
Possibly useful relations:

~A = Axî + Ayĵ + Azk̂ | ~A| =
√

A2
x + A2

y + A2
z

~vavg = ∆~r
∆t ~v(t) =

~dr
dt ~aavg = ∆~v

∆t

~a(t) =
~dv
dt

~vf = ~vi + ~at vavg =
vi+vf

2

xf = xi + vit + 1
2
at2 ~rf = ~ri + ~vit + 1

2
~at2 xf = xi + vavgt

v2
f = v2

i + 2a∆x ac = v2

r

v = 2πr
T v = rω ω = 2π

T

~vAB = ~vAC + ~vCB Σ ~F = m~a ~FAB = − ~FBA

~W = m~g fS ≤ µSN fK = µKN

W = F∆x W = ~F · ∆~r W =
∫

~F · ~dr

W = ∆K K = 1
2
mv2 ∆U = −W

~A · ~B = AB cos θ = AxBx + AyBy + AzBz Fx = −dU
dx

F = −kx

U = mgy + U0 U = 1
2
kx2 + U0 Ki + Ui = Kf + Uf

∆U + ∆K + ∆Eint = W ext ∆Eint = fKd Eisolated
total = const.

P = dE
dt P = dW

dt P = ~F · ~v
~p = m~v ~F =

~dp
dt

~ptotal = const.

~I = ∆~p =
∫

~Fdt = ~Fav∆t ~rcm = 1
M Σ~rimi ~rcm = 1

M

∫

~rdm

Σ ~Fext = M~acm M~vcm = ~ptotal

(over)



s = rθ v = rω aT = rα

ω = dθ
dt α = dω

dt

θf = θi + ωit + 1
2
αt2 ωf = ωi + αt ω2

f = ω2
i + 2α∆θ

θf = θi + ωavgt τ = Fr sin φ = Fd Στext = Iα

~τ = ~r × ~F | ~A × ~B| = AB sin θ

I = Σmir
2
i I =

∫

r2dm I = Icm + MD2

~L = ~r × ~p ~L = I~ω

Krot = 1
2
Icmω2 vcm = Rω acm = Rα

W =
∫

τdθ P = τω ~Ltotal = constant

Σ~τ = d~L
dt

Σ ~Fext = 0 Σ~τext = 0

~F12 = −Gm1m2

r2
12

r̂12 T 2 = ( 4π2

GM
)R3 U(r) = −Gm1m2

r
+ U0

cos θ = adjacent/hypo. sin θ = opposite/hypo.

tan θ = sin θ
cos θ x = −b±

√
b2−4ac

2a

g = 9.8 m/s2 downward

G = 6.67 × 10−11 Nm2/kg2


