Formula Sheet. Electricity and Magnetism,

Coulomb’s law and electric fields

- kog,q, -
Flz = 12 2 M,
I"12
is the force on charge 1 due to charge 2.
The unit vector points from charge 2 to

charge 1.

F(on qQo) = qol:j where E = Ef

2

-

Principle of = g
Superposition B = .Z=1: E,
Field from an infinitesimal dg
charge element.

Discontinuity at the surface o
of a charged plane

Gauss’s law
Flux: defined: ¢, = §S E-ndA = ii;sEndA

Gauss’s Law: @, = 47K0,0sed

net

— qenclosed
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Electric potential

k
V(r) :Tq and U=q,V

The above potential is the potential from
a point charge as well as the potential
outside a spherically symmetric charge
distribution, with V=0 at infinity.

kdq potential from an infinitesimal
dv = charge element.

Potential calculated from the electric field

.- dv
=—0- and —— = E
dV=-E-d/ a7 tan

b
AV =V, -V, =—[E-d/

Constants

e=1.602x10"C
leV=1.602x10"]J

m.=9.11 x 10°" kg

m, = 1.67 x 10" kg

k = 1/(4ne,) = 8.99 x 10° N m*/C?
€0 =28.85 x10" F/m (or C*/N m?)
e =4n x107 T m/A

1T=10"G

Differential area element: dA
dA = (circumference)x(thickness)
ring: dA =2nr dr

Differential volume elements: dv
dv = (surface area)x(thickness)
thin sheet: dv=Ady
thin cylindrical shell: dv = 2nrL dr
thin spherical shell: ~ dv = 4qur’ dr

Capacitors

c_Q

A
=V parallelplate : C = fo

d

parallel:C_ ., =C, +C, +...= ZCi
i=1

series:

Coquiv = 1 = 1
! %1+%2+... ié
i=1 i

Electrostatic Potential Enerqgy

Point charges: U = Zqui ; bringing in

i=1
each charge sequentially
Conductors at potential V: U =1QV

Energy in a capacitor:

2
U=tcvi=iqv=1&

L
2

Energy density of electric fields

_ 1 2
u, = EEOE




DC Circuits
— & — d_Q - anVd
At dt
R = p£ R = Al
A I
series: R, =R, +R, +...= ) R,
i=1
parallel:
1
equ1v / / n 1
R R —
ZR
Ohm’s Law
V=IR
Power dissipated in a resistor
2
P=IV=I'R = v
R
Kirchhoff’s rules
(1) at a junction: 2 Iy, = 2 T oy

(2) around a closed loop: XAV =0

Time dependent circuits

charge on a capacitor:

derive I(t)and V(t) from Q(t)

RC, charging:Q(t) =& C(l —g VR )>
RC, discharging : Q(t) =Q e ™™
current through an inductive circuit:
derive V(t) from I(t)

RL,close switch : I (t) = %(1 —e Vs ), TR = %

Trc =RC

RL,open switch : I (t) = Ioe‘”fm
Magnetic Force

F, =qVxB [Flom =A(E+VxB)]

Lorentz
dF, =Idi xB F=ILxB

Magnetic Torques on current loops

Magnetic moment: 2 = NIAA
7 = NIAB sin(0) 7=[xB

potential energy of a current loop

U=-/-B

Magnetic Fields

B =t av (pomt charge : not in the book)
dr 1’
dB = o ldl 2>< ' Biot —Savart Law
4z r

In the center of a single current loop
M, 27

=4 R
On the axis of a single current loop
7, 27R?1

Ioop(X) == A (2 a2 V/2
472'( + R )

Inside a long solenoid

(x =0 in the center)

Bx= Honl (n is loops/m = N/L)

Due to a very long straight wire

B o2l
47 R
Dueto a short straight seement
B= ——(s1n9 —sind,)
47 R

Ampere’s Law
§CB dl = IUO I encircled

Induction
Flux in a single loop
D, = Lé.ﬁdA= BAcos(0)

Faraday’s law

dd,
E =
dt
Self inductance  Mutual inductance
L= N@V M = N,D,, _ N,
| I I,
Self-induced (back) emf
8——Ld—| or 8——Md—|
dt dt

Magnetic Energy

U, =1LI* stored in an inductor

2
energy density in a B field

Hy



Alternating Current
£ = & oo SIN(0L + O)

1
s :'\/(Iz)av :EI peak

resistor

I ms VR,rms /R

inductor

I rms =VL,rms /Cl)l_ =VL,rms /X L

capacitor
I rms :VC,rms /(I/COC) :VC,rms /XC

transformers

N

v, = %Nl
N

|, = Azll



