
Pulley Lab

1. What is Work?

When energy is changing form or being transferred from one object to another, we physicists often measure
the amount of change of energy and call it "Work." If you carry a sandbag up a stairs, you are doing work,
changing its potential energy by using up some of your energy. If something falls, gravity is doing work on
it, changing its potential energy into kinetic energy.

Work is a convenient idea because we can measure it as the change in energy, but we can also find out how
much work is being done by multiplying the force applied by the distance moved. Thus, when I am doing
chin-ups, I am pulling myself up, using a force of 600 kg m / s2, so if I travel a total distance of .5 m, I
have done a total amount of work equal to 300 kg m2 / s2. In other words, my potential energy has
increased by 300 J.

2. Using Pulleys

As you would expect from your other experiences in life, there's no real way to make a job take less work
than it takes. You can stretch out how long you spend on it and not have to work as hard, or you can put in
some serious effort and get it done in less time, but the amount of work you're doing is the same.

In this lab, you will use a variety of pulley arrangements to lift a .5 kg mass a distance of .2 m (20 cm). The
amount of potential energy gain is the same with each possible arrangement of pulleys. You will measure
the force each takes, and how far you need to pull the string, and determine whether the work done
according to the Work =Force x Distance equation is the same in each case.

1. How much gravitational potential energy (kg m2 / s2) is gained when you lift a .5 kg mass a distance
of .2 m against a gravitational acceleration of 10 m / s2?

2. From the box of parts, take one string, three Lego beams, three pulleys, one axle, one weight-holder,
and one 500-gram weight. You will also need a meter stick, and a spring-scale that reads from 1 to 5.



3. Build the pulley arrangement shown below. The beams are connected together and weighed down
with a heavy book. The string loops over a pulley on the beams and is tied to an axle put through the
weight-holder. The weight hooks over the bottom axle of the weight-holder. Connect the spring scale
to the free end of the string, and move it up and down a few times.

4. What does the scale read as you are moving the weight up at a constant speed?

5. What does the scale read when you're lowering the weight at a constant speed?

6. We'll use the average of these as our estimate of the force you are exerting. What is the average?

7. The extra force one way or the other is dues to friction in the pulley setup, slowing the falling mass
and resisting as it is lifted. How big is the friction force?

8. Set aside the spring scale, and stand up the meter stick next to the mass. Measure how far down you
need to pull the string to get the weight to move up .2 m. Be sure to record this in m, not cm.

9. Multiply the average force by the distance your hand moved to get the work done in lifting the mass
.2 m.



10. Build the arrangement shown below, and record the same data for it:

Force when lifting:

Force when lowering:

Average force:

Friction force:

Distance you need to pull to raise the mass .2 m:

Work done:

Other observations or possible explanations:



11. Build this final arrangement, and record the same data for it:

Force when lifting:

Force when lowering:

Average force:

Friction force:

Distance you need to pull to raise the mass .2 m:

Work done:

Other observations or possible explanations:

12. If you have time remaining, work together with another group to extend this experiment in some way.
What happens if, instead of pulling on a simple rope, you pull on the bottom of a mass holder with
some pulley arrangement? Can you figure out how to make a pulley arrangement that would balance
the weight of three 200-gram masses with two 200-gram masses?


