
F U N D A M E NT A L P HY S I C A L C O N ST A NT S
CONSTANT SYMBOL VALUE

speed of light in vacuum c 2.998 × 108 � 3 × 108 m/s

gravitational constant G 6.67 × 10−11 N·m2/kg2

Boltzmann’s constant K 1.38 × 10−23 J/K

elementary charge e 1.60 × 10−19 C

permittivity of free space ε0 8.85 × 10−12 � 1
36π × 10−9 F/m

permeability of free space μ0 4π × 10−7 H/m

electron mass me 9.11 × 10−31 kg

proton mass mp 1.67 × 10−27 kg

Planck’s constant h 6.63 × 10−34 J·s
intrinsic impedance of free space η0 376.7 � 120π �

M A XW E L L ’S E Q U AT I O N S

Gauss’s law ∇ · D = ρv

Faraday’s law ∇ ××× E = −∂B
∂t

Gauss’s law for magnetism ∇ · B = 0

Ampère’s law ∇ ××× H = J + ∂D
∂t

M U LT I P L E & S U B M U LT I P L E P R E F I X E S
PREFIX SYMBOL MAGNITUDE PREFIX SYMBOL MAGNITUDE

exa E 1018 milli m 10−3

peta P 1015 micro μ 10−6

tera T 1012 nano n 10−9

giga G 109 pico p 10−12

mega M 106 femto f 10−15

kilo k 103 atto a 10−18
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GRADIENT, DIVERGENCE, CURL, & LAPLACIAN OPERATORS
CARTESIAN (RECTANGULAR) COORDINATES (x, y, z)
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CYLINDRICAL COORDINATES ( r , φ , z )
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SPHERICAL COORDINATES (R , θ , φ )
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S O M E U S E F U L V E CT O R I D E NT IT I E S

A · B = AB cos θAB Scalar (or dot) product

A × B = n̂AB sin θAB Vector (or cross) product, n̂ normal to plane containing A and B

A · (B × C) = B · (C × A) = C · (A × B)

A × (B × C) = B(A · C)− C(A × B)

∇(U + V ) = ∇U + ∇V

∇(UV ) = U∇V + V∇U

∇ · (A + B) = ∇ · A + ∇ · B

∇ · (UA) = U∇ · A + A · ∇U

∇ × (UA) = U∇ × A + ∇U × A

∇ × (A + B) = ∇ × A + ∇ × B

∇ · (A × B) = B · (∇ × A)− A · (∇ × B)

∇ · (∇ × A) = 0

∇ × ∇V = 0

∇ · ∇V = ∇2V

∇ × ∇ × A = ∇(∇ · A)− ∇2A∫
V
(∇ · A) dV =

∮
S

A · ds Divergence theorem (S encloses V)

∫
S

(∇ × A) · ds =
∮
C

A · dl Stokes’s theorem (S bounded by C)




