
If the two lowest energy particle-in-a-box states are 𝜓𝜓1 𝑥𝑥 and 𝜓𝜓2 𝑥𝑥 with energies 
𝐸𝐸1 and 𝐸𝐸2, which of the following statements are correct?

I. Ψ 𝑥𝑥 = 1
2

[𝜓𝜓1 𝑥𝑥 + 𝜓𝜓2 𝑥𝑥 ] is a possible wave function for the particle at time 𝑡𝑡 = 0.

II. Ψ 𝑥𝑥 = 1
2

[𝜓𝜓1 𝑥𝑥 + 𝜓𝜓2 𝑥𝑥 ] satisfies the time-independent Schrödinger equation,

�𝐻𝐻Ψ 𝑥𝑥 = − ℏ2

2𝑚𝑚
𝜕𝜕2

𝜕𝜕𝑥𝑥2
+ 𝑉𝑉 𝑥𝑥 Ψ x = 𝐸𝐸Ψ(𝑥𝑥)

III. Ψ 𝑥𝑥, 𝑡𝑡 = 1
2

[𝜓𝜓1 𝑥𝑥 𝑒𝑒
−𝑖𝑖𝐸𝐸1𝑡𝑡
ℏ + 𝜓𝜓2 𝑥𝑥 𝑒𝑒

−𝑖𝑖𝐸𝐸2𝑡𝑡
ℏ ] satisfies the full time-dependent SE: 

�𝐻𝐻Ψ(𝑥𝑥, 𝑡𝑡) = 𝑖𝑖ℏ 𝜕𝜕Ψ(𝑥𝑥,𝑡𝑡)
𝜕𝜕𝜕𝜕

A.  I only  B.  II only  C.  III only  D.  I and II E.   I and III



CHM 305 The Quantum World
Lecture 5: The Rules of Quantum Mechanics (pt. 1)

Reading: McQuarrie Ch. 4



Last lecture we discussed…

Description of the next simplest quantum 
system: the particle in a box

• Stationary state wavefunctions & 
energies for a 1D box

• Boxes of higher dimensions

Description of the simplest quantum system: 
the free particle in a potential with V(x) = 0



Road map for today’s lecture

Discuss some rules about how quantum operators and their 
eigenfunctions behave:

Quantum operators 
- are linear
- may or may not 

commute

Eigenfunctions of an operator
- are normalized
- are mutually orthogonal
- form a complete set



Practice problem #1: Eigenvalue problems



Practice problem #2: Commutation



Practice problem #3: Normalizing functions



Practice Problem #4.1: Orthonormal basis sets 



Practice Problem #4.2: Orthonormal basis sets 
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