
PHYS410 Quantum Mechanics

Schrödinger equation: i~∂Ψ(~r,t)
∂t

= − ~2

2m
∇2Ψ(~r, t) + V (~r)Ψ(~r, t) = HΨ(~r, t)

Expectation value of operator O: 〈O〉 =
∫ +∞

−∞
dxΨ∗OΨ

Momentum operator: p = −i~ ∂
∂x

Standard deviation: σ2
O = 〈O2〉 − 〈O〉2

Stationary states: Ψ(x, t) = ψ(x)e−iEt/~

ψ(x) satisfies the time-independent Schrödinger equation (eigenvalue equation): Hψ = Eψ

General solution:
Ψ(x, t) =

∑

n

cnψn(x)e
−iEnt/~

Orthonormality of states ψn:
∫

dxψ∗

m(x)ψn(x) = δmn = 〈ψm|ψn〉

cn =

∫

dxψ∗

n(x)ψ(x, 0)

Infintie square well:

V (x) =

{

0, 0 ≤ x ≤ a

∞, x < 0, x > a
, En =

n2π2
~
2

2ma2
, ψn(x) =

√

2

a
sin

(nπx

a

)

Harmonic Oscillator:

V (x) =
1

2
mω2x2, En =

(

n+
1

2

)

~ω

ψn(x) =
1√
n!
(a+)

nψ0 =
(mω

π~

)1/4 1√
2nn!

Hn

(
√

mω

~
x

)

e−
mω

2~
x2

ψ0 =
(mω

π~

)1/4

e−
mω

2~
x2

H2k(x) = H2k(−x), H2k+1(x) = −H2k+1(−x)
Ladder operators:

a± =
1√

2~mω
(∓ip +mωx), x =

√

~

2mω
(a+ + a−), p = i

√

~mω

2
(a+ − a−)
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a+ψn =
√
n+ 1ψn+1

a−ψn =
√
nψn−1

Dirac delta:
∫ +∞

−∞
f(x)δ(x− a)dx = f(a)

Eigenfunctions/eigenvalues: Of = qf

Hermitian operators:〈f |Og〉 = 〈Of |g〉,
∫

f(x)∗(Og(x))dx =
∫

(Of(x))∗g(x)dx

Orthogonal functions: 〈f |g〉 =
∫

f ∗(x)g(x)dx = 0
Momentum space wave-function:

Ψ̃(p, t) =
1√
2π~

∫ +∞

−∞

Ψ(x, t)e−ipx/~dx

Ψ(x, t) =
1√
2π~

∫ +∞

−∞

Ψ̃(p, t)eipx/~dp

Uncertainty principle:

σ2
Aσ

2
B ≥

(

1

2i
〈[A,B]〉

)2

d

dt
〈O〉 = i

~
〈[H,O]〉+

〈

∂O

∂t

〉

I(k, p) =

∫

∞

0

rke−pr/adr = k!

(

a

p

)k+1

, k, p integers, k ≥ 0, p ≥ −2

Si =
~

2
σi

σ1 =

(

0 1
1 0

)

σ2 =

(

0 −i
i 0

)

σ3 =

(

1 0
0 −1

)

.

Radial equation for a central potential:

− ~
2

2m

d2u

dr2
+

~
2l(l + 1)

2mr2
u(r) + V (r)u(r) = Eu(r) , u(r) = rR(r)

Periodic table:
1s
2s2p
3s3p
4s3d4p
5s4d5p
6s4f5d6p
7s5f6d7p
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