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FIGURE 6.6 Data on elastic scattering of protons from the nuclei of four different
isotopes of calcium. The angles at which the cross sections show minima decrease con-
sistently with increasing neutron number. Therefore, the radius of the calcium nucleus
increases as more neutrons are added, as one expects. From L. Ray et al., Phys. Rev. C23
(1980) 828.

This function has zeros at qa = 4.49,7.73,10.9 . . ., and the position of these ze-
ros, along with (6.3.4), can be used to determine the well radius a. Figure 6.6
shows elastic proton scattering from several nuclei, all of which are isotopes of
calcium. The nuclear potential is approximated rather nicely by a finite square
well, and the differential cross section shows the characteristic minima predicted
by (6.3.7). Furthermore, the data indicate that as neutrons are added to the calcium
nucleus, the minima appear at smaller angles, showing that the nuclear radius in
fact increases.

Another important example is scattering by a Yukawa potential

V (r ) = V0e−µr

µr
, (6.3.8)

where V0 is independent of r, and 1/µ corresponds, in a certain sense, to the
range of the potential. Notice that V goes to zero very rapidly for r ≫ 1/µ. For
this potential we obtain, from (6.3.5),

f (1)(θ ) =−
(

2mV0

µh̄2

)
1

q2 +µ2 , (6.3.9)

where we note that sinqr = Im(eiqr ) and have used

Im
[∫ ∞

0
e−µr ei q r dr

]
=−Im

(
1

−µ+ iq

)
= q

µ2 + q2 . (6.3.10)

Notice also that

q2 = 4k2 sin2 θ

2
= 2k2(1− cosθ ). (6.3.11)


