
Beiser Chapter 5 Exercise 35

Question

Harmonic Oscillator : Schrödinger’s equation for a harmonic oscillator is, with U = 1
2kx

2

d2ψ

dx2
+

2m

~2

(
E − 1

2
kx2
)
ψ = 0

Verify the following solution for n = 2

ψn =

(
2mν

~

)1/4

(2nn!)−1/2 Hn(y)e
−y2/2

Where

y =

(
1

~
√
km

)1/2

x and H2(y) = 4y2 − 2 (Hermite polynomial)

Solution

Using the above substitution for y together with αn =
2En

~

√
m

k
=

2En

hν
where ν is the classical

frequency of the oscillator, Schrödinger’s equation reduces to (see §5.11 in text)

d2ψn

dy2
+ (αn − y2)ψn = 0 where αn = 2n+ 1 (n = 0, 1, 2, 3 ...)

Subs n = 2 in the solution

ψ2 =

(
2mν

~

)1/4

(22 2!)−1/2(4y2 − 2)e−y2/2

=

(
2mν

~

)1/4(
1

8

)1/2

(4y2 − 2)e−y2/2

dψ2

dy
=

(
2mν

~

)1/4(
1

8

)1/2 (
4y2e−y2/2(−y) + 8ye−y2/2 − 2e−y2/2(−y)

)
=

(
2mν

~

)1/4(
1

8

)1/2

(−4y3 + 10y)e−y2/2

d2ψ2

dy2
=

(
2mν

~

)1/4(
1

8

)1/2 (
−4y3e−y2/2(−y)− 12y2e−y2/2 + 10ye−y2/2(−y) + 10e−y2/2

)
=

(
2mν

~

)1/4(
1

8

)1/2

(4y4 − 22y2 + 10)e−y2/2

=

(
2mν

~

)1/4(
1

8

)1/2

(y2 − 5)(4y2 − 2)e−y2/2

= −(5− y2)ψ2

d2ψ2

dy2
= −(α2 − y2)ψ2

Hence the solution is valid for n = 2.
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