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❑ The kinetics of rigid bodies treats the relationships between the external

forces acting on a body and the corresponding translational and rotational

motions of the body

❑ For our purpose, a body which can be approximated as a thin slab with its

motion confined to the plane of the slab will be considered to be in plane

motion.

✓Section A: forces and moments to instantaneous linear and angular accelerations relations

✓Section B: method of work and energy

✓Section C: methods of impulse and momentum
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❑ The force equation:

❑ The moment equation taken about the mass center:
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❖ A rigid body moving with plane motion in the x-y plane

✓ The mass moment of inertia:
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❖ By referring directly to the forces which act on

the representative particle of mass mi
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✓ The free-body diagram discloses the forces and moments appearing on the

lefthand side of equations of motion.

✓ The kinetic diagram discloses the resulting dynamic response in terms of the

translational term and the rotational term which appear on the right-hand side

of equations of motion.
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❖ General equation for moments about an arbitrary point P

✓ When point P becomes a point O fixed in an inertial reference system
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❖ The motion of a rigid body may be unconstrained or constrained.

❖ The two components ax and ay of the mass center acceleration and the angular acceleration

𝛼 may be determined independently or not.

❖ In general, dynamics problems which involve physical constraints to motion require a

kinematic analysis relating linear to angular acceleration before the force and moment

equations of motion can be solved.
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✓ In problems dealing with two or more connected rigid bodies whose motions are related

kinematically, it is convenient to analyze the bodies as an entire system.

✓ If there are more than three remaining unknowns, the E.O.M. is not sufficient to solve the problem.
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❑ There is no angular motion of the translating body, so that both 𝜔 and 𝛼
are zero.

❖ Rectilinear Translation:
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❑ There is no angular motion of the translating body, so that both 𝜔 and 𝛼
are zero.

❖ Curvilinear Translation:
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❖ All points in the body describe circles about the rotation axis, and all lines of

the body in the plane of motion have the same angular velocity 𝜔 and angular

acceleration 𝛼.
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❑ Center of Percussion

❖ We may combine the resultant-force component mat and resultant couple I𝛼 by

moving mat to a parallel position through point Q on line OG.
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❖ Point Q is called the center of percussion and has the

unique property that the resultant of all forces applied

to the body must pass through it.

❖ It follows that the sum of the moments of all forces

about the center of percussion is always zero
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❖ The dynamics of a rigid body in general plane motion combines translation and

rotation.
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Assume that the hoop rolls without slipping
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Alternatively:

hoop slips as it rolls
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C: instantaneous center 

of zero velocity



❖ Gravitational potential energy Vg and elastic potential energy Ve
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