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Kinematics:

Velocity, Acceleration

t'=t
vz (t) —v,(0) = § ag (') dt Velocity Change
=0
t'=t
z(t) —x(0) = § vy (t')adt’ Displacement
=0

= | d®r _ .rdoN2]| & d?9 dr do | p

Acceleration in Polar Coordinates

Circular Motion Kinematics:
Position
Velocity
Angular Velocity
Angular Frequency

& = (dw,/dt)k = (d?0/dt*)k = o,k Angular Accel.

Force and Momentum:

Fox = ma = dpys/dt Newton’s 24 Law

ﬁ12 = —ﬁz 1 Newton’s 3'¢ Law

Fo = —(Gmymy/r?)f Gravitation

F, = —kAzi Hooke’s Law
N

P =mv, pYs = > m; v Momentum
j=1

- t=ty _

I=p(t;) —pts) = Fext()dt Impulse

t=t;
P=F/A Pressure

Energy:

K = (1/2) mv?
W={,F ds=AK
AU=U(B)-U(A) =
Ug(y) = mgy
Ug(r)= — Gmima/r

Us(z) =(1/2) ka?

Wnc = AK 4 AUtotal — AEmcch

U,(0) =0

Translational Kinetic

Work-Energy Principle

B —
—W, = — {F.-dS Potential
A

Uniform Gravity

Ug(0) =0 Gravity
Us(0) =0 Springs
Conservation

Rigid Body Motion About the z-axis:

Is= § r%dm
body

I = 2MR?

sphere,cm — 3

1 2
Icylinder,cm = §MR
2
Ihoop,cm =MR
— 1 2
=ML

Ir0d7cm
Ig = md? + Lo,
7_':9 = RS,F x F

TS,z = ISaz

Kt = (1/2)Tsw?

Moment of Inertia

Sphere
Cylinder
Hoop

Rod, transverse through center

Parallel Axis Theorem
Torque about S
Rigid Body, Fixed Axis

Rotational Kinetic Energy

Angular Momentum:

LS:RSXm\_f

Laxis = Iaxisw = Izwzk

Ft = dL S /dt

Point Mass about S
Rigid Body

Torque Relation



Translation and Rotation:

N
- 1 _ 1 _
Rem = Tmtotal 2. m;R; = Tmtotal S dmR
j=1 body
Center of Mass
1 N, 1
Vem = total 2 M; Vi = %ctal S dmv

j=1 body

Center of Mass Velocity
K = (1/2)mvem? + (1/2) Lepw? Kinetic Energy

Ls = Rsem X mVem + Iem@  Angular Momentum

Simple Harmonic Oscillator:

d?z/dt? + wo?z =0 Equation of Motion

x(t) = Acos(wot) + Bsin(wot) Solution

k
wo = m

Spring Frequency
rol_27m
f w
Taylor Series:
df
+ —_
dx

Period and Frequency Relations

f(x) ~ f(a)

(x—a)+%

r=a

(z —a)?

=a

f
daz?|,

Kepler’s Laws:

% = éTj Equal Area
T? = % Period
Rotating Reference Frames:

Vinertial = Vyotating T (0 X T) Transformation
F‘ccntrifugal = _m(a/" X (CU X F)) Centrifugal Force
ﬁcoriolis = —2md x V' Coriolis Force
Fony — m(@ x (@ x F)) — 2md x ¥ = ma’

Newton’s 274 Law



