Part 1:  Exploring the spring launcher.  
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1.1.  Set up your spring launcher at 90 degrees, so the springs hang straight down, as shown in the picture.  We will use just one spring for our first experiment.  Pull down on the spring with your fingers.  How does the amount of force you pull with affect the stretch in the spring?  Compare the effect of a strong pull (large force) to a soft pull (small force) on the shape of the spring.

1.2.  You can also bend the spring by hanging objects from it.  Try hanging your metal block from the spring (as shown in the second picture).  Describe what you observe.  

1.3.  When you hang the block from the spring and let go, what force first acts on the block, causing it to move?

When you hang something from the spring, the spring begins to move, and changes shape until it stops moving.  The changes in motion and shape show that a force is acting on a spring.  Weight is one kind of force.  Meanwhile, the force that the spring pulls back on the weights with is called Spring Force, and it gets bigger as the spring stretches.

1.4 What forces are acting on the block when it is hanging from the spring without you touching it? 

1.5.  If you hang the block on the un-stretched spring and let go the block starts moving.  Does this tell you that a balanced or an unbalanced force is present?

1.6.  After a long time, the block should be motionless.  Does this tell you that a balanced or an unbalanced force is present?  What is the net force on the block?

1.7.  If the forces on the spring are balanced, can you figure out what force is balancing the weight of the block? What are the directions of the forces?  Re-read the paragraph before question 4 if you need help naming the force.  

Quiz 1:

1. What forces act on the block when you hang them from the spring?

2. Explain in your own words how the stretch in the spring is related to the amount of force on the spring?

3. If you hang an object from the spring and let go, how do you know that at first an unbalanced force is acting?  

4. After the spring changes shape, how do you know when the forces on the spring are balanced again?

Part 2:  Creating a Scale

You should know by now that when you stretch a spring, the larger the force on the spring, the larger the change in length.  By looking at the stretch in the spring, you should be able to tell whether a large or small force is acting on the spring.   However, so far we have not been able to give a number for the force measured by a spring.  Now we will learn to measure forces exactly by creating a scale.

2.1. The springs you are using are wound so tight that they require some extra weight to begin stretching.  Tape an index card to your launcher behind the springs and bend a paperclip into a hook, as shown in the picture below.  Poke a hole in a plastic bag so that it will hang from the hook.  Add small weights to the bag until the spring just starts to stretch.  Leave the bag in place while completing the remainder of Part 2.  How much weight did you use before the spring started to stretch?

2.2. Make a mark on the index card at the bottom of the spring, and label it with a zero.  

2.3. Is mass the same as force?  What units do scientists use to measure force?
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2.5 Now add a large sinker or weight, with the bag of masses still on the hook.  Add one sinker at a time and make a mark on the card at the bottom of the spring after each stretch, as in the pictures below.  Label the marks with the number of large sinkers you used at each mark.    Look at the pictures if you need an example.
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2.6  Are the marks evenly spaced? If they aren’t, go back and check your work.

2.7 Why do you expect the marks to be equally spaced?

2.8  Suppose you marked the card using some other objects of equal weight (instead of sinkers).  Would you expect the marks to be equally spaced?

2.9. The marks on your graph form an even “scale” for measuring force.  What would have happened to the marks on your graph if you had used objects that didn’t each weigh the same amount?

2.10.  Suppose that you used sinkers as “units” of measurement.  Hang a large black mass from the spring.  How far does the spring move in “sinker units”?  For example, does it move the same distance as 2 sinkers?   The spring may stop moving in between two of the marks on your card, in which case try to answer to the nearest quarter of a mark, for example, 2 ¼, or 2.25.

Quiz 2:

1. Describe what you did to create a scale for spring force.

2. Why are the marks on your index card evenly spaced?

3. Which of the following is a force:  the mass of an object, or the weight of an object due to gravity?

4. How could you measure the weight of an object in “sinker units” using the spring and the marks on your index card? 

IDEAS FOR CLASS DISCUSSION ON SCALES, as an aside to regroup the class.

1. In your own words, define a scale.

2. Did any of your neighbors get a different set of marks for your scale.

3. Why might the scales be different?

4. How would all members of your class be able to produce the same scale?

5. Why is a ruler a scale? 

6.  Name as many other length scales as you can.

7.  What makes good scale?

Part 3:  Force Measurement

Let’s turn our force scale in “sinker units” into a scale in newtons, the common unit of force used by scientists and engineers all over the world.  

3.1 What does each of your large sinkers weigh in newtons?  Measure the weight of one of your sinkers with an electronic scale or a spring scale (these are scales that may be already set to newtons).

3.2  Copy the data table below on your own paper.  Fill in the “Force” column of your data table below with the weights of one sinker, two sinkers, and so on.  For example, if you used a 0.5 Newton sinker, you would mark 0.5 N, 1.0 N, 1.5 N, and 2.0 N in the data table (you will fill in the “Distance” column in step 3.3).

	# of large sinkers
	Weight of large sinkers (newtons)
	Distance spring stretches (centlimeters)

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	


3.3.  Tape a printed ruler to the spring launcher so that 0 cm on the ruler lines up with the “zero” mark you made on your index card, as in the picture below.  Measure the distance to each of your marks from the sinkers and fill in the “Distance” column of your data table.  As an example, the distance to “1 sinker” in the picture below is 1.2 cm
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3.4.  On a piece of graph paper, graph “Force” vs. “Distance”.  Use “Distance” as your x-axis, measured in centimeters, and “Force” as your y-axis, in newtons.  Does your graph appear to be linear?  Add a best fit line.

3.5.  From your graph:  If you pull the spring back 2 cm, how big is the spring force?

3.5.  If you used 2.0 newtons of force, how far would you pull the spring?

Quiz 3:

1. In your own words, what does the graph you just created show?

2. Is the graph linear or nonlinear?

3. If you need to pull back the spring with 2.5 newtons of force, how far should you pull it?

4. If you pull the spring back 1.5 centimeters, how much force are you using?

Part 3:  Launching for a target


4.1.  Hook a pusher to your springs.  Hang a second spring from your launcher and use thumbtacks to hold the pusher in place with the bolt pointed into the plastic tube.  Use the pictures above as a ball.  Place a ball in the PVC tube and pull back the springs.  Describe in scientific language what happens when you let go? 

4.2   When you pull back the springs and hold the springs at a stretch, what force is balancing the spring force?

4.3   Just after you let go of the springs and release the ball, are the forces still balanced?  Why does the ball accelerate (answer by talking about balanced or unbalanced forces)?

4.4  Add a dowel to your launcher so that it will sit at a fixed angle, as in the picture below.  Now what will happen when you launch a ball?
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4.5 You are now using 2 springs, rather than one.  What will this do to the force on the ball compared to if you used one spring? 

4.6 If you need to apply 2 newtons of force from each spring at the instant of release to launch the ball 80 cm, how far back should you pull the springs?   

4.7 Practice launching the ball a few times.  It takes some skill to launch the ball straight ahead.  When you feel that you can launch the ball without problems, see the teacher for your launching challenge.

Quiz 4:

1. What are the forces on the ball when you release the spring to launch?  

2. Are the forces balanced or unbalanced?  How do you know?

3. How can you tell how much spring force is acting on the ball at the instant you let go of the pusher?  

Launch Challenge:

Your teacher will set up a target, and tell you how much force you need to use to hit the target.  Without any trial launches, try to hit the target as close to the center as possible.  

Part 5:  Launch and Angle

5.1 Pick up a set of dowels and a protractor.  Try using different dowels to change the launch angle of your launcher.  What do you observe.

5.2 In the data table below, record the distance a ball travels when you launch at different angles.  Make sure you use the same amount of force each time!

	
	Angle (degrees)
	Trial 1:  Distance (cm)
	Trial 2:  Distance (cm)
	Trial 3:

Distance (cm)
	Average distance (cm)

	1st angle
	
	
	
	
	

	2nd angle
	
	
	
	
	

	3rd angle
	
	
	
	
	

	4th angle
	
	
	
	
	

	5th angle
	
	
	
	
	

	6th angle
	
	
	
	
	


5.3 At what angle does the ball travel the furthest?

5.4 Make a graph of average distance vs. angle.  Is the graph linear?
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