
ME 240 EQUATIONS

PARTICLE DYNAMICS

General Expressions

v =
ds

dt

a =
dv

dt

a = v
dv

ds

Constant Acceleration

v = vo + act

s = so + vot +
1
2
act

2

v2 = v2
o + 2ac(s− so)

Relative Motion

~vA = ~vB + ~vA/B

~aA = ~aB + ~aA/B

Normal & Tangential Components

~v = v~et

~a =
dv

dt
~et +

v2

ρ
~en

Radial & Transverse Components

~v = ṙ~er + rθ̇~eθ

~a =
(
r̈ − rθ̇2

)
~er +

(
rθ̈ + 2ṙθ̇

)
~eθ

Newton’s Law∑
~F = m~a

Newton’s Gravitational Law

∑
~F =

GMm

r2

Work and Energy Relationships

T =
1
2
mv2

U1→2 =
∫ r2

r1

~F · d~r

U1→2 =
∫ s2

s1

−ksds (spring)

U1→2 = −W (y2 − y1) (gravity)

T2 = T1 +
∑

U1→2

T1 + V1 = T2 + V2

Power =
dU

dt

Ve =
1
2
k(s− so)2 (spring)

Vg = Wy (gravity)

Impulse and Momentum Relationships

~L = m~v
~Ho = ~r ×m~v
~Mo = ~r × ~F∑

(m~v)2 =
∑

(m~v)1 +
∑ ∫

~Fdt

e =
v′B − v′A
vA − vB

=
−(v′A/B)

(vA/B)



RIGID BODY DYNAMICS

General Expressions

ω =
dθ

dt

α =
dω

dt

α = ω
dω

dθ

Constant Angular Acceleration

θ = θo + ωot +
1
2
αt2

ω = ωo + αt

ω2 = ω2
o + 2α(θ − θo)

Relative Motion

~vA = ~vB + ~vA/B

~aA = ~aB + ~aA/B

General Plane Motion

~vB = ~vA + ~ω × ~rB/A

~aB = ~aA + ~α× ~rB/A + ~ω ×
(
~ω × ~rB/A

)
~aB = ~aA + ~α× ~rB/A − ω2~rB/A

Relative Motion with Rotating Axes

~vB = ~vA + ~Ω× ~rB/A + ~vBrel

~aB = ~aA + ~̇Ω× ~rB/A + ~Ω×
(
~Ω× ~rB/A

)
+ 2~Ω× ~vBrel + ~aBrel

Mass Moments of Inertia

Ī = IG =
1
2
mr2 (disk)

Ī = IG =
1
12

ml2 (rod)

Ī = IG =
2
5
ma2 (sphere)

Io = IG + md2

Ī = mk̄2

Newton’s Law∑
~F = m~aG∑

~MG = ĪG~α

Work and Energy

T =
1
2
mv̄2 +

1
2
Īω2

U1→2 =
∫ r2

r1

~F · d~r

U1→2 =
∫ θ2

θ1

~M · d~θ

T2 = T1 +
∑

U1→2

T1 + V1 = T2 + V2

Power =
dU

dt

Impulse and Momentum Relationships

~L = m~v
~H = ~r ×m~v
~M = ~r × ~F

~HA = r̄ ×mv̄ + Īω

system
momenta2 =

system
momenta1 +

system ext.
impulse 1→2

e =
v′B − v′A
vA − vB

=
−(v′A/B)

(vA/B)


