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Herein is derived the correction formula used in the determination of the total number of 
tracks which are formed by a nuclear reaction within a photographic emulsion when the 
number of tracks which are completely within the emulsion layer are known. One considers 
only those tracks which lie within the angles I oc I < "'o and I f31 < {30 where "'o is the maxi-

mum track inclination with respect to the emulsion plane and (30 is the maximum inclination 
of the projection of the track onto the emulsion plane with respect to the direction of the 
incident particles. 

An additional assumption is made that the beam of incident particles lies parallel to the 
emulsion plane. 

1. INTRODUCTION 

B Y irradiating a photographic emulsion with 
nuclear particles of differing energies one ob

tains, within the emulsion,tracks of secondary 
particles. In addition a primary particle of given 
energy can be identically referred to a track of a 
secondary particle, however, only in the case that 
the track is totally within the emulsion. In a 
previous paper 1 a correction formula was obtained 
which permits one to determine the total number of 
tracks that characterize primary particles of 
specific energy when one knows the number of 
tracks which are completely within the emulsion. 
In this case the authors considered all tracks dis
tributed about the direction of the incident particle 
within a maximum angle of () . In many cases, 
however, it appears impossib~e to determine with 
sufficient accuracy the number of long tracks which 
possess large inclinations relative to the emulsion 
plane, i.e., relative to the plane in the visual field 
of a microscope. In this connection, we develop, 
in the present communication, an analogous cor
rection formula which estimates the total number of 
tracks from the number of tracks within an angle 
oc ( ex ::; "'o ). The second limiting condition is that 

the angle f3 formed by the projection of the track 
onto the plane of the emulsion and the direction of 
the incident particle does not exceed the value 
{3 0 (compare Fig. l and Fig. 2). 

In these instances when "'o is essentially small, 
{30 can be assigned a large value, since its 
magnitude does not influence the accuracy in the 
measurement of long tracks. The direction of the 
incident particle is assumed to be parallel to the 
emulsion plane. 

1 A. A. Bene and M. M. Agrest, J. Exper. Theoret. 
Phys. USSR 27, 557 (1954) 

FIG. 1. Specification of the path of a track by the 
angles ex and (3. 

2. DEVELOPMENT OF CORRECTION FORMULAS 

Let a represent the total number of secondary 
particles which are scattered within the given 
region of- "'o s"' s "'o ; - {3 0 ~ f3::; {3 0 , and let 
a' be the number of secondary tracks 
which terminate in the emulsion averaged relative 
to y over the entire emulsion thickness d • In this 
case y is the depth of the point of nuclear inter
action beneath the surface of the emulsion. The 
ratio W of the number of tracks falling completely 
within the emulsion to the total number of tracks, 
has the form 

N1 cr' 
W=N=I-;- (l) 

Derivation of the expression for a. Let us now con
sider the expression for a. It is easily seen that 
this expression has the form 

21t 

0 = ~ d'f 
a,(<:>) 

l /(0) sin 0 dO, (2) 
0 0 

where () and cp are the usual spherical coordinates 
(Fig. 2) and f (8) is the intensity of the secondary 
particles in the scattering angle () which is 
measured in the laboratory system of coordinates. 
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FIG . 2. The unit sphere with the region a~ oc .:; "'o 
and - {3 < {3 < {3 (surface AB CD) within which is 

0- - 0 
scattered half of all the secondary particles under con
sideration. The figure is symmetric about plane xz (the 
emulsion plane). The direction of the incident particle 
is along the z axis. 0 is the point of the nuclear inter
action. 

By considering Fig. 2 one can show that 

cos fJ = cos ex cos p. 

tg cp = ctg ex sin p. 

equation (2) then transforms to 
llo "'• 

(3) 

cr = 4 ~ dp ~ /(ex, p) cos ex dex, (4) 
0 0 

where f (oc ,f3) is the intensity function f( 0) 
transformed with the aid of the first equation of (3). 

To perform the integration in Eq. (4) we assume 
that the function f( 0) can be represented suffi
ciently accurately by 

or 

+ a2 cos2 cx cos2 p. 
(5) 

With this substitution we obtain (6) 
1 1 
4 a= a 0K0 sin cc0 + 2 a1 K1 (a0 +sin oc0 cos oc0) 

+ }. ( . 1 . 3 \ a2 \ 2 Sill oc0 - :3 Sill OC0), 

where Ki are functions of {3 0 and are given below 

[see Eq. (IO) ]. 
Derivation of the Expression for a'. In order to 

develop the expression for a' we must consider the 
distribution of path lengths S (0) = S (oc ,{3) of the 

secondary particles that are under under considera
tion (Fig. 3). In this figure the circles oc = oc and 
f3 = f3 were obtained by a central projection°from 

0 
the unit sphere (see Fig. 2) onto the surface 
S = S (0), where the center of projection is the 
origin of coordinates. In addition, two locations of 
the emulsion surface which are essential for the 
derivation of a' are shown in the Fig. 3. 
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FIG. 3. The dependence of the path lengths S of the 
secondary particles on the angles of scattering is shown. 
The incident particle is directed along the z axis. The 
nuclear reaction occurs at the point 0. Two positions 
of the surface layer of the emulsion are illustrated 
(circles? and~ )withy=y'<y 1 andy=y"'>y1. 

Tracks wfiich leave the emulsion lie in the regions 
AB CD 'DA or A 'B 'C 'D 'A 'for y = y' or y:= y"respectively. 

For a given value y the number of tracks a 1 (y) 
which pass out through the surface of the emulsion 

is given by 13, "'• 

o1 (y) = 2 ~ dp ~ j(oc, p) cos ex da, 

if 
0 a 1 

and by 131 C(o 

o1 (y) = 2 ~ dp ~ j(a, [3) cos oc doc, 

if 
0 ~, 
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In this case oc1 is the value of oc which specifies 
the location of the emulsion surface for a given 
value of y and [3. The values of oc 1 and {31 are 
determined by the relations: 

sin tr.1 = y I S(tr.l, ~); 

S (tr.o, ~I)= Y I sin tr.0. 

We shall evaluate a'(a 1 averaged over y) only for 

the case d > S (oc ,0 ) ( case B 1) since, thanks to 
- 0 

the existence of modern thick photo-emulsions, 
this condition ·is satisfied for most experiments. 

If we consider that the tracks can break through 
on both sides of the emulsion, we obtain 

Y1 f3.o CXo 

~ o' == ~ dy ~ d~ ~ j(tr., ~)cos tr. dtr. 
0 0 a, (7) 

S(et~,o)sinet, (3 1 <Xo 

+ ~ dy ~ d~ ~ f(cx, ~)cos oc dtr., 
y, 0 

where d is the emulsion thickness. Equation (7) is 
correct only for those cases with oc 0 ~ 0<, where ;: 
is the value of oc for which the function t/J(oc) 
= S (oc,O) sin oc is a maximum( see reference l,Fig. 3). 

If we assume that the path length S depends 
upon the scattering angle in the manner of 

or 

we obtain 

The quantity I has the form 

I= Pl sin 2 tr.0 + P2 sin4 cx0 + P:~ sin 6 cx0 

+ P4 sin 2 CX0 cos ()(0 + P5 sin 4 cx 0 cos cx0 

+ P 1;CX0 sin cx0 + P7 cx0 sin cx0 .cos cx0 

where the coefficients are 

1 1 I 1 . 
P1 == 8 Z22K5 + :F Zo2Ks + 2 Zn lKo 

(8) 

(9) 

1 / 1 + ;rZn [3A2- 2K0] + 12Z2oK2, 

1 
P3 = 24 z22K5, 

+ Z01K7 -- ~Z1oK1, 

Ps = - Z12 [ K1- ~~ K3]- ~- Z21Ka, 

D 1 z K 1 6 = -2 10 1> 

P7 = }zu [Ko- 21(2], 

1 P8 = 2 Z12 [21(1 - 31(3], 

here 

and 
Ko = ~o• (10) 
K1 =sin ~0 , 

&' 1 B 1 . 
I\2 = 21 o + 4 sm 2~0 , 

I( - .3 . 'J + 1 . 3q 
3 - 4 SlU l'o 12 Stn t'O• 

F 3q 1 . 1. 
I\4 =if t'O + 4 Slil 2~0+ 32 Stn4~0 , 

Ka = - [} ~o + 2~0 cos 2~0 + ~-sin 4 ~0] , 

v 13 . Q 1 0 ~ 
I\6 = 40 sm t-o - 2 Po cos ~0 - 40 sin 3~0 , 

K? =~-sin ~0 -~0 cos ~0 , 

Ks = K2- 2[30 cos2 ~0 • 

Ilegardless of the fact that in practice oc 0 is 
small, all powers containing oc are retained in Eq. 
(9) since the coefficients zik can be large for dif
ferent cases. In the consideration of a specific 
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example, one can retain a smaller number of terms. 

3. GENERAL REMARKS 

For the particular case of proton emission, 
Eq. (8) reduces to the Richards formula 2 (his Case 
B) when one sets "'o = f3 0 = ()0 with () 0 being 

small. Further if one sets "'o = f3 0 = rr /2 Eq. (8) 

coincides with the formula developed in 1 for 
00 =rr/2. 

It gives me pleasure to express my thanks to 
Doctor Vestmeier who suggested the problem and to 
M. M. Agrest for many valuable discussions. 

2 H. T. Richards, Phys. Rev. 59, 796 (1941) 
Translated by A. SkuiiBnish 
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JN the article" On the Theory of Crystal 
Growth" hy I. V. Salli 1, there appears a se

quence of incorrect equations, which tends to in
validate the author's conclusions to a large ex
tent. 

The author's discussion is based on Eq. (5), the 
equation for the linear growth velocity u of a 
spherical nucleus of a new phase, and on the sub
sequent Eqs. (6), (7), (7a) and (7b), derived from 
it. After a necessary correction is made (the coef
ficient 2 is superfluous in all expressions for u, 
since it appeared due to an incorrect assumption 
in thecomputation of q, on p. 209 1 , where the 
volume of a sphere was taken to be 2/3 rrr3 ) Eq. 
(5) takes on the following form: 

u = Dv ( ~ - ; ) ( ~ + f). 

This and the subsequent equations, which are 
correct for an isotropic liquid, are applied to the 
analysis of different cases of crystal growth with
out any investigation of the validity of such an 
application. Thus, based on the fact that the 
coefficient of surface tension a appears in the 
expression for u only through a (a= 2aMvC ""'/RT), 
the author makes the following completely un
warrented conclusion regarding the role of the 
coefficient of surface tension in the crystal 

1 I. V. Salli, J, Exper. Theoret. Phys. USSR 25, 208 
(1953) 
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growth process: "One of the most important con-
sequences of Eq. (6) is that surface tension af
fects the growth velocity only in the early stages 
of growth" ( p. 210 ). As is well known from 
actual cases, the strong dependence of crystal 
growth velocity on direction remains true also 
for large crystals. For example, large as well as 
small crystals of sodium chloride have a cubic 
form. The cube faces are the planes having the 
slowest growth velocity and the smallest of all 
possible values of surface energy. Analogous 
conditions eKist for other substances also. 

In his attempts to confirm the correctness of his 
conclusions, Salli cites as an example the forma
tion of platelets of cementite and their conversion 
to globules. Actually, he gives merely the appear
ance of agreement between the theory developed 
by him and actual observations. At that, he ac
complished this only by a very peculiar interpreta
tion of the coefficients a and r: for a he assumes 
surface tension in a direction normal to the crystal 
boundary (as if it were possible to speak of 
surface tension directed perpendicularly to the 
surface ! ), and for r- the linear dimension of a 
given part of the crystal (?) (see pp. 210, 211 ). 
Actually, r can only mean the radius of curvature 
at a given point on the crystal surface. 

The fallacy in I. V. Salli's approach to the solu
tion of the problems that he raises lies in his 
fundamental disregard of the specific properties 
of crystals as compared to those of isotrop;c bodies. 
In his opinion, crystallographic properties can play 
a role only in the very early growth stages of the 


