Physics 541 — Important Formulas and Topics

Basic Mathematics

Divergence Theorem: fﬁ A-da= f (V-A)dr
s v

Stokes’ Theorem: iA “ds = f(V ANA)-da
c s
Gradient definition: du=ds-Vu
Cylindrical co-ordinates: r =00 +2Z a%(p =¢ ; ¢ g~ -0 ; dt=dppdpdz
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aA =é ; 8/ = @sinf dt =drrdOrsinOdge
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Spherical co-ordinates: r = r7

7 =Z%sinfcosq+ Psin@sing+2cosf ; O=%kcosOcosg+FeosOsing—2sing ; §=-Fsing+Hcosg
%=Fsinfcosqg+6cosOcosg—Psing ; P=rsinBsing+HcosBsing +Pcosg ; 2=rcosf-HOsind
Electrostatics
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Coulomb: F =7 R—qu - 45 fR'O}(e Dav  FegE
TTE, TTE, %
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Scalar Potential: ¢(r)= —fMdT ; E=-V¢
dme, s, R
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Ap=-[E-ds ; VAE=0 ; §E-ds=0
1 c

In electrostatics, E = 0 in conductors



Electrostatic energy: U=) f p(r)¢(rydt =, f gE dt =, f u,dt

all space all space all space

0 Ag,

Capacitors: C=—=— Parallel plate capacitor: (=220

A¢ d

Energy stored in capacitors: U=YC(A¢p) = Q%C =1 0(Ap)

Qman=fpd1’— ]_5=fp(l’/)l"d1"=2qi;7i
Monopole moment: v Dipole moment: v F
5
Dipol 1 tential: D — =
ipole scalar potentia ¢dlp PP

Dipole in external E field: U=-p-E T=pAE
Boundary Conditions: E,=E,, E, -E, = g € ¢ =9,

0
Polarization: dp = P(F)dt p,=-V: P o=Pn

¢ due to P is sum of ¢ given by py» and ob

Displacement Field: D= €0E +P - b.c’s
D2n_Dln=O-f D21_Dlr=P21_Plr
Gauss Law in dielectric media: V-D= oy
Inlihmedia P=y,eE where x =k -1  &e=¢gk,
Effect of media on E, C, A¢ etc.

D2
Energy in dielectrics (1.i.h): u,=Y%D E= VeE* = P

€
Curcent: =%/ = [ J-da= [ (K-7)ds
' dt Js c

Current density: J = pv K =0V I= l|\7|
Current elements: Jdt = Kda = Ids = gV Conduction current:  J = OE

Equation of continuity:  V+:J =- G%

Resistance & Power: A¢g=IR R= %ﬁ Power =I°R



L Y, Idsa(I'ds' nR) —uy Il (ds-ds")R
Ampere’s Law:  F ., = Eﬁc §C, = gy ﬁc ﬁcT

Definition of the Ampere

Biot-Savart Law: B= &Sﬁ ,Ids ;\R sothat F = § IdsAB
4 R ¢

(similarly for surface and volume currents)

Ampere’s Law Integral form: ﬁc B-ds=u,l,, Differential form: VAB=yu,

No magnetic monopoles: V-B =0

Bb.c’s: B, - B, =u,(Kan) B, -B, =0
Vector Potential: B=VAA A= Ho ﬁ I_S similarly for Jdt, Kda and qv
4w R
V-A=0 VA= -y A continuous
D, =fB-da=§CA-ds
s
Gauge transformation A—A+Vy where V> =0
do oB

Faraday’s Law: ¢,,=—-—2=@ E,  -ds VAE=-——

ot P ot
Mutual Induction:

Uy ds;-ds, ind dl,
M, =— — g =—¥YM, — D =>»M,I,
S el e R
ds.-ds.
Self Induction: L= &§§M €y = —Lﬂ D, =LI
4w~ iv) R, dt
2 B’
Magnetic Energy: U, = %Zfﬁq A(r,)-dsI, = %fv(.] “A)dt =YLl = fV2_MOdT
2
Magnetic energy density: Uy = ——
2u,

Magnetic forces on circuits: F,=-VU,=-1I'VM



Magnetic Multipoles: A= Ho fidT A )+ Agip (r)+ AQuad (F)+...

mon

479 R
1 Wy T g Wy Foa / Uy ~
where, A= Jdt' =0 A, =——= | J( r)dt =——=(mnr
M 4m"‘[ PP Agr? ‘{ ¢r) Amr? ( )
and magnetic dipole moment (filamentary currents): ms= A Eﬁc F adsHhI'=1 §

Multipole field from B=VAA

PE of mag dipole in external B field: U, = —im-B

Torque on magnetic dipole in external B field: T=mA

Net force on magnetic dipole: F=-VU,



