M agnetostaticsin Ponderable Media
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M agnetic susceptibility v =M /TH
M agnetic Field H=%B-M
Maxwell equationsin media K" H=J RKxB=0
isotropic & linear media B=mH M =c,H
Boundary conditions (E2 - I??l)»ﬁ21 =0
i, (F - H,)=a
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Hzﬁﬂ:%Hlxﬁﬂ H, n,=H, n,
Magnetic Scalar Potential J=0 ® H =-NF,
linear media N*F, =-r,,

Effective magnetic chargedensity  r,, =- N>xM
Solution for Scalzir pgtawtial )
Fu(r)=- i Nr:dwr(ﬁtq)d rmi@—nr’w rr‘gdad
Energy of thefield W =1¢H B d =3 ) XA dr
Changein Energy W=13VM8,d¥

putting object with M 1 0 into magnetic field

Time dependent fields

M agnetic flux F= Qéﬂ da
Electromotive for ce e=Q Exdl’
Faraday induction law e=-dF/dt
N’ E+E =0
qt
Coefficients of Salf- & Mutual Inductanc&
Zé. LI2+aa Mu imj
i=1 i=1 j>i
M utual inductance M, =F, /I =M,

F; isflux from “j” Ilnked with circuit “i”

EMF by inductance coefficients  e; =- dF,; /dt
dl dl,
Constant geometry e, =-M, — e, =-
g y ij ij dt ii I‘| dt
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Constant currents e; =-1,—— ¢, =-1,—
dt dt

Useful Relations
Spherical « Cartesian

f =cosj singX+sinj sinq y+oosq 2
q =cos cosq &+sinj cosq §- sing 2
[ =-sinj %+coy §
X =C0sj sing f +cosj cosq (i sinj j
y=sinj sinq f +sinj cosq q +cosj |
2=cosq f- sng q
Polar « Cartesian
f=cosq X+sinqg § g =-sing X+cosq ¥

X =cosq f—sinqqA =sinq f+cosqci

y
M oving body current J=r =
Rotating body current J=r W' T)
Rotating hollow sphere  J, =wRs sing >d(r - R)
Rotating hollow cylinder  J, =wRs »d (r - R)
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Infinite wire B (r):%
For ce between 2 wires aF _m Ll
d 20 d

Finite Solenoid =1mNiI (cosq, +cosa,)

Maxwell Eqgt. and Gauge Transfor mations
NxD=r N>x8=0
Maxwell Eqt. _

Wave Equations

Velocity of light c= ]/ me,

Gauge Transformations A¢= A+NL F&F - 1]”—:

Delambertian 0?0 N2- ——

L orenz gauge
giving O

Coulomb gauge NxA=0
giving N

Poynting Vector




Magnetostatics
Continuity equation —+NxJ =0

in magnetostatics

_ _ | (dr' f)
Biot-Savart Law dB =—

Moving Charge Field

First Ampere'sLaw
Force

Torque

=2t
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Magneticmoment  m== ¢ J(7d d*¢
currentloop m=4@y" d

planar loop  m=1Area)
number of particles

where L total angular momentum
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Dipole Potential Alr)=—
ipole Potenti (7) »
Dipoleinduction é(F)=ﬂng;r])-rnﬂ
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Force on dipole F :N(mXB)
Torqueon dipole N :(‘g(F(bB)j- (FQXT) éHd3r<I

Expanding Potential to Multipoles
Point char ge expansion

—4pa— L Y, (a4t o, (a.f)

I -rff m 2+
Potential F:ié 1 N 'm(ﬂl’f)
€ Ima+1 r
1 eq p)q' 10 Xixj u
F=— at ap-o)
R AL R
Multipoles ¢, =) (a.f )r'r (F) d°r
Dipole p=¢yr(r)d’r
DipoleFidd £=N(P)- P
4pe, |F -
Quadrupole Q :d3>gx 2d) r (%) dx

* Multipole with order IS independent on the
origin of coordinates only if al the multipoles with

lower order vanish.

Electrostatics in Ponderable Media
Dipole moment density P =N{p,, )

Electric Displacement D=e,E+P
Electric susceptibility c.=fP/ME
Dielectric constant e/e, =1+c,
Electric permittivity =g, (1+c,)

N"E=0 NxD=r

isotropic & linear media D=eE P=g,E

Maxwell equationsin media

+ homogeneous media  N>XE =L
Boundary conditions (D, - B, )*i, =s E, =E,
Induced chargedensity s, =- (*2- I51)>ﬁ21
Internal Field E=£+E,,

Aver age polarizability {Prot ) = €09 (E+E)
Induced {Prot ) g —vag E
Permanent moment (Prot ), @%k‘% E

Molecular polarizability g, :%2//5:;;
Classical mode 0. @+

3, kT

Dielectrics Energy w :%diﬁ d’

Changein Energy =- LPEdr

putting object with M * O into magnetic field




Electrostatics
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Electric field E(r)= Y (T d’¢
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N s —_Q _ \ —
Gauss Law Mida=o == ¢y (F)av
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N>E =L
Electric potential  F () = L or qd *r &+ const
e, 0714
E:-NF N"E=0
Potertial Energy
B
W=-gFxd =qg (B)- F (A)g
A
Electrostatic Potential Energy
W=1g (r)F (r) d3r—eo‘”2d3r
Energy density =
Electric force - IW
i
Force per unit area in conductor f :%
Boundary conditions E,=E, E,-E =%

Dipole layer potential

F(F) =- e OP(Tgdwe

S
where D(r) =lims (7')>d(F) & Wisthe
solid angle from the observation point
Boundary: F,-F, =L

Poisson & LaplaceEqt. N%F =-r/e, N°F =0

Point source Nz(ﬁ) =-4pd (7 - 79
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Green function
Green first identity

Y ) | | 3 — A 1-ly
Q(fN?y +Rif >Ry ) d x=@f ﬁola
Green second identity (Green's Theorem)
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Green Potential
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Green Functlon

G(r,i)=—-=+F(r,r§ NEF=0
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Dirichlet boundary G, =0 onS
F(r ):—Qr (TG, (r, 79 d’re- —QF( ‘L) Dda‘l

fin¢
Neumann boundary TG __ %

fnc S
(1) ={F)s + 0 (196, (.19 0o -y6, ane

Green’sreciprocation theorem
QrF e + Qst:da:(‘)r Ed’r +Qs ¢ da

onS

Orthogonal Function Proprieties
L egendrefunctions

P(x) =L (- 1)

2'11dx
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R(1)=1 R(-1)=(-2)
2 1 (-1
R(0)= (1) 22D
Spherical harmonics
Yo (P - af +p)=(- 1) ¥, (a.F)
V(P -a.f)=(-1""Y,(a.f)
Yon=(-1"Y,

Yo (a.f +p)=(-1)"

d d:)dx: PI+1- P\-l
3 I 2l +1

n-even

Y (a.f)

Orthogonal Functions Expansion

Rectangular E = giaxghibygzfaten?
Polar F(r.f)=a,+bInr +a (ar"+br ")(Asnr + Boosrf )

Spherical Symmetrical Azimuthally
¥
F(r.q) =|§:.O gAr' +3r"'*1)HF|>(cosq)
General Spherical

F(raf)= a a €A +8,r g HYim (a.F)
1=0 m=-1
Point source |r 1r¢—4pgma|2|— Tll |m(Q¢f“) ( )

L ow ordersof Orthogonal functions
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Y, =-,/—sinqge Y, =-./—singcosge
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3 115 , 4
Yo = 2 Y= 2 O ae
R=1 R=X




