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1. 
Work is done when a force acts on a body and _________ it.

2.
In the following list, is work done on the object?   


a.
Throwing a ball?  _________


b.
Holding a book in your hand?  _______


c.
Pushing against the side of the school 
  

          
building?   _______


d.
Pounding a nail into a piece of wood?




______

3.
Work is equal to the __________ times the __________ over which it acts. 

4.
The metric unit of work is the __________.

5.
A book weighing 20 N is lifted to a height of 3 m above a desk.  How much work is done by the applied force?

6.
How much work does a motor do in lifting a 6000 N elevator to a height of 50 m?

7.
A woman and a man lift 60 sacks of soil each weighing 50 lbs (230 N) onto the bed of their truck, which is 1.2 m above the ground.  How much work do they do on the soil?

8.
In the laboratory you lift a 500 g mass upward a distance of 20 cm.  How much work do you do?

Obtain the following materials: ramp, meter stick, force probe, support stand, cart, book.


Set up the apparatus as shown in the diagram below.  Arrange the support bar so that ‘h’ is equal to 20 cm and place the inclined plane board so that ‘d’ is 80 cm.  Place a book at the bottom so the ramp does not slip. 
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9. Weigh the cart with the force probe.  _________ 

10.
Lift the cart (straight up) from the desk to position ‘h’ as shown in the diagram above.  Calculate how much work do you do in lifting the cart to this height.

11.
Instead of lifting the cart straight up, you could pull it up the ramp instead.  Predict:  Will this require more force, less force, or the same amount of force?  

12.
Place the cart on the ramp and pull it up the ramp. You must keep the force probe parallel to the ramp.  How much force is required to pull the cart up the ramp?  

13.
Your cart represented a piano and you want to get it from the floor of the auditorium to the stage of the auditorium.  You could either lift it or pull it up a ramp.  What is the advantage of pulling it up a ramp?

14.
How much work did you do in pulling your cart up the 80 cm ramp?  

15.
How does this compare with the work required to lift the cart to the same height?  (Answered in # 10)

16.
When you do work on an object, the object must gain energy.  What kind of energy did the object gain when it reached the top of your ramp?

Readjust your ramp system so that the distance ‘d’ from the beginning of your ramp to the cross-bar is 50 cm.  Do this by pushing your ramp toward the cross bar.  Do NOT change the height of the cross bar.

17.
Pull your cart up the ramp again.  How much force is required?   

18.
How much work did you do in moving the cart 50 cm up this ramp?

19.
How does your answer to question #18 compare to your answer to question #15 and question #10?

20.
You should be able to make the general conclusion that you can do the same amount of work by using less force if you …

So far in this lab you have been working with a nearly frictionless system.  What will happen if friction is introduced?

Tape a piece of sand paper around your cart so that the sandpaper will drag against the ramp when you pull the cart up it.

Leave the ramp at the 50 cm length.

21.
How much force is now required to pull the cart up the ramp?  

22.
How much work is done in pulling the cart up the 50 cm ramp?

23.
Compare this to your answer in question #18.  Does it take more, less, or the same amount of work to accomplish this?  

24.
Explain your answer to question # 23.

25.
How much work did you do to overcome friction?  

26.
Earlier a statement was made that “when you do work on an object, the object must gain energy.”  What kind of energy is the object gaining from the frictional work that was done on it?


Another concept that is often spoken about in work problems is EFFICIENCY.  Efficiency is the ratio of the useful work out  (the gain in potential energy) to the work in (the work done in pulling the cart up the ramp) expressed as a percent.  You determined the gain in potential energy in question # 10.  You also determined the ‘work in’ in three situations  (#14, #18, #22).  Find the efficiency in each of these three cases.  (Show fraction in each case.)

No friction,



eff=  _________    =

gentle ramp  (#14)

No friction, 


eff=  _________    =

steep ramp (#18)

Friction, 



eff=  _________    = 

steep ramp (#22)

Extension

1. Look up the typical efficiency of a gasoline engine.  Is this result surprising to you?

2. A ramp is an example of a simple machine.  What are other examples of simple machines?  What benefit do simple machines offer?

Lab: Making the Grade
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