PHYS 411 (Fall 2013): Electricity and Magnetism
Summary of topics/formulae for final exam

Chapter 2 of Griffiths

1. Coulomb’s law: F = QE; Electric field, E due to point charge = L }%
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. Gauss’s law: V.E = £; [E.da= Qene
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3. Potential: E=-VV; V(7)) = — fé E.dl; V due to point charge = %
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4. Boundary conditions: E.pove — Epelow = %ﬁ; Vabove = Vbelow

5. Work done to assemble point charges: W = ﬁ D ik L
ij

Energy stored in electric field: W = ¢, [ E?dr

6. Conductors: only surface charge; E = 0 inside; E = o at surface (and is normal to

surface); entire conductor has same potential

7. Capacitance: Q = CV
Parallel plate capacitor: C' = %
Energy stored in capacitor: W = %CV2

Chapter 3 of Griffiths

1. Method of images for a conducting plane: value of image charge, ¢’ = —¢; location —d
Method of images for a conducting sphere: value of image charge, ¢ = —%; location
b=1

a

2. Cartesian separation of variables: solutions for each part are exponential or sinusoidal
functions
Spherical separation of variables: solutions for angular part are Legendre polynomials

3. Potential due to (pure) dipole at origin, aligned along z-axis: Vg, = %
Chapter 4 of Griffiths

1. Torque on dipole: N =p x E

2. Bound charges: o, = P.i; pp = —V.P

3. Electric displacement: D = ¢gE +P; V.D = p;; [D.da=Qy.,,

4. Linear dielectric: P = egx.E; ¢, = 1+ x¢; D = o€, E
Chapter 5 of Griffiths

1. Lorentz force law: Fpae = Q(v x B) (point charge); Fiae = I [ dl x B (line current)
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2. Continuity equation: V.J = —2¢

_ MOI dl x -
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3. Biot-Savart law: magnetic field, B =
4. Ampere’s law: fB.dl tolenc f.] da; V x B = pod

5. Magnetic vector potential (general): V.B=0=B =V x A

Magnetic vector potential if current vanishes at infinity: A (r) =4 [ %dT’

6. Boundary conditions: Bapove — Bpelow = fto (K X 1)

7. Magnetic dipole (general): Ay, (r) = {255+ mxt with m = I [da

Magnetic dipole at origin pointing along z-direction: Agi,(r) = 52 msm@gb
B (r) = 42 (20050 & + sinf )

Chapter 6 of Griffiths

1. Torque on magnetic dipole: N =m x B
2. Force on magnetic dipole: F =V (m.B)
3. Bound currents due to magnetization: J, =V x M and K, =M x n

4. Definition of auxiliary field: H = iB — M,
Ampere’s law for auxiliary field: f Hdl =1Ifc; VH=J;
Linear media: M = x,,H; B = pH, where p = po (1 4 xm)

Chapter 7 of Griffiths

1. Ohm’s law: V =1IR; J =0oE
Power in resistor: P = [?R=VI

2. electromotive force (emf): & = [ (£,

3. Universal flux rule for motional emf and Faraday’s law: & = _E’ where ® = [ B.da

4. Lenz’s law: flux due to induced current opposes change in flux which induced the
current itself

Induced electric field: V x E = f E.dl =

(9t ;
5. Mutual inductance: (bg = M21[1; M21 = M12 = Z—g ff dll—}gh
6. Self-inductance: ® = LI; £ = —L%

7. Energy in magnetic fields: W = JLI? = ;- B2dr

2po Jall space

8. Maxwell’s “fix” of Ampere’s law: add displacement current, J; = eo%—?
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11.

12.

Maxwell’s equations: (i) V E=2; (i) VB =0; (i) VxE+ &8 =0; (iv) Vx B —
Moﬂ)%t pod = V.J = 8t

Maxwell’s equations with magnetic charge: (i) V.E = £; (i) V.B = p,pp; (ili)

\Y ><E—|—%—]§’ = —lodm; (iv) V XB—MOEO%—}? =ppdJ. = VI, = apm and V.J, = —%

Reformulated Maxwell’s equations in matter: (i) V.D = py; (ii) V.B = 0; (iii) V x
E+22=0;(iv) VxH-22 =1J;

Boundary conditions (linear media): (i) e, B — B = oy; (ii) El — Ell = 0; (i)

Chapter 8 of Griffiths

1.

Poynting’s theorem: % = —% fv% <€0E2 + tBQ) dT—t fs (E x B); % (Umech + Uem )
-V.S

Poynting’s vector (energy flux density, i.e., energy crossing per unit time, per unit
area), S = -- (E x B)

Chapter 9 of Griffiths

1.
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One-dimensional wave traveling along z-direction: wave equation 0—5 = %% where
) 0z v2 Ot
v is speed of wave

Sinusoidal wave of fixed angular frequency, w, wave number k, wavelength A:
f(z,t) = Acos(kz — wt + 0), with v = w/k = w\/(27)

EM waves in vacuum: VZE (or B) = = 82E§?2r B) , where ¢ = 1/,/110€o

Plane wave traveling in direction of wave vector k (in vacuum) and polarized along
direction n: E(r,¢) = E cos(k.r—wt+0)n and B(r,t) = L Ey cos(k.r —wt+4) (l; X ﬁ),

with ik = 0 and w = ke (E and B are perpendicular to each other and transverse,
i.e., perpendicular to the direction of propagation)

Poynting vector along k; intensity, [ = %CﬁoEg

I

. EM waves in matter: v = =, where index of refraction n = ;Tzo’ intensity, I = %EUE%

When waves pass from one medium to another, boundary conditions can be used to
relate the transmitted and the reflected amplitudes to the incident one (and the three
angles in case of oblique incidence)

General waveguide (along z-direction): E(x,y, z,t) = Eo(z,y) cos(kz — wt + §)...
no transverse electric and magnetic (TEM) wave

TE wave (E, = 0) in a rectangular waveguide of sides a and b: k = {/(w/c)* — w?

mn?

where w,, = c7r\/(m/a)2 + (n/b)*; wave velocity, v = ¢/1/1 — (wmn/w)* and group

velocity, v, = ¢/ 1 — (wWpn/w)”
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TEM wave in coaxial cable: E(s, ¢, z,t) = —Acos(kz “Dg: B(s, ¢, 2, 1) = Acskzet) g (5 6,
Ccs
perpendicular to each other), with k = w/c

Chapter 10 of Griffiths

1. Fields in terms of potentials: B=V x A; E=-VV — 22

2. M2axwell s equations for potentials: VZA — ,uoeoaatf} -V (V.A+uoeo%—‘;) = —uod;
VAV + 5 (V.A) = —ap

3. Use gauge freedom/transformation ie, Al =A+Viand V' =V — aw to go to
Lorentz gauge, i.e., V.A = —pgeq %‘;

4. Maxwell’s equations for potentials in Lorentz gauge: VZA — uoeo%% = —poJ; V2V —

2v. _ 1

Mooz = — ¢ P

5. Solutions to above equations are retarded potentials: V(r,t) = 47:50 Ik wdﬂ; A(r,t) =
ko [ =2 ) g7 with t, =t —n Jc

Chapter 11 of Griffiths

1. Oscillating (point) electric dipole, p(t) = pg cos(wt)z, with d K A < r
E = —“—OZ’:JQ (Sme) cos [w (t — r/c)}é; B = —Lf;’fz (Sme) cos [w (t — r/c)] (in phase,
mutually perpendicular and transverse and ratio of amplitudes is c)
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Power radiated: P = £080

2. Power radiated by electric dipole moment of a general charge/current configuration:

.2
~ MoP
P~ 6mc



