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1. Consider a system of two spin-1/2 particles. What are the possible eigenvalues of

the operator ~̂S1 · ~̂S2 on eigenstates of the total spin operator? Comment on any
degeneracies.

2. Consider a state of three spin-1/2 particles. Determine the states of total spin quan-
tum number s = 3/2 by applying the lowering operator. It is convenient to use the
notation

|1/2,+1/2〉1 |1/2,+1/2〉2 |1/2,+1/2〉3 = |+ + +〉 , etc.

There are a total of four spin s = 3/2 states. From combining three spin-1/2 particles
you can get 2×2×2 = 8 combinations. There are in addition to the four spin s = 3/2
states, two spin s = 1/2 doublets that are orthogonal mixtures of the three spinor
states.

3. In this problem we apply rotational symmetry to a general, Hermitian, scalar operator

that depends linearly on the spin-1/2 operator ~̂S

Â = a+ 2~b ·

(
~̂S

~

)

where a is a scalar ~b is a vector. Consider an arbitrary function f(Â) defined by its
Taylor series expansion about zero,

f(Â) = f(0)Î + f ′(0)Â+
1

2!
f ′′(0)Â2 + . . .

Then it must be possible to write f(Â) in the same general linear form,

f(Â) = α+ 2β~b ·

(
~̂S

b~

)

Consider the eigenvalues of Â and f(Â) and relate the constants α, β to a, b.


