
vector – direction & magnitude
scalar – magnitude only
2D kinematics
COMPONENTS

x = cosine θ
y = sine θ

RESULTANTS 
add all x, add all y then pythagorean tm
θ= tan-1 (Δ y / Δ x)

+see also: RELATIVE VELOCITY
-boat and river type problems

PROJECTILES
+projectiles follow parabolas!
from rest, projectile:

y= -½(g)(Δt²)
x=vt

launching at angles:
y= vi(sin θ ) Δ t – ½g(Δt²)
x= vi(cos θ) Δ t

FORCES AND MOTION
Force is a vector

contact force    //    field force
NEWTON
Newton’s 1º LAW:

An object at rest REMAINS at rest and 
an object in motion CONTINUES in mo-
tion (unless there’s a net external F)

INTERTIA
INERTIA – objs tend to not accelerate
Law of Inertia

ΣF = 0
EQUILIBRIUM – an object at rest or mov-
ing at a constant velocity (translational)

ΣF x = 0    //     ΣF y = 0
Newton’s 2º LAW:

the acceleration of an object is DIRECT-
LY proportional to the Σ external force 
and INVERSELY proportional to its mass
ΣF = ma

Newton’s 3º LAW:
FORCES ALWAYS EXIST IN PAIRS	

for every action, there exists an EQUAL 
and OPPOSITE reaction

BASIC FORCES
WEIGHT – F

g
; location dependent

NORMAL – F
n
 – the equal and opposite 

rxn to gravity (or its component, as pp to 
the surface the object is resting on)
FRICTION – F

f
 – opposes the applied force

Coefficient of Friction

μ s = Fsmax / Fn ; μ k = Ff / Fn
+Kinetic co. always smaller than static

Ff = μ Fn

WORK and ENERGY
WORK
a force that causes the displacement of an 
object does WORK on the object

W = Fd
(this only occurs for force / component 
that is PARALLEL; therefore...)
Work by constant net forces:

WΣ = Fnet d (cos θ)
(distance moved by a force)(force) = 
work done!
WΣ =(ma)d   <!-- seeing as Fnet == ma -->

WORK  ENERGY
Kinetic Energy

KE = ½ mv²
Work

Wnet =  ½mvf² – ½ mvi²
Wnet= ΔKE

Gravitational Potential Energy

mgh
Elastic

½ kx²
where k is the spring constant and x is 
stretch
Conservation of Energy

Mechanical energy (ME = KE + KEsp) is 
often conserved when there is no friction. 
Not conserved when there’s friction; if 
friction -> work

MOMENTUM
BASICS

it’s P for some reason
p=mv <!-- MASS * VELOCITY-->

Newton’s REAL 2º Law
okay, we lied before

F= Δ p / Δ t
but: F= (mvf – mvi)/ Δ t
F= m(vf-vi)/ (tf-ti)    <!-- (vf-vi)/ (tf-ti) == a-->

Impulse-Momentum Theorem

F Δ t = Δ p
Conservation of momentum – N’s 3º

P1i + P2i = P1f + P2f
M1v1i+ m2v2i = m1v1f + m2v2f

COLLISIONS
PERFECTLY INELASTIC
they smoosh = they move as one

M1v1i+ m2v2i = (m1+m2)vf
KE IS NOT constant!

PERFECTLY ELASTIC
KE and P are both constant
set the two equations, do some substitu-
tion (super happy funtimes)

M1v1i+ m2v2i = m1v1f + m2v2f
½M1v1i²+ ½m2v2i² = ½m1v1f² + ½m2v2f²

ROTATIONAL MOTION
CIRCULAR MTN
moves around a fixed axis of rota-
tion, so it’s relative
Θ= angle; r = radius; s = arc length
ANGULAR
Angular Displacement

θ= s/r = 2 π r / r = 2 π rad
θ (rad) = π / 180 * θ (deg)

Angular Velocity

  ωavg  = Δθ / Δt
Angular Acceleration

α = Δω / Δt
Angular Kinematics

∆θ = ½(ωf+ωi)∆t
ωf2 = ωi

2 + 2α∆θ
ωf = ωi + α∆t
θf = θi + ωi∆t + ½α∆t2

TANGENTIAL
Tangential Speed, Acceleration

vt = rω
at = rα

CENTRIPETAL
centripetal – center seeking
constantly changing direction
Centripetal Acceleration

ac = vt² / r
tangential and centripetal are 
perpendicular!

Newton's 2º, with Circles

Fc = mac
Fc = mvt² / r  <!-- plugged in for a--> 

==mrω² 
<!-- plugged in for vt², then divided by r -->

INERTIA IS NOT A FORCE
Newton’s universal gravitation

Fg = G(m1m2) / r²)
ROTATIONAL

equilibrium and dynamics
Extended obj- def. size and shape
net torque – rotation
torque = force x lever arm (dis-
tance where pushed from center)

Τ = Fd(sin θ)
sometimes Fr
To get Σ torque – add!

ccw – positive; cw – negative
ROT AND TRANS
Moment of Inertia
resistance to rotation around an 
axis

Σ f = 0; Σ torque = 0
Σ torque = Iα

Rotational Kinematics

½ I ω²;   work - Δτ (Iαθ)

vavg = ∆d/∆t
∆d = ½(vf+vi)∆t
vf2 = vi

2 + 2a∆d

vavg =  vf+vi / 2
vf = vi + a∆t
df = di + vi∆t + ½a∆t2

1D kinematics
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