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Final: Formula sheet 

a G G( )  −φ(b) = − E  ds  Potential: φ a ∫b 
⋅ 

1 1 2Energy of E: The energy of an electrostatic configuration U = 
2 ∫V 

ρφdV  = 
8π ∫ E  dV  . 

2Pressure: A layer of surface charge density σ exerts a pressure P = 2πσ . 
G GCurrent density: J = ρv . 

G G/ ⋅Current: I = dQ dt = J da ( I is the current through surface S ).∫S 
G G  ∂ρContinuity: ∇ ⋅ J = − 

∂tG G
Ohm’s law: J = σ cE  (microscopic form); V=IR (macroscopic form) 

Kirchhoff’s laws: Sum of the EMFs and voltage drops around a closed loop is zero; 
Current into a junction equals current out. 

Q2 

Capacitance: Q=CV. Energy stored in capacitor: UC = = 
1 CV  2 

2C 2 
G 

=Lorentz force: F qE  
G 

+ q v G 
× B 
G 

c 
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G G 
/Magnetic force on current: F = dl  × B ; or F L  = × B 

c c 
G  G  G  I dl  

G 
Vector potential: B = ∇ ×  A; A = ∫ rG G c 

2Biot-Savart law: dB = Idl × r̂ /(cr ) 

Maxwell’s equations in differential form : G G  
∇ ⋅ E = 4πρ (Gauss's law)
G G  
∇ ⋅ B = 0 

G
G G  1 ∂B

∇× E = −    (Faraday's law) 

c t∂ G
G G  4π G 1 ∂E

∇× B = J+  (Ampere's law) 

c c ∂t G

4π G G  G  1 ∂E
= (J J  ) Jd = = displacement current density + dc 4π ∂t 



Maxwell’s equations in integral form G GE da  = 4πQ (Gauss's law. Q is charge enclosed by surface S) ⋅∫S 

G G 1 ∂φB G 
E ds  = −  =e.m.f. (Faraday's law. φB is B  flux through surface bounded by C.) ⋅∫C c t∂ 

B ds  
G

⋅ 
G 

= 
4π I + 1 ∂φE  (Ampere's law. I is current enclosed by contour C;∫C c c ∂t G 

φ = − flux through surface bounded by C)EE 

+ d = 
4π (I I  ) I = 

1 ∂φE = displacement current. dc 4π ∂t 
Self inductance: ε = −LdI / dt 
Mutual Inductance: ε 1 = −M 12  dI 2 / dt ;ε 2 = −M 21  dI 1 / dt ; M 12 = M 21 

1 2Magnetic energy: U = B  dV  ∫8π 

Energy stored in an inductor: UL = 
1 LI  2 

2 
� �  Impedance: V IZtot. ZR = R ZL = iωL ZC = 1/(iωC)= 

Complex numbers: Some handy things to remember. 
iθe = cosθ + i sinθ 

if z = a + ib     then z may be rewritten
iθz = z e 

2where z = a + b2 

/tanθ = b a  
Time dilation: Moving clocks run slow: ∆tstationary = ∆γ tmoving 

Length contraction: Moving rulers are shortened: Lstationary = Lmoving / γ 
Transformation of fields: & denotes parallel to v G  , ⊥  denotes perpendicular to v G 

G GG  G  G
'E& 

' = E& E⊥ = γ (E 
G 

+
v 

× B )⊥ ⊥c 
G  G  

'B& = B& B 
G

' = γ (B 
G 

−
v G 

× E 
G 

⊥ )⊥⊥ c G 
Plane wave: a plane wave propagating with wave vector k is described byG  G  G GE E  f  k  ⋅ r −ωt)= (

G  G  
0 G GB B  f  k  ⋅ r −ωt)= (0 G G 

k /→ = 2π λ; ck  = ω =E0 B0 
G G  G 
E B         is parallel to k, the propagation direction. × 

G c G G  
Poynting vector: S = E × B 

4π 



Electromagnetic energy flow: the rate at which energy flows through a surface S isG Ggiven by P = S  da  .⋅∫ S 

Useful Math 
Cartesian. 

Gradient: ∇ t = ∂ t x̂ + ∂ t ŷ + ∂ t ẑ 
∂ x ∂ y ∂ z 

zDivergence: ⋅ ∇ v G = ∂ vx +
∂ vy +

∂ v 
∂ x ∂ y ∂ z 

G ∂ vy ∂ vx xCurl: × ∇ v = (
∂ vz −

∂ vy ) x̂ + (
∂ v 

−
∂ vz ) ŷ + ( − )ẑ 

∂ y ∂ z ∂ z ∂ x ∂ x ∂ y 
2 2 2∂ t ∂ tLaplacian: ∇ 2t = ∂ t 

+ 2 + 22∂ x ∂ y ∂ z 
Spherical. 

∂ tGradient: ∇ t = r̂ + 
1 ∂ t θ̂ + 

1 ∂ t φ̂ 
∂ r r θ∂ r sinθ φ∂ 

G 1 ∂ 2 1 ∂ 1 ∂ vφDivergence: ⋅ ∇ v = ( v r )+ (sinθ vθ )+2 r r ∂ r r sinθ θ∂ r sinθ φ∂ 
Curl: 

G 1
× ∇ v = [ 

∂ (sinθ vφ ) −
∂ vθ ]r̂+ 

1[ 1 ∂ vr −
∂ (rvφ )]θ̂ + 

1[
∂ (rvθ ) − ∂ vr ]φ̂ 

r sinθ θ∂ φ∂ r sinθ φ∂ ∂ r r ∂ r θ∂ 

2 ∂ t 1 ∂ ∂ t 1 ∂ tLaplacian: ∇ 2t = 
1 ∂ (r ) + (sinθ ) + 

2 

2 2 2 2 2r ∂ r ∂ r r sinθ ∂θ θ∂ r sin θ φ∂ 

Cylindrical. 
∂ t 1 ∂ t ∂ tGradient: ∇ t = ρ̂ + φ̂ + ẑ 

ρ∂ ρ φ∂ ∂ z 

Divergence: ⋅ ∇ v G = 
1 ∂ (ρ vρ )+ 

1 ∂ vφ +
∂ vz 

ρ ρ∂ ρ φ∂ ∂ z 



2 

(1 ∂  ρ  vφ ) ∂ vρCurl: ∇×  v G = [ 1 ∂ vz −
∂ vφ ]ρ̂ + [

∂ vρ −
∂ vz ]φ̂ + [ − ]ẑ 

ρ ∂ φ  ∂ z ∂ z ∂ ρ  ρ ∂ ρ  ∂ θ  

∂ t 1 ∂ 2t ∂ t            Laplacian: ∇ 2t = 
1 ∂ (ρ ) + + 

2 

2 2 2∂ρ ρ ρ∂ ρ ∂φ ∂ z 
Binomial expansion: 

2 2 
n ( 2 − n (

(1 ± x ) = 1 ± 
nx 

+ 
n n − 1)x 

± " (x < 1);(1 ± x ) = 1 ∓ 
nx 

+ 
n n + 1)x ∓  "  (x < 1) 

1! 2! 1! 2! 

G 
b G G G(Gradient theorem: ∫ G grad f ⋅ ds = f b ) − f (a)
aG G G  G GStokes’ theorem: v ∫ C F dl  = (∇  ×  F ) i da  ⋅ ∫ SG G G 

Gauss’ theorem: v ∫ S F dA  = (∇ i F  dV  ⋅ ∫V 
) 


