
UCLA Physics Fall 2019 Comprehensive Exam

3. (Quantum Mechanics)

A particle in an infinite cubic well.

(a) Find the exact energies and wave functions of the ground and the first excited states and specify
the degeneracies for the infinite cubic potential

V px, y, zq “
#
0 0 † x † L, 0 † y † L, 0 † z † L

8 otherwise

Now add the perturbation to the infinite cubic well:

Hp “ V0L
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˙

(b) Using first order perturbation theory, calculate the energy of the ground state.

(c) Using first order degenerate perturbation theory, calculate the energy of the first excited state.
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Solution: Solution by Audrey Farrell

(a) The 3D Schrödinger equation is separable into three independent 1D particle-in-a-box problems
with well-known solutions:
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Putting these together the total wavefunctions are

 nxnynz px, y, zq “
ˆ
2

L

˙ 3
2

sin
´
nx⇡

L
x

¯
sin

´
ny⇡

L
y

¯
sin

´
nz⇡

L
z

¯

with corresponding total energies

✏nxnynz “ ✏n “ n
2
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2mL2
, n

2 “ n
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The ground state is nondegenerate with nx “ ny “ nz “ 1, and corresponding energy ✏1 “
✏111 “ 3⇡2~2

2mL2 .

The first excited state is 3-fold degenerate with ✏112 “ ✏121 “ ✏211 “ 6⇡2~2

2mL2

(b) The first order correction to the ground state energy is given by �✏p1q
1 “ x p0q

1 |Hp| p0q
1 y, so

xHpy “
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0
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