PH 425 Quantum Measurement and Spin Winter 2003

4 Key Problems for Course

1. A beam of spin 1/2 particles is sent through a series of three Stern-G&&ameasuring
devices. The first SG device is aligned along the z-axis and transmits particles with
S, =1/ 2 and blocks particles witls, = -7/ 2. Theseconddevice is aligned along the
direction and transmits particles wit§, =%/2 and blocksparticles with §, =-7/2,
wherethe directionn makes an angl@ in thex-z plane with respect tthe z axis. Thus
particles after passage through this secondlevice are in the state
|+), =c096/2)+) +sin(6/2)|-). A third SG device is aligned along the z-axis and
transmits particles witls, = -4/ 2 and blocks particles witk, =7/ 2.

a) What fraction of the particles transmittiioughthe first SG device will survive the
third measurement?

b) How mustthe angleb of the second SGdevice be oriented so as tcaximize the
number of particleshat are transmitted by the final SG device? What fraction of the
particles survive the third measurement for this vall@of

c) What fraction of the particlesurvivethe last measurement if tisecond SGlevice is
simply removed from the experiment?

2. Consider a three dimensional ket space. In the basis defined by three orthogdbal kets
|2), and|3) the operatoré andB are represented by

[ 0 00 y 0 00O
A =0 0 B=U 0
DO a OD DO 0 bZEf
00 0 &gl 0 b, 00O

where all the quantities are real.
a) Do the operatord andB commute?
b) Find the eigenvalues and eigenvectors of both operators.

c) Assume the system is initially in the sti2e. Then the observable corresponding to
the operatoB is measured. What are the possible results of this measurement and the
probabilities of each result? After this measurement, the observable corresponding to
the operatoA is measured. What are the possible results of this measurement and the
probabilities of each result?

d) How are questions (a) and (c) above related?
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3. A beam of identical neutral particles with spin 1/2 travels along-#éxés. The beam
passes through a series of two Stern-Gerlach spin analyzing magnets, each of which is
designed to analyze the spin projection along-tes. The first Stern-Gerlach analyzer
only allows patrticles with spiap (along thez-axis) to pass through. The second Stern-
Gerlach analyzer only allows particles with sgown (along thez-axis) to pass through.
The particles travel at speegbetween the two analyzers, which are separated by a region
of length 7 in which there is a uniform magnetic fiddg pointing in thex-direction.

Determine the smallest value &f such that only 25% of the particles transmitted by the

first analyzer are transmitted by the second analyzer.

4. Let the matrix representation of the Hamiltonian of a three-state system be
(Fp O AQO
H=Uo g oU
O L0
OA 0 EyO

using the basis statéb, |2), and|3).

a) If the state of the system at tite 0 is|p(0)) =|2), what is the probability that the

system is in statg?) at timet?

b) If the state of the system at tive O is|(0)) =|3), what is the probability that the

system is in statf8) at timet?



