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Topics covered in this lab:

· Ramps & Work

· Levers

· Pulleys

In this lab you will be introduced to some simple machines and you will learn about the concept of “Work”, (which turns out to be very useful). You will play with ramps, levers and pulleys. 

Experiment 1: Lifting, Pulling, and Work

Materials:

· Toy dump truck

· Spring scale (2.5N)

· Four foot long 1x8 pine board

· Ruler

Activity 1: Working as a group, your job is to get the toy dump truck onto one of the room chairs using as little force as possible. You are allowed to lift or pull on the truck only using the 2.5 N spring scale, but you can roll the truck on anything you want. The idea, then, is to get the truck onto the chair while keeping the maximum force needed (i.e. biggest reading shown on the spring scale during the operation) as small as possible. 

Discuss this as a group and come up with a plan. Sketch your plan below.

Now test your idea using the equipment provided. What was the maximum reading on the spring scale during the move?

If you could change any part of your equipment to make the maximum reading on the spring scale smaller, what would you do? Explain your reasoning carefully. 

[image: image1]
Discuss as a class and ma[image: image2.emf] 

   

ke any additional notes here.
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Activity 2: Describe in your own words how you see the relationship between the length of the ramp and the force needed to pull the truck.  Discuss as a class.

Let’s get a bit more quantitative. In this activity you will make some quantitative measurements using the truck and the ramp, and you will hopefully see an interesting pattern emerge. 

You will carefully measure both the pulling force required (in Newtons) as well as the distance moved (in meters) for several different ramp configurations. 

* In each case the distance measurement is the distance along the ramp between the floor and the place on the board that is touching the edge of the chair. In addition to the “shortest possible”, and the “longest possible”, you should make two measurements where the distances are somewhere in-between.

* In each case the force measurement is the force required to pull the truck very slowly up the ramp toward the chair. 

	Configuration
	Distance (m)
	Force (N)
	Distance x Force

	Shortest possible
	
	
	

	Longest possible
	
	
	

	In-between 1
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In-between 2
	
	
	


Discuss and compare your results as a class.
Follow-up Questions: 

1) The force required to pull the truck very slowly up the ramp should be about the same as the force required to just hold the truck stationary half-way up the ramp. Can you explain why?

2) Is the force required to pull the truck very slowly up the ramp exactly the same as the force required to just hold the truck stationary half-way up the ramp? If its not, can you explain why?

Discussion: The quantity you have calculated for each configuration, Distance x Force, is very important in physics. It is called “Work”.  If a force F acts on an object as that object moves a distance D along the direction of the force, the work W done by the force on the object is defined as W = FD. (i.e. the product of the force times the distance moved along the direction of the force)
This seems kind of a strange quantity - why do we even care about it? 

It turns out that if you can ignore friction (which will be small in our experiment since our trucks have wheels), then the work needed to move some object up to a specified height above the starting point is simply equal to the weight of the object times the height. It does not depend on how you do it. The work should be the same whether you lift the object straight up or whether you move it up a very gradual ramp.  
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In view of this knowledge, do you want to modify your previous description of the relationship between the length of the ramp and the force needed to pull up the truck.  Discuss as a class.

Experiment 2: Rolling to the Bottom 

Materials:

· Various Balls

· Four foot long 1x8 pine board

· Ruler

· Stopwatch

Activity 1: (Some Thinking) 
All forces can do work as defined in the previous section. Since we have studied gravity already, let’s think about the kind of work gravity might do on an object.

Pick an object up and drop it onto the table in front of you. Briefly describe its motion from the time it left your hand to the time it hit the table.

What forces were acting on the object between the time it left your hand and the time it hit the table.

Referring back to the definition of work on the previous page, can you describe in words how you would figure out what the work done by gravity on the object was between the time it left your hand and the time it hit the table?
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Discuss this as a class.

So the work done by gravity on a falling object is just the force of gravity on that object (its weight) times the distance it drops.  In this example we can also see the result of work very clearly: The speed of the dropped object changes!  

- If the total work done on some object by all forces is positive, the object speeds up. 

- If the total work done on some object by all forces is negative, the object slows down.

When an object falls, the work that gravity does is positive since the direction the object moves (down) is the same as the direction of the force of gravity (also down), hence the object speeds up.

Now throw an object up in the air and describe its motion between the time it leaves your hand and the time it reaches the very top if its flight:

In this case gravity does negative work, which slows the object down. How can this be? It’s because the direction of the movement in this case is upward, while the direction of the force is downward. If the direction of the force is opposite to the direction of the motion, the work done by a force is negative. It causes the object to slow down. (Of course, as it falls back down again the work is positive and it speeds up).
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Before going on to the next activity, discuss this as a class and make any additional notes below.

Activity 2: 

You will now roll various balls down your board from different heights. Your job is to measure their speeds when they reach the floor. As a group, come up with a plan for measuring the speeds of the balls and discuss this with your instructor before proceeding. Write your plan below.

In each of the tests below, you will start with the bottom of the ball 20cm above the floor. You will do this for two different balls (small and big), and for two different starting points along the board (all the way at the end, and half-way). You should use the same type of ball (either solid or hollow) for both big and small.  

Since the half-ramp tests are from the same height above the floor as the whole-ramp tests (20 cm), the board will need to be steeper for these. You need to be very careful that you get your starting height right for each test. You should repeat each experiment twice (two trials). Enter your results in the table below:

	Configuration
	Speed
(trial 1)
	Speed
(trial 2)

	Big ball
(whole ramp)
	
	

	Big ball
(half ramp)
	
	

	Small ball
(whole ramp)
	
	

	Small ball
(half ramp)
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Discuss results as a class and make additional notes below:

 Experiment 3: Levers
Materials:

· Ruler or paint-stirrer

· Dowel rod

· Steel washers 

Activity 1: With a dowel rod (fulcrum) in the middle and a 5-washer load on one side, how many washers on the other side do you need to lift the load?

Compare how far the load moves up to how far the pushed-down end moves down, and compare the ratio of these numbers to the ratio of the numbers of washers on each side.

Activity 2: Arrange your lever so that you can lift a 5-washer load as high as possible with just one washer on the other side. Sketch your design below.

Compare how far the load moves up to how far the pushed-down end moves down, and compare the ratio of these numbers to the ratio of the numbers of washers on each side.

Activity 3: Arrange your lever so that you can lift a 3-washer load as high as possible using all of the available materials. Sketch your design below.

Compare how far the load moves up to how far the pushed-down end moves down, and compare the ratio of these numbers to the ratio of the numbers of washers on each side.

In your own words, contrast how your design differs when you want to lift something heavy as compared to when you want to lift something up a long distance. 
What factors do you think will ultimately determine the weight of the heaviest object you can lift with a given lever?

Does the concept of Work have any bearing on what you just did? 
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Discuss the above questions as a class and make any additional notes below.

Experiment 5: Pulleys 

Materials:

· One single and one double pulley

· One long and two short pieces of rope

· Four foot 1x1 piece of wood

· Spring scale (50N)

· Plastic bucket

· Two classroom tables for support (shared with another group)

With the materials provided, design a contraption that can lift the bucket filled with water one foot off the floor using an applied force of less than 40N.  The group whose contraption uses the least amount of applied force wins a prize.

Make sure to sketch your design below before starting.

How far did you have to pull the rope in order to raise the load one foot?

Does the concept of Work have any bearing on what you just did? 
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Discuss the various designs as a class.

�





�





�





�





�





�





�





�





�





�








PAGE  
1

