


Physics 200: Fundamental Equations

Maxwell’s Equations

Gauss’s Law for Electric Fields: fE dA = h = 47kQenel
Gauss's Law for Magnetic Fields: § B -dA = 0

Electric Flux: &g = f.é -dA; Magnetic Flux: &g = ff? -dA
Ampere/Maxwell: § Bl = tolenct + ;;gfg%

Faraday’s Law: g0 = ¢ E.-dé= —di

Fields, Forces and Energy

Electric Field: dE = %427 = %%— Fp=qE,,

Electric Potential (Voltage): V, fb iz Ey = —%: dv = kdQ
Electrostatic Energy: Usy 4 = ql

Dielectrics: € = KE€0

Magnetic Field: dB = #oldfxt _ poldExs

Magnetic Force: dF = Idf_x B: Fp = g¥ X B
Magnetic Dipole: fi = NIA; Ff=paxB

Circuits

Resistors: dR = P“TL_ Ruvrica = E,—R g T Z. R""')—l

Capacitors: C = &; U =1CV%  Cueries = (5, CY) Couratid =X, Cs C = xCo
Ohm’s Law: V = IR

Current: [ = d—? = n|q|vgA

Power: P=1V

Kirchoff's Laws: Zl'oop Vi=0; Yol =3 Tou
RC & LR Circuits: Charging and Discharging equations take the form of e=%7 and 1 — ¢~
Tre = RC Tir= % )
AC Circuits: Xe =i Vo=1IXc: Z=RE+X% V=1Z; Vi, =Yz

tiT

v2
J\' urn 4
Inductors: 4,0 = —L%; L= i}”—: Up=1iLT?
N urn o
Inductance: M, = mfi':“”: g1 =—Mpd2

Electromagnetic Waves, Optics and Field Energy Density

Field Energy Density: ug = 3¢oE% up = 3}1;5 =

Momentum: p = -t;

Wave Propertieci' p= Af: k= ZT‘ w=2rf; B= {E
Intensity: I = ¢35 FUE = P&i

Reflection/Refr actmn cp = ‘"1: #ie = Bous;  Snell-Descartes Law: n; sinfl; = nssinfs

Additional Information/Useful Constants

: s - L " e ZEX. - k . __ g A
Common Electric Fields: -E-inf sheet = %n‘ E‘inf line = T Er.'hurgr—:d ring — ﬁ CparuHcI plate = iﬁd_

p P g — pol, o " = 2 Ap. _ _mNIR?
Common Magnetic Fields: Bz'n_," wire = % Bsotenoid = ol  Lsolenoid = ton“Al:  Beyrrent loop = gi'x'_l’,_i_Rz'}s_.-'z

Fundamental Charge: e = 1.602 x 107'C;  Electron Mass: m, = 9.109 x 10~ 31kg
Prnton Mass: m, = 1. 6.{3 x 107%7kg

k= 41—&) =9 x }LUQVID € = 8.854 x 10-12%
Ho —4“ x 1077 =~ 12. a66 x 10~ 71Im
e= =3 x 1052
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Vector Formulas

A BxC)=AxB)-C=C-(AxB)=(CxA)-B=B-(CxA)
AxBxCO=BA-CO)—-CA-B)
AxB)- (CxD)=A-C)(B-D)—(A-D)(B-C)

Derivatives of Sums

V(f+8=Vf+Vg
V-A+B)=V-A+V-B
Vx(A+B)=VxA+VxB

Derivatives of Products

Vife)=fYe+gvr
VA-B)=Ax (VxB)+Bx(VxA)+A -V)B+ B -V)A

V-(fA=f(V-A+A-(V))
V.AxB)=B-(VxA)—A-(VxB)
Vx(fA)=f(VxA) —-Ax (V)

Vx(AxB) =A(V-B)—B(V-A)+B-V)A—(A-V)B

Second Derivatives

V x (VxA)=V(V-A) — V’A
Vx(Vf)=0

Integral Theorems

[ (V-A)dV = f A-ndS Gauss’s (divergence) Theorem
v S
f (VxA)-ndS = % A-df Stokes’s (curl) Theorem
S C
b
| @n-ae=rm- @
a

f (szg—gV2f)dV=f(ng—gi)-ﬁdS Green’s Theorem
14 S



Chapter 5, 6, 7, 8 useful relationships

Separation of variables general solutions

Cartesian: V(x,y, z) as combinations of cos(kx) + sin(kx) or cosh(kx) + sinh(kx)
or ef¥ 4 e=kx

Spherical: V(r,0) = X52,(4,;r' + Br~"1)P,(cos (6))
Cylindrical: V(r, @) = Aln(r) + B + Yp—o(Apr™ + B,r ™) (C,, cos(ng) + D,sin(ng))
Legendre polynomials: Py(x) = 1; P;(x) = x; P,(x) = %xz —1; P;(x) = §x3 - %x

2
Lon+1

Legendre orthogonality relationship: f_11 P,(x)P;(x) dx = 6,

Polarization relationships
ﬁzaﬁ ﬁzxesof e=¢gy(1+ yx.) }c=1+)(€=gi
0
gy = ﬁ ﬁ Pp = —V ﬁ
D — ni3 — 38 k-1
P =mnp T n ok+2
stoﬁ+ﬁ=sﬁ Vﬁ=pf
Current and current densities
dQ - - N - o> J
I==—=qnyv dl =] -dA ] =qnv V]=—a—’z
J=oE dl = K -eydl Rc=§

Magnetic vector potential

B = vxA A@) =t [ 15 g3y
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Chapter 9, 10, 11 useful relationships

Magnetization relationships
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Forms of Faraday’s Law

EMF = - %2 VXE =
dat

- @ —> @) —_—
fE-dl=—f—-dA
at
Momentum & energy

>  ExB 1
S

Ho

Boundary conditions in matter

D3perp — Diperp = 0f

_ 2 1 2
Uem = ESOE +%B

Biperp = Bzperp

- — — — —
El,parallel = EZ,parallel HZ,parallel - Hl,parallel = Kan

Potentials & Gauges

E=-w-% B
at

Transforms: V -V — Z—{ A

Coulomb: V-A4=0

Lorentz: V-A=—¢gyu 5



Chapter 13, 14, 15 useful relationships

Optics
I I
Brewster’s angle: tan 8 = —2 T = —rans R = feflect
ni lincident lincident
Ph loci _w G loci _dw
ase velocity v, = ; roup velocity v, = T
Retarded potentials and radiation
Lorent fentials: —V2V + =2V — P V2£+162‘i ]
orentz gauge potentials: — - = — - =
gauge p c? ot2 £ c? 9t2 Ho
1 2q°a® . . P
Larmor formula: P = Scattering cross-section: o = =4
4mey 3c3 Sinc
. . - q 1 =~ qv 1
Lienard-Wiechert: V(x,t) = — Alx,t) = —————
4TTEQR 1-A-B 4megc?R 1-1-B
Handbook goodies
3 5 2 4 2
sinx =x — > 4+=— ... cosx=1-"+>=—.. eX=1+x+>+
31 5l 20 4l 2!

f du _ u d( 1 )_ 1
(a+bu2)’/z  aVa+bu? dx \tanx sin2 x



