Probiem 3: Spin Mcasurements and Uncertainty

Define the operator S, == § - fi, where § is the vecior spin operator and i, i & unit
vector in the @ — z plane that makes an angle o with the z-axis. So fi, = 2 for @ = 0 and
fiq = & for & = 7/2,

Clonsider a spin 1/2 system initially prepared to be in the eigenstate of 8, with eigenvalue
+h/2,
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Saley, ) = §|a',+) (1

/(;({{3 pts] Compute the eigenstales of 8, in the basis of the S, operator, {0, %) = ESB

(2 pts] If the spin is in the state |o, 4} and S, is measured, what is the probability of
measuring —#/27

//(/ .3 pts] Compute the expectation value {({(d8,)%) for the state |, +}, where 85, =
— {5z}
If one measures Sy, what are the values of a that minimize the uncertainly of the
measurcment for the state jo, +37 Tnterpret the physical meaning of those states.

Eh{} 2 pts| Finally, define P, to be the projection operator for the %pm 1/2 state of
Se, /2, +). Compute the matrix element P4 in the initial state, (+, 0Pyl +).
Explain the behavior of the resultans expression as a function of the angle .
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