
Exercise 11
Normalization constant for the stationary states of a

particle in a box

The spatial part of the nth stationary state wave function of a particle in a box is given
by

ψn(x) = Bn sin
(nπx
L

)
,

where L is the width of the box and Bn is the normalization constant.
Assuming Bn is positive, show that it is given by

Bn =

√
2

L

and is therefore independent of n.
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Solution

The normalization integral can be calculated as follows:∫ L

0

|ψn(x)|2 dx = B2
n

∫ L

0

sin2
(nπx
L

)
dx

= B2
n

∫ L

0

[
1

2
− 1

2
cos

(
2nπx

L

)]
dx

=
B2

n

2

∫ L

0

dx− B2
n

2

∫ L

0

cos

(
2nπx

L

)
dx

=
B2

n

2
L− B2

n

2

L

2nπ
sin

(
2nπx

L

)∣∣∣∣x=L

x=0︸ ︷︷ ︸
0

= B2
n

L

2
.

Equating the normalization integral to one, we find that

Bn =

√
2

L

So, the normalization constant is indeed independent of the quantum number n.
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