PHYS 3323

PHYS 3323 - Formulae

E(r>_47l'€0 p 2 fE'da:%Qenc VE:£
§E dl=0 VxE=0 E=-VV

Vi) = —fé (') - dl VIV =-2 Vi(r)= [ 2 a7
Eabove - Ebelow ~ o
At the surface of a conductor E=7n and o= —eog—‘;
C=q/V W= Ffcvg F = ¢E
dep 47360 7‘21‘ fI‘ p )dT p= f rp T/ Vdip(r) - 471']:60 17)’21‘
Egip, = 47r6 T3 (2 cos OF + sin 60)

Solution to Laplace equation in cartesian coordinates in two dimensions
V(z,y) = (Ae*® + Be ")(C'sinky + D cos k).

Solution to Laplace equation in spherical coordinates

[e.e]

V(r0) =) <Az7” - fi) Py(cos 6).

=0
Solution to Laplace equation in cylindrical coordinates (2 D)

o0

V(p.6) = 3 (A cosmo + By sinmd)(Coup™ + ) + Ao + Bol(p)

m=1

Multipole expansion

/ /
V(r) 471'60 Z ) / (cosa)p(r’)dr

e Spherical:

— line element

dl = dr + rdff + r sin 0dod

— Gradient:
ve— g 100, 1 O
37“ r 00 rsinf d¢
— Divergence:
Vov= 72 8r(r LRy rsin 0 89(sm9219) + rsinf 0¢
e Cylindricall:
— Gradient:
Vt 815 gyl 10t » 8tz
rd¢
— Divergence:
~10(rvy) | 10vy  Ov,
VoY= Trae T
— Curl:

_(10v,  Ovy ) . Ov,  Ouz\ » 1 [(0(rvg) Ovyp .
VXV‘(MM m)”(az )¢ r( o 96 )”
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Electric Displacement

p=py+pf.
«V-E=p=—V-P+p;.
pr =V -(eE+P).
D=¢E +P.
V-D = py.
V-P=—p

Linear dielectric
P =¢xE

where x is the electric suscpetiblity.

D=¢E+P=¢(1+x)P =cE.

Boundary conditions

1 1
Dabove - Dbelow = 0y ngove - DlHaelow = Pllbove
1
1 1
Eabove - Ebelow = 50— Elalubove - Ey)elow =0
In linear dielectic
p=-V-P=_V. (eOKD) = (X)) p,.
€ 1+x

the bound charge density is proportional to the free charge density.

1 1
6llbove‘E‘above - 6belO’LU‘E‘belmu =0y

Current

J=0E V=IR

_pl

below

F:/(v><B)dq:/(va))\dl:/(IxB)dl.

Frnag = I/(dl x B).

Frag = /(v x B)pdr = /(J x B)dr.

_ 9p
VeJ=-——
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Magnetic Field

Biot-Savart

Divergence

Vector potential

VxB=Vx(VxA)=

Boundary Conditions

In linear media

615)1L - 62E’2L =
Bi:

Ixa

:Mo

dl x 2
— I = )
4T d 47r / 22
Mo

/J(r)xli
4 2 2

J(r') x 2
V.B= 4ﬂ/v-(¢2
V-B=0.

dr'.

) dr'.

B(r) =

OE
VxB= NOJ‘FMOGOE

0o,

fB dl = polenc + poco—F4 ot

B=VxA.
V(V-A) -
Ho

I
471_/ 2 dr'.

/~LOI /
A= dl
4

V2A = poJ

A(r) =

El—E)=0

1
Lgl_
K1

of,
1
—Bl=K¢xa

—By = 0, ”

If there is no free charge or free current at the interface

e Ef —eEf = 0,

B —By = 0,

The vector potential is continuous at a boundary.
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Multipole Expansion

pol Mof
A(r) = p / dl = —— Z Tn+1 (cos)dl'.

m:I/da’

Mo M X r
Adip(r) = - —3
po msin @ -
Agip(r) = P— .
B=VxA-= Mo—n;(QcostjL sin 04).
4dr
Torque and Force
N =m x B.
F=V(m-B)
Magnetization
The total current
J=Jp+J¢

VXB:qu:uQ(VXM—i-Jf)

Vx (SB-M)=J;

Ko
1
H=-—B-M
Ho
8D
VxH=J;+ —
fﬂmm? /Dda
J,=VxM Ky, =Mxn
Linear media:
M=y, ,H
Xm = ﬂ -1
Ho
B=uH
Boundary conditions:
Bi.. = B Bl . —Bl K
above below above below — HO
Aabove = Abelow Babove - Bbelow = NO(K X ﬁ)
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Induced fields

dd
S—le{E‘dl_—dt

7{E-d1:—d B-da

dt
0B
VXE:_E
1 . 10 [Bxz
E = — atid/:_ii =2~
(x) 4%/ P 47 Ot 2z 7

/Bdl = Ho /J ~dl = Holenc

Inductance

dl; - dl
By = Mo Iy M”:ZO}’{}’{M
™ L

d(I)Q d[l
21 12, 2 i 7
o—r11, e&--1Y
dt
Maxwell Equations
1
V-E = —p V-B=0
€0
0B
E = —— B =
In matter
V-D = py V-B=0
0B oD
E = —— H= i
Wave equation
0 8’B
E ’B = =
v Hoco 5.2 v Hoco 5,
v — 1
VEr
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Waves and Waveguides

Phase velocity and group velocity (k is the propagation direction)

_dw

w
’Up:E, Ug—%

Rectangular waveguide

k= (w/e)? —=m?[(m/a)? + (n/b?],  wmn = cmy/(m/a)? + (n/b)?,
Energy and Momentum of EM fields
u:l(EOEQ—f—le), S:i(ExB)
2 Ko Ho
Momentum
g = ¢(E x B), p:/ng
\%
Angular momentum
l=r xg=e¢r x (E xB)]

Legendre Polynomials

Py(cosh) = 1

Py(cosf) = cosb

Py(cosf) = (3cos?f—1)/2

Ps(cosf) = (5cos®f—3cosh)/2

Py(cosf) = (35cos*f —30cos?6+3)/8

Ps(cos) = (63cos®f — 70cos®f + 15cosh)/8

1 s 9
/ P/(z)Py(x)dx = / Py(cos0) Py (cos ) sin 0df =
-1 0 20+ 1
/ sin(nmy/a) sin(n'my/a)dy = %5%/
0

o



