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Formulas:
— k92 Coulomb's law ; k = =8.99x 109N -m%/C2; e = 8.85x 107122/ Nm?
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Electric field: E =—2 -7 = kqf . E()= ka(F') I
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Linear, surface, volume charge density: dg=A dl/ , dg=oda , dg=p dv

Electric field of infinite: line of charge: E = A ; sheet of charge: E = g
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V x E =0 (electrostatics) Divergence theorem: f d’rV-F :Sﬁﬁ “da

Gauss law: ~ ®= $E-di = Qe -1 [&r p() 5 P=clectric flux
8
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Energy: . no U= > fE(r) dr Work: W=fF°d§
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Electric potential: ¢(P,)—@(P,) = —fE ds  ¢(r)= —f d’r' p(r ) T
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Point charge: ¢(r) = kd Dipole: ¢(r,0) = pC0802
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U=lfp¢d3r E=Vy ; V-E=L . VxE=0
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Capacitors: Q=C¢ , U = %; Planar: C = —— electric field: E=0/¢,
S
I=fj-d5, I—d—Q j=nqﬁ : divj=—(9—p : Power: P=I’R ; P=¢l
dt o
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V=IR; J=oE; E=pJ ; R= p% co="2L Q@)= Ce(1-e"%%); O(t) = Qe
m
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Lorentz force: F = g(E +V x B); force on wire: dF = Id?x B ; solenoid: B = uonl
Stokes' theorem: ,(ﬁ F-ds = f (% xF )-da ; vector potential: VxA=B
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Ampere's law: §§°d§=uolem =M0fj'd67 ; Vx§=,u0j; V-B=0
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Wl 5 0 ; Force between wires: F = M; cyclotron: a):ﬁ
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Field of a wire: B =
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loop (axis):B = %; Biot-Savart: dB = 2o > B=VxA
2(b°+z77) 4w r
lps . dD - - = o = JB
Faraday's law 8=—ff-ds=—— =§ﬁE-dl ; (I)=fB-da ; VxE=——
q dt ot
Mutual inductance: M,, = Ny®,, ;& =-M,, dah s My, =M,=M
1 dt
Self - inductance : L = NCIDB ; &L= —L% ; %= uonzA for solenoid ; energy U = %LI 2
: . B’ . 1
energy density: magnetic u=——; electric u=—g,E”, u,=4xx10"kg m/C>
2 u, 2
LR circuit: = %(l ey (rise) ; I=1Ie""™ (decay) ; T, =L/R
_R, R2
LRC circuit: Q(t)=Q,e ** cos(wt+¢) ; w= a)§ —E; w, =1/LC
Z, +7Z,

AC circuit, LRC: e =g, ; [ =1,¢""" ;I=¢/Z ; tan¢) = - R

Z, =ioL ; Z.=1/ioC ; Z=R+Z, +Z.; I,=¢,/1Z| ; P=1_V_ cos¢
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Ampere- Maxwell law: V x B = o + UoE, (?9—E = uyJ +uyJ,
t

Electromagnetic wave in vacuum: ¢ =1/\/u,e, =w/k

E= ZE, sin(ky — wt) ; B= XB, sin(ky — wt) ; propagates in direction ExB

Poynting vector: S = ExB ; 8_u= _V-S DU =lgOE2 .|.LB2
MO at 2 2,“0

pcos E _ psinf
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Electric dipole moment: p = f drp(F)F field: E, = 2 3
TTE,F

N=I3><E ; U=—]3'E ; 13=(13'§)E ; P = Np=dipole moment | volume

3
2me,r

B - uomco3s0 . B, - M0m31§19
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N=mxB ; U=-m'B ; ﬁ=V(ﬁ1§) orbital motion: ﬁ1=(q/2M)i

M = Nm magnetization = magnetic moment/volume (g=charge, M=mass)

Magnetic dipole moment: m =1 a field



