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Angular and Linear Quantities

θ = θr · rad θr =
∆xt

R
(1)

ω = ωr · rad ωr =
vt

R
(2)

α = αr · rad αr =
at

R
(3)

Const angular acceleration

ω = ωo + αt (4)

θ = θo + ωot +
1
2
αt2 (5)

ω = ω2
o + 2α∆θ (6)

Centripetal and Linear acceleration

atot =
√

a2
t + a2

c (7)

ac =
v2

r
= ω2r (8)

Moment of Inertia

I = M
〈
r2
⊥

〉
M

(9)

=
∑

i

mi(r2
⊥)i (10)

IA = Icm + Mr2
⊥,cm (11)

Itot = I1 + I2 + . . . (12)

Torque

~τ = ~r × ~F (13)

|~τ | = |rF sin(θ)| = |rF⊥| (14)

In two dimensions we have

~τ = |rF sin(θ)| ± k̂ (15)

= |rF⊥| ± k̂ (16)

∑
~τ = I~αr (17)

Rotational Energy

KE =
1
2
IAω2

r (18)

KE =
1
2
Mv2

cm +
1
2
Icmω2

r (19)

vcm = ωrR (20)
(∆PEg) = Mg ycm (21)

Wext = |τ∆θ| · (sign) (22)

where the sign is positive (negative) if the torque and
angle are in the same (opposite) direction (counter clock-
wise vs. clockwise).

~̀ = ~r × ~p = ~r × (m~v) (23)

= |r⊥mv| ± k̂ 2D Only (24)

Angular Momentum

~̀ = I~ωr (25)

∑
~τext =

d~̀

dt
(26)

∑
~̀
before =

∑
~̀
after (~τext = 0) (27)

Ii~ωi = If~ωf (~τext = 0) (28)


