a t i o n f a c t o r s does not depend on whether the nucleus 
i s in the ground s t a t e or i n one of i t s e x c i t e d s t a t e s . The energy dependence of the 
r a d i a t i o n widths i s taken i n t o account . For the d e n s i t y of the l e v e l s , the s i m p l e s t 
r e l a t i o n s h i p which f o l l o w s from the Fermi-gas model i s used. 
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The i n i t i a l data required f o r c a l c u l a t i n g the c r o s s - s e c t i o n s are p laced 
in the s p e c i a l s e t t i n g zone on punched t a p e . The operator s e t s the parameters 
of o p t i c a l p o t e n t i a l , energy, sp in and symmetry of the l e v e l s e x c i t e d i n 
i n e l a s t i c s c a t t e r i n g , the parameter c h a r a c t e r i z i n g d e n s i t y of the l e v e l s i n the 
Fermi—gas model, the r a t i o of the average d i s t a n c e between the l e v e l s of the 
compound nuc leus t o the average r a d i a t i o n width, m u l t i p l i e d by 2n, a t an 
e x c i t a t i o n energy equal to the e f f e c t i v e energy ( t a k i n g i n t o account the energy 
of p a i r i n g ) of the neutron bond i n the compound n u c l e u s , and the e f f e c t i v e 
energy .o f the bond, t o g e t h e r w i th c e r t a i n o ther data and c o n s t a n t s f o r c o n t r o l -
l i n g the operat ion of the machine. The symmetry and sp in c h a r a c t e r i s i n g the 
s t a t e of the nuc leus are s e t i n combinat ion, the symmetry b e i n g s e t i n the 
form of a s i g n on the appropriate sp in v a l u e . The number of l e v e l s of the 
nucleus may be as high as 15. The number of energy v a r i a n t s may be s e t a t 
any va lue d e s i r e d by u s i n g a s p e c i a l cons tant i n the s e t t i n g zone. The number 
of harmonics c o n t r i b u t i n g t o each d i f f e r e n t type of c r o s s - s e c t i o n i s determined 
a u t o m a t i c a l l y u s i n g the c o n d i t i o n s 

where S i s a p o s i t i v e number, s e t i n the s e t t i n g • z o n e , determined by the accuracy 

required i n the r e s u l t s . 

The f i n a l r e s u l t s p r i n t e d are A, E(MeV), the cross—sect ions ( i n b a r n s ) , 
and a l s o the v a l u e s of Rer|£ and T£ f o r d i f f e r e n t v a l u e s of ч, and the constant 

( i n b a r n s ) . The cross—sect ions c S (p) ( i n b / s r ) are p r i n t e d f o r d i f f e r e n t Ю— n 
|j. v a l u e s (—1 ^ (J- ^ l ) a t i n t e r v a l s of 0 . 1 . The s i g n s of the c o e f f i c i e n t s 
Imru are used f o r the p e n e t r a t i o n f a c t o r s Tj. This makes i t p o s s i b l e to 
r e - e s t a b l i s h from known T^ and Rep|_ f i g u r e s the v a l u e s of.Imrij). 

The time taken by the machine t o c a l c u l a t e one energy v a r i a n t f o r a 
g iven A depends on the nature of the cross—sect ions c a l c u l a t e d . C a l c u l a t i n g 
i n e l a s t i c s c a t t e r i n g c r o s s - s e c t i o n s takes l o n g e s t . Double count ing i s used 
as a check that the machine i s opera t ing p r o p e r l y . Renewal of the programme 
i n the case of f a u l t y operat ion i s done from a magnetic drum. 

(b) The second programme J_ 9 J permits c a l c u l a t i o n f o r two types of o p t i c a l 
p o t e n t i a l when spin—orbit i n t e r a c t i o n i s absents p o t e n t i a l of the type ( 6 ) , 
and a p o t e n t i a l whose r e a l part c o i n c i d e s w i t h (6 ) and whose imaginary part has 
the form 

(7) 
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The f i r s t of t h e s e p o t e n t i a l s corresponds to 'the case of -volume absorpt ion • 
and the second to that of sur face absorpt ion . The machine i s s e t f o r one case 
or the o ther by s e t t i n g a s p e c i a l constant i n ' t h e s e t t i n g 'zone, 

In i t s c h a r a c t e r i s t i c s and p o s s i b i l i t i e s the programme i s g e n e r a l l y s i m i l a r 
to that descr ibed above f o r -.the "Stre la" computer 5 J , but requ ires three to 
four t imes l e s s machine time f o r c a l c u l a t i n g a v a r i a n t . 

3. At present programme 12 has been s e t up, to c a l c u l a t e v a r i o u s c r o s s -
s e c t i o n s i n c l u d i n g those f o r i n e l a s t i c s c a t t e r i n g and' r a d i a t i v e capture, of 
neutrons . "The exper ience gained i n u s i n g the programmes descr ibed above was 
taken i n t o account i n drawing up t h i s programme. This made i t p o s s i b l e to 
in troduce a number of m o d i f i c a t i o n s which cons iderab ly improved i t . In par -
t i c u l a r , i t became p o s s i b l e to cons iderab ly shorten the time taken to c a l c u l a t e 
one v a r i a n t , e s p e c i a l l y when c a l c u l a t i n g the very labour—consuming c r o s s - s e c t i o n s 
f o r i n e l a s t i c s c a t t e r i n g (up to s e v e r a l minute s ) . 

As regards type of p o t e n t i a l , the programme permits c a l c u l a t i o n f o r the 
f o l l o w i n g f o u r c a s e s s 

(1 ) Volume absorpt ion wi thout s p i n - o r b i t i n t e r a c t i o n 

(2) Volume absorpt ion tak ing the s p i n - o r b i t i n t e r a c t i o n i n t o account 

(3) Surface absorpt ion wi thout s p i n - o r b i t i n t e r a c t i o n 

( 4 ) . Surface absorpt ion tak ing the s p i n - o r b i t i n t e r a c t i o n i n t o account . 

The form of the p o t e n t i a l s i s g i v e n by e x p r e s s i o n s ( 6 ) , (7) and ( 8 ) . From' 
the p o i n t of v iew of p o s s i b i l i t i e s , t h i s programme combines the advantages 
of bo th the programmes f o r the BESM-2. 
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, R e s u l t s of tho c a l c u l a t i o n o 

The programmes descr ibed above are at present b e i n g used f o r c a l c u l a t i n g 
d i f f e r e n t t y p e s .of .crosse-sect ion, and .the datp, obta ined from these c a l c u l a t i o n s 
are w i d e l y employed i n the a n a l y s i s and s y s t é m a t i s a t i o n .of experimental data^ 
as w e l l as f o r other purposes . The programmes have a l s o been used to compile 
e x t e n s i v e t a b l e s of c e r t a i n cross—sec t ions , the c o e f f i c i e n t s л and the p e n e t r a -
t i o n f a c t o r s T f o r .a wide range of e n e r g i e s and atomic w e i g h t s , and f o r 
p o t e n t i a l s of d i f f e r e n t forms w i t h c e r t a i n optimum parameters . These t a b l e s 
can be of use f o r a l l k inds of rough c a l c u l a t i o n s . 

As has a lready been observed, t o c a l c u l a t e the c r o s s - s e c t i o n s and the 
p o l a r i z a t i o n of neutrons according t o the o p t i c a l model, i t i s s u f f i c i e n t t o 

have only complex ampl i tudes . However, to c a l c u l a t e <"r 1 and с only the n Y 
p e n e t r a t i o n f a c t o r s T,' which are- c e r t a i n combinations of p are n e c e s s a r y . 
For convenience i n c a l c u l a t i n g these c r o s s - s e c t i o n s , the l i t e r a t u r e o f t e n g i v e s 
data only f o r T. D e t a i l e d c a l c u l a t i o n s of T f o r the case of sur face absorpt ion , 
t a k i n g i n t o account the s p i n - o r b i t i n t e r a c t i o n , have been c a r r i e d out by the 
authors of paper J_ 1 3 J , pub l i shed i n 1963 in the form of a r e p o r t . The 
c a l c u l a t i o n s cover the energy range from 0 . 1 MeV to 5 MeV a t A = 100 and up 
to 3 MeV a t A = 100 ( s i c ) . Some data on c a l c u l a t i n g the c o e f f i c i e n t s T are 
a l s o g iven in the monograph of P.E. Nemirovsky / ~ 1 J . However, knowledge of 
T alone i s in many c a s e s i n s u f f i c i e n t f o r c a l c u l a t i o n s accord ing to the o p t i c a l 
model. I t i s t h e r e f o r e c e r t a i n l y d e s i r a b l e to have data on the amplitudes r|. 

We g i v e here some in format ion about the t a b l e s c o n t a i n i n g data on -the 

cross—sect ions and the c o e f f i c i e n t s r| and T. At prosent such tablep e x i s t f o r 

three types of n u c l e a r p o t e n t i a l . 

1 . Volume absorpt ion not talcing the s p i n - o r b i t i n t e r a c t i o n i n t o 
account Г"14_7" 

' S The t a b l e s inc lude the cross—sect ions a , a , г ст and the v a l u e s of Q и XI" 
^2", Ret]< and Tj (with the s i g n Imr]j) f o r d i f f e r e n t v a l u e s of t , As has a lready 
been noted, the abso lu te value of Impj} may be found by formula ( 5 ) . Some of 
these r e s u l t s are inc luded as an appendix to the r e f e r e n c e book / ~ 2 _ / (p.484)« 
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The c a l c u l a t i o n s were carr ied out Ъу programme / ~ 5 J f o r 59 n u c l e i v/ith • 
mass numbers from A =• 7 to A = 248. The s e l e c t i o n of A v a l u e s f o r which the 
c a l c u l a t i o n s we're made corresponds approximately to an even ra te of change i n 
nuc leus s i z e . 15 s t r i c t l y f i x e d "energy v a l u e s E in the range 100 keV to 
15 MeV were taken f o r each nuc leus , the range up to 1 MeV b e i n g s t u d i e d ' i n 
grea ter - d e t a i l . I d e n t i c a l parameters o f ' ' p o t e n t i a l (6) were used f o r a l l n u c l e i 
and e n e r g i e s . The c a l c u l a t i o n s were carr ied out f o r the f o l l o w i n g ' s e t s of 
these parameters? . 

The values of.-a and rQ are given here and subsequently in units of 10 "^cm. 
The parameter r is determined by the radius, of the nucleus R, assuming that 

° l / З R changes according-to the .law R = r A ' . 

The parameters used here agree with the data published by many authors'who 
have carried out•calculations according to the optical model. 

2. Surface absorption not taking the spin-orbit interaction into 
account /~15J 

The calculations were carried out by programme 9_] for the same nuclei 
and.energies as in the above case, with parameters of potentials (6) and (8) 

The parameter Ъ, like a and r^ is given in units of 10 cm. The tables con-
tain all the data referred to in the previous case, and also the differential 
cross-sections a 8 (|i) for all the nuclei and energies. 

3. Volume a b s o r p t i o n - t a k i n g s p i n - o r b i t i n t e r a c t i o n i n t o account /~1б_7 

The calculations were carried out using programme 12_y . The same mass 
numbers A'and energies E were used as in the 'two preceding cases, with the 
following set of parameters for potentials ( 6 ) and ( 7 ) 

The tables include results for The values 
of the l a s t three are g iven f o r d i f f e r e n t v a l u e s of I/and j . 

. . « . . . (Bibliography) 
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I I . A n a l y s i s of data obtained, u s i n g a f a s t - n e u t r o n 
s ing le—crys ta l s c i n t i l l a t i o n spectrometer 

V. G. Zolotukhin et a l . 

The fast—neutron s ing le—crysta l s c i n t i l l a t i o n spuotroinoter has i n r e c e n t 
y e a r s • a t t a i n e d wide u s e , as a r e s u l t of i t s a b i l i t y to separate proton p u l s e s 
from those caused by e l e c t r o n s . A number of papers Г1—5 / have d i s c u s s e d the 
problem of the c h a r a c t e r i s t i c s of the s c i n t i l l a t i o n de tec tor as a spectrometer -
l i n e form and d e t e c t i n g e f f i c i e n c y . Condit ions have been d i scovered under which 
the s imple s t approximation of s i n g l e s c a t t e r i n g on protons i s a p p l i c a b l e , a s a l s o 
are q u a n t i t a t i v e c o r r e c t i o n s which the authors cons ider prevent most of the error 
caused by d i s t o r t i o n s of the r i g h t - a n g l e d i s t r i b u t i o n c f the e n e r g i e s of the 
r e c o i l protons owing to mul t ip l e s c a t t e r i n g and boundary e f f e c t . The b a s i c 
equat ion 

(1) 
where P- (E ) i s the observed d i s t r i b u t i o n of the t o t a l energy of the r e c o i l •=* P 
protons due to neutrons wi th the spectrum N(S^), and K(JS , E^) i s the analogous 
d i s t r i b u t i o n from monochromatic neutrons , may be presented , a f t e r d i f f e r e n t i a t i o n 
i n r e s p e c t of E , i n the form 

P' 
(2 ) 

where 

H i s the t h i c k n e s s of the c r y s t a l and )•] I s macroscopic cross—sect ion 
f o r n-p s c a t t e r i n g . 

The ex tent to v/hich the f a c t o r a t N(E ) in the r ight -hand part of (2) 
d iverges from u n i t y c h a r a c t e r i z e s th'j e f f e c t of d i s t o r t i o n s of the r i g h t - a n g l e 
form of the l i n e on account of the o f f e c t s mentioned. Disregarding the 
i n t e g r a l i n cur ly b r a c k e t s , the c o r r e c t i o n i s reduced to c a l c u l a t i n g the quant i ty 
jr /тр S 

p , eoual to the proport ion i n which the he ight of the p l a t e a u decreases V 
or i n c r e a s e s when E = 3 . This c o r r e c t i o n was c a l c u l a t e d i n r e f e r e n c e / 3 /? p n — —' 7 

assuming the l i n e a r i t y of the luminescence y i e l d and tak ing i n t o account only 

t w o f o l d s c a t t e r i n g of the neutron on the protons . 
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Simi lar ca lcu la t ions" of the form o f - ' t h e ' l i n e К(3 -3 V f or a S t i l b e n e - . . . , . . p -.. n' 
c r y s t a l which we have c a r r i e d out by the Monte Carle method make i t p o s s i b l e 
to a s s e s s the error i n the approximation 

and t o propose matrix methods of s o l v i n g equat ion ( l ) f o r c r y s t a l s o f c o n s i d e r -
able s i z e . ' A d e t a i l e d d e s c r i p t i o n of the method of c a l c u l a t i o n and of some 
r e s u l t s i s g iven i n r e f e r e n c e s £~6_J to 8__/. 

vf-p E ) 
F i g . 1 shows the form of the l i n e Р'* ^ ' f o r a c y l i n d r i c a l S t i l b e n e 

W 
c r y s t a l 30 mm i n h e i g h t and 30 mm i n diameter (neutron energy E = l . O j 4 = 15 lieV). 
The presence of a c o n t r i b u t i o n from m u l t i p l e s c a t t e r i n g i s shown by a r i s e i n the 
p r o b a b i l i t y d e n s i t y . I t i s of b a s i c importance that t h i s r i s e , as a r e s u l t of 
the c o n s i d e r a b l e n o n - l i n e a r i t y of the luminescence y i e l d o f S t i l b e n e (vary ing 5 / 0 
approximately as E^ ) , occurs not i n the range E = 3 , as i t would w i t h a 
l i n e a r r e l a t i o n s h i p between the energy of the r e c o i l proton and the amplitude c f 
the l i g h t p u l s e , but i n the rcmge E - 0 . 7 5 E Furthermore, when E = E t h e r e • • 7 P n ' p n 
i s a r e d u c t i o n i n the h e i g h t of the p l a t e a u , so that the va lue o f 

i s l e s s than u n i t y . This r e d u c t i o n i n he ight ' can e a s i l y be c a l c u l a t e d i f we 
take i n t o account t h a t a neutron c f energy En can g ive r e c o i l protons w i th a 
t o t a l energy E , e i t h e r a s a r e s u l t of f i r s t , head-on c o l l i s i o n ( t h e p r o b a b i l i t y 
of which i s . . „ . . . . ) , or as a r e s u l t of m u l t i p l e s c a t t e r i n g on 
p r o t o n s , caus ing the appearance of a l i g h t pu l se corresponding to the energy B^ 
of the proton. As a r e s u l t of the r o n - l i n e a r i t y of the luminescence y i e l d the 
l a t t e r p o s s i b i l i t y i s not r e a l i s e d , a.-id t h e r e f o r e 

(3 ) 

where -, . • . . „ . . . . i s the macroscopic cross—sect ion f o r i n t e r -

a c t i o n of the neutrons wi th carbon n u c ] e i . Formula ( 3 ) i s confirmed by the 
r e s u l t s o f accurate c a l c u l a t i c m f o r c r y s t a l s i a e s a t which the'boundary e f f e c t 
i s of no great importance. 
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• The v a l u e s of . . . . . . . . . found bу numerical d i f f e r e n t i a t i o n 
of the his tograms are g iven i n F i g s . 2 and 3 f o r d i f f e r e n t S t i l b e n e c r y s t a l s i s e s 
and f o r e n e r g i e s of- B^ - 1 . 0 5 -and 2 . 0 MeV. Using these c.urves and formulae (2) 
and (3) i t i s p o s s i b l e t o c a l c u l a t e f o r a p a r t i c u l a r form of the spectrum the 
errors in troduced by m u l t i p l e s c a t t e r i n g . 

I t should Ъе noted that these e r r o r s are e s s e n t i a l l y dependent on the form 
of tho spectrum. For a "white" spectrum Ы(3 ) / n ( 3 ) -- c o n s t . = 1 there i s a 
n o t a b l e compensation of e r r o r s . Table I g ives , the r e s u l t s of a c a l c u l a t i o n by-
formulae (2) and (З)? t o g e t h e r v/ith the data of Brock and Anderson, f o r a 
c r y s t a l 30 x 30 mm. 

Table I 

„ Errors of the d i f f e r e n t i a t i o n method caused by m u l t i p l e s c a t t e r i n g . 

Data of Г Ъ J Data of present work 

. . . » . . . . . . . (Table) 

Thus f o r ' s m o o t h , s l owly changing s p e c t r a the errors of the d i f f e r e n t i a t i o n 

method caused by m u l t i p l e s c a t t e r i n g c l e a r l y l i e w i t h i n the l i m i t s o f error due 

t o s t a t i s t i c s , accuracy of c a l i b r a t i o n , e t c . 

I t can be shown that the formula 

(4 ) 

where E(S n ) i s the path l e n g t h of a proton of energy 3 , i s accura te f o r the 
boundary e f f e c t . Here, t o o , there i s a c e r t a i n compensation of the error f o r 
Ep = E^. For a c r y s t a l v/ith Ы З̂О mm and 4 MeV the boundary e f f e c t may be 
d i sregarded . 

To sum up the d i s c u s s i o n of the accuracy of the d i f f e r e n t i a t i o n method, f o r 
s l o w l y changing spec tra the s y s t e m a t i c e r r c r s connected wi th d i s t o r t i o n of the 
l i n e form are w i t h i n the l i m i t s of a f ew p';r c e n t , The spectrometry method 
i t s e l f can hardly guarantee such accuracy , and there are t h e r e f o r e no o b s t a c l e s 
to us ing c r y s t a l s 20 to 40 mm high . 

Fast-changing' neutron spec tra c o n s t i t u t e an exception% i n t h i s case the 
error of the d i f f e r e n t i a t i o n method may be c o n s i d e r a b l e . Here thé development 
of matrix methods of s o l v i n g equat ion ( l ) , t ak ing i n t o account the r e a l l i n e form 
of the spectrometer and a l s o i t s energy r e s o l u t i o n , i s d e s i r a b l e . 
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The work i n q u e s t i o n makes an a c c u r a t e a l l o w a n c e f o r the energy r e s o l u t i o n 
of the d e t e c t o r , and m a t r i c e s are c a l c u l a t e d f o r a n a l y s i n g spectrograms, The 
k e r n e l of e q u a t i o n ( l ) , -K(e , t a k i n g energy r e s o l u t i o n i n t o a c c o u n t , takes 

the form 

where V(E ) i s the average ampli tude of the p u l s e from a proton of energy В , 
2 P ' P 

с (E ) i s the s tandard d e v i a t i o n i n the d i s t r i b u t i o n of the p u l s e s from mono-
P 

k i n e t i c n r o t o n s , and К (E , E ) i s the l i n e form found Ъу the Monte Carlo '. о 4 p ' n' 
method. 

The energy dependence of the s tandard d e v i a t i o n , a c c o r d i n g to r e f e r e n c e /~~4_T\ 

t a k e s the form Us ing the energy dependence of the lurnin— 
5 / 2 ' 

e s c e n c e y i e l d i n the. form .V kE ' , we. o b t a i n a r e l a t i o n s h i p between o q and <tq 

ct = 3 / 2 o ' о о • 

The c a l c u l a t i o n s were c a r r i e d out f o r t h r e e v a l u e s of the parameter ctq - 0 , 0 7 , 

0 . 1 3 and 0 , 1 9 , Prom the l i n e forms found f o r 55 v a l u e s of En /~8_7, the counter 

d e t e c t i o n e f f i c i e n c i e s f o r the above t h r e e v a l u e s of rr were c a l c u l a t e d , P igr 4 С 
g i v e s one example ( c a l c u l a t e d ) of the e x t e n t , t o which counter d e t e c t i o n 

e f f i c i e n c y i s energy—dependent, t a k i n g energy r e s o l u t i o n i n t o a c c o u n t . 

The matrix method u s e d f o r a n a l y s i n g the spectrogram was the c o u n t i n g 

e f f i c i e n c i e s method £~Э__/• I n t h i s , the system of l i n e a r a l g e b r a i c e q u a t i o n s 

takes the form 

(7 ) 

where B^ i s the energy t h r e s h o l d of the counter . A l l the u n i t s of the quadrature 

trapezium formula , e x c e p t the f i r s t , c o i n c i d e d w i t h the spac ing of energy t h r e s h o l d s . 

To improve the c o n d i t i o n a l i t y of the sys tem of e q u a t i o n s / ~ 1 0 _ / , the f i r s t u n i t 

v/as s i t u a t e d a t a p o i n t where the e f f e c t i v e n e s s was in p r a c t i c e zero . 

The number o f - columns i n the matrix then became equal t o n—1, To g i v e a 

quadrat i c m a t r i x , the l a s t row and the correspond ing r i g h t - h a n d part were d i s -

carded. ' As a r e s u l t o f t h e s e o p e r a t i o n s the small d iagonal e lements of the 
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]J 11 
quadrat ic matrix of the n order become semi-d iagonal e lements i n the quadrat ic 
matrix of the n-l"^1 order , which g i v e s cons iderab ly b e t t e r c o n d i t i o n a l l y of the 
system of equat ions . 

Table I I g i v e s the d i r e c t matrix of the 32nd order f o r ДЕ = 0 . 5 MeV and 
cQ = 0 . The matrix f o r any с va lue d i f f e r e n t from zero i s obta ined by d i s -
p l a c i n g the diagonal e lements and adding semi-d iagonal e lements . The d iagonal 
and semi—diagonal e lements f o r the above v a l u e s of the constant oq are g i v e n i n 
the same t a b l e , and can be obtained f o r in termedia te о v a l u e s by i n t e r p o l a t i o n . 
In the same t a b l e are g i v e n the f i r s t d iagonal e l ements , and a l s o the semi-
diagonal e l ements , f o r a matrix w i th an i n t e r v a l cf ДБ = 1 . 0 MeV and the same 
v a l u e s of the cons «ant a „ 

о 
Table I I I g i v e s the i n v e r s e transposed matrix of second d i f f e r e n c e s £~9_J 

of the 32nd order f o r ДЕ = 0 . 5 MeV and a = 0 , and Tables IV and V g i v e the 
i n v e r s e transposed matr i ce s of second d i f f e r e n c e s of the 19th order f o r a = 0 .07 
and a = 0 . 1 3 , The system of equat ions f o r a = 0 . 1 9 i s badly c o n d i t i o n e d even о о 
i n the case of a matrix of the 19th order . In This c a s e , the method of 
r é g u l a r i s a t i o n ^ 1 1 , 12_J must be usedf t h i s r e q u i r e s a n a l y s i s of each s p e c t r o -
gram u s i n g a computer. 

F i g . 5 g i v e s the r e s u l t s of a n a l y s i s of the spectrum of f a s t neutrons from 
a Po—Be source u s i n g matr i ces corresponding to the above v a l u e s of the cons tant 
o^, the r é g u l a r i s a t i o n method be ing used i n the case of с = 0.19» I t can be 
seen from F i g . 6 that by tak ing i n t o account the r e s o l i i t i o n of the d e t e c t o r i t 
i s p o s s i b l e t o show the f i n e s t r u c t u r e of the spectrum of newtrons from а Ро-Вэ 
source . The r e s o l u t i o n of the d e t e c t o r i n t h i s case was c h a r a c t e r i z e d by the 
cons tant 'a = 0.13= Comparison of the spectrum we obta ined and that ob ta ined by 
Medvetsky /"13__/ shows t h e i r good agreement ( F i g . 6 ) and s i m i l a r i t y of f i n e 
s t r u c t u r e . On the same f i g u r e are g iven the r e s u l t s of a c a l c u l a t i o n [_ 3_ / of 
part of the energy spectrum of the neutrons corresponding to the format ion of a 
12 

С nuc leus i n the ground s t a t e . As can be seen , the three peaks a t neutron 
e n e r g i e s of 6 . 6 MeV, 7 M e V and 9»5 MeV agree w e l l both w i t h the exper imenta l 
data obta ined u s i n g photographic p l a t e s and wi th the t h e o r e t i c a l spectrum, 
obta ined i f account i s taken of the an i so tropy of the angular d i s t r i b u t i o n of 9 12 neutrons formed i n the Be ( a , n ) С " r e a c t i o n . 
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The r e s u l t s o b t a i n e d show the g r e a t p o s s i b i l i t i e s of m a t r i x a n a l y s i s of 

u p e c t r a w i t h f a i r l y poor d e t e c t o r l i n o f o r m s and a l s o t h e p o s s i b i l i t y o f t a k i n g 

t h e energy r e s o l u t i o n a c c u r a t e l y i n t o a c c o u n t by d i r e c t means, i n the e l e m e n t s of 

an o r t h o g o n a l m a t r i x . The method i s alrau a p p l i c a b l e t o t h e problem o f a n a l y s i n g 

gamma s p e c t r a , measured u s i n g d o t o c t o r s v / i th e i t h e r i n o r g a n i c or o r g a n i c 

s c i n t i l l a t o r s . 
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F i g u r e C a p t i o n s 

( p a g e s 4 1 7 - 4 2 1 
o f o r i g i n a l ) 

F i g . 1 Line form o f a S t i l b e n e c r y s t a l (F = 0 = 30) f o r n e u t r o n 

e n e r g i e s of 1 . 0 MeV ( d o t t e d h i s t o g r a m ) and 4 . 1 5 MeV 

( c o n t i n u o u s h i s t o g r a m ) . 

F i g . 2 V a l u e s o f . . . . « , . . . . , . . . . . . . . . . . . . . . a s a f u n c t i o n o f E f o r 

E = 1 . 0 5 MeV. r 

F i g . 3 V a l u e s o f . . . . . . . . . . . a . . . . . . . . . . . . . . a s a f u n c t i o n o f E^ f o r 

E = 2 . 0 MeV. 
P 

F i g . 4 Counter d e t e c t i o n e f f i c i e n c y o f a S t i l b e n e c r y s t a l ( 30 x 30) 

( t a k i n g r e s o l u t i o n i n t o a c c o u n t ) f o r t h e t h r e s h o l d В = 7 - 5 MeV. 

R e s o l u t i o n parameter = 0 ( c u r v e l ) ^ rr = 0 . 0 7 ( c u r v e 2 ) , 

О = 0 . 1 3 ( c u r v e 3 ) . CT = 0 . 1 9 ( curve 4 ) . о о 

F i g . 5 Spectrum of n e u t r o n s from a Po—Be s o u r c e , a n a l y s e d by t h e 

m a t r i x method t a k i n g r e s o l u t i o n i n t o a c c o u n t . The v a l u e s 

of t h e r e s o l u t i o n parameter and t h e numbering of t h e c u r v e s 

are the same a s f o r F i g . 4» 

F i g . 6 S p e c t r a of a Po-Be s o u r c e , o b t a i n e d ( l ) i n the p r e s e n t p a p e r , 

( 2 ) Ъу t h e p h o t o g r a p h i c p l a t e s method (a = 0 . 1 3 ) , 

( 3 ) t h e o r e t i c a l l y 3 J „ 

0 0 * 0 0 0 0 0 (Matr ix d a t a and B i b l i o g r a p h y ) -




