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Mathematics

Quadratic equation:

ax 2 % bx % c ' 0

x '
&b ± b 2&4ac

2a
Trigonometry:

sinθ = y/rx 2 % y 2 ' r 2

cosθ = x/r
tanθ = y/x

tanθ = sinθ
cosθ

Calculus:

d
dt

(a@t n) ' a@nt n&1

m x ndx '
x n%1

n%1

Constants and Units

k = 103,   µ = 10!6,   n = 10!9

c = 3.0×108 m/s
g = 9.80 m/s2

Translational Kinematics

Three dimensions:

 = Pr x î % y ĵ % z k̂

 =  = Pvav
ΔPr
Δt

'
Pr2 & Pr1

t2 & t1

Pv lim
Δ t60

ΔPr
Δt

'
dPr
dt

 =  = Paav
ΔPv
Δt

'
Pv2 & Pv1

t2 & t1

Pa lim
Δ t60

ΔPv
Δt

'
dPv
dt

One dimension:

vx,av = vx = Δx
Δt

lim
Δ t60

Δx
Δt

'
dx
dt

ax,av = ax = 
Δv x

Δt
lim
Δ t60

Δv x

Δt
'

dv x

dt

Constant acceleration in one dimension:

x = x0 % v0x t % 1
2
ax t 2

vx = v0x % ax t

 = v2
x v2

0x % 2ax(x & x0)

Uniform circular motion:

a = v 2

r

Particle Dynamics

 =  # Σ PF m Pa fs µs N
      N = normal

W = mg  =            forcefk µk N

Relative Motion

 =   (PA means P relative to A, etc.)PvPA PvPB % PvBA

Work, Kinetic Energy, Potential Energy

W = W = PF @ Ps m
B

A

PF @ d Ps

 = K = PA @ PB | PA | | PB | cosθ 1
2

mv 2

W = ΔK = Kf – Ki E = K + U

ΔE = Ef – Ei = Wnc

Us = (spring)1
2

kx 2

Ug = (gravity)mgz

Power = dW
dt

' PF @ Pv

y

x

r

θ
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Momentum and Collisions

 =  = Pp mPv PF d Pp
dt

         /  =  =   (impulse)PJ m PF dt PFav Δ t Δ Pp

 = Prcm
1
M

Σ
i

mi Pri Pvcm '
1
M

'
i

miPv i

 =  =  = PP Σ
i
Ppi Σ

i
miPv i ' M Pvcm

PFext
d PP
dt

 =  m1Pv1i % m2Pv2i m1Pv1f % m2Pv2f
(conservation of momentum)

 = 1
2

m1 v2
1i %

1
2

m2 v2
2i

1
2

m1 v2
1f %

1
2

m2 v2
2f

(elastic collision)

Rotational Kinematics

ω = α = dθ
dt

dω
dt

v = ωr  =  =  = ω2raT αr aR
v2

r

  constant acceleration α

θ ' θ0 % ω0t %
1
2
αt 2

ω ' ω0 % αt

ω2 ' ω2
0 % 2α(θ&θ0)

Torque and Angular Momentum

 = Pτ Pr × PF

 = PR Pr × Pp

 = Pτ dPR
dt

 = | PA× PB | | PA | | PB | sinθ

           (rotating rigid object)

L ' Iω

τ ' Iα

I ' '
i

mi r
2
i

Special Relativity

Lorentz transformationx ) ' γ(x & v t)

y ) ' y

z ) ' z

t ) ' γ(t & vx/c 2)

γ '
1

1 &
v 2

c 2

L ' L0 /γ Δt ' γΔ t0

Relative velocity formula for motion in one
dimension:

u '
u ) % v

1 %
vu )

c 2

Energy and momentum:

Pp ' γ mPv

E ' K % mc 2

E 2 ' c 2p 2 % m 2c 4


