FUNDAMENTAL PHYSICS
Rotation (torque and equilibrium)
Sections 8.2, 8.4-8.5


Three essential ideas about this reading:

1. To get something rotating faster or slower:

a. It is not sufficient to just apply a force to it – the force must be exerted away from the rotation axis (which means we need to know where the force is applied
 or the “point of application”) and the force must be directed “tangentially” (i.e., around the axis of rotation, which means we need to know the direction of the force).
b. One must apply a torque – the torque is related to, but not the same thing as, force.
2. Torque has a direction but, unlike force and other vectors, the torque direction is “around” the rotation axis (i.e., either counter-clockwise or clockwise).

3. If the “net” torque exerted on an object is not zero, then the object will rotate faster or slower.  Conversely, for an object at rest to stay at rest (i.e., not tip over), the net torque exerted on it must be zero (i.e., the CW torques must exactly balance the CCW torques).
Torque
In order to get something rotating faster or slower (or start it spinning in the first place), one must exert a torque on the object about the rotation axis.  This raises a bunch of questions.

1. What is meant by “the rotation axis”?


2. How does one exert a torque on an object about the rotation axis?



3. How does one calculate the “torque on an object about the rotation axis”?



4. How does one calculate the tangential component of the force?




5. How does one calculate how far it is from the force’s “point of application” to the rotation axis?




6. What letter will be used to indicate torque in equations?

7. Write the definition of torque (expressed in #3) as an equation.


8. What units are typically used for torque?


Torque direction

9. Why is it said that the direction of torque is either clockwise or counterclockwise?


10. Why is it inappropriate to indicate the direction of a torque as upward or downward?


11. The direction of the gravitational force is always downward.  What about the torque due to gravity?  Is it always downward?


12. Draw a picture illustrating a situation where the torque due to gravity is (indicate the location of the rotation axis in each case):

a. CCW about the rotation axis.



b. CW about the rotation axis.




Equilibrium

13. In terms of torque, when does an object “tip over”?




14. Is there a non-zero torque associated with every non-zero force that is exerted on an object?  If so, why?  If not, describe a situation for which there is a non-zero force that exerted a zero torque on the object. 



15. Consider the four rigid bars drawn below.  The forces are indicated by arrows.  In which cases are the torques about the axis (indicated by the circle and “(”) in the SAME direction? 
For homework (to be collected on Monday):

· Problems #12, 18, 28, 30, 34, 43 (or 44)
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� To simplify the calculation of the gravitational torque, we will treat the “point of application” for the force of gravity as being at the object’s “center of gravity”.
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