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 lodtandled
wrenches, and why doorknobs are not
next to hinges.
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11-1 Torque

Only the tangential component of force causes a torque:

Zero torque Torque = r(F sin 6)
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11-1 Torque

This leads to a more general definition of torque:

General Definition of Torque, 7
7 = r(F sin 6)
SI units: N+ m




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
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If we consider a masarotating around an axis a distancaway, we can reformat
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Or equivalently,

Newton's Second Law for Rotational Motion
T = lo



11-2 Torque and Angular Acceleration

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

Linear Quantity Angular Quantity
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11-3 Zero Torque and Static Equilibrium

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

Conditions for Static Equilibrium

For an extended object to be in static equilibrium, the following two conditions
must be met:

(i) The net force acting on the object must be zero,
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(ii) The net torque acting on the object must be zero,
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11-3 Zero Torque and Static Equilibrium
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we are free to choose the one that makes our calculations easiest.
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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.



