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Force, Work, and Machines

Machines are things humans invent to make tasks easier. Simple machines work by using directly applied
forces. Using only muscle power, simple machines allowed humans to build the great pyramids and other
monuments. This Investigation is about how simple machines use force to accomplish a task.

A Building a simple machine
1. Attach four weights to the bottom block. Use a spring 

scale to measure the weight of the bottom block and 
record it as the output force. 

2. Attach the top block near the top of the physics stand. 
3. Thread the yellow string over one or more of the 

pulleys of the top and bottom pulley blocks. The 
yellow string can be clipped to either the top block or 
the bottom block.

4. Build combinations with 1, 2, 3, 4, 5, and 6 supporting 
strings directly supporting the bottom block. (Hint: 1, 
3, and 5 have the string clipped to the bottom block. 2, 
4, and 6 have the string clipped to the top block)

5. Use a force scale to measure the force needed to 
slowly lift the bottom block for different combinations 
of supporting strings.

Safety Tip: Don’t pull sideways, or you can tip the stand
over!

Question for this Investigation:
How do simple machines affect work?

Materials
• Ropes and pulleys
• Spring scales

• Physics stand
• Four steel weights

• Meter stick

Table 1: Input and Output Forces
Number of 
supporting 

strings

Input force
(newtons)

Output force
(newtons)

1

2

3
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4AB Thinking about what you observed
  a. As you increase the number of supporting strings, what happens to the force 

needed to lift the bottom block?

  b. Write a rule that relates the number of pulleys, input force, and output force.

  c. Research the term “mechanical advantage.” What does this mean for a simple machine?

  d. Use your data from Table 1 to calculate the mechanical advantage for each arrangement of supporting 
strings. 

C The input and output distance
1. Use the marker stop (cord stop) to mark 

where the string leaves the top pulley.
2. Choose a distance that you will lift the 

bottom pulley during each trial of the 
experiment. This is the output 
distance. Your output distance should 
be at least 20 centimeters.

3. Pull the yellow string to lift the block 
your chosen distance.

4. Measure how much string length you 
had to pull to lift the block. This is the 
input distance.

5. Measure the input and output distances 
for each of the different configurations 
(1, 2, 3, 4, 5, and 6)

6. Copy your Input force and Output force 
data from part 1 into Table 2.

 

Table 2: Force and Distance Data

Mechanical 
advantage

Output force
(newtons)

Output 
distance
(meters)

Input force
(newtons)

Input distance
(meters)

1

2

3

4
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D Thinking about what you observed
  a. As the mechanical advantage increases, what happens to the length of the string you 

have to pull to raise the block?

  b. The word work is used in many different ways. For example, you work on science problems, your 
toaster doesn’t work, or taking out the trash is too much work. In science, however, work has one 
specific meaning. Write one sentence that defines work in its scientific meaning.

  c. You may have heard the saying, “nothing is free.” Explain why this is true of the ropes and pulleys. 
(HINT: What do you trade for using less input force to lift the block?) 

  d. Use your data to calculate the work done on the block (the output work).

  e. Next, use your data to calculate the work you did as you pulled on the string to lift the block. This is the 
input work.

  f. For each mechanical advantage, how do output and input work compare?

  g. Is output work ever greater than input work? Can you explain this?

  h. Explain any differences between input and output work in your data.

Table 3:  Output and Input Work

Mechanical advantage Output work
(joules)

Input work
(joules)

1

2

3

4

5

6
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