PROBLEM 4: Spin Angular Momentum

A Stern-Gerlach experiment is set up with the axis of the inhomogeneous magnetic field in the
x — y plane, at an angle 8 relative to the z—axis. Let us call this direction # = cos 8% + sin 6.
Then the spin operator in the 7 direction is S, = cos 88, +5in8S,. Let us describe the commnion
cigenvectors for 52 and 8; as |s, my), e.g. I8, mg) o1 |s,my).

/Qd{ For a spin—1/2 particle, calculate the matrix corresponding to S;. i1 point]
M Evaluate the eigenvalues of ;. [1 point]
(/ﬁ/ Find the normalized eigenvectors of 5. [2 points]

Suppose a measurement of the spin of the particle in the # direction is made and it is de-
termined that the spin is in the positive 7 direction, i.e. Spj¢) = (+//2)[¢y). Now a second
mcasurement is made to determine my (the component of the spin in the @ direction}. What
is the probability that m, = —1/2? (3 points]

yfs Suppose that the particle has spin in the positive # direction as in part (d). The z component
of the spin is measured and it is discovered that m, = +1/2. Now a third mcasurement is
made to determine my. What is the probability that m, = —1/27 [3 points]
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