Kibble & Berkshire Chapter 4 Problem 29

Problem

An a-particle of energy 4 keV (1eV = 1.6 x 10719.) is scattered by an aluminium atom through an
angle of 90°. Calculate the distance of closest approach to the nucleus. (Atomic number of a-particle
=2, atomic number of Al=13, e = 1.6x10719C.) A beam of such particles with a flux of 3x 108 m=2s71
strikes a target containing 50mg of aluminium. A detector of cross-sectional area 400 mm? is placed
0.6 m from the target in a direction at right angles to the beam direction. Find the rate of detection
of a-particles. (Atomic mass of Al=27u; 1lu = 1.66 x 10~27kg.)

Solution
Distance of closest approach r1 (see § 4.3 in the text)

ri=a-+va%+b?

Where
__ 9
4megmu?
- (2x 1.6 x 10719)(13 x 1.6 x 10719)
(47 x 8.854 x 10712)(2 x 4000 x 1.6 x 10~19)
=4.67x 1072 m
And
b=acot(0/2) =acot(90/2) = a
Hence

r=a++Va2+a?
=a(l+/2)
= (4.67 x 107'2)(2.414)
=1.13x107"'m

The distance of closest approach to the nucleus is 1.13 x 10~ m

Rate of detection (see §4.5 - §4.7 in the text)

do dA  _
dw:meﬁ 81

Where

N (no of atoms in target) = (50 x 107%) /(27 x 1.66 x 10727) = 1.12 x 10%!

f (flux of a-particles) = 3 x 108 m =251

do/d§) (differential cross-section)= a?/4sin*(0/2) = a?/4sin*(90/2) = a? = 2.18 x 10723 m2sr—!
dA (target area) = 400 x 10712 m?

L (detector distance) = 0.6m

(1.12 x 10%1)(3 x 10%)(2.18 x 10723)(400 x 10~12)
(0.6)2

dw =

~2.93x 1073

- 3 .-1
036 =8.14 x 10” s

The rate of detection of a-particles is 8.14 x 103 s~ 1.
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