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2
PE for Force ∝ 1/r2

1
2
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p =
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λ
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2π
λ

= ~k (8)

∆x∆p ∼ ~ (9)

Quantum Mechanics in 1D

P (x)dx = |ψ(x)|2dx (10)

∫
|ψ(x)|2 = 1 (11)

Xψ(x) = xψ(x) (12)

Pψ(x) = −i~ ∂

∂x
ψ(x) (13)
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2M
+ U(X) (14)

= − ~2

2M
d2

dx2
+ U(x) (15)

Hψn(x) = Enψn(x) (16)[
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2M
d2

dx2
+ U(x)

]
ψn(x) = Enψn(x) (17)

Box wave and energies

ψn(x) =

√
2
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L
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=
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L
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2M
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Expectations

〈x〉 =
∫
dxψ∗(x)Xψ(x) =

∫
dxx |ψ(x)|2 (21)〈

x2
〉

=
∫
dxψ∗(x)X2ψ(x) =

∫
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〉

=
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dx(x− 〈x〉)2 |ψ(x)|2 (23)

=
〈
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〉
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∆x ≡
√
〈(∆x)2〉 (25)

〈p〉 = 〈P〉 =
∫
dxψ∗(x)Pψ(x) =

∫
dxψ∗(x) − i~ ∂

∂x
ψ(x)

(26)

〈
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=

〈
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=

∫
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(27)

(∆p)2 =
〈
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− 〈P〉2 (28)

〈KE〉 =
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=

∫
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[
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]
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Time dependence[
− ~2
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∂2
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]
ψ(x, t) = +i~
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∂t
ψ(x, t) (30)

ψ(x, t) = e−iEnt~ψn(x) (31)

∆E∆t ∼ ~ (32)

Finite box

ψ(x) ∼ e−
x
δ (33)
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where the penetration depth is δ

δ =

√
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(34)

Spring:
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In the harmonic oscillator figure
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3D Box
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The Energies are
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=
~2k2

x

2M
+

~2k2
y

2M
+

~2k2
z

2M
(44)

with

kx =
πnx

L
ky =
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Sperhical Problems

ψn`m(r, θ, φ) = Rn`(r)Y`m(θ, φ) (46)

n = 1, 2, 3, 4 . . . (47)

` = 0, 1, . . . n− 1 (48)

or

` = s, p, d, f, g . . . (49)

m = −` . . . ` (50)

L2Y`m = `(`+ 1)~2 Y`m (51)

LzY`m = m~Y`m (52)
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Hydrogen

V (r) = −kCe
2

r
(55)

En` = − ~2

2ma2
0

Z2

n2
= −kCe

2

2a0

Z2

n2
n = 1, 2, 3, 4 . . .

(56)
Radial Schrödinger. We define

un`(r) ≡ rRn`(r) (57)

which satisfies[
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]
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r
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Probabilities

P (x, y, z) dV = |ψ(x, y, z)|2 dV (60)

P (r) dr = |rR(r)|2 dr = |un`(r)|2 dr (61)

∫ ∞

0

P (r)dr =
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0
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0
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〈Radial KE〉 =
∫ ∞

0

un`(r)
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]
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Hunds Rule

O : [↑↓]︸︷︷︸
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[↑↓]︸︷︷︸
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[

m=−1,0,1︷︸︸︷
↑↑↑ ↓]︸ ︷︷ ︸
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Two particles in Box, +/- is boson/fermion

Ψ(r2, r1) = ±Ψ(r1, r2) (68)

Ψab(r1, r2) ∝ ψa(r1)ψb(r2)± ψa(r2)ψb(r1) (69)

Etot = Ea + Eb (70)

Statistical Mechanics

P (E) ∝ e
− E

kBT (71)

P (v) d3v︸︷︷︸
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Quantum gas
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For classical gas

λthermal � d (76)

Mode Counting
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Fermi Gas
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Black Body Radiation
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