Pulley Challenge
Have you ever watched a construction site and seen the cranes towering over the buildings?  The Romans used cranes to build the Coliseum in 72 AD.  Their development of the crane started with the windlass, one of the oldest examples of a fixed pulley, which they used to get water from wells.  The Romans modified the simple pulley of the windlass and created the treadmill that they used to unload ships.  Finally, they modified the treadmill to make a crane to lift the heavy stone blocks of buildings like the Coliseum.  We still use a version of the Roman crane today. 

Instead of lifting crates from a ship, you can experiment with pulleys to lift everyday items. 

Your Challenge:

Your group has been asked to lift a bottle of water off the table using pulleys.  When lifting the bottle, your group needs to reduce the applied force that is required.

Pulley Predictions

1. On your own:  Circle any of the ideas below to make a prediction about what you think is the best way to set up pulleys to reduce applied force (If your predictions do not match any of the ideas listed in the menu below, write one on the lines in the “other” section).


Other:_____________________________________________________________________________________________________________________

2. In your group:  Make your prediction as a group about the best way to set up pulleys to reduce applied force.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Pulley Group Questions

What do we need to know about pulleys and pulley systems in order to complete the challenge?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

DATE:____________

Find out More about Pulleys on CoMPASS

	Pulley Challenge:  Your group has been asked to lift a bottle of water off the table using pulleys. When lifting the bottle off the table, your group needs to reduce the applied force required. 



	Questions:* How do you reduce the most applied force with a pulley system?  Explain your thinking. 


	How can you design the best pulley set-up to reduce applied force in lifting the bottle of water?  

Hints: 

Think about the science concepts that you need to explore to design the best possible pulley.

Before clicking on a concept in CoMPASS, think about how information about the concept will help you in your challenge.

The maps in CoMPASS will show you concepts that are related to the one you are reading. Use the maps to find out more information!



	Predictions: Based on what you learned in CoMPASS, do you want to change your predictions? If you would like to change or add to your predictions, go back to page 38. Don’t erase what you have already! Write today’s date and then add your new prediction.
	


DATE:____________
Pulley Hands-On Experiment 

Use the available materials to set up and test your pulley system. You may try different pulley systems out, but be sure to record your data for each set up in the table below. When your group is satisfied or time is up, make a labeled drawing of your most successful trial and answer the questions below.

1. Use this chart to record your data while conducting your pulley hands-on experiment. If you need more room or notice anything interesting as you do your experiment, use the notes section on page 68 & 69.

Load (N) = ________________

	Pulley System:
	Direction of Force Changed?

(circle one)
	Applied Force (N)
	Distance Pulled to Move Object (m)
	Distance Object Moved (m)
	Work (J)
	Ideal MA
	Rank Your Trials

	Single Fixed


	Yes/ No
	
	
	
	
	
	

	Single Movable


	Yes/ No
	
	
	
	
	
	

	Any Other Pulley System


	Yes/ No
	
	
	
	
	
	


Think about which distance should be used from your chart when calculating work. (reminder:  work = applied force x distance)        

(Ideal MA = Distance pulled to move the object ÷ Distance object moved)
(Hands-on experiment continued on next page)
DATE:__________

Class Data for the Pulley Challenge

Use this chart to record the data from the pulley challenge trials from one other group. You will use this information to answer the final analysis questions (homework) on page 55.
	Group and Pulley System Used:
	Load

(N)
	Applied Force (N)
	Distance Pulled to Move Object (m)
	Distance Object Moved
(m)
	Work (J)
	Ideal MA

	Fixed
(Your Group)
	
	
	
	
	
	

	Fixed (Another Group)
	
	
	
	
	
	

	Movable (Your Group)
	
	
	
	
	
	

	Movable (Another Group)
	
	
	
	
	
	

	Pulley System (Your Group)
	
	
	
	
	
	

	Pulley System (Another Group)


	
	
	
	
	
	


Pulley Big Science Ideas: Observations and Explanations

With your group: Fill out the chart below based on your experiences with the pulley hands-on experiment and your CoMPASS research.
	What we learned:
	How we know:
	Other areas or questions to explore:

	Hints:

You might want to think about:

What you learned about pulleys

The variables you changed or kept constant in your hands-on experiments

The important physics concepts such as work, MA and several others that you learned about on CoMPASS and during your challenges

Why the distance you pull is important in an pulley

The important relationships among physics concepts that you learned about

The important science ideas that you learned about
	Hints:

You might want to think about:

Data or examples from your hands-on experiments that support your findings

Data from your hands-on experiments that highlights the relationships that you learned about

The variables you changed or kept constant in your hands-on experiments

The effect of changing and controlling variables
	Hints:

You might want to think about: 

Your original predictions and whether you already tested them

In your hands-on experiment, you controlled some variables. What other variables would you like to explore and how might they affect the other science concepts that you learned about?

Other pulley set-ups or materials you would like to explore for this experiment

What would you change if you could conduct the hand-on experiment again, for example:

· Number of pulleys

· Type of pulleys

· Type of set-up

· Length of rope

· Any other variables

Why are these variables important?



	
	
	


Pulley Big Science Ideas: Whole Class Discussion

	What we learned:
	How we know:
	Other areas or questions to explore:

	
	
	


CoMPASS Pulley Simulation Page

	Brainstorm with your group some of the ideas that you could test in the simulation that you could not test in the hands-on experiment and then use CoMPASS to learn more about variables that you could explore in your simulation experiments. You must test at least 3 different pulley set-ups. Use the space below to plan your simulation, and use the chart on the next page to organize what data you will collect and then record your findings.

	
	Hints:
Hints:
You might want to think about:

· variables or set-ups that you couldn’t test in your hands-on experiment
· variables or set-ups that couldn’t be controlled in your hands-on experiments
· variables or set-ups you can change or explore further 

· how exploring these variables or set-ups will help you to understand the science of pulleys



Planning Your Simulation
Select three variables or set-ups and design a simulation experiment for each of them. Refer back to pages 43, 44, and 45 to decide which variables you will test.
In experiment 1:
	The variable that I will change is:
	

	The variables that I will keep constant are:
	

	I think changing this variable is important because:
	

	The idea I will test is:
	

	My prediction for this experiment is:
	

	The number of trials I will conduct is:
	

	In each trial I will record:
	

	In each trial I will calculate:
	


Pulley Simulation #1
Use this page to record your data. 
· Label the columns for each type of data that you will record 
· Think about how many trials you will need for each simulation. 
· What will you calculate using your data?
·  Refer to your planning page as you fill out this chart.

·  Have your teacher sign off on your plan before starting: ______










            (teacher initials)
	Trial   
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Planning Your Simulation
In experiment 2:
	The variable that I will change is:
	

	The variables that I will keep constant are:
	

	I think changing this variable is important because:
	

	The idea I will test is:
	

	My prediction for this experiment is:
	

	The number of trials I will conduct is:
	

	In each trial I will record:
	

	In each trial I will calculate:
	


Pulley Simulation #2
Use this page to record your data. 
· Label the columns for each type of data that you will record 
· Think about how many trials you will need for each simulation. 
· What will you calculate using your data?
·  Refer to your planning page as you fill out this chart.

·  Have your teacher sign off on your plan before starting: ______










            (teacher initials)                                                 
	Trial   
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Planning Your Simulation

In experiment 3:
	The variable that I will change is:
	

	The variables that I will keep constant are:
	

	I think changing this variable is important because:
	

	The idea I will test is:
	

	My prediction for this experiment is:
	

	The number of trials I will conduct is:
	

	In each trial I will record:
	

	In each trial I will calculate:
	


Pulley Simulation #3

Use this page to record your data. 
· Label the columns for each type of data that you will record 
· Think about how many trials you will need for each simulation. 
· What will you calculate using your data?
·  Refer to your planning page as you fill out this chart.

·  Have your teacher sign off on your plan before starting: ______










            (teacher initials)
	Trial   
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Pulley Big Science Ideas: Observations and Explanations

With your group: Fill out the chart below based on your experiences with the pulley simulation experiment. 

	What we learned:
	How we know:
	Other areas or questions to explore:

	Hints:

You might want to think about:

What you learned from the simulations 

The variables you changed in your simulations

and what variables you kept constant

What you learned about the other variables that you tested in your simulation experiment and why these variables are important

The relationships between work, potential and kinetic energy

The important science ideas you learned from the simulations

How the simulation was different from your hands-on experiment
	Hints:

You might want to think about:

Data or examples from your simulations that support your findings

Data from your simulations that highlights the relationships that you learned about

The variables you changed or kept constant in your simulations

The effect of changing and controlling variables
	Hints:

You might want to think about: 

Your original predictions and whether you already tested them

Things you didn’t have a chance to explore but would like to talk about with the class



	
	
	


Pulley Big Science Ideas: 
Comparing Hands-On Experiments and Simulations
With your group: Fill out the chart below based on your experiences with the pulley hands-on and simulation experiments. 
	What we learned:
	How we know:

	Hints:

You might want to think about:

What you learned from the simulations

How this was different from your hands-on experiments

Did you learn anything different from the hands-on and simulation experiments?


	Hints:

You might want to think about:

Data or examples from your hands-on and simulation experiments that support your findings

Data from your hands-on and simulation experiments that highlights the relationships that you learned about

The variables or set-ups you changed or controlled in your hands-on and simulation experiments

The effect of changing and controlling variables or set-ups in both the hands-on and simulation experiments

	
	


Pulley Big Ideas: Whole Class Discussion

	What we learned:
	How we know:
	Other areas or questions to explore:

	
	
	


DATE:____________
Pulleys:  Final Analysis (Homework)

	Answer in complete and specific sentences.

	Based on your experience completing the challenge, what other students did, and what you learned on CoMPASS, explain how pulleys help lift heavy objects.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________









adding more pulleys.		using fewer pulleys.	      using a longer string.





using a shorter string.		using larger sized pulleys.			    using smaller sized pulleys.	increasing the number of strands between pulleys.


decreasing the number of strands between pulleys. 		





I predict that you can reduce the applied force when using a pulley by…








