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Electric Fields

~F = q ~E

∆U = q∆V

Wa→b = −∆U

Vab =
∫ b

a

~E · d~l

~E = −∇V

Point Charges

~E =
q

4πε0r2
r̂

V =
q

4πε0r

~F =
q1q2

4πε0r2
r̂

U =
q1q2

4πε0r

Collection of Charges

~ET =
∑

i

~Ei

UT =
∑
pairs

Uij

Distributed Charges

~E =
∫

dq

4πε0r2
r̂

V =
∫

dq

4πε0r

Dipoles

~p = q~d

~τ = ~p× ~E

U = −~p · ~E

~µ = I ~A

~τ = ~µ× ~B

U = −~µ · ~B

“Elementary” E fields

~E =
Q

4πε0r2
r̂ sphere

~E =
λ

2πε0r
r̂ line

~E =
σ

2ε0
n̂ plane

Flux & Gauss’s Law

closed surfaces:

ΦE =
∮
S

~E · d ~A =
qencl

ε0

ΦB =
∮
s

~B · d ~A = 0

open surfaces:

ΦE =
∫

~E · d ~A

ΦB =
∫

~B · d ~A

Capacitors

C =
Q

V

Ceq =
∑

i

Ci parallel

1
Ceq

=
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i

1
Ci

series

C = ε0
A

d
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U =
1
2
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1
2
ε0E
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Current

I =
dq

dt

I =
∫

~J · d ~A

J = nqvd

Ohm’s Law & Power

~E = ρ ~J

R =
∫

ρ
dL

A

V = IR

P = IV

Resistors

Req =
∑

i

Ri series

1
Req

=
∑

i

1
Ri

parallel

Kirchoff’s Rules∑
loop

V = 0

∑
node

I = 0

Magnetic Fields

~F = q~v × ~B

~F =
∫

Id~l × ~B

~B =
µ0

4π

q~v × r̂

r2

~B =
∫

µ0

4π

Id~l × r̂

r2

Cyclotron Motion

R =
mv

qB

T =
2πm

qB

ωc =
qB

m

Ampere’s Law∮
~B · d~̀ = µ0(Ic + Id)encl

Id = ε0
dΦE

dt

Faraday’s Law

E = −dΦB

dt

E =
∮

~E · d~̀

E =
∮

(~v × ~B) · d~̀

Inductance

M =
N1Φ1

I2
=

N2Φ2

I1

E1 = −M
dI2

dt

E2 = −M
dI1

dt

L =
NΦ
I

E = −L
dI

dt

U =
1
2
LI2

u =
B2

2µ0
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RC circuits

τ = RC

charging

Q = Qf

(
1− e−

t
τ

)
discharging

Q = Q0e
− t

τ

RL circuits

τ =
L

R
charging

I = If

(
1− e−

t
τ

)
VL = V0e

− t
τ

discharging

I = I0e
− t

τ

VL = V0e
− t

τ

LC circuits

Q = Q0 cos(ωt + ϕ)

ω =
1√
LC

LRC series circuits

Q = Q0e
− t

τ cos(ωt + ϕ)

ω =

√
1

LC
− R2

4L2

τ =
2L

R

LRC series circuits

Q = Q0e
− t

τ cos(ωt + ϕ)

ω =

√
1
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− R2

4L2

τ =
2L

R

AC circuits

V (t) = V0 cos(ωt + ϕ)
XL = ωL

XC =
1

ωC

Z =
√

R2 + (XL −XC)2

tanϕ =
XL −XC

R
V0 = I0Z

Vrms =
V0√

2

Irms =
I0√
2

VL = I0XL

VC = I0XC

VR = I0R

Pav = I2
rmsR

Pav =
1
2
I2
0Z cos ϕ

Light

Emax = cBmax

c =
1

√
ε0µ0

c = λf

f =
ω

2π

~S =
1
µ0

~E × ~B

I = Sav =
EmaxBmax

2µ0

pabs
rad =

I
c

pref
rad =

2I
c

Light Propagation

n =
c

v

λ =
λ0

n
na sin θa = nb sin θb

sin θc =
nb

na
(TIR)

I = I0 cos2 φ

tan θp =
nb

na

Mirrors & Lenses

f =
R

2
1
f

=
1
s

+
1
s′

1
f

= (n− 1)
(

1
R1

− 1
R2

)
m =

y′

y
= −s′

s

Interference & Diffraction

(m = 0,±1,±2, ...)
d sin θ = mλ constr.

d sin θ = (m +
1
2
)λ destr.

ym = R
mλ

d

I = I0 cos2
φ

2

φ =
2π

λ
r2 − r1

2t = mλ

(m′ = ±1,±2, ...)
a sin θ = m′λ

I = I0

(
sinβ/2

β/2

)2

β =
2π

λ
a(sin θ)

d sin θ = mλ grating

2


