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Useful equations

sin θ = opposite
hypotenuse

cos θ = adjacent
hypotenuse

tan θ = opposite
adjacent

tan θ = sin θ
cos θ

Pythagorean Theorem: c2 = a2 + b2 for a right triangle.

The quadratic equation is ax2 + bx+ c = 0, the solution to which is x = −b±√
b2−4ac
2a

.

�A · �B = AB cosα, where α is the angle between �A and �B.

�A · �B = AxBx + AyBy + AzBz.

�A× �B = AB sinφ, with the direction determined by the right-hand-rule, and φ is the angle
between �A and �B.

�r = xî+ yĵ + zk̂ v = 2πr
T

arad =
v2

r
= rω2

fs ≤ μsn fk = μkn

Missing

variable

Translational
Kinematics
Equations

Connection

between

translation and

rotational

motions

Rotational
Kinematics
Equations

Missing

variable

x vf = vi + a ·Δt atan = rα ωf = ωi + α ·Δt θ

a xf − xi =
(
vi+vf

2

)
·Δt v = rω θf − θi =

(
ωi+ωf

2

)
·Δt α

t v2f = v2i + 2 · a · (xf − xi)
�τ = �r × �F
τ = rF sinφ

ω2
f = ω2

i + 2 · α · (θf − θi) t

v xf = xi + vi ·Δt+ 1
2 · a ·Δt2 θf = θi + ωi ·Δt+ 1

2 · α ·Δt2 ωf

Efinal = Einit +Wnc E = Ug + Us +Ktranslational +Krotational

Ktranslational =
1
2mv2 Krotational =

1
2Iω

2

Us =
1
2kx

2 Ug = mgh (when on a planet)

Fgravity = Gm1m2
r2

(when not on a planet)

The parallel axis theorem states that the moment of inertia about any axis that is parallel to and
a distance d away from the axis that passes through the center of mass is given by I = Icm +Md2.
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I =
∑
i

mir
2
i =

∫
r2dm �rcm =

∑
i

mi�ri

∑
i

mi

�xcm =

∑
i

mi�xi

∑
i

mi

�ycm =

∑
i

mi�yi

∑
i

mi

Translational Equations Rotational Equations

vaverage =
Δx
Δt =

xf−xi

tf−ti
ωaverage =

Δθ
Δt =

θf−θi
tf−ti

vinstantaneous = lim
Δt→0

Δx

Δt
=

dx

dt
ωinstantaneous = lim

Δt→0

Δθ

Δt
=

dθ

dt
v = vo +

∫ tf
ti

adt ω = ωo +
∫ tf
ti

αdt

ainstantaneous = limΔt→0
Δv
Δt = dv

dt = d
dt

dx
dt αinstantaneous = limΔt→0

Δω
Δt = dω

dt = d
dt

dθ
dt

x = xo +

∫ tf

ti

vdt θ = θo +

∫ tf

ti

ωdt

∑ �F = d�p
dt

∑
�τ = d�L

dt∑ �F = m�a, for constant m
∑

�τ = I�α, for constant I

�ptot =
∑

imi�vi �L = �r × �p
�L = I�ω

�pf = �pi + �Jext �Lf = �Li +
∑

�τextΔt
�Jext =

∑ �FΔt

Work =
∫
�F · d�x RotationalWork =

∫
�τ · d�θ

=
∫
Fdx cosα = τΔθ

= FD cosα


