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In this lecture we are going to start with spatial kinetics of rigid bodies. 
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To give an overview, we are going to look at the equations of motion of rigid bodies in 3 

dimensions. We are going to see what new things comes up when we study kinetics of rigid 

bodies in general 3D motion. We are going to look at the moment of inertial tensor. Then from 

these equations of motion we are going to derive the work energy relation and the impulse 

momentum relations. 
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The above slide recapitulates the translational and rotational dynamics of a rigid body. The 

rotational dynamics is written for the center of mass of the body. 
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The calculation of the angular momentum vector leads us to the moment of inertia tensor 

calculated about the center of mass G, as shown in the slide above. 
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Finally, using a body-fixed frame, the equation of rotational dynamics can be written in terms of 

the center of mass G in the form shown in the slide above. 
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If we choose the x-y-z body-fixed frame as the principal frame of the body, the moment of 

inertia tensor becomes diagonal. In that case, we obtain the simplified equations of rotational 

dynamics which go by the name Euler’s equations of motion. 
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Now we consider the fixed axis rotation or what is also known as parallel plane motion. It is 

called parallel plane motion because all points of the rigid body are moving in parallel planes. I 

have chosen the frame in such a way that the angular velocity is along the z axis. However, this 

frame is not guaranteed to be the principal frame of the rigid body. The equations of motion of 

the body is presented in the slide above. In case the frame happens to be the principal frame, and 

G lies on the fixed axis of rotation, the equations of rotational dynamics for such a body reduce 

to planar kinetics equation.  
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The moments of inertia of some standard regular bodies are presented in the slide above. 

 

 

Next, we discuss the work-energy relations. 
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The above slide presents the first steps in the derivation. 

 



 

The kinetic energy expression is presented for the general motion and motion about a fixed point 

in the following slide. 
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Finally, the work-energy relation in presented in the above slide. The decomposition of the 

kinetic energy in translational and rotational parts is used above. 
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The impulse momentum relations involving the linear and angular impulse are presented in the 

above slide. 
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The discussions are summarized above. 


