Exploration Guide: Pulley Lab
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In the 1932 short film The Music Box, the comedy team Laurel and Hardy play the roles of piano movers. Assigned to deliver a piano to the second floor of a house, they rig up a pulley system and start to hoist the piano. The rope frays and the piano sways dangerously, but surprisingly they manage to get the piano inside. (Only to have it roll down the stairs and out the door again!) 

If you need to lift a very heavy object, a pulley system, also known as a block and tackle, is the way to go. A single pulley is a wheel with a groove that allows a rope to pass around it. When several pulleys are combined together, the system can greatly reduce the force needed to lift an object. You can find pulley systems on cranes, boat hoists, and tow trucks. 

Ideal Pulleys

In this activity, you will experiment with an idealized pulley system in which the pulleys are weightless and there is no friction. 

1. In the default settings of the Gizmo™, an object weighing 50 N is attached to a rope that passes over a single fixed pulley. Check that Ideal pulleys is selected and the Efficiency is 100%. (In this simulation, an ideal pulley has no weight, while a standard pulley has a weight of 5 Newtons.) 

1. Slowly drag the Input force (from hands) slider to the right. This slider controls the force exerted on the rope by the hands in the SIMULATION pane. Note the input force when the weight first starts to move. What is the minimum force required to lift the weight? 

2. How does the minimum input force compare to the weight of the object? 

3. Is it any easier to lift the object with a fixed pulley than it would be to lift it up directly?

4.  Explain why or why not. 

2. Hold the Input force (from hands) slider at the minimum force until the weight has reached the top. The Input distance (distance the rope was pulled), Height of the weight and Output force are displayed below the slider. 

1. How did the Input distance compare to the Height the weight was lifted to? 

2. Work is defined as the product of the force and distance, W = F • d. Given the input force that was required to lift the weight and the Input distance, work in this situation. 

3. The output work is the product of the force used to lift the object (Output force) and the distance the object was moved, or the Height of the object. What was the output work in this situation?

4.  How does it compare to the input work? 

5. Using the data table  below, Fill in the first column with your results so far. Leave the bottom cell blank for now. 


3. From the Pulley configuration menu, select 1 fixed, 1 moveable. Notice that in this configuration, the rope is attached to the fixed pulley at top, loops around a moveable pulley attached to the weight, and then loops back over the fixed pulley. 

1. Carefully drag the Input force (from hands) slider until the weight just barely starts to lift. What is the minimum Input force required to lift the weight?

2.  How does this force compare to the Output force that lifts the weight? Record these values in your table. 

3. The mechanical advantage (MA) of a pulley system is the ratio of the output force to the input force: 
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Based on your data, what is the mechanical advantage of a system with one fixed pulley?

4.  One moveable pulley? 

5. Record these values in your table. 

6. When the weight has reached the top, record the Input distance and Height. Find the ratio of the input distance (distance the rope was pulled) to the height.

7.  How does this ratio compare to the mechanical advantage? 

8. Calculate the input work and output work for the 1 fixed, 1 moveable pulley system.

9.  How do these numbers compare? 

10. Which is more useful for lifting heavy objects, a 1 fixed pulley system or a 1 fixed 1 moveable pulley system? 

11. Explain why. 

4. Before you try the remaining pulley configurations (2 fixed, 2 moveable, and 3 fixed, 3 moveable), make a few predictions. 

1. How much force will be required to lift the weight in each configuration? 

2. What will the mechanical advantage be for each configuration? 

5. Repeat the experiment for the remaining pulley configurations. Fill in your data table as you proceed. 

1. What is the mechanical advantage of a system with 2 moveable pulleys?
2.  3 moveable pulleys? 

3. How did the results compare to your hypotheses? 

4. For each configuration, count the number of strands of rope that connect the pulleys at the bottom to the pulleys at the top. How does the number of strands compare to the mechanical advantage of each system? 

5. What do you notice about the input work and the output work in each situation? 

6. Work is a form of energy. According to the law of conservation of energy, the total energy remains constant in a closed system. Is energy conserved in this system? 
7. Explain. 

Measuring Efficiency

In the real world, no machine translates input energy perfectly into useful output energy. Friction between the moving parts of the machine will cause some of the input energy to be lost as heat. Efficiency is the percentage of input energy that is successfully converted to output energy. 

1. Choose the 1 fixed pulley configuration. Set the Weight to 30 N and the Efficiency to 50%. (To quickly set a slider to a particular value, type the value in the field to the right of the slider and hit Enter.) Drag the Input force (from hands) slider to the right until the object starts to lift. 

1. How much input force was required to lift the object this time?
2.  How is this force related to the weight of the object? 

3. How did the input force relate to the output force in this experiment? 

4. Repeat the experiment with an efficiency of 67% and 75%. How were the input forces related to the output forces in each experiment? 

5. Based on these results, write an expression for the efficiency of a single fixed-pulley system. 

2. Now select a 1 fixed, 1 moveable system. (Check that Ideal pulleys are still selected.) Set the Efficiency to 100%. 

1. With 100% efficiency, how much input force is required to lift a 30 N weight in this configuration? 

2. How much input force do you think will be needed to lift the same weight with 50% efficiency? Check your answer using the Gizmo. 

3. Predict the amount of input force needed when the efficiency is 67% and 75%.
4. Use the Gizmo to test your predictions. Were you correct? 

