
Chapter 11

Rotational Dynamics and Static 
Equilibrium



11-1 Torque
From experience, we know that the same force will be much more effective at rotating 
an object such as a nut or a door if our hand is not too close to the axis.

This is why we have long-handled 
wrenches, and why doorknobs are not 
next to hinges.



11-1 Torque

Only the tangential component of force causes a torque:



11-1 Torque

This leads to a more general definition of torque:



11-1 Torque

If the torque causes a counterclockwise angular acceleration, it is positive; if it causes a 
clockwise angular acceleration, it is negative.



11-2 Torque and Angular Acceleration

bŜǿǘƻƴΩǎ ǎŜŎƻƴŘ ƭŀǿΥ

If we consider a mass m rotating around an axis a distance r away, we can reformat 
bŜǿǘƻƴΩǎ ǎŜŎƻƴŘ ƭŀǿ ǘƻ ǊŜŀŘΥ

Or equivalently,



11-2 Torque and Angular Acceleration

Once again, we have analogies between linear and angular motion:



11-3 Zero Torque and Static Equilibrium

Static equilibrium occurs when an object is at rest ςneither rotating nor translating.



11-3 Zero Torque and Static Equilibrium

LŦ ǘƘŜ ƴŜǘ ǘƻǊǉǳŜ ƛǎ ȊŜǊƻΣ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǿƘƛŎƘ ŀȄƛǎ ǿŜ ŎƻƴǎƛŘŜǊ Ǌƻǘŀǘƛƻƴ ǘƻ ōŜ ŀǊƻǳƴŘΤ 
we are free to choose the one that makes our calculations easiest.



11-5 Dynamic Applications of Torque

When dealing with systems that have both rotating parts and translating parts, we must 
be careful to account for all forces and torques correctly.


