Equations of Electricity and Magnetism

(R is radius, ris distance) Finite Infinite
Point/sphere(ext) E = Kq/r? -
Linear E=KQ/rV (r? +L%/2) 2KA/r
Ring E = KrQ/(r2+R?)3/2 -
Dipole E=F/q=K2p/r®=Ksq/r® T = sinO sqE = sinO pE
Disk E = (n/2&0 )(1-(r/V (r*+R2) n/2&o
Planes, 2, between E = Q/Ago = n/eo
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Electrical Potential

V=Es =Ug/q =KQ/r=-Ldl/dt V= QAX/(gA) units: (Lvolt=1V=1JC) (1 N/C=1V/m) (F=CIV)
o )
€=AQW/At= § Eds= — [, BdA=-Ld/dt

Force
ﬁ=q1})X§ = qusinG = Iiwirexg) =IlB= VlZBZ/R ﬁparaIIeIWires=l|1BZ=M0“1|2/27Ed

Energy

Energy= vamv? = ikx? = hCV2 = % LI12= qAV()) Energy density u = U/Ad = % K€oE? = B/2o (J/m?)
AU = gEsi— qEsi = -Welee =Uo+qEs  Ug=gAV= -f Fion2 dx

U=-Kaiqz/r = - Kqiqz/x* dx = Kqada/xs - Kaa02/xi

Ueap = Q%/2C = %CV2 = KSO% *E2d P=U/t=12R = V2/R = IAV = % LI%/t = v2’BY/R
Udipole = 'pECOSd) = 'ﬁ ° E AUglec = ~Welec if Uelec = K qqu/r
Electrical
A Q 0Q _ 6l
C= KSOE = ; V= E =|R=VvIB = LE Lsolonoid = uoNZA/| = cDm/l
Q=CAV. = Ksog e AV, =eN. | =Q/t = VIB/R E = V/Luire
Ne = iet = NeAX = NeAvgt vq = eEt/m T =vgm/eE = m/n.e?p
R=pL/A =V/I p=RA/L=c'=m/n.e’t J=1/A=neevy = oE
P=U/t=PR=V/R=IAV=04LP/t  E=AGy/At= § Eds= —< [ BdA=-Ldl/dt
RC Cap discharge I=l,e AYRC AVc = (AV()oe™RC Q=Qo (e’ 1t=RC=L/R
RC Cap charge |=l,eAYRC AVc = Vpattery (1-e72YRC) Q = Qg (1-e7Y/RC)
Magnetic
Bpoint = p.oquine/4TCr2 (dir RHrule) Bwire = ],lo|/27'tr (dir RHrule) Bioop = },loN|/2R (N-Num loops,R-radius)
Ed]po]e = 2 lofi/41z3 (on axis of mag moment) Bsolonoia=HoN1/L = Lonl (n=N/1) Sﬁ B ds = pol
Tloop = NIABSlne (A area, 0 angle to loop plane) T= ‘IZXE = HBSlne ﬁ =|A= 4TCZaB/ZHO
P =\212B2/R = V¥/R = IR ®p = AXB = ABcosO = pol D¢ = 63
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Maxwell’s Equations

Gauss’s Law V-E=L ¥.¢-
€o
V-B=0
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Faraday’'slaw VxFE =%
— — > 1 6§
Ampere’'slaw  Vx B =y,

Legend

s, r, d L or h = distance, radius or height(m)

v = velocity

a = acceleration

at = tangential acceleration

F = force; Farad = C%s%/(kg m?)
Q, q = charge (C)

E = electric field (N/C or V/m)
U = potential energy(J)

p = charge density (C/m?3); resistivity (Q2m)

ne = conduction e” density
vd = drift velocity

J = current dens(A/m2); Joules (Nm or kg m?/s?)

V = voltage or elect pot. (V); volume(m?3)

T=avg t bet collisions(s); time const
T = tesla (kg/As?, N/Am)

€ =permittivityConst (8.85x1012C2/Nm?);emf

Lo = permeability Const (47x107Tm/A)
(g)e” = 1.6x101°C (m)=9.11x103kg
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0, ® = angle
w = angular velocity (Rad/s)
o = angular acceleration

ac = centripetal acceleration
p = dipole moment (Cm or D)
A =charge/length
W =work (J); watts (J/s)

K = Kinetic Energy (J)

Ug = elec energy density (J/m?3)
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Ne = # e pass cross-section/s
o = conductivity
e = charge of electron

C = capacitance (F);Coulomb (C)
dm=Magnetic Flux (Wb or Tm?)
Wb = Weber (kgm?/As?>,Nm/A,Tm?)

K =1/2 70 (8.99x10° Nm?/C?)
G=6.67x101IN
(m)p* = 1.67x10% kg

Edi=2
€o
Bdd=0
- —>_ o)
$EdL= - BdA
$,BdL=p, (I + €0~ [, E dA)

A = area; ampere(C/s)

g = acceleration of gravity
G = gravitational constant
T=torque(Nm)

1 = charge/area

P = power (W; J/s)

R = resistance ()

ie = electron current (#e’/s)

B = magnetic field strength (T, kg/As? )
L = mag dipole moment vector (Am2)

L = Inductance (H, Wbh/A, Tm?/A)

®nm = Electric flux (Vm;Nm?/C)

x = dielectric constant



