Physics 200: Fundamental Equations

Maxwell’s Equations
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Gauss’s Law for Electric Field: f E . dA = Q;—gd = 47kQena; Electric Flux: &y = f

Gauss’s Law for Magnetic Field: ¢ B .dA = 0; Magnetic Flux: ¢ = [ B-dA
Ampere/Maxwell: § B - dl = pigL e + Hoﬁo%

Faraday’s Law: Enduced = $(E + T x B) - df = 422

Fields, Forces, and Energy
Electric field: dE = £995 = £dQp  felec — ant @

on q
Electric potential: AV = Vg —Vy = — fA E-dl; E,= -4 <
Electrostatic energy: AUy q = g AV

Dielectrics: €, = kgeg; C' = kgCy

Magnetic field: dB = #oldx7 _ poldxr.
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Magnetic force: dF = 1 d€ x B Fomnag = qU X 3
Magnetic dipole: fi = NIA, 7= [T B: U= —f - B

Circuits

Resistors: V' =1 R dR =25+ Recries = > Ri 5 Ryarane = (3 Ry 1)_1
IAV\ Uc = 3C(AV)?; Cueries = (2 Cz‘_l)il; Craratter = Y _; Ci; C = kpCy
Current: [ = dQ = nlqlvaA; J = nqty
Power: P =1 AV
Kirchhoff’s Laws: > .., AVi=0; > L= L.
RC Circuits: Q(t) = Qﬁnal (1 — e*t/Rc) C Q) = Quume VEC

Capacitors: C' =

AC Circuits: Xe = -5 Ve =I1Xe; Z = /R + X&V =1Z; Vi = et/ V2
Inductors: &4 = L‘z, L=N®g 1 tun/l;Us= lL]2
Inductance: MIQ = NQCI)B, one turn of 2/Iin 1 8 — _M12 dly

LR Circuits: I(t) = Iy, (1 — e /ER) (1) = mm]e—t/(L/m
Electromagnetic Waves Optics and Field Energy Density

Field Energy/Momentum: ug = %EOEQ; up = ﬁB% p=U/c
Wave Properties: v =\f; k=271/\;, w=2nf, FE=cB
Intensity: S = ;%o (E X é), I = |S|m,g =cs 50E2 P;;V
Reflection/Refraction: viymaterial = €/M1;  Oine = Orer; 18I0 (Oine) = no sin (Ograns)
Interference: Constructive: Ar = mA; Destructive: Ar = (m + 1/2)A

Bragg: 2dsin(f) = mA\; Double-slit: dsin(d) = mA or dy,,/R = mA for small 6

Additional Information/Useful Constants

. . _ o _ . - _ kQx  » _ e0dA
EleCtI'IC ﬁelds Einf sheet — E, Einf line — 2]{;)\/T, Echarged ring — Wz Cparallel plate T OT

: . _ pol. _ . _ 2 o oNIR?
Magnetlc ﬁeldS. Binﬁnite wire — %7 Bsolenoid - MOTLI7 Lsolenoid - ,uon AE’ Bcurrent loop — 2(52+R2)3/2

Fundamental Charge: e = 1.602 x 1071 C; Electron Mass: m, = 9.11 x 1073 kg

Proton Mass: m, = 1.673 x 10727 kg;

k== =9x 109(N m?/C?) e =885 x 10712L;  pg = 4m x 10770 = 1.2566 x 107512,
c= =3 x 108 m/s;
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