Final Exam: Tuesday, May 9 at 7 pm

Distribution of topics
About 1/3 — 1/5 on 1st half of semester
About 2/3 —4/5 on 2nd half of semester

Electrostatics

Method of Images

Separation of variables, cartesian sym.
—> Orthogonality relation

Separation of variable, spherical sym.
- Legendre polynomials
- Orthogonality relation

Multipole expansion

Dipole moment
— Forces on dipoles

Polarizability of matter & dielectrics
Bound charges (surface & volume)
Electric displacement D

Linear dielectrics

capacitors

Magnetostatics

Lorentz force law
Cyclotron motion
No magnetic work
Biot-Savart law

Ampere’s law (and div B = 0)
— Solenoid, toroid, surface current

Vector potential
Multipole expansion

Dipole moment
- Forces on dipoles

Magnetization of matter
Bound currents (surface & volume)
Auxiliary Field H

Linear magnetization

Faraday’s Law & Maxwell’s Equations
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Formula Study Sheet

(i.e. formulas that you should know)

Gradient theorem

[@5)-di = 16 - G
<pé;h4P

Divergence Theorem
f (V-ﬁ)d%:f F-ds
1% SWV)

Stokes’s Theorem

—

f (Vxﬁ)-d§=f}§ F-df
S c(S)

Divergence of 1/r? - point source
V-D=4n83(@) & V2= —4ms3(F)

Coulomb’s law
1 q19:
4mey 15

Electric field of a point charge g at 7'
. 1 q

= 5=
a 4n60|r—r'|2( )

Electric field of a charge distribution p(7)

- 1
E(f)) — J; |—>p( _3|2 (T‘—T")d3 !

4meg T

Potential of a point charge q at 7'
V7 1 q
T‘ = ————
(= drey |7 — 7|
Potential of a charge distribution p(7)

1 p(™")
V() = d3r'
) 47‘[60f |7 — 7| r

Electric field and potential

—

E=—VV&V(F)=—f£E-d£’

Electric field of a plane of charge

E=—n
=—n
2¢€,

Electric field across a plane of charge
g

€o
Gauss’s law
_).—)_@ . 32 — Yenclosed
V-E=" & ¢ E-ds =-meesed

€o

Electrostatic field has no curl
VxE=0

Laplace’s equation
VZV(#) =0

Poisson’s equation
p(7)

V2V () = —

€qn

Electromagnetic energy

€9 - 1 -
Ug=—| E*d? —f B?d?
E 2[ T+2Ho r

Capacitor of capacitance C
c=2g Uy =2cp?
v 2

Fourier basis orthogonality relation

T s
f sin(mx) sin(nx) dx = 567""
0



Legendre basis orthogonality relation

1
2
P P dx =——9§
f_l e (x) P (x) dx 2k + 10K

Separation of variables: general solution forms
for spherical symmetry
oo

V(r,0) = Z(Anr” + B,r~(™*D) P, (cos 6)

n=0

(z — P(COSH) for r <R
V(r,0) =4 =0

Z ( ) P(cosH) for r=R

n=0

Potential of an electric dipole
1 p-#
V() = >(
@ 4me, 12
Electric dipole moment

:21 1qlrl & p f ,0( 7' d3r

= (Z (cf points from —q to +q)

Torque, force, and energy for an electric dipole

T=pxE, F=(B V)E, Ugipoe = —PE
-

Bound charge and polarization

op(®) =-V-B#) and 0,7 =P®F)-A

— =

Electric displacement field: D = €E+P

“Gauss’s law” for electric displacement field

VD = prree & ¢S D-ds = Afreeenclosed

Boundary conditions for dielectrics
(Dl - DZ)J_ = Ofree
(D1 - Dz)” = (Pl - Pz)”

Linear dielectrics
D = €E withe = €o(1+ xe)

V.F = Pree
€
av av

—0free T points from2to 1

Lorentz force law: F = q(E + ¥ x B)

Force on a line current: F = Ifdfx B

Current density & continuity equation
J=pp & 247-]=0

Biot-Savart law

—> _) J ]( )x(r_r,)d:grr

7 =7

Ampere’s law
R

VXB=uy] & SﬁloopB “dl = ug Ienciosea

No magnetic monopoles law: V-B=0

!

-

Magnetic vector potential: BE=VxA
Coulomb gauge definition: V-A=0

Vector potential in Coulomb gauge

VA = _Ilof

- F’

io=[ K
am J, ¥ —7'|

Magnetic dipole potential (vector)
Ho mxf >(
Adlpole (7‘) 4-7T 72

Magnetic moment (current I, area d): m = Id

Torque, force, and energy for a magnetic dipole

'F=T7'LX§, 13=V)(771’§), Udipolez_m'ﬁ

Bound current and magnetization
jb =§)XM and I?b =MXﬁ

Auxiliary field: H = Miﬁ —M
0

“Ampere’s law” for the auxiliary field

VXH= ]free & ﬁloop H-dl = Ifree,enclosed

Linear magnetic material
M=xnH & B=uy(1+xm)H =pH
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