Tuesday Oct. 21, 2014

I can calculate the amount of work (W) done in moving an object, by multiplying the force (F) applied to the object by the distance (d) through which the force is applied.

	


What Is Work?
The student in Figure 1 is having a lot of fun, isn’t she? But she is doing work, even though she is having fun. She is doing work because she is applying a force to the bowling ball and making the ball move through a distance. However, she is doing work on the ball only as long as she is touching it. The ball will keep moving away from her after she releases it. But she will no longer be doing work on the ball because she will no longer be applying a force to it.

	




Transfer of Energy
One way you can tell that the bowler in Figure 1 has done work on the bowling ball is that the ball now has kinetic energy. This means that the ball is now moving. The bowler has transferred energy to the ball.

Differences Between Force and Work
Applying a force doesn’t always result in work being done. Suppose that you help push a stalled car. You push and push, but the car doesn’t budge. The pushing may have made you tired. But you haven’t done any work on the car, because the car hasn’t moved.

You do work on the car as soon as the car moves. Whenever you apply a force to an object and the object moves in the direction of the force, you have done work on the object.

Force and Motion in the Same Direction
Suppose you are in the airport and late for a flight. You have to run through the airport carrying a heavy suitcase. Because you are making the suitcase move, you are doing work on it, right? Wrong! For work to be done on an object, the object must move in the same direction as the force. You are applying a force to hold the suitcase up, but the suitcase is moving forward. So, no work is done on the suitcase. But work is done on the suitcase when you lift it off the ground.

Work is done on an object if two things happen: (1) the object moves as a force is applied and (2) the direction of the object’s motion is the same as the direction of the force. The pictures and arrows in Figure 2 will help you understand when work is being done on an object. 

Figure 2 Work or Not Work?

Draw and copy the following chart to your notes. 

	




How Much Work?
Would you do more work on a car by pushing it up a long road to reach the top of a hill or by using a cable to raise the car up the side of a cliff to the top of the same hill? You would certainly need a different amount of force. Common use of the word work may make it seem that there would be a difference in the amount of work done in the two cases as well.


Same Work, Different Forces
You may be surprised to learn that the same amount of work is being done to push the car up a road as to raise it up the cliff. Look at Figure 3. A certain amount of energy is needed to move the car from the bottom to the top of the hill. Because the car ends up at the same place either way, the work done on the car is the same. However, pushing the car along the road up a hill seems easier than lifting it straight up. Why?

	




Figure 3 For each path, the same work is done to move the car to the top of the hill, although distance and force along the two paths differ.

The reason is that work depends on distance as well as force. Consider a mountain climber who reaches the top of a mountain by climbing straight up a cliff, as in Figure 4. She must use enough force to overcome her entire weight. But the distance she travels up the cliff is shorter than the distance traveled by hikers who reach the top of the same mountain by walking up a slope. Either way, the same amount of work is done. But the hikers going up a slope don’t need to use as much force as if they were going straight up the side of the cliff. This shows how you can use less force to do the same amount of work.

	




Figure 4 Climbers going to the top of a mountain do the same amount of work whether they hike up a slope or go straight up a cliff. 

Calculating Work
The amount of work (W) done in moving an object, such as the barbell in Figure 5, can be calculated by multiplying the force (F) applied to the object by the distance (d) through which the force is applied, as shown in the following equation:
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Figure 5 Force Times Distance

	





Force is expressed in newtons, and the meter is the basic SI unit for length or distance. Therefore, the unit used to express work is the newton-meter (N × m), which is more simply called the joule. Because work is the transfer of energy to an object, the joule (J) is also the unit used to measure energy.


Have students copy and solve the Practice Problems
Work Practice Problems Worksheet #1

1) Amy uses 20N of force to push a lawn mower 10 meters. How much work does she do?

Work = Force X Distance

Work = 20N X 10m

Work = 200 J
2) How much work does an elephant do while moving a circus wagon 20 meters with a pulling force of 200N?

3) A 900N mountain climber scales a 100m cliff. How much work is done by the mountain climber?

4) Shawn uses 45N of force to stop the cart 1 meter from running his foot over.  How much work does he do?

5) How much work is done when a force of 33N pulls a wagon 13 meters?

6) How much work is required to pull a sled 5 meters if you use 60N of force?

7) Tommy does 15 Joules of work to push the pencil over 1 meter.  How much force did he use?

Force = Work / Distance

Force = 15 J / 1 m

Force = 15 N
8) Angela uses a force of 25 Newtons to lift her grocery bag while doing 50 Joules of work.  How far did she lift the grocery bags?

9) The baseball player does 1234 Joules of work when hitting a baseball into left field.  Assuming the baseball landed 100 meters away from home plate, how much force did the player use to hit the ball?
