
Constants:

NA = 6.022× 1023 things/mol

ke ≡ 1/4πεo = 8.98755× 109 N ·m2 ·C−2

εo = 8.85× 10−12 C2/N ·m2

µ0 ≡ 4π× 10−7 T ·m/A

e = 1.60218× 10−19 C

h = 6.6261× 10−34 J · s = 4.1357× 10−15 eV · s

 h =
h

2π

kB = 1.38065× 10−23 J · K−1 = 8.6173× 10−5 eV · K−1

c =
1

√
µ0ε0

= 2.99792× 108 m/s

me = 9.10938× 10−31 kg mec2 = 510.998keV

mp = 1.67262× 10−27 kg mpc2 = 938.272MeV

Quadratic formula:

0 = ax2 + bx2 + c =⇒ x =
−b±

√
b2 − 4ac

2a

Basic Equations:

~Fnet = m~a Newton’s Second Law

~Fcentr = −
mv2

r
r̂ Centripetal

E & M

~F12 = ke
q1q2
r212

r̂12 = q2~E1 ~r12 =~r1 − ~r2

~E1 = ~F12/q2 = ke
q1
r212

r̂12

~F B = q~v × ~B

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

Blackbody

Etot = σT4 σ = 5.672× 10−8 W ·m−2 · K−4

Tλmax = 0.29× 10−2 m · K Wien

Equantum = hf

Eoscillator = hf/
(
ehf/kBT − 1

)
I(λ,T) =

8πhc2

λ5

[
e

hc
λkbT − 1

]−1

I(f, t) =
8πhf3

c2

[
e

hf
kbT − 1

]−1

Relativity

γ =
1√

1 − v2
c2

∆t′moving = γ∆tstationary = γ∆tp

L′
moving =

Lstationary
γ

=
Lp

γ

x′ = γ (x − vt)

∆t′ = t′1 − t′2 = γ

(
∆t −

v∆x

c2

)
p = γmv

vobj =
v + v′

obj

1 +
vv′

obj
c2

v′
obj =

vobj − v

1 −
vvobj

c2

KE = (γ − 1)mc2 =

√
m2c4 + c2p2 − mc2

Erest = mc2

p = γmv

E2 = p2c2 + m2c4 =
(
γmc2

)2

Quantum

E = hf p = h/λ = E/c λf = c photons

λf − λi =
h

mec
(1 − cosθ)

λ =
h

|~p |
=

h

γmv
≈ h

mv

∆x∆p >
h

4π

∆E∆t >
h

4π

eVstopping = KEelectron = hf − ϕ = hf − W

Calculus of possible utility:

∫
1

x
dx = lnx + c∫

udv = uv −

∫
vdu∫

sinaxdx = −
1

a
cosax + C∫

cosaxdx =
1

a
sinax + C

d

dx
tanx = sec2 x =

1

cos2 x

Vectors:

|~F | =
√

F2
x + F2

y magnitude θ = tan−1
[

Fy

Fx

]
direction

r̂ = ~r /|~r | construct any unit vector

let ~a = ax x̂ + ay ŷ + az ẑ and ~b = bx x̂ + by ŷ + bz ẑ

~a · ~b =axbx + ayby + azbz =

n∑
i=1

aibi = |~a ||~b | cosθ

|~a × ~b | = |~a ||~b | sinθ

~a × ~b =

∣∣∣∣∣∣∣
x̂ ŷ ẑ

ax ay az

bx by bz

∣∣∣∣∣∣∣ = (aybz − azby) x̂ + (azbx − axbz) ŷ + (axby − aybx) ẑ
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