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ABSTRACT. The Wanestatistical Theory of Neutron-Prolon Scattermy s developed
. . . . A Ty " ‘
using an interaction potential of Yulawa type, iz, V= A Fhe Aheoretical formula
!

for the intensity of scattering is found to agrec with the experment of TTarhine and othors
for vao = 6¢ and e=.2848 ¥ 1013 This value of apives 1100 v as the mass of mesotron
taking part in the exchange in neutron-proton interaction  The mass so determined -
exactly the same as that oblained from the hinding encrgy of deateron and from proton-proton
seatiering,

In the theory of neutron-proton scatterig recently devclopad by one of
the authors (Kar and Basu, 1030) the interaction potential has heen taken e thie
formV==V, ™", The formule derived has been found to agree only gualitas
tively with the experiments of Chadwick (1033) and others.  In the preseut
paper it is proposed to develop the theory of scattering somewhat on similar lines,
on the basis of an interaction potential suggested hy Yuhawa.

The wave equations of the incident neutron inside and outside the potential
ficld of the proton, the motion being referred to Cosysten, are

LS)(*H\"“’(I—;\))('-‘-‘U . (1)
and Dxo+ k% =0 . (1)

A
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where k= , “and L=3iMe2. Proceeding in the usual manner (Kar, of al
|

1937), we have for the first order scattering function
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where Xo= | —C , v (z.1)

the incident wave heing supposed to move along the v-axis,  On integrating ()
as before (Kar, 1937/, we have
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M2 N VT 70


https://core.ac.uk/display/84906636?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

322 K. C. Kar and R. R. Roy

where el =al s 4o,

1o {2 ) may be written in the simpic form

cosee? Lo o th .
A =—=—==." _ F(y) e (203)
Mo= Nt
) &
whure 1 y)= - /¢’f sin K VOhdo N
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Proceeding m the usual way it may be casily shown that the critical approach
1o, which must he always positive, is given, for an attractive foree of interaction,
hy the tormula (Kar, 104.2)
_cosee™ L
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where (:(\I“):—I\”/J sin & (=g )V rdy e (3.0)
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Now, taking the interaction  potential to he of Yukawa type, vi:

124,
A —m
A
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Vi) , we find the values of 140 ,) and Gi(z,).  On substituling  these

vitlues i (2.3) and (3) we get for the scattering [unction and the eritical approach
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I #1s the angle of scattering in the laboratory system, we have 20=¢.
Thus we have for the relative inteusity of scattering and the critical approach
i L-systen

[=p2/2 | cos 0. 2msin 640 ()
and ro=2.7 > {sin 0 —sin%f) ¢ e (51)
2} AT
_ M . ,
where g L . (5.2)
¢ : = a4 ff* S
and J=cos kfry+ ';J sin k'ig v (5.3

In order to verify our formula (5) quantitatively we have to depend on the
only experiment done so far by *Harkins, Kamen, Newson and Gans (1936). Their
experimental values are, however, given for angular ranges of ten degrees and so
it is necessary to integrate (5) between 6y and .. Because the angular range
is small we may take g and f outside the sign of integration giving them
their mean vajues, vis., g and f,. W have then from (5) after integration

I(ty, t,)= 2rg B2 (cos 20 —cos 20,) (5.4)
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g2 o
where Lu= -1 \M : l5.5)
= W 85
e ot " . ,
/'l- =c0s k m!ym+ 0 sin & ’mlnm (5{\)
v om

— - 0

and Tow= 2.7 > (sin 6, —sin26,,)¢,, (5.7)

Again, because the ahsolute values of the iutensity we not siven in the
experiment cited above, formula (5.9) cannot e verified ditectly.  Tlowever,
it is obvious that the experimental valnes which are proportional to the absolite
values, arc given hy the formula

1(0),05) =B x 2mp2i2(cos 260, —cos 2f,,) o (5.8

where B s the unknown constant of proportion.  On using tentatively {he
values, viz., ¥/ A=0¢ already determined from proton-proton scattering (Kat, 1042)
and o=.2845 x 10'% obtaned in ow previous paper (Kar and Roy, 10.13), we
easily find the unknown eonstant of proportion B from onc experimental value
at o given angular range. Having got the value of B once for all we are in
position to calculate the values of the intensity of sealtering at any other angular
range. The theoretical values so ohtained fiom (5.8) and the experimental values
are given respectively by the continuous and the dotted curves in Iig. 1.

It is apparent from IFig. 1 that the theoretical curve has a peak at 45°,
showing that in  C-systen the scatiering is
isotropic.  This is confirmed by the  experiments
of Clhadwick (1933) and others. ‘The peak of
the expernnental  curve is, however, at og'.
It it is evident that if this difference is neglected,

20

the agreement it as is should be. Now it has
? heen pointed out by Dee and  Gilbert (r037),
that the shift of the  maximum  intensity
towards large angle, as observed by Ilarking

0 A " s and others is due o imhomogencity of the
2 60° 9o ncident beam of ncutrons from  the  sonrce
1.1 taken by them.

It should be noted that the values of A and a for which the theoretical curve
is in agreement with the experiment arc very ncarly the same as those obtained
from proton-proton scattering (Kar 1042), and also same as the value of a obtained
from the binding cvergy of deuteron (Kar and Roy, 1043). This shows {hat
the nature of the short range force is essentially the samc in nentron-proton
and proton-proton interactions, Now, because o has the same value in the
different theorics, the mass of mesotron which is responsible for the short range
force in neutron and proton, is also same.  And it has been found to be 110
electron unit from the usual formula
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If, now, formmla (5) for the intensity of scattering for the clementary
solid angle 27 sin Ad6 he integrated over the limits o and 72, we get the total
scattering cross-section o . Logarithms of the cross-sections thus determined
for different velocities are piotted against the logarithms of incident energy. And
the curve is given in Iig. 2

The circles indicate the experimental values, It is obvious that there is
very good agreement for thermal neutrons

having low velocity, However, for higher

24 velocities there are some departures.

v D et .. .

=3 ‘\8\ Before concluding, we shall make a few
b4 24 \ remarks on some of the special features of
25 < the wavestatistical theories of scattering <o.
- S x| —+ [ar devdloped (Kar, el ai, 1912), for diflerent :
?,03 £ kinds of interactions. ‘I'he  fundamental

i, » assumption made in the above theories, is
that the incident particle approaches the
scattering particle only up {o a certain distance ry which is called the © eritical ap-
proach,’” Tt has nothing to do with the size of the nucleus and, in fact, it is much
greater than the size. It has heen shown that the eritical approach depends on the
velocity of the incident particle and also on the angle of scattering. 1t is obvious
that it deereases with the increase of the incident velocity for a given angle of
scattering, and also for a given incident velocity it decreases with the increase
of scattering augle. Now, the volume round the scatterer which is uupérturhed
by the incident particle due to the critical approach may be called the ‘excluded
volume.” ‘This volume las evidently no contribution to the total intensity of
scattering.  Now, in deriving Born-Rutherford, Holtzmark and other wave-
wmechanical formulie of scattering the above excluded volume has been wholly
neglected.  In other words, the scattering by the excluded volume is taken
into cousideration.  As a result their theoretical values are always much higher
than the experimental values. It is well kuown (Mott and Massey, 1933), that
at high vclocity of incidence and large angles of scattering, Born-Rutherford
formula is found to agree fairly well with the experiment. At this region the
excluded volume is obviously negligible. Thus we find that the wave mechanical
formuliv generally give much higher values, whereas the wavestatistical formulic
are decidedly in better agreement with the experiment. And in some cases the
agreement is found to be almost exact.

Apart from the experimental evidences which confirm the wavestatistical
theories, there are theoretical jpstifications in support of the fundamental assump-
tion of critical approach. The incident heam of particles moving in straight
line in a given direction is deflected due to the presence of the scatterer.  Thus
the scatterer acts as a source of perturbation and imposes some boundary condi-
tions on the motion of the incident beam of particles. On account of these
boundary conditions, the incident beam approaches the scatter only uptoa certain
limit. 1f the wave character of the patticles is completely disregarded, the critical
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approach is evidently given for Coulomb ficld by the distance of the vertex

of the hyperbolic path from the centre of the scattering particle. However, the
wavestatistical character of the particles constituting the incident beam cannot
be ignored.  Accordingly, in the different wavestatistical theories of scattering
the critical approach 1o for any potential field is always determined by the

waveslatistical method using the houndary conditions at r=1,

Xo 'i‘:\]‘\] :D?

e O
(!XO +’\\ (ix1 )3.
dq da

It is interesting to note that for Coulomb field the wavestatistical method
gives exactly the same wvaluc of the critical approach as the dynamical method

except an additional numerical factor 1.35, which is known as the dynamical
defect factor.
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