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1 Mechanics

Lagrange’s Equations of Motion:

L = L(qj , q̇j , t) (1)
L = T − V (2)

d

dt

(
∂ L

∂ q̇j

)
− ∂ L

∂ qj
= 0 (3)

Lagrange’s Equations with Undetermined Multipliers:

d

dt

(
∂ L

∂ q̇j

)
− ∂ L

∂ qj
=

∑
k

λk(t)
∂ fk

∂ q̇j
(4)

Hamilton’s Equations of Motion:

H = H(qj , pj , t) (5)
H = T + V (6)

H =
∑

j

pj q̇j − L (7)

pj ≡
∂ L

∂ q̇j
, ṗj ≡

∂ L

∂ qj
(8)

q̇j =
∂ H

∂ pj
,−ṗk =

∂ H

∂ qj
(9)

−∂ H
∂ t

=
∂ L

∂ t
(10)

{a, b} =
N∑

i=1

(
∂ a

∂ qi

∂ b

∂ pi
− ∂ a

∂ pi

∂ b

∂ qi
) (11)

df

dt
=
∂ f

∂ t
+ {f,H} (12)
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Orbit equations for a known orbit:

r = r(θ) (13)

d2

dθ2
1
r

+
1
r

= −µr
2

l2
F (r) (14)

µ =
m1m2

m1 +m2
(15)

l = µr2θ̇ = constant (16)

E =
1
2
µṙ2 +

1
2

l

µr2
+ U(r) (17)

2 Electrodynamics

Coulomb’s Law

~F =
1

4πε0
q1q2
r2

r̂ (18)

Electric field of a system of point charges:

~E(~r) =
1

4πε0

n∑
i=1

qi
r2i
r̂i (19)

Electric field for charge distributions:

~E(~r) =
1

4πε0

∫
ρ(~r)
r2

r̂dτ ′ (20)

Gauss’s Law:

ΦE =
∫

S

E · d~a =
1
ε0
Qenc (21)

ΦB =
∮

S

~B · d~a =
∮

S

∇× ~A · d~a =
∮

C

~A · d~l (22)

Solution to Laplace’s Equation in spherical coordinates with no φ dependence:

V (r, θ) =
∞∑

l=0

(
Alr

l +Blr
−(l+1)

)
Pl (cos θ) (23)

Solution to Laplace’s Equation in cylindrical coordinates:

V (ρ, φ) = D0 + C0 ln ρ+
∞∑

n=1

[An cos(nφ) +Bn sin(nφ)]
(
Cnρ

−n +Dnρ
n
)

(24)

Maxwell’s Equations:
In General:

∇ · ~E =
1
ε0
ρ, Gauss′sLaw (25)

∇× ~E = −∂
~B

∂ t
, Faraday′sLaw (26)

∇ · ~B = 0, NoMagneticMonopoles! (27)

∇× ~B = µ0
~J + µoε0

∂ ~E

∂ t
, Ampere−Maxwell Law (28)
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In Matter:

∇ · ~D = ρf (29)

∇× ~E = −∂
~B

∂ t
(30)

∇ · ~B = 0 (31)

∇× ~H = ~Jf +
∂ ~D

∂ t
(32)

Potentials:

~E = −∇V − ∂ ~A

∂ t
(33)

~B = ∇× ~A (34)

Lorentz force Law:

~F = q
(
~E + ~v × ~B

)
(35)

3 Quantum Mechanics

3.1 Commutator Relations

[a, b] = −[b, a] (36)
[x, p] = i~ (37)

i~
dO

dt
= [O,H] (38)

(39)

3.2 Hamiltonian

Classical Mechanics

H(x, p) =
p2

2m
+ V (x) (40)

For QM

p→ ~
i

(
∂

∂ x

)
(41)

x→ −~
i

(
∂

∂ p

)
(42)

Ĥ = − ~2

2m
∂2

∂ x2
+ V (x) (43)

ĤΨ = EΨ (44)

3.3 Angular Momentum

[Ji, Jj ] = ihεijkJk (45)

J± |j,m〉 = ~
√
j(j + 1)−m(m± 1) |j,m〉 (46)

Jz |j,m〉 ≡ m~ |j,m〉 (47)

J2 |j,m〉 ≡ j(j + 1)~2 |j,m〉 (48)
J± = Jx ± iJy (49)

J2 = J2
z + J+J− − ~Jz (50)

(51)
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3.4 Particle in a box length L, 0 < x < L:

d2Ψ
dx2

= −k2Ψ (52)

k2 =
2mE

~
(53)

Ψn(x) = A sin
(nπx
L

)
(54)

A =

√
2
L

(55)

En =
n2π2~2

2mL2
(56)

3.5 Particle in a box length a, −a

2
< x <

a

2

d2Ψ
dx2

= −k2Ψ (57)

k2 =
2mE

~
(58)

a =

√
2
L

(59)

Ψn(x) = A cos
(nπx

a

)
, for odd (60)

Ψn(x) = A sin
(nπx

a

)
, for even (61)

(62)

3.6 QM Harmonic Oscillator

For notes, see Section 6.1.1

a†|un〉 =
√
n+ 1|un+1〉 (63)

a|un〉 =
√
n|un−1〉 (64)

a† =
√
mω

2~
x− i

p√
2m~ω

(65)

a =
√
mω

2~
x+ i

p√
2m~ω

(66)

a† + a =

√
2mω

~
x (67)

let, α ≡
√
mω

~
(68)

x =
1√
2α

(
a† + a

)
(69)

Ψ0(x) = 4
√
α/πe−

1
2 α2x2

(70)
(71)
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3.7 Time-independent perturbation theory: (ch 6 griff)

E1
n = 〈ψ0

n|H ′|Ψ0
n〉 (First order correction to energy) (72)

E2
n =

∑
m6=n

〈ψ0
m|H ′|Ψ0

n〉
E0

n − E0
m

(73)

Ψ1
n =

∑
m6=n

〈ψ0
m|H ′|Ψ0

n〉
E0

n − E0
m

Ψ0
m (74)

4 Modern Physics

Relativity:

γ =
1√

1− v2

c2

=
1√

1− β2
(75)

β =
v

c
(76)

t′ = γ
(
t− v

c2
x
)

(77)

x′ = γ (x− vt) (78)
m = γm0 (79)

E = mc2 = γm0c
2 (80)

E2 = p2c2 +m2
0c

4 (81)

E = KE +m0c
2 (82)

KE = (γ − 1)m0c
2 (83)

p = γm0v (84)

L =
L0

γ
(85)

Hydrogen Atom:

En =
−13.6eV

n2
= − 1

n2
Ryd (86)

Treat excited one-electron atoms like Hydrogen, but include the effective charge, Z:

En =
−13.6Z2

n2
= En(H2)Z2 (87)

5 Thermodynamics and Statistical Mechanics

PV = NkT (88)
H = U + PV (89)
F = U − TS (90)

G = U + PV − TS (91)

CP =
(
∂ U

∂ T

)
P

(92)

CV =
(
∂ H

∂ T

)
V

(93)

U = 〈E〉 = −∂ lnZ
∂ β

(94)

(95)
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5.0.1 Canonical Partition Function

QN =
1

N !h3N

∫ ∫
d3Nxd3Npe−βH (96)

Where β ≡ 1
kT

and H is the Hamiltonian of the system.

6 stuff

6.1 Quantum Notes

6.1.1 Simple Harmonic Oscillator

− ~2

2m
∂2 Ψ
∂ x2

+
1
2
mω2x2Ψ = EΨ (97)

P (new) ≡ new

〈
n
∣∣n〉

old
=

∫
Ψ(x)∗newΨ(x)olddx (98)

6.2 Parallel Axis Theorem

The moment of inertia of any object about an axis through its center of mass is the minimum
moment of inertia for an axis in that direction in space. The moment of inertia about any
axis parallel to that axis through the center of mass is given by

Ipar.axis = Icm +Md2 (99)

where d is the distance from the center of mass to the new axis. The expression added to
the center of mass moment of inertia will be recognized as the moment of inertia of a point
mass - the moment of inertia about a parallel axis is the center of mass moment plus the
moment of inertia of the entire object treated as a point mass at the center of mass.

6.3 Oscillator Notes

For a one dimensional oscillator between classical turning points, ±A, the period is given
by

T = 2
∫ A

−A

dt (100)

.
It is a good idea to try and write the differential equation in the form,

ẍ+ ω2x = 0 (101)

, because then you have the frequency, ω, automatically and the solution is known.
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