
Prove:
[a,N ] = −a;
[a†, N ] = a†;

Let N |ψ〉 = ν|ψ〉
Let r = 1

Define
a, a†, N = a†a

Result 1: Show
H = (a†a+1/2)~ω

H = (N + 1/2)~ω

Result 2:
Eigenvalues

of N are +ve

a† is rais-
ing operator
N [(a†)r|ψ〉] =

(ν + r)[(a†)r|ψ〉]

a is lower-
ing operator
N [(a)r|ψ〉] =

(ν − r)[(a)r|ψ〉]

ν, ν + 1, · · · are all
eigenvalues of N

ν − r < 0?

N has eigen-
values 0,1,2,3

ν − r a negative
eigenvalue of N ;

not possible !

r = r + 1

∴ (a)r|ψ〉 = 0
and 0 is an

eigenvalue of N

En = (n+1/2)~ω,
n = 0, 1, 2, · · ·

Yes

No
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