
Free Particle Energy Eigenstates Handout

Solve the energy eigenvalue equation for the free particle.

Solution For the Hamiltonian, we only have kinentic energy, so:

Ĥ = T + V = T =
p̂2

2m

Then we know p̂ = −iℏ ∂
∂x

, so we get:

Ĥ =
p̂2

2m
= − ℏ2
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∂2
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Now we can find our eigenstates using the energy eigenvalue equation:
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ψE(x) = EψE(x) (1)

∂2
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ψE(x) = −2mE
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ψE(x) (2)

ψE(x) =
Aeikx +Be−ikx

or
C sin kx+D cos kx

(3)

where k2 = 2mE
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