
Cheat Sheet

Constants:

ke = 8.98755× 10
9
N ·m2 · C−2

ε0 = 8.85× 10
12

C
2
/N ·m2

e = 1.60218× 10
−19

C

µ0 ≡ 4π × 10
−7

T ·m/A

c = 2.99792× 10
8
m/s

me− = 9.10938× 10
−31

kg

mp+ = 1.67262× 10
−27

kg

Quadratic formula & vectors:

0 = ax
2

+ bx
2
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√
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q

F 2
x + F 2

y magnitude

θ = tan
−1

»
Fy

Fx

–
direction

Ohm:

∆V = IR

P = E · ∆t = I∆V = I
2
R =

[∆V ]2

R
power

Induction:

ΦB = B⊥A = BA cos θBA

∆V = −N
∆ΦB

∆t

L = N
∆ΦB

∆I
=

NΦB

I

∆V = |~v||~B|l = |~E|l motional voltage

Optics:

E = hf =
hc

λ

n =
speed of light in vacuum

speed of light in a medium
=

c

v

λ1

λ2
=

v1

v2
=

c/n1

c/n2
=

n2

n1
refraction

n1 sin θ1 = n2 sin θ2 Snell’s refraction

λf = c

M =
h′

h
= −

q

p

1

f
=

1

p
+

1

q
=

2

R
mirror & lens

n1

p
+

n2

q
=

n2 − n1

R
spherical refracting

q = −
n2

n1
p flat refracting

1

f
=

„
n2 − n1

n1

« »
1

R1
−

1

R2

–
lensmaker’s

Magnetic fields & forces:

|~FB | = q|~v||~B| sin θvB charge q

|~FB | = BIl sin θ wire

|~τ | = BIAN sin θ torque current loop

~B =
µ0I

2πr
θ̂ wire

~B = µ0
N

L
I ẑ ≡ µ0nI ẑ solenoid

|~F12|
l

=
µ0I1I2

2πd
2 wires, force per length

ac Circuits

τ = L/R RL circuit

τ = RC RC circuit

ωcutoff =
1

τ
= 2πfcutoff

XC =
1

2πfC
“resistance” of a capacitor for ac

XL = 2πfL “resistance” of an inductor for a

Units

1 T ·m/A = 1 N/A
2

1 T ·m2
= 1 V · s

1 T = 1 kg/A · s2

1 eV = 1.6× 10
−19

J

1 J = 1 N ·m = 1 kg ·m2
/s

2

1 N = 1 kg ·m/s
2

1 W = 1 J/s = 1 kg ·m2
/s

3

1 F = 1 C/V

1 C = 1 A/s

1 N/C = 1 V/m

EM Waves:

c = λf =
|~E|
|~B|

I =

»
photons

time

– »
energy

photon

– »
1

Area

–
I =

energy

time · area
=

EmaxBmax

2µ0
=

power (P)

area
=

E2
max

2µ0c

Right-hand rule #1

1. Point the fingers of your right hand along the

direction of the velocity.

2. Point your thumb in the direction of the mag-

netic field ~B.

3. The magnetic force on a positive charge points

out from the back of your hand.

Right-hand rule #2:

Point your thumb on your right hand along the wire

in the direction of the current. Your fingers naturally

curl around the direction of the magnetic field caused

by the current, which circulates around the wire.
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