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Levers: Torque

Objectives:

1. If you push a mass farther from the fulcrum of a lever, why does the mass “act” heavier?
2. Define work and define torque.
3. Compare work and torque.
4. Measure and calculate torque in a lever system.
Is Your Shoe Getting Heavier?

Set up a lever system so that it is balanced; try to keep the fulcrum in the center of the lever.  When the lever is balanced you can determine the force of the shoe through the work calculation like you saw previously.

Slide the shoe slightly closer to the fulcrum:

a. What happens in the lever system (observation) _________________________
b. Why do you think that happens? (inference)  _________________________
Slide the shoe further from the fulcrum:

a. What happens in the lever system (observation) _________________________
b. Why do you think that happens? (inference)  _________________________
Do you think a shoe on a lever applies a force to a lever even if it does not move a lever?  Explain your reasoning.

____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________

Torque

Previously we looked at levers in terms of work on the left and work on the right.  The two works are equal we discovered.  However, now, without moving the lever up or down (required to do work, right?) the shoe seems to behave differently at different locations.  What accounts for this difference?

By testing the shoe at different locations it seems to apply more force:  ____________ from the fulcrum and less force __________ to the fulcrum.  The shoe does this without moving the shoe up and down.  Since there is no movement of the lever, there cannot be any ______________.

When a force is applied __________ to the fulcrum it appears to have a smaller affect than a force applied __________ from the fulcrum.  This difference occurs in the absence of movement so it cannot be “work.”  This affect is called “torque.”

Look at the following diagram.

In the diagram above, notice that there are four distances and two forces.  

a) measurements of force are: __________ and _____________
b) measurement of distances affected by movement are: __________ and _____________
c) measurement of distances not affected by movement are: __________ and _____________ 
Explain the difference between the pairs of distances; how are they different?

____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________

Sometimes, to clarify the difference between the measurements, we will use “distance” to indicate how far something moves and we will use “length” to indicate how far away the force is from the fulcrum.

Let’s look at this problem ... as “work”

Refer to the diagram above to answer the following problems.

a) Multiply the force and distance on left (show your work):

b) Multiply the force and distance on right (show your work):

c) Use mathematics (symbols) to compare the work on the left to the work on the right:

d) Use writing (narrative) to compare the work on the left to the work on the right.  Make your answer at least one complete sentence in length.
____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________

Let’s look at this problem ... as TORQUE

a) Multiply the force and length on left (show your work):

b) Multiply the force and length on right (show your work):

c) Use mathematics (symbols) to compare the work on the left to the work on the right
d) Use writing (narrative) to compare the work on the left to the work on the right.  Make your answer at least one complete sentence in length. 

____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________ ____________________________________________________________________
What’s the point?

Torque is used in many everyday applications. When using screws to fasten material together, it is important to use enough “torque” to make the screw enter the wood or drywall or metal, but too much torque damages the material and prevents the screw from holding.  For this reason, many tools have special parts which apply force up to a certain amount and then stop.  These are called names like “torque wrench.”

This is especially important when the machines must be reliable.  In airplanes, for example, where failure of parts can lead to death, almost every fastener has a required “torque.”  The airplane manufacturer tells you to tighten the screw to “2 ft. lbs.” and no more.  For important bolts in cars too, the manufacturer also tells you how “tight” to fasten them; ie. How much “torque” to apply to the bolts.  If you over-tighten a bolt is can break or strip the threads, it you do not tighten it enough, there is not enough friction and the bolt can come loose and fall out.

Exercises
1. Two children are playing on a teeter totter (or a seesaw).  
a. What part of their activity illustrates work?___________________________________________________________________________________________________________________________________________________________________________________________________
b. What part of their activity illustrates torque? ___________________________________________________________________________________________________________________________________________________________________________________________________
2. Try to open a door by pushing on the handle; then repeat the exercise by pushing close to the hinge to open the door.  
a. Which attempt is more work? Explain. ___________________________________________________________________________________________________________________________________________________________________________________________________
b. Which attempt requires more torque? Explain. ___________________________________________________________________________________________________________________________________________________________________________________________________
3. What is the difference between work and torque?______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. Weigh your shoe again.
a. Draw a diagram on your paper showing the lever system and labeling both the distances and the known forces.
b. On the left half of your paper solve for shoe force using “work” equation.
c. On right half of your paper solve for shoe force using “torque” equation.
d. At bottom of your paper, measure shoe mass on balance and record “actual” shoe force.
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