
Quantum Physics

September 6, 2023

1. Exercise E1.1 (i)–(iv) in the textbook.

2. Exercise E1.2 in the textbook. Note that:

(a) The function of an Hermitian operator Â is defined via the Taylor expansion,
namely

f(Â) ≡
∞∑
n=0

Ân

n!
f (n)(0), (1)

with f(x) being an analytic function. For example,

eÂ = Î + Â+
1

2
Â2 + · · ·+ 1

n!
Ân + · · · . (2)

(b) The derivative operator ∂
∂x

must act on a function g(x). So the question (ii.a)
is to prove [

∂n

∂xn
, x

]
g(x) = n

∂n−1

∂xn−1
g(x). (3)

3. In this problem, you will try to solve the Schrödinger equation of a two level system.
The Hamiltonian reads

Ĥ = β(|1⟩⟨2|+ |2⟩⟨1|), (4)

where β is a real number and |1⟩ and |2⟩ are two orthogonal states, satisfying

⟨1|2⟩ = 0, ⟨1|1⟩ = ⟨2|2⟩ = 1, and |1⟩⟨1|+ |2⟩⟨2| = Î . (5)

(a) Find the eigenvalues and eigenvectors of Ĥ. Here, the eigenvectors have to be
expressed as linear combinations of |1⟩ and |2⟩.

(b) If the initial state of the system is |Ψ(t = 0)⟩ = |1⟩, find the solution of the
Schrödinger equation at time t > 0.

(c) (Optional) Calculate ⟨Ψ(t)|Ψ(t)⟩ with your answer to (b), and discuss why the
Hamiltonian of an isolate system must be an Hermitian operator.
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