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Conversion Factors and Constants

Quantity FPS Unit SI Unit

Force 1 lb 4.4482 N

Mass 1 slug 14.5938 kg

Length 1 ft 0.3048 m

1 in 0.0254 m

Distance: 1 ft = 12 in 1 mi = 5280 ft

Weight: 1 kip = 1000 lb 1 ton = 2000 lb

slug = lb · s2 · ft−1 g = 9.81 m/s2 = 32.2 ft/s2

G = 6.673× 10−12 Nm2/kg2 1 hp = 550 lb·ft/s = 746 W
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Graph Interpretation

Graph Slope interpretation Integral interpretation

s-t velocity

(
ds

dt

)
v-t acceleration

(
dv

dt

)
∆s =

∫
v dt

a-t jerk

(
da

dt

)
∆v =

∫
a dt

v-s acceleration

(
a = v

dv

ds

)
a-s

∫ v

v0

v dv =

∫ s

s0

a ds
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Rectilinear Motion

v =
ds

dt
a =

dv

dt
=
d2s

dt2
a ds = v dv∫ v

v0

dv = ac

∫ t

0

dt v = v0 + act∫ s

s0

ds =

∫ t

0

(v0 + act) dt s = s0 + v0t+
1

2
act

2

∫ v

v0

v dv = ac

∫ s

s0

ds v2 = v2
0 + 2ac(s− s0)
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Relative Motion

rB/A = rB − rA vB/A = vB − vA aB/A = aB − aA

rB/A = −rA/B vB/A = −vA/B aB/A = −aA/B

B/A: B with respect to A
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Miscellaneous

fres = −ks keff =

n∑
i=1

ki (parallel) keff =

(
n∑
i=1

1

ki

)−1

(series)

fk = µkN fs ≤ µsN cos θ =
a · b
ab

Curvilinear Motion

s =

∫ t

t0

|r′(t)| dt v = 〈ẋ, ẏ, ż〉 a = 〈ẍ, ÿ, z̈〉

a = atut + anun at = v̇ an = v2/ρ a =
√
a2
t + a2

n∑
Ft = mat

∑
Fn = man =

mv2

ρ

∑
Fb = 0

ρ(x) =
(1 + [f ′(x)]2)3/2

|f ′′(x)| ρ(t) =
|r′(t)|3

|r′(t)× r′′(t)| =
(ẋ2 + ẏ2)3/2

|ẋÿ − ẍẏ|

• a = at if straight line (ρ =∞)

• a = an if v constant on curve (at = v̇ = 0)
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Work and Energy

U1−2 =

∫ r2

r1

F · dr =

∫ s2

s1

F cos θ ds

Principle of work and energy:
∑

U1−2 = T2 − T1

Conservation of energy:
∑

T1 +
∑

V1 =
∑

T2 +
∑

V2

Work = ∆T = −∆V

Compressed: fs = k(s0 − s) Stretched: fs = k(s− s0)

Work type Integral

Straight line U1−2 = F cos θ

∫ s2

s1

ds = F cos θ(s2 − s1)

Weight U1−2 = −W
∫ y2

y1

dy = −W (y2 − y1)

Spring force U1−2 = −k
∫ s2

s1

s ds = −1

2
k(s22 − s21)
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Power and Efficiency

P =
dU

dt
=

F · dr
dt

= F · v ε =
Pout

Pin
=
Eout

Ein

Uout = ε

∫
Pin dt F = −∇V
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Linear Impulse and Momentum

Single particle:

∫ t2

t1

F dt = m

∫ v2

v1

dv = mv2 −mv1

System of particles:

n∑
i=1

∫ t2

t1

F dt =

n∑
i=1

mi(v2 − v1) = mvg2 −mvg1

Linear impulse (action): I =

∫ t2

t1

F dt N·s or lb·s

Linear momentum (response): L = mv kg·m/s or slug·ft/s

Conservation of linear momentum:
∑

mivi1 =
∑

mivi2

e =
(vb/a)2

(va/b)1
=
vb2 − va2

va1 − vb1
=

restitution impulse

deformation impulse

e = −va2

va1
if obj b doesn’t move after impact

Oblique impact: y-cmpt conserved; need e for x-cmpt
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Angular Motion

ω =
dθ

dt
α =

dω

dt
=
dθ

dt
αdθ = ωdω

ω = ω0 + αt θ = θ0 + ω0t+
1

2
αt2 ω2 = ω2

0 + 2α(θ − θ0)

s = rθ v = rω at = rα an = rω2

v = ω × r a = α× r− ω2r
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Rigid Body Motion

M = r× F I =

∫
m

r2 dm =

∫
V

r2ρ dV I = Icm +md2

Object I

Thin uniform rod, axis about center ML2/12

Thin uniform rod, axis about one end ML2/3

Uniform solid cylinder/disk, axis thru centre MR2/2

Uniform hollow cyilnder/hoop axis thru centre MR2

Uniform solid sphere, axis thru centre 2MR2/5

Uniform hollow sphere, axis thru centre 2MR2/3

Eqs of motion:

{∑
F = macm∑
M0 = I0α

{
acm > rα slipping

acm = Rα no slipping

T =
1

2
mv2

cm +
1

2
Icmω

2 Wrot =

∫ θ2

θ1

τ dθ
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