Physics 435 — Equation Sheet for Final Exam

Electrostatics

F=gqf T =7-T
o 1 dq
E(r) = a
() Amtey ) 72
. 1 d
V(r) = 1
dmtey ) 7

E-fields for simple charge configurations

s Q . : . .

E = pr——y (point charge, at origin)

E = P— § (line charge, along z axis)

-~ g

E = e (£2) (plane charge, in xy plane)
0

dq — p dt'(volume)
dq — o da’(area)
dq — A dl' (line)

EF) = -VW@E)

-

V() = — j E(F) - dl

j|E| dT——fdeT

Laplace’s Equation
ViV = _P - V2V
€0

Separation of variables for V2V = 0:

Cartesian:

=0 (if p = 0)

Vix,y) = 2 (Anefn* + B e *n¥)(C, sinkny + Dy, coskpy)

n=0

Spherical:
c B,

V(r,0) = Aprt + 7 Py(cos )
2. )

Capacitance / capacitors

Divergence / Stokes Theorem

jgl?-d(i:j(v-f)dr

surface volume

f(VxE)-daszE-di

surface contour

Maxwell’s Equations
(without displacement current)

differential form:

v.ﬁzﬁ V-B=0
€0
VXE = —C;—l: VXB = uoJ + goﬂoc;_E
integral form:
f da = Q %E.da:
&0
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ags L _ pl
Boundary conditions near sheet charge B:ﬁbove - Blllaelow .
o a B — Bhelow = ‘uo(ka)

r — A above
Eabove — Ebelow = g_n - ~
0 Azbove = Abelow
dVabove dVbelow _ 0 A A
- - — above below 7

dn dn o o on - — ok
Law of cosines a c
c* =a®+b* -2 abcosb, H“t‘)’

Multipole expansion

= 1 N 1 ! ! /
V(r) = I, Z o) j(r )'B,(cosa) p(r')drt
n=0
V() = ¢ + p- + --- (these are the monopole + dipole terms)
Ategr  4Ameyr?

p = ff’ p(r')drt’

Dipoles First few Legendre polynomials
L = Py(x) =x

TEPXE Py(x) = (3x% = 1)/2

F=({-V)E P;(x) = (5x3 — 3x)/2
Polarization Ihe dliplagement

P = dp/dr = &b+ P

D
Vg (7) = L fopda’ 1 P dr o =
di 4me, 7 dmey ) r V-D=ps & ¢D-da’ =Q;
P

—_

D =¢ey(1+y,)E =¢E
& =1+ ), =¢€/g

|
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Magnetostatics

F=|dlIxB
~ . U dIX#
B(7) =
() 41 72
L df
A) = Ho [ 41
41T

dl —>] dt’(volume)
dl - k da’ (area)
dl — 1 dl' (line)

I = A (line current)

k = ov (sheet current)
J = pv (volume current)
B =vxA

B-fields for simple currents

B = 2n (infinite line current along z-axis)
) kK~ :

B =+ %y (infinite sheet current in xy
plane, with current in x-direction)

B = ugnlZ (infinite solenoid along z-axis)

= NI =

B = ¢ (torus with radius s and

2TCS ]
symmetry axis along 2)

Continuity equation, Ampere’s Law for 4

__d
vJ= dt
V(V-A) = V2A = uoJ

V2A = —p,J (Coulomb gauge)

R 1 .
H=—B-—-M

Ho
VxH=J; & ¢H-dl=1I
M=y, H
B=uH p=po(l+ xm)

Magnetization

=1[d
T = mXB
M_dr?i
Cdr

ky (")
v

/Tmag(F) = Z:[ [f]b/(: ) dt’ +§

J, =V'xM  (bound volume current)

Eb = Mx#A (bound sheet current)

da"
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Circuits
p
R=—
_ qBo
I =Av
J=0E or V=IR
P =I%R
ezjﬁf-dizj@fs-di
c1>=j§-da
_dD
£ T e
L=®/]
1 1 1 Q3
_ - — 202 =_%_
WC_ZQV zQC 2 C
W—1L12—11c1>
L=2™ 72

Waves

o251 d’E
 c2 dt2

.~ 1d°B
VB =—5—

c? dt?
k

N

0cos(E-F—wt+¢)

S
Il
a

E

N

B:§OCOS(E-F—wt+¢)

k = E,xB,

Maxwell’s Equations in a Medium

V-D = =
Pb fDda=Qf
V-B=0 o
fB-da=0
VxE = -2 Fodi=-2 (5 aa
dt - dt a
. . dD . dD




Spherical Coordinates

x=rsinfcos@
y=rsinfsin¢

z=rcos@

r=\x*+y*+7
0=tan"' (Vx> +y* /2)

¢=tan"'(y/x) ¢ =—sing X+cos¢
Gradient: VV=a—v?+la—vé 1 Vs
or radf rsinf d¢
2
Laplacian: V2V=izi(rza—v)+ 21, i(smea_v)'* 2 .12 8_\:
ror or ) r”sin@ d6@ 00 ) r°sin" 6 d¢
- . 10 1 9 1 OE
Di . V-E==2(E)+ ————(sin@ E,)+ —— =2
Svergence e ) v e e

Curl:

26

Cylindrical Coordinates

F[o JE, | 6 b
= Z (sin@ E))— =2 [+ 2| — -2 (E
rsin9|: (sn0"Ey) a¢:|+r[sin0 ¢ ar(r ¢)]+r

Line Element: dl =dr 7 +rd6 6+ rsin0d¢ ¢

% =sin@cos¢ 7+ cosOcosd O —sing ¢

= sinBsin¢ 7+ cosOsing O+ cos¢ ¢

N> N2>

cos@ r —sinf 0

sinfcos@ X+sinBsing y+cosb Z

f=
0 = cos@cosd x+cos@sing y—sin6 Z

1 9E, 9

Line Element: dl =ds §+ sd¢ $+ dz z

X=5cos@ X=cos¢ §—sin¢q3 -
y=ssing $=sing §+cos¢ ¢
=7 2=2
s§= _)(;2+y2 §=+cos¢5c+sin¢j3
¢=tan"'(y/ x) $=—sin¢ X+cos¢ y
Zi=iz 2=2
Gradient: VV=a—V§+la—VqA)+a—V£
s so0¢ 0z
2 2
Laplacian: ~ V?V = li(sa_v) + lza_‘; ¥ a_‘z/ :
sos\ ds) s°d¢° Oz d; a¢ 9;
o OE, =
Divergence: V Ez%%(SES)+l_Bf+%Ez—Z s 10 ¢ O
2 OE % 6 [0 -5 o
Curl: VXE= L] §+|:8Ex—(')—Ez—:|¢+l i(sEé,)—aEx 4
s 99 0z dz Os s| ds ¢
Z 0o 0 0




