Physics 200: Fundamental Equations

Maxwell’s Equations

Gauss’s Law for Electric Fields: § E -d4 = 924 = 4nkQena
Gauss’s Law for Magnetic Fields: § B - dﬁw U

Electric Flux: &g = [ E - d4; Msgmm Flux: &5 = [B-dA
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Fields, Forces and Energy

Electric Field: dE = 227 = 2427 Fg=qBau,
Electric. Potential (Voltage): Vo — Vj = j E.- dE; E, :"*%i P k_ig
meammm Enexw II,; g = qlf

Ryeries = Z Ry; Rparallcl = (Z RNI)»I

Common Electric Fields: E;, f sheet = '2!(;; Einf line = g"‘,s-"‘; Echnr-gcd ring = ‘12—_):,%)‘57?' Cparallel plate = Ebé
Common Magietic Fields: By wire = %%, Biotenotd = pionl;  Lootencid = pign® AL; Beyrrent toop = 575
Fundamental Charge: e = 1.602 % 107°C;  Electron Mass: m, = 8.100 % 10~ % kg

men Mass: my =1 6?3 x 10~%kg

k= 2 i e =8834x10"PE

g = 4x X m*"' =~ 12,566 x 1072
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Vector Derivatives
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Cylindrical Coordinates

de = fdr + ¢rde + kdz , dV = rdrd¢ dz
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Vector Formulas

A-BxC)=(AxB)-C=C-(AxB)=(CxA)-B=B-(CxA)
AX@XQ%M@@ CA-B) = v
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Derivatives Of Sums

V(f+8=Vf+Vg
V-ArD =Y ALY B, . @
Vx (A«Hi) VXA+’%‘>§E '
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Derivatives of Products ——
V(fg)=fVeg+gVf
VA-B)=Ax(VxB)+Bx(VxA)+ (A ?}B%@(B VA
V-(fA) = f(V-A) +A-TVH) )
V-AxB)=B-(VxA)—-A-(VXB)
Vx(fA)=f(VxA)-Ax((Vf)
Vx(AxB) =A(V-B)—B(V-A)+B-V)A-(A-V)B
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Second Derivatives

V x (VxA)=V(V-A)— VA
V- (VXA)=

Vx(Vf)=0

Integral Theorems
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f (V X A) -ndS = f A- dﬁ Stokes’s (curl) Theorem
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Chapter 5, 6, 7, 8 useful relationships

Separation of variables general solutions

Cartesian: V(x,y, z) as combinations of cos(kx) + sin(kx) or cosh(kx) + sinh(kx)
or k¥ 4 e7kx

Spherical: V(r,80) = X52,(4;r" + B;r~"1)P,(cos (6))
Cylindrical: V(r,¢) = Aln(r) + B + Yo o(A,r™ + B,r ™) (C,, cos(ng) + D,;sin(ng))
Legendre polynomials: Py(x) = 1; P;(x) = x; P,(x) = %xz —1; P3(x) = §x3 - %x
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Legendre orthogonality relationship: f_ll P, (x)P;(x)dx = &,

Polarization relationships
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Current and current densities
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Magnetic vector potential
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Chapter 9, 10, 11 useful relationships

Magnetization relationships
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Forms of Faraday’s Law
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Momentum & energy
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Boundary conditions in matter
D2 perp = Diperp = 05

- —
El,parallel = EZ,parallel

Potentials & Gauges

E=—w-2% B=VxA
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Transforms: V -V — Z—{ A- A+ Vf
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Coulomb: V-A=0

Lorentz:



