Physics 203

Homework 3
1.) Show that two particle scattering at 90° in the center-of-mass can only
take place through partial waves of even angular momenta. Use this result and
assume charge independence of the nuclear force to show, at any energy, that:

do do
=~ m — < 4
0, (fon = 90°)

> @np(ecm =90 )

2.) What are the possible values of orbital angular momentum, total intrinsic
spin, and isospin for the ground state of the deuteron if it had turned out to have
J™ = 0~ instead of the measured value of J™ = 17. Discuss the implications
for the form of the nuclear force if the deuteron had J™ = 0~

3.) Consider the following two strong interaction processes:
(1) 7~ +p— K°+A°

(2) 7% +n — K%+ A°.

Assuming charge independence and isospin conservation in these reactions, de-
termine the isospin of the K given that the A° has isospin 0 and that the ratio
of the above two cross sections is o(1)/0(2) = 2.

4.) Express the operator
A 3 A -
S12 = (ﬁ)(al T)(Gg T)— 6102

in terms of Y},,,’s and the spherical tensor components of the vector operators
61 and 6. Also show that you can reduce your result to a scalar product of a
rank 2 operator in spin space and a rank 2 operator in coordinate space. (Hint:
show that R
S12 = V241 Y (2,2:m, —m|0,0)(61%62)20m Yo m
m

5.) Supplemental Problem SP1 (see adjacent pdf).

6.) Bertulani Text Problem 3-11.
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SP1

3-7. In classical electrodynamics, the scalar field () produced by an electron located

at the origin is given by the Poisson equation
VEp(r) = —dmes(r)

Show that the radial dependence of the field is given by

e
W(r) = -
For a nucleon, the scalar field satisfies the Klein-Gordon equation
2 Ly,
(V* = 5)é(r) = dngé(r)
i

Show that the radial dependence of the field is given by

e—‘!‘/'l'u

é(r) = ~g-

P

Derive that the range ry is given by the relation o = fi/me using the fact that
the boson, with mass m, is a virtual particle and can therefore exist only for a
time At given by the Heisenberg uncertainty relation.



