
Physics 234: Quantum Mechanics

Homework 2.

1. î, ĵ, and k̂ are unit vectors along the x, y, and z directions, respectively. Pauli matrices can be written

in the vector form as ~σ = σ1î + σ2ĵ + σ3k̂. The unit vector in a general direction is ~n = sin θ cosφî +

sin θ sinφĵ + cos θk̂. Find the eigenvalues and eigenstates of ~σ · ~n = sin θ cosφσ1 + sin θ sinφσ2 + cos θσ3.

2. Consider the following commutator, [σ1, ~σ · ~a] = (σ1(~σ · ~a) − (~σ · ~a)σ1), where ~a is an arbitrary vector.

Prove [σ1, ~σ · ~a] = (2i~a× ~σ) · î. Note that “×” denotes the cross product of two vectors.

3. Define the exponential of an operator O to be

eO =
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n=0

1

n!
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2
+ ...

Prove

eiσiθ = cos θ + iσi sin θ

where σi is any one of the Pauli matrices.
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