Problem 5: Magnetic Moments and Spin (10 pts)

Clonsider o spin 172 particle wilth a ma

clic mownenl.  YWe can write the interaclion
Letween fhe spin and an external maguetic Seld aging the Hamiltenian:

- qf;b— |"]:|

whore B s the external field, § is the spin operator for the particle, and v is 2 real positive
constant. In this problem, use the usual basis states that are cigenstales of S,

. B 1 (- .
Sy mEXoxs, N4o= Lo = .
Sax+ SX=r X+ ( 0 ) x ( [ ) 2]

Far this problem, assume the magnetic field lies in the x-u plane:
D= Bedz o+ 1.6, (%)
[V pt: Salve for the cigenencrgics for the Hamibtonian, showing your work. Fxplain
the phvetes of your resulis.

;/ 112 plel Any state of the spin can be written i the x+ busis as:
i alt) "
W) =1{ 4
0= 50 ) “

Using the Hamiitonian, derive the Hrst-order conpled differential cquations that
give the time dependence for et} and 3(1). In other words, derive the equations
lor &) and 3(i).

2 pts] Show that you can re-write your resulls from part (b} as two unecupled
second-order differenlial equations:

o2
Gy = ---"—fia-{g)
B = -T2 (5)

ow s this

where By o= BL -+ A2 s the magnitude of she rotal magnedic fickd, ]
result velated to wlat you found i part {a)7
O course. the solutions to Lthose cqnations are:

et = O coslel) |y sin{wi)

Al = Cycosled) 1 Cysinwl) i)

B optsl Comsider the situation where the spin s in the spin-up 8@ state e at time
toe 00 Using the boundary condilions at Lime { = (1, determine t

ne values for Lhe
b state. He-
us o part (o) are seeond-urder. 20 vou nead Lwo bouadary

v

congtarts O, Co, O, O that will zelve for the time-dependenee

mersber that the cquatio
conditivng at §= ) for each.
(8 [2 pt] Write down Lhe time-depenclent probabilities, 3 of the spin being in Uhe spin-
S and spin-down S, states. Show that vour results arc corroct in Lhe Lwo cases
where 3, - Uand 73, — .
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