
Physics 200: Fundamental Equations

Maxwell’s Equations

Gauss’s Law for Electric Field:
∮

~E · d~A = Qencl

ε0
= 4πkQencl; Electric Flux: ΦE =

∫

~E · d~A

Gauss’s Law for Magnetic Field:
∮

~B · d~A = 0; Magnetic Flux: ΦB =
∫

~B · d~A

Ampère/Maxwell:
∮

~B · d~ℓ = µ0Ithru + µ0ǫ0
dΦE

dt

Faraday’s Law: Einduced =
∮

( ~E + ~v × ~B) · d~ℓ = −dΦB

dt

Fields, Forces, and Energy

Electric field: d ~E = k dQ
r2 r̂ = k dQ

r3 ~r; ~F elec
on q = q ~Eat q;

Electric potential: ∆V = VB − VA = −
∫ B

A
~E · d~ℓ; Ex = −dV

dx
; dV = k dQ

r

Electrostatic energy: ∆Uof q = q ∆V

Dielectrics: ǫin = κEǫ0; C = κEC0

Magnetic field: d ~B = µ0I d~ℓ×r̂

4πr2 = µ0I d~ℓ×~r
4πr3 ;

Magnetic force: d ~F = I d~ℓ × ~B; ~F mag
on q = q~v × ~B

Magnetic dipole: ~µ = NI ~A; ~τ = ~µ × ~B; U = −~µ · ~B

Circuits

Resistors: V = IR; dR = ρ dL
A

; Rseries =
∑

i Ri ; Rparallel =
(
∑

R−1
i

)−1

Capacitors: C = Q
|∆V | ; UC = 1

2
C(∆V )2; Cseries =

(
∑

i Ci
−1

)−1
; Cparallel =

∑

i Ci; C = κEC0

Current: I = dQ
dt

= n|q|vdA; ~J = nq~vd

Power: P = I ∆V

Kirchhoff’s Laws:
∑

Closed loop
∆Vi = 0;

∑

Iin =
∑

Iout

RC Circuits: Q(t) = Qfinal

(

1 − e−t/RC
)

; Q(t) = Qinitiale
−t/RC

AC Circuits: XC = 1
ωC

; VC = IXC; Z =
√

R2 + X2
C; V = IZ; Vrms = Vpeak/

√
2

Inductors: Eind = −LdI
dt

; L = NΦB, 1 turn/I ; UB = 1
2
LI2

Inductance: M12 = N2ΦB, one turn of 2/Iin 1 E1 = −M12
dI2
dt

LR Circuits: I(t) = Ifinal

(

1 − e−t/(L/R)
)

; I(t) = Iinitiale
−t/(L/R)

Electromagnetic Waves Optics and Field Energy Density

Field Energy/Momentum: uE = 1
2
ε0E

2; uB = 1
2µ0

B2; p = U/c

Wave Properties: v = λf ; k = 2π/λ; ω = 2πf ; E = cB

Intensity: ~S = 1
µ0

(

~E × ~B
)

; I = | ~S|avg = c1
2
ε0E

2
m = Pav

A

Reflection/Refraction: vinmaterial = c/n1; θinc = θref; n1 sin (θinc) = n2 sin (θtrans)

Interference: Constructive: ∆r = mλ; Destructive: ∆r = (m + 1/2)λ

Bragg: 2d sin(θ) = mλ; Double-slit: d sin(θ) = mλ or dym/R = mλ for small θ

Additional Information/Useful Constants

Electric fields: Einf sheet = σ
2ε0

; Einf line = 2kλ/r; ~Echarged ring = kQx
(x2+a2)3/2 ı̂; Cparallel plate = ε0A

d

Magnetic fields: Binfinite wire = µ0I
2πr

; Bsolenoid = µ0nI; Lsolenoid = µ0n
2Aℓ; Bcurrent loop = µ0NIR2

2(x2+R2)3/2

Fundamental Charge: e = 1.602 × 10−19 C; Electron Mass: me = 9.11 × 10−31 kg

Proton Mass: mp = 1.673 × 10−27 kg;

k = 1
4πε0

= 9 × 109(N·m2/C2) ǫ0 = 8.85 × 10−12 F
m

; µ0 = 4π × 10−7 Tm
A

= 1.2566 × 10−6 Tm
A

;

c = 1√
µ0ε0

= 3 × 108 m/s;


