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Physics 321 Midterm #2 - Wed. Nov. 21

FYI: For the differential equation
i+ 2B% 4+ wiz =0,

the solutions are
x = AjePleosw't + Age Plsinw't W = y/wi — 2  (under damped)
x = Ae P 4 Bte P, (critically damped)
x = APt Age™Pt B = B4 1/82 —w?, (over damped).
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1. A particle of mass m moves in a spherically spherically symmetric potential,
Vr)=Wln(r/a).
(a) (5 pts) Sketch the potential V' (r) and, for a particle of angular momentum L, the effective

potential for radial motion Vg (7).

(b) (10 pts) If the particle is in a circular orbit of radius R, what is the angular frequency,

0, of the motion?

(¢) (10 pts) If the particle is given a slight radial push, what is the angular frequency, w;.,
with which the particle’s radius oscillates about R?
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2. A particle of mass m moves according to a spherically symmetric attractive potential,

o
V(ir)=——=.
() =-5

If a particle reaches the origin, it is annihilated.

(a) (5 pts) Sketch the potential V' (r) and, for a particle of angular momentum L, the effective
potential for radial motion Vg (7).

(b) (10 pts) If a trajectory has angular momentum L, what values of L lead to annihilation?
(¢) (10 pts) For a beam of particles with energy E, what is the cross section for annihilation?

(d) (10 pts) Which of following quantities stay constant throughout the trajectory? Assume
the initial impact parameter lies in the g direction and that the initial beam velocity is
in the & direction. Circle the quantities that remain constant throughout the trajectory.
(Note that 7 is a unit vector, 7 # 7)

e The particle’s kinetic energy

e The particle’s potential energy

o The patfticle’s total en

e The particle’s momentum component p,

o The particle’s momentum component p,

e The particle’s radial momentum p, =7 - p

o The magnitude of the tangential momentum p; = |7 X p]

o The particle’s angular momentum component -z
+ The particle’s angular momentum component Ly

0\) . @ particle’s angular momentum component L>
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3. A beam of point particles of energy F and mass m are aimed at a spherical ball of radius R.
The particles elastically bounce off the ball as shown in the figure.

(
(

a) (10 pts) Express the scattering angle 65 in terms of the impact parameter b.

)
b) (15 pts) Express the differential cross section do/dS) in terms of 6,5, R, E and m.
(c) (5 pts) What is the total cross section o7
(d) (5 pts) A small detector is placed at 90 degrees from the incident beam in the azimuthal

direction ¢ = 0. The detector records all scattered particles with scattering angles
m/2 — Af < 05 < /2 + A and azimuthal angles —A¢ < ¢ < A¢p. What is the cross
section for scattering into this detector?

(e) (5 pts) If a thin target has thickness ¢ and if the number of scatterers (spherical balls)
per unit volume is p, what fraction of incident beam particles scatter? Answer can be
expressed in terms of o, p and t.

(f) (5 pts extra credit) If the target is not thin, what is the fraction of scattered particles?
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(d) (5 pts) A small detector is placed at 90 degrees from the incident beam in the azimuthal
direction ¢ = 0. The detector records all scattered particles with scattering angles
/2 — Af < 6, < /2 4+ Af and azimuthal angles —A¢ < ¢ < A¢. What is the cross
section for scattering into this detector?

(e) (5 pts) If a thin target has thickness ¢ and if the number of scatterers (spherical balls)

per unit volume is p, what fraction of incident beam particles scatter? Answer can be
expressed in terms of o, p and t.

(f) (5 pts extra credit) If the target is not thin, what is the fraction of scattered particles?
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