
Formula sheet

g = 9.81 m/s2

0 = ax2 + bx2 + c =⇒ x =
−b±

√
b2 − 4ac

2a

Generic vector~f:
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~f

fy = |~f| sin θ

fx = |~f| cos θ

tan θ = fy/fx

|~f| =
√

f2
x + f2

y

motion with constant acceleration:

xf = xi + vxit +
1

2
axt2

vf = vi + axt

v2
xf = v2

xi + 2ax∆x

Quantity Unit equivalent to

force N kg·m/s2

energy J kg·m2/s2 = N·m
power W J/s=m2·kg/s3

Projectile motion:

Range over level ground = R =
v2

i sin 2θi

g

max height from origin = H =
v2

i sin2 θi

2g

y(x) = (tanθo) x −
gx2

2v2
o cos2 θo

Isolated systems: ~p, E=K+PE, L are all conserved.
Static equilibrium:

∑
F=0 and

∑
τ=0 about any axis.

Elastic collision: KE and p are both conserved.
Inelastic collision: only p is conserved, not KE.

Force:

Σ~F = ~Fnet = m~a ΣFx = max ΣFy = may

~F12 = −~F21

Fgravity = mg = weight Fspring = −k∆x

friction

fs 6 µsn

fk = µkn

Work-Energy:

W = F||∆x = F∆x cosθ P = F||v = Fv cosθ power

K =
1

2
mv2 =

p2

2m

∆K = Kf − Ki = W = −∆PE

PEg(y) = mgy PEs(x) =
1

2
kx2

Ki + PEi = Kf + PEf + Wext

Momentum, etc.:

~p = m~v ∆p = pf − pi = Favg∆t (∆p = 0 for isolated system)

xcom =
1

Mtot

n∑
i=1

mixi =
m1x1 + m2x2 + . . .mnxn

m1 + m2 + . . .mn

vcom =
1

Mtot

n∑
i=1

mivi =
m1v1 + m2v2 + . . .mnvn

m1 + m2 + . . .mn∑
Fext = Mtotacom =

∆p

∆t

ptot = Mtotvcom

Rotation: we use radians

s = ∆x = θr ω =
∆θ

∆t
=

v

r
α =

∆ω

∆t

at = αr tangential ar = acentr =
v2

r
= ω2r radial

x→ θ v→ω a→ α convert linear to rotation eqns

I =
∑

i

mir
2
i = kmr2 property of a given shape

Iz = Icom + md2 axis z parallel, dist d

τ = rF sinθrF

∑
τ = Iα =

∆L

∆t

L = rp sinθ = mvr sinθ = Iω

Krot =
1

2
Iω2 =

L2

2I
Ktot =Krot+Ktransl =

1

2
Mv2

cm +
1

2
Icmω2

∆K = W = τ ∆θ P =
∆W

∆t
= τω

T =
2πr

v
period of motion


