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FINAL (SUBJECT) EXAM,
PHYSICS 852, Spring 2020
May 29-30, 3:00-3:00 PM

1. Solutions should be submitted through Gradescope within 20 minutes of the finishing time
(6PM).

2. DO NOT WRITE YOUR NAME ANYWHERE ON THE EXAM.
Your exam has a “secret student number” on each page. Write that
number on EACH page of the solutions you submit.

3. This exam is closed-book and closed-note. You are not permitted to use mathematical software,
e.g. Mathematica.

4. This exam has five problems with a summed valued of 100 points.
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2. A neutron and a proton populate the ground state of a harmonic oscillator. The proton and
neutron interact via a spin-spin interaction,

Vs.s. = �↵~Sp · ~Sn.

Additionally, a magnetic interaction is added,

VB = ��n
~Sn · ~B � �p

~Sp · ~B.

Work in the following basis:
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(a) (15 pts) Write the Hamiltonian, Vs.s. + VB, as a 4 ⇥ 4 matrix in this basis.

(b) (5 pts) What are the eigen-energies?



Uss =
- ⇒ ( ( SJ

+ IT - SI -Ji ) a-
-

=
-E- { s is + 1) - 3- }

t
'

- My o

g
°

) i=

( O - Dy O

O O - Dy O

O O O 3¥

4=1
,
M= I / V , I 5=1 ,M= I>

=

< mn= I
,
Mp = I / Up 1mn

= t.mn =⇒

=
- hits ( Bn + Pp )

( 5=1
,

M = -11 V
,
I s = I

,
m = - 1) =

2mn =
-÷

, Mp
=

- I / VB 1 mn=
-I,mp=⇒

=
h¥ ( Pn + Pp )

Is =L
,
M=o / V

,
Is = I

,
m=D

= Éz[mn= ÷ , Mp =
-£ I + (Mn= ¥

,
Mp
= t ☐ V13

¥ [1mn -- I, m, =
-÷ > +1mn mp=⇒]

= I h¥(
-An + ppl - I h¥ Csn

- A.) = 0

65--0 ,
M=o / Up 15=0 ,

M=D

= Éz[mn= ÷ , Mp =
-£ I + (Mn= ¥

,
Mp
= t ☐ V13

¥ [1mn -- I, m, =
-÷ > +1mn mp=⇒]

= I h¥(
-An + ppl - I h¥ Csn

- A.) = 0



(5=1 ,M= of ✓☐
15=0,M=o>

=É£<mn=÷mp=t / +6m¥'t ,mp=÷| ] Up
÷€mn=¥,mp=

-E) -1mn -_

-÷ ,mp=⇒]
= -h¥{-Sn - Bp - ten -e.)} =

-

¥31Bn -Pnp)

Ls = DM -01 Up / 5=1 ,M= 1) = 25=1 ,m=o1V☐
15=0,m=Ñ

=
- tr B CR - Bp )

* " """" ° "

°
"

°

)
" =

'

'¥"¥ """" ° ' °

0
,

0
, - II ,-tB_7p)

,

0
,

-

hB¥Pp) , 34¥

b)
^

-FK- ¥31Bn
'-Bp )

- EFI ¥-1Bn + Pp )E=i, +j¥B¥

&
"_✓¥¥eI



SECRET STUDENT NUMBER:
STUDNUMBER

3. An external electric field, E0x̂, interacts with a system via the perturbative interaction

V = �q ~E · ~r.

(a) (5 pts each) Circle the matrix elements which might be non-zero.

• h↵, J = 2,MJ = 1|V |�, J = 2,MJ = 0i

• h↵, J = 2,MJ = 1|V |�, J = 1,MJ = 0i

• h↵, J = 2,MJ = 1|V |�, J = 0,MJ = 0i.
(b) (10 pts) Bob and Carol perform a complicated integral to find the matrix element

I = h↵, J = 1,M = 0|z|�, J = 0,M = 0i.

Ted and Alice wish to calculate

J = h↵, J = 1,M = 1|x|�, J = 0,M = 0i.

Express J in terms of I and Clebsch-Gordan coe�cients. You need not evaluate the Clebsch-
Gordan coe�cients.
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4. (15 pts) Two scattering centers are located at ax̂ and �ax̂. A beam traveling of wavenumber k
is traveling in the ẑ and interacts weakly with the scatterers. In terms of the polar angle ✓ and
the azimuthal angle �, describe the directions for which the scattering amplitude vanishes.
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5. (15 pts) A particle of mass m is incident on a spherically symmetric repulsive potential

V (r) =

⇢
V0, r < a

0, r > a
.

As the incident energy approaches zero, what is the cross section?
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