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The Hamiltonian of SHO

2
he total energy [ — lmeQ + 1]@332 — P I 1?’7’?,&)233'2
2 2 2m 2

Here w = /k/m is angular frequency of the oscillation.
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Factorized Hamiltonian of SHO
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The ground state wave function and energy




Operator manipulation
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Thus 9 is an eigenstate of the operator N with an eigenvalue
N = 0. Therefore 1y is an energy eigenstate with energy Fj
given by
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Operator manipulation

N, a] = [ata, a] = alla, a] + [af, ala = —a




Operator manipulation
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If Ay =0, then ABy = [A, Bl
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Fist excited states

Since a annihilates v, consider acting on the ground state with
a'. It is clear that a' cannot also annihilate 1. If that would
happen then acting with both sides of the commutator identity
[a, a'| = 1 on vy would lead to a contradiction: the left-hand
side would vanish but the right-hand side would not. Thus

consider the wave function
P = CLTWO

We are going to show that this is an energy eigenstate.
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Fist excited states

Fa

Ny = Nalyo = [N, 'l = afo = ¥y

e 1) is an eigenstate of the operator N with eigenvalue NV = 0.
e 1); is an eigenstate of the operator N with eigenvalue N = 1.
e &' acting on ) increases the eigenvalue of N by one unit.

o o' is called the creation operator or the raising operator.
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Fist excited states

Moreover

(Y1, 1) = (a'vo, aTo) = (1o, aaleo)
= (v, |a, &T]¢O) = (Yo, o) = 1

1, is normalized and is the wave function of first exited state.

1 3
Energy of the first exited state Ey = hw (1 + 2) = §ﬁw
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Second Excited states

Next consider the state )y = ataTg.

Ny, = Natatp = [N, atal|we = 2ataTve = 20

Y, is a state with number N = 2 and energy Fy = gﬁw.

= (v, 2aa"to) = 2(tbo, 1ho) = 2.
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Excited state wave functions

The properly normalized wave function is




Shapes of the first three wave functions of the SHO
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Eigenvalue of ,, for the operators N and H
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Since for the operator N the eigenvalue of I . 1
YV, 1s n, the energy eigenvalue F,, is given be n = hw|n+ 2
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