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Kinematics:

v⃗ “ d R⃗{dt, a⃗ “ d v⃗{dt Velocity, Acceleration

vxptq ´ vxp0q “
t1

“t
ş

t1“0

axpt1q dt1 Velocity Change

xptq ´ xp0q “
t1

“t
ş

t1“0

vxpt1q dt1 Displacement

a⃗ “

”

d2r
dt2 ´ rpdθ

dt q2
ı

r̂ `

”

r d2θ
dt2 ` 2dr

dt
dθ
dt

ı

θ̂

Acceleration in Polar Coordinates

Circular Motion Kinematics:

R⃗ “ r r̂ Position

v⃗ “ rpdθ{dtqθ̂ “ vθθ̂ Velocity

ω⃗ “ pdθ{dtqk̂ “ ωzk̂ Angular Velocity

ω “ |ω⃗| “ |dθ{dt| Angular Frequency

α⃗ “ pdωz{dtqk̂ “ pd2θ{dt2qk̂ “ αzk̂ Angular Accel.
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Force and Momentum:

F⃗ext “ m a⃗ “ dp⃗ sys{dt Newton’s 2nd Law

F⃗1 2 “ ´F⃗2 1 Newton’s 3rd Law

F⃗G “ ´pGm1 m2{r2 qr̂ Gravitation

F⃗s “ ´k∆x î Hooke’s Law

p⃗ “ mv⃗, p⃗sys “
N
ř

j“1

mj v⃗j Momentum

I⃗ “ p⃗ptf q ´ p⃗ptiq “

t“tf
ş

t“ti

F⃗extptqdt Impulse

P “ F {A Pressure

Energy:

K “ p1{2qmv2 Translational Kinetic

W “
şB

A
F⃗ ¨ d⃗s “ ∆K Work-Energy Principle

∆U ” UpBq ´ UpAq ” ´Wc “ ´
B
ş

A

F⃗c ¨ d⃗s Potential

Ugpyq “ mgy Ugp0q “ 0 Uniform Gravity

UGprq“ ´ Gm1m2{r UGp8q “ 0 Gravity

Uspxq “(1/2) kx2 Usp0q “ 0 Springs

Wnc “ ∆K ` ∆U total “ ∆Emech Conservation

Rigid Body Motion About the z-axis:

IS “
ş

body

r2dm Moment of Inertia

Isphere,cm “ 2
3MR2 Sphere

Icylinder,cm “ 1
2MR2 Cylinder

Ihoop,cm “ MR2 Hoop
Irod,cm “ 1

12ML2 Rod, transverse through center

IS “ md2 ` Icm Parallel Axis Theorem

τ⃗S “ R⃗S,F ˆ F⃗ Torque about S

τS,z “ ISαz Rigid Body, Fixed Axis

Krot
S “ p1{2qISω

2 Rotational Kinetic Energy

Angular Momentum:

L⃗S “ R⃗S ˆ mv⃗ Point Mass about S

L⃗axis “ Iaxis ω⃗ “ Izωzk̂ Rigid Body

τ⃗ ext
S “ dL⃗ sys

S {dt Torque Relation



Translation and Rotation:

R⃗cm “ 1
mtotal

N
ř

j“1

mjR⃗j “ 1
mtotal

ş

body

dm R⃗

Center of Mass

v⃗cm “ 1
mtotal

N
ř

j“1

mj v⃗j “ 1
mtotal

ş

body

dm v⃗

Center of Mass Velocity

K “ p1{2qmvcm
2 ` p1{2qIcmω2 Kinetic Energy

L⃗S “ R⃗S,cm ˆ mv⃗cm ` Icmω⃗ Angular Momentum

Simple Harmonic Oscillator:

d2x{dt2 ` ω0
2x “ 0 Equation of Motion

xptq “ A cospω0tq ` B sinpω0tq Solution

ω0 “

b

k
m Spring Frequency

T “
1

f
“

2π

ω
Period and Frequency Relations

Taylor Series:

fpxq « fpaq `
df

dx

ˇ

ˇ

ˇ

ˇ

x“a

px ´ aq ` 1
2!

d2f

dx2

ˇ

ˇ

ˇ

ˇ

x“a

px ´ aq2

Kepler’s Laws:

dA
dt “ Lz

2µ Equal Area

T 2 “ 4π2a3

Gpm1`m2q
Period

Rotating Reference Frames:

v⃗inertial “ v⃗1
rotating ` pω⃗ ˆ r⃗q Transformation

F⃗centrifugal “ ´mpω⃗ ˆ pω⃗ ˆ r⃗qq Centrifugal Force

F⃗coriolis “ ´2mω⃗ ˆ v⃗1 Coriolis Force

F⃗phy ´ mpω⃗ ˆ pω⃗ ˆ r⃗qq ´ 2mω⃗ ˆ v⃗1 “ ma⃗1

Newton’s 2nd Law


