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Center of Mass The center of mass C of a body B has position vector

rC =

∫
B rdm∫
B dm

(1)

where r is the position vector to a typical differential mass dm on the rigid body. The center of
mass of a a rigid body acts as if it is a material point of the rigid body.

Linear Momentum The linear momentum of a rigid body B is

G =

∫
B
vdm = mvC . (2)

Angular Momentum The angular momentum of a rigid body B relative to any material point
P on the body is

HP =

∫
B
(r− rP )× vdm. (3)

In terms of the angular momentum HC about the mass center

HP = HC + (rC − rP )×G, where HC =

∫
B

(r− rC)× vdm.

Letting r− rC = xex + yey + zeZ can calculateHC · ex
HC · ey
HC · ez

 =

ICxx ICxy ICxz
ICxy ICyy ICyz
Ixz Iyz Izz

ω · ex
ω · ey
ω · ez

 (4)

where

ICxx =
∫
B
(y2 + z2)dm, ICyy =

∫
B
(x2 + z2)dm, ICzz =

∫
B
(x2 + y2)dm,

ICxy = −
∫
B
xydm, ICyz = −

∫
B
yzdm, ICxz = −

∫
B
xzdm

(5)

The moments of inertia of typical shapes about regular axes can be found in tables or online.

Parallel axis theorem Consider a material point A on the rigid body such that rA − rC =
Axex + Ayey + Azez, then according to the parallel axis theorem

IAxx = ICxx +m(A2
y + A2

z), IAxy = ICxy −mAxAy, etc. (6)

These problems are taken from J. L. Meriam, L. G. Kraige, and J. N. Bolton (MKB), Engineering
Mechanics: Dynamics, Ninth Edition, Wiley, New York, 2018.
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