
PHY 2130 Equation Sheet

Constants and Unit Conversions

G = 6.67× 10−11 N ·m2

kg2

MEarth = 5.97× 1024 kg

REarth = 6.38× 106m

g = 9.8N/kg

kB = 1.38× 10−23 J/K

R = 8.31 J/(mol ·K)

e = 1.602× 10−19C

kC = 8.99× 109
N ·m2

C2

1mi = 1609m

1 in = 2.54 cm

1µm = 1× 10−6m

1nm = 1× 10−9m

1N = 1kg ·m/s2

1 J = 1 kg ·m2/s2

Areas and Volumes

A = πr2 C = 2πr [circle]

A = 4πr2 V =
4

3
πr3 [sphere]

Cylinder

A = 2πrh [curved surface area]

Atotal = 2π2 + 2πrh [total surface area]

V = πr2h

Vector Summary

sin θ =
opp

hyp
, cos θ =

adj

hyp
, tan θ =

opp

adj
,

hyp2 = opp2 + adj2

A⃗ = Axî+ Ay ĵ, Ax = A cos θ, Ay = A sin θ

Motion

r⃗ = xî+ yĵ

∆r⃗ = r⃗f − r⃗i = (∆x)̂i+ (∆y)ĵ

average speed =
distance

time

⟨v⃗⟩ = ∆r⃗

∆t

⟨⃗a⟩ = ∆v⃗

∆t
Constant Acceleration

vf = vi + a∆t

⟨v⟩ = 1

2
(vi + vf )

∆x =
vi + vf

2
∆t

∆x = vi∆t+
1

2
a,∆t2

v2f = v2i + 2a∆x

Momentum and Impulse

p⃗ = mv⃗

p⃗tot = p⃗1 + p⃗2 + · · ·
∆p⃗ = p⃗f − p⃗i

I⃗ = ⟨F⃗net⟩∆t

I⃗ = ∆p⃗ = m∆v⃗

Diffusion

⟨vx⟩ =
λ

∆T

D =
λ⟨vx⟩
2

P (x, t) =
1√
4πDt

e−x2/4Dt

xrms =
√
2Dt one dimensional

rrms =
√
4Dt two dimensional

rrms =
√
6Dt three dimensional

J =
R

A
= −D

∆n

∆x

Forces and Newton’s Laws

F⃗net =
∑

F⃗ = F⃗1 + F⃗2 + F⃗3 + · · ·

⟨F⃗net⟩ = m⟨⃗a⟩
F⃗net = ma⃗

|W⃗ | = mg [weight force]

|F⃗sp| = k|∆x| [spring force]

fs,max = µsn [static friction force]

fk = µkn



Drag and Viscous Forces

|F⃗viscous| = 6πµRv [sphere]

|F⃗drag| =
1

2
cDρAv

2

Re =

(
ρ

µ

)
Rv

Gravity and Electric Force

|F⃗grav| = G
m1m2

r2

Qnet = Nprotonse−Nelectronse

|F⃗elec| = kC
|q1||q2|
r2

Center of Mass

xCM =

(
mA

mtotal

)
xA +

(
mB

mtotal

)
xB + · · ·

yCM =

(
mA

mtotal

)
yA +

(
mB

mtotal

)
yB + · · ·

Solids

ρ =
m

V
[density]

|F⃗ | = keff|∆L|

keff = E
A

L
σ = Eϵ

σ =
|F⃗ |
A

ϵ =
∆L

L

Fluids

P =
|F⃗ |
A

P = P0 + ρgd

B = mflg = ρflVflg

γ =
|F⃗tot|
L

∆P =
2γ

r

Q = Av = Avavg = constant

A1v1 = A2v2∑
Qin =

∑
Qout

|∆P | =
(
8µL

πR4

)
Q

Q =
∆V

∆t
=

(
πR4

8µL

)
|∆P |

P +
1

2
ρv2 + ρgy = constant

Energy

Etot = K + U + Eth + Echem + · · ·
∆Etot = ∆K +∆U +∆Eth +∆Echem + · · ·

= W +Q

W = F∥d = |F ||d| cos θ

K =
1

2
mv2 [kinetic energy]

Ug = mgy [gravitaional potential energy]

Us =
1

2
k|∆x|2 [spring potential energy]

Ue = kC
q1q2
r

[electrostatic potential energy]

∆Eth = |f⃗k||∆x|

|F⃗ | =
∣∣∣∣∆U

∆x

∣∣∣∣
U =

A

r12
− B

r6
[Molecular Potential]

Thermal Physics

T (K) = T (◦C) + 273.15

∆Eth = Q = mc∆T

P =
∆E

∆t

J =
|P |
A

= κ

∣∣∣∣∆T

∆x

∣∣∣∣
J =

|P |
A

= σeT
4

Uint = Eth + Echem

Gases

⟨K⟩ = 1

2
m⟨v2⟩ = 3

2
kBT

vrms =

√
3kBT

m

Eth =
3

2
NkBT

PV = NkBT

NkB = nR

∆Uint = W +Q


