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Newton’s Second Law

Constant Net Force
EQUIPMENT NEEDED

	GLX
	1.2 m Dynamics Track 

	Digital Adapter
	Fixed End Stop  AND Adjustable End Stop 

	Photogate with Accessory Mounting Bracket for Tracks
	Super Pulley with Clamp

	IDS  Picket Fence for Carts
	Mass set, Mass Hanger, 2-500g mass bars

	Dynamics Cart (plunger)
	Thread, balance


PURPOSE
The purpose is to verify Newton’s Second Law of Motion, Fnet = ma.

Background and Overview
Isaac Newton described the relationship of the net force applied to an object and the acceleration it experiences in the following way:  The acceleration (a) of an object is directly proportional to and in the same direction as the net (Fnet), and inversely proportional to the mass (m) of the object.
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In this experiment (see figure below), a hanging mass (mh) attached to the cart by a string accelerates the cart and its contents (mass mc) across a low-friction track.  The net force (Fnet) on the entire system is the weight of the hanging mass, so that Fnet = mhg, assuming that friction is negligible.

According to Newton’s Second Law, this net force should also be equal to Msysa, where Msys is the sum total of all the mass that is being accelerated, excluding the pulley of course.  This experiment will verify that Fnet is equal to mhg which in turn is equal to (Msys)a.  In other words:
Msysa = Fnet
In the following activity, you will vary the mass on the cart, while maintaining a constant net force, Fnet.  You will use the GLX, photogate and picket fence to determine the average acceleration.   After several trials with different values of mass added to the cart, you will plot and analyze a graph of a vs 1/Msys to verify Newton’s Second Law.  What do you predict for the shape of this graph? Can you determine the slope by looking at the equation above?  What about the y-intercept?
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Equipment Setup: 
1. Record the mass (in kilograms) of the cart and picket fence on the data table. 

2. Place track on the table so that the 0 cm end is extending over the edge of the table and level the track so the cart on the track will not roll one way or the other on its own.   
3. Mount the photogate to the track at the 90cm mark.  Attach the pulley, and adjustable end stop to the track at the 0 end of the track. 

4. Attach a 130 cm length of string to the dynamics cart and a mass hanger to the other end of the string so that it hangs from the pulley over the edge of the table.
5. Put the string that connects the cart and mass hanger over the pulley and under the adjustable end stop.  Adjust the pulley so that the string from the cart is as parallel to the level track as possible. The string may sag in the center.
GLX Setup and Data Collection: Open the file “Newtons 2nd Data” before connecting the Digital Adapter to the GLX.
1. Turn on the GLX.  At the Home screen, press the check button to open the Data Files folder.  Navigate up and over to the Flash memory. Navigate down to and open the file “Newtons 2nd Data.”
2. Go to the Home screen and select Tables (F2). A table should open with average acceleration (Avg) at the bottom of the column.
3. Connect the photogate to the Digital Adapter in Channel 1 and connect the Digital adapter to the GLX. Adjust the height of the photogate such that the 1 cm gates (smallest row of 13 bands) on the picket fence block the photogate beam.
4. Place the appropriate masses on the cart and place 40 g on the hanger (see data sheet to determine masses).  Hold the cart back against the fixed end stop such that the hanger is just below the pulley.  You may wind extra string onto the hanger as needed.

6. One person should press [image: image2.png]


 to begin recording data.  Another person should release the cart with one hand allowing it to accelerate through the photogate while catching it with the other hand before the cart hits the end stop.  Press [image: image3.png]


 to stop recording data and record the average acceleration on the data table. Repeat for a total of three runs for each mass distribution.

7. Using your data table as a guide for adding mass to the cart, collect the rest of the data.  Be careful to place the correct mass on the cart and hanger.  Release the cart the same way each time.
ANALYZING THE DATA
1. Calculate the average acceleration for the three runs and enter this average in the calculations table.

2. Calculate the total mass of the system for each trial. Total Mass Accelerated=mass of cart + all mass on the cart including the picket fence + mass of the hanger + all mass on the hanger. Enter this value in the calculations table.
Now use the GLX to graph (a vs 1/Msys), average acceleration versus the inverse of the total system mass, (total system mass)-1. Disconnect the Digital adapter from the GLX before opening the next file.  If prompted to save changes to “Newtons 2nd Data,” select NO.
· Open the file “Newton’s Con Force Graph.” Then, go to the Home screen and select Tables (F2). A table should open with columns for your values 1/Msys and a. Enter this data from your calculations table into the GLX.
· Create your graph by pressing the Home key followed by F1 (Graph).  A graph of a vs 1/Msys should open.

· Select the appropriate curve fit using the Tools menu (F3) on the Graph screen.  Record the value for both the slope and y-intercept in your data table.  
3.   In the Background section of the lab you were given the equation Msysa = Fnet.  Solve this equation (Re-arrange) for a and you get a = Fnet(1/ Msys). Consider that (a) was plotted on the y axis and (1/Msys) was plotted on the x-axis. From this equation of a line, what symbol represents the slope?  Hint:  What was the title of this lab again?
4.  If you haven’t already done so in your table, calculate the net force Fnet = mhg.  Keep in mind that mh is the mass of the hanger plus the mass added to the hanger.
5.   Calculate the percent difference between this value (Fnet = mhg) and the similar value found from step (3) above.
6. Calculate the accelerated force (total mass multiplied by the average acceleration) for each point.
7. Calculate the percent difference between the accelerated force (Msysa) for each point and the net force (mhg). 
Note:  Percent difference =
Difference      X  100%
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STUDENT DATA TABLE
Name:

Period ______  
Partner’s Name:

Date: 



Newton’s Second Law-Constant Net Force
Mass
	Cart (kg) =
	

	Picket Fence (kg) =
	


Data Table (Mass on Hanger is 40g)
	Trial
	Mass on Cart
	Acceleration (a) (m/s2)
	Average Acceleration

	
	(kg)
	Run #1
	Run #2
	Run #3
	

	1
	0.000
	
	
	
	

	2
	0.100
	
	
	
	

	3
	0.200
	
	
	
	

	4
	0.300
	
	
	
	

	5
	0.400
	
	
	
	

	6
	0.500
	
	
	
	


Note:  Total Mass Accelerated=mass of cart + all mass on the cart including the picket fence + mass of the hanger + all mass on the hanger.

Calculations:

	Trial
	Total Mass Accelerated(kg)
	Inverse of Total Mass Accelerated
	Average Accel (a) m/s2
	Net Force (N)
	Accelerated Force (N)
	Percent Difference

	
	Msys
	1/Msys
	From data table
	mhg
	Msysa
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	


Data From Your Graph:

	Slope of a vs 1/Msys =
	

	Y intercept =
	


QUESTION:  When our equation for Newton’s Second Law (a = Fnet/ Msys) is compared to the equation of a line (y=mx+b), a is to y as 1/Msys is to x.  Theoretically, Newton’s Second Law in this problem indicates that the y intercept should be equal to zero since there is nothing “added” to a = Fnet/ Msys.  Is your experimental value for the y intercept approximately equal to 0? If not, what does this indicate about your results? 

Question (3)and (4) from the Analysis section: 
(3) In the Background section of the lab you were given the equation Msysa = Fnet.  Solve this equation (Re-arrange) for a and you get a = Fnet(1/ Msys). Consider that (a) was plotted on the y axis and (1/Msys) was plotted on the x-axis. From this equation of a line, what symbol represents the slope?

(4)  If you haven’t already done so in your table, calculate the net force (Fnet = mhg). 
5.   Calculate a percent difference between this value (Fnet = mhg) and the experimental value of Fnet found in your curve fit equation for the line in your graph.
6.  Calculate the accelerated force (total mass multiplied by the average acceleration) for each point.
7. Calculate the percent difference between the accelerated force (Msysa) for each point and the net force (mhg). 
Note:  Percent difference =
Difference of the accelerated and net forces     X  100%
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