
1) Cartesian csys:
vP |F = ẋî+ ẏĵ + żk̂

aP |F = ẍî+ ÿĵ + z̈k̂

2) Cylindrical polar csys:
vP |F = ṙêr + rϕ̇êϕ + żêz

aP |F =
(
r̈ − rϕ̇2

)
êr +

(
2ṙϕ̇+ rϕ̈

)
êϕ + z̈êz

3) Path csys:
vP |F = ṡêt

aP |F = s̈êt +
ṡ2

ρ
ên

1
ρ
=

|vP |F×aP |F |
|vP |F |3

Coordinate Systems

Ȧ|F = Ȧ|m + ωm|F ×A
vP |F = vP |m + vA|F + ωm|F × r⃗PA

aP |F = aP |m+aA|F + ω̇m|F × r⃗PA+2ωm|F ×vP |m+
ωm|F × (ωm|F × rPA)

Velocity and Acceleration Transfer

ω3|1 = ω3|2 + ω2|1
ω̇3|1 = ω̇3|2 + ω̇2|1 + ω2|1 × ω3|2

Composition of angular vel. and acc.

1) Equivalent Force Systems:

FR = F
′

R

MA = M
′

A

2) Linear Momentum:

p|F =

ˆ
m

vP |F dm = mvC|F

3) Angular Momentum:

HA|F =

ˆ
m

rPA × vPA|F dm

HA = IAωm|F

(HA)i = IAijωij

Forces and Moments

1) Euler’s Axioms (point O fixed in ‘I’)

d

dt

{
p|I

}∣∣∣∣
I

= ṗ|I = FR

d

dt

{
HO|I

}∣∣∣∣
I

= ḢO|I = MO

2) Modified Euler’s 2nd axiom

d

dt

{
HA|I

}∣∣∣∣
I

= ḢA|I = MA − rCA ×maA|I

3) Coulomb friction axiom:

Static : |f | ≤ µs |N |
Kinetic : |f | = µk |N |

Axioms

1) Inertia Tensor (and matrix components)

IAij =

ˆ
m

(
r2δij − xixj

)
dm

IA =

ˆ
m

{(rPA · rPA) I− rPA ⊗ rPA} dm

2) Parallel Axes Theorem
C is the COM, and the origin is at A

IA11 = IC11 +m
(
x2
C2

+ x2
C3

)
IA22 = IC22 +m

(
x2
C1

+ x2
C3

)
IA33 = IC33 +m

(
x2
C1

+ x2
C2

)
IAij = ICij −m xCi

xCj
i ̸= j

Rigid Body Dynamics

1) Rectangular Cuboid (m = ρwhl)

[
IC

]
= m diag

([
(w2 + h2)

12
,
(l2 + h2)

12
,
(l2 + w2)

12

])
2) Circular Solid Cylinder (m = ρπR2l)

[
IC

]
= m diag

([(
R2

4
+

l2

12

)
,

(
R2

4
+

l2

12

)
,
R2

2

])
‘diag’ denotes the diagonal components of

[
IC

]
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