Forces: An Investigation of Newton’s Second Law
Important terms to remember

	force
	displacement
	velocity
	acceleration

	mass
	Newton
	variables
	linear


Prior to lab: in your lab notebook, describe a basic scenario of your experience with forces (gravity, magnetism, electrostatic forces, pushes and pulls). How do forces affect motion? 
Introduction

In previous labs we studied the motion of a variety of objects. Using a motion detector you uncovered the relationship between displacement, velocity, and acceleration. In these labs we were not too concerned with the cause of the motion. This week we will start studying forces, and try to uncover how forces are related to motion. Again you will use a motion sensor to record velocity and acceleration. Additionally, you will use a force probe to measure the applied force and try to correlate this with the resultant motion.
Objectives

· To develop a method for reliably measuring forces while investigating the motion of an object.
· To successfully use a force probe to measure force in a lab setting.

· To explore how the motion of an object is related to the forces applied to it.

· To apply and explain the mathematical relationship between the force applied to an object and its acceleration.
A. How Large Is a Pull?

In this section we will begin to explore forces which we can think of as a push or a pull. A force that most of us have experienced is the pull of a rubber band. The farther the rubber band is stretched, the greater the pull. 

1. Attach one end of a rubber band to the rigid pole on the lab bench. Place a meter stick on the table so you can measure how much the rubber band has been stretched. Stretch the rubber band so that it is several centimeters longer than its relaxed length. Try pulling it a few times to the same length. Is the pull on you always the same for the same length?
2. Choose a “standard length” to stretch your rubber band and record the value in your lab notebook. 

3. Place two rubber bands around the rigid pole and stretch both of them out, side by side to your standard length.

Question 1. How does the combined force of the two rubber bands compare to the pull you felt with just one rubber band?

4. Continue by placing three, four, and five rubber bands around the pole and stretching them out to your standard length. Record your observations.
Question 2. Suppose you stretched a rubber band to your standard length by pulling on it. Now you want to create a force six times as large. How would you create such a force?
B. Measuring Forces with a Probe

In this exercise you will learn to use the force probe and create a calibration curve for your rubber band scale of forces.

1. Plug the force probe into the black computer interface box and make sure the power to the box is on.

2. Open Data Studio and create a new experiment. Select the force probe and display the output of the force probe with the Digits option. 

3. On top of the force probe is a small button labeled Tare. This button calibrates the probe to a force of zero. Before you do each measurement be sure nothing is pulling or pushing on the force probe and push this button.

4. Press the start button on the computer and gently push and pull on the end of the force meter. Record your observations.

5. With one end of a rubber band attached to the rigid pole, attach the other to the force probe and stretch the rubber band to your standard length by pulling on the force probe. Record the reading of the force probe. Repeat for 2, 3, 4, and 5 rubber bands stretched to the standard length as you did early. Record all of your results.

6. In Excel create a plot of the measured force versus the number of stretched rubber bands. Add a linear trend line to the graph and display the equation on your plot. Print out the graph and paste it into your lab book.
Question 3. How are force probe readings related to the size of the pull exerted by the force probe hook on the rubber bands? Describe the mathematical relationship in words.
Question 4. Based on your graph, what force probe reading corresponds to the pull of one rubber band when stretched to your standard length? What force probe reading would you expect for 8 rubber bands? How do you know?

C. Acceleration and Force
In this section we will investigate the relationship between the acceleration of a cart and the applied force. You will now apply a constant force to the cart and observe the resultant acceleration. You will do this for several different forces to find out exactly how acceleration depends on applied force. The set-up you will use is shown below. 
1. Attach the force sensor to the top of the cart. Place the flag on top of the force sensor. 

2. Check to see that the motion sensor is plugged into the computer interface box. On your computer go to Setup and select the Motion Sensor. Double click on the motion sensor and then go to the motion sensor tab and change the trigger rate to 25 Hz. 

3. Carefully align the motion sensor. This is a critical step and you should take a few minutes to be sure that the alignment is optimized. Use the current position indicator to check for alignment. When you think the system is aligned, create a velocity graph and give the cart a push down the track. The velocity curve should be smooth with no bumps.  

The apparatus you will use is shown below. If m1 is released the system will accelerate.
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Assume the pulley is massless and frictionless, which means it has no effect on the motion and can be ignored. Also ignore frictional forces acting on both masses.

The string with the hanging mass should be connected to the force sensor. The small hanger has a mass of 2 g. The small black masses are also 2 g. Additionally, you have a 5 g and 10 g silver mass. 

1. Set-up your system as shown above. If you moved your air track or motion sensor you will have to redo the alignment. Place two of the 50 g masses on the sides of your cart. 

2. Start with a total hanging mass of 7 g. Try a few practice runs of releasing the cart and measuring the velocity and force. Both curves should be smooth.
3. You will collect data for hanging masses of 7, 9, 12, 14, and 17 g. Record both the applied force and acceleration. The acceleration curves will likely be very noisy and too hard to read. Therefore, instead do a linear curve fit to your velocity curve and read off the acceleration from the slope as you did in an earlier lab.

4. In your lab book create a table with the applied force and acceleration data. In Excel create a graph of acceleration versus applied force. Add an appropriate trend line with the equation displayed and print the graph and paste it into your lab book. 

Question 5. Does there appear to be a simple mathematical relationship between the acceleration of the cart and the applied force on the cart? Write down the equation you found and describe the mathematical relationship in words.

Question 6. If you increase the applied force by a factor of 10, how would you expect the acceleration of the cart to change? What would the velocity graph look like?

5. In your lab notebook, create a diagram that accurately uses all of the terms from the boxes at the start of this lab to describe the various activities you performed today. Add captions and descriptions to accompany your labeled diagram.  

6.  Apply what you have learned to a real world scenario. How might you DESIGN a simple scenario to test – related to bridges, etc for example, and describe this in your notebook
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