
Equations of physics
Classical mechanics
Newton’s second law and the gravitational force, then the Lagrangian form:

𝐅 = m𝐫̈ 𝐅 = −GMm
r2 𝐫̂ d

dt (
∂L
∂qi̇

) − ∂L
∂qi

= 0

A simple pendulum of length  has period  for small angles.ℓ T = 2π√ℓ / g

Electromagnetism
Maxwell’s equations in differential form:

∇ ⋅ 𝐄 = ρ
ε0

∇ ⋅ 𝐁 = 0

∇ × 𝐄 = −∂𝐁∂t
∇ × 𝐁 = μ0𝐉 + μ0ε0

∂𝐄
∂t

The same in integral form, and the Lorentz force:

∮
∂S
𝐄 ⋅ dℓ = − d

dt∬S
𝐁 ⋅ d𝐀 𝐅 = q (𝐄 + 𝐯 × 𝐁)

Quantum mechanics
iℏ ∂∂tΨ(𝐫, t) = [− ℏ2

2m∇2 + V(𝐫, t)]Ψ(𝐫, t)

(iγμ∂μ −m)ψ = 0 [x,̂ p]̂ = iℏ ΔxΔp ≥ ℏ
2 ⟨A⟩̂ = ⟨ψ|A|̂ψ⟩

The hydrogen energy levels and the Planck relation:

En = − mee4
8ε20h2

⋅ 1n2 ≈ −13.6 eVn2 E = hν = ℏω

Relativity
A boost along  with  and :x β = v / c γ = 1 / √1 − β2

(
(
(
(ct

′

x′
y′
z′ )
)
)
)
=

(
(
(
( γ −γβ 0 0
−γβ γ 0 0
0 0 1 0
0 0 0 1)

)
)
)

(
(
(
(ctx
y
z)
)
)
)

Rμν −
1
2
R gμν + Λgμν =

8πG
c4 Tμν E2 = (pc)2 + (mc2)2
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Fluids and heat
Navier-Stokes for an incompressible fluid, the heat equation, and Planck’s law of black-body 
radiation:

ρ (∂𝐯∂t + 𝐯 ⋅ ∇𝐯) = −∇p + μ∇2𝐯 + ρ𝐠, ∇ ⋅ 𝐯 = 0

∂u
∂t = α∇2u Bν(T) =

2hν3
c2 ⋅ 1

ehν/kBT − 1 S = kB lnΩ

Constant Symbol Value

Speed of light c 2.998 × 108 ms−1

Planck constant h 6.626 × 10−34 J s

Gravitational constant G 6.674 × 10−11 m3 kg−1 s−2

Boltzmann constant kB 1.381 × 10−23 J K−1
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