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Institute of Experimental Physics,” Warsaw University

(Received July 5, 1961; revised paper received October 31, 1961)

Let us assume a radial potential V of the form
V =V, = const.
for radius varying from O to a value R, not exceeding the range of nuclear forces, and
V=01 +£&i) = const.

within the spherical layer of inner radius R, and outer radius R, the latter being given by
the range of the nuclear forces. Quite generally, we can put Vy#V; (,,steps”).
Writing the wave function in the form

Schroedinger’s equation for the problem under consideration reduces to

d2u; .
'?J‘?L;—+k|2'ui=0 l=0,1,2-
wherein
k2=ghr; [E— V] for Reg>r>0

5 — %’_"2_ [E—Vy1+&)] for R>r>R,

2
H=33 E for r>R
since, for the case of low energies considered, we can put [=0. We assume ¥, V| and £ to
be independent of the energy E; moreover, in order to simplify the notation, we write ky=k.
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On equating the functions u; and their derivatives in the points of potential jumps,
assuming a finite value of y(0) and applying the usual method of computing effective cross-
sections, we have

4
Cel = Eé Il—"?lz (1)

o = 25 (1—Inl?) @)
with

5= (a+ bEk) + (c+ dk)i_e_m
(a —bk)+ (c—dk)i

the real quantities a, b, ¢, d being of the form

a = (ko * cos kR, - cosg — & * sin kR, - sin ag) cosh o+ B + sin kR, * cos ap « sinh o

b= (sin koRg: sinap — “kﬂzgig—z.ioﬂ) sinh o + Py co:zkf;f,; SR cosh Pe

¢ =—(a-sin kgRy - cos ap+ ky * cos kgRg - sin ag) sinh o — f - sin k4R, * sin ap - cosh fg

Pkg * €0s koRg * cosaxp

aky - cos kgRy -« sin azg) cosh fo-+ e sinh 139

a2+ﬂ2

d= (sinkoRo-coson+
with
g=R—-R,, a=Rek, p=Imk,.

04 is the total cross-section for elastic scattering, and ¢, — the sum of the cross-sections
for all reactions including non-elastic scattering. Hence, the total cross-section is

2
0y = O+ 0, = 75; (1 — [n|cos ¢) 3)
wherein

e+dk
=—2kR + arc tg —— — arc tg ———
4 & arbk 2
The cross-sections thus defined coincide with the usual definitions of the mean
cross-sections [1] in the range of lowest energies under consideration here, as no resonance
extremums occur in this energy range.
If we put

at+c?=p, 2ab+cd)=gq, bE+di=35s

we can write

_ {P+qk+sk=]y‘.e‘.¢
 kp—gk+sk?
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We now consider two cases: £>0, and £=0. In the former (£§>>0) we have ¢<<0 which implies
[n]#1 although lim |y|=1. On applying de I'Hospital’s rule once to Eq. (2) and twice to
k-0

Eq. (1), we obtain the following limiting relations for the cross-sections:

. . . m
lim ¢, = lim 0, = —1im ¥ -
k-0 k-0 k-0 kP

lim g = _7t_2 [g%+ 4(ad — bc — pR)?]
k-0 P

as in the energy range under consideration £ is so small with respect to V, and V7, that we
are justified in assuming a, b, ¢, d=const . This yields the well-known v~ law for ¢, and o,.
In the second case (§=0) we have ¢=0, i.e. |y|=1=const. This leads to the obvious
result
0,=0
and, on applying twice de I'Hospital’s rule to Eq. (3), the relation
d 2

lim o, = lim 0 = 4x (— — R)

k-0 k-0 a
Moreover, for the low energies considered, we have k<€a, and

0,=0g4q= }elm ¢, = const.
-0

Thus, we have obtained the well-known law of flat ¢(E) curve in the pre-resonance
range, holding for a very numerous group of isotopes.
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