B-8
QrSpring 958

Consider a quantum-mechanical system consisting of a single spin-1 degree of freedom.

Let the state vectors |a), for @ = 0,41, be normalized eigenvectors of the z-component

S. of the angular momentum operator S, so that S.la) = hala) for & = 0,+1. [The

caret symbol (") denotes an operator.] You may use without proof the following matrix
representations of the operator S:

A L (010 A g (0 i 0 ‘ 10 0
(aSzle')=—=11 0 1), (a|Sla"V=—: 0 =i , (alS:la"y=h| 0 0 0
V2 010 V2 0 = 0 0 0 -1

Suppose that the hamiltonian operator H is given by
B =r"1Q(N-§)°

where N is an arbitrary unit vector and § is an arbitrary positive constant (having the
dimensions of an angular frequency)

(a) Give all the possible outcomes of a measurement of the energy of this system.

(b) Suppose that N = (e, + e,)/V/2, where {e,,e,,e,} forms a cartesian basis. Find
a complete orthonormal set of stationary state-vectors, expressing them in terms of

{la)}.

(¢) Suppose that N = e, and that the system is prepared at time ¢ = 0 in the state |¥)
given by

|\I»>=\i@(|o>+|—1>).

Calculate the amplitude that, at the subsequent time ¢ = T, the system is again found
to be in the state |¥).

(d) Suppose that the system is prepared at a certain time in the state
©) = <= (311) +2I0) +] - 1).
V14

Immediately thereafter, the quantity (32)2 is measured, and the largest possible result
1s found. Give the normalized state vector immediately after the measurement.

(e) Immediately after the measurement of (§2)2 described in part (d) the quantity S, is
measured. Give the probability that the result % is obtained.

(f) Suppose that N = e, but that  now varies with time as Q(t) = Qexp(—t/r), where
Q) and 7 are constants. Suppose further the system is again prepared at time ¢t = 0
in the state |¥), given in part (c). Calculate the probability that, at time ¢t = oo, the .
system is found to be in the state |¥). Briefly explain whether or not the z-component
of angular momentum is conserved as the system evolves in time.



