
Name:  Period:   

1 ptm_conc_10 
 

NEWTON’S SECOND LAW 
PART I 

CHANGING MASS with CONSTANT FORCE 
 
Purpose: To work with the equation: a = F/m  

  To observe the results of changing the force with constant mass. 
 
Materials: 1 Ballistic Cart    Drawer A  Tape 
  One length of grey track  Tall Cabinet  Meter stick 
  Circular mass Set (Blue)  Drawer A  Masses - 1 long (500g) and 2 short (250g) 
  String (about 1 meter) 
  Pulley     Drawer B 
 
Procedure: 

1. Setup the Cart and pulley system.  (See diagram)    Cart 
a. Attach pulley to the front (0-cm) end of the table.   
b. Tie string to mass hanger and to one end of the cart. 

 Track 
2. The track is marked from 0cm to 120 cm 
3. Mark a distance of 80 cm with a small piece of tape at the start and finish.       Mass Hanger 
4. For each trial hold the cart back at the START until you are ready to release.   

   Stop the cart at the FINISH. 
 

Trial 1 (Add 1000g to the 500 g cart…….The small black masses in eth drawer are 250 g) 
a. Add 20 grams to the mass hanger (= 5g) for a total of  25 grams 
b. Measure the time it takes for the cart to travel from start to finish while being pulled by the hanging mass. 
c. STOP THE CART BEFORE IT HITS THE CLAMP/PULLEY. 
d. Record the time in the chart below. 
e. Repeat steps a-d  5 times for each trial below. 
 

Trial 2: Repeat steps a-e from Trial 1 with 800g on the cart   
Trial 3: Repeat steps a-e from Trial 1 with 600g on the cart   
Trial 4: Repeat steps a-e from Trial 1 with 400g on the cart   
Trial 5: Repeat steps a-e from Trial 1 with 300g on the cart   
Trial 6: Repeat steps a-e from Trial 1 with 200g on the cart   
Trial 7: Repeat steps a-e from Trial 1 with 100g on the cart   
Trial 8: Repeat steps a-e from Trial 1 with 0 g on the cart   

 
Diagram: (sketch a diagram of the forces at work during the motion):  FBD for the rolling and hanging masses 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lab Station 
Surface 

Pulley 
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Calculations: 
 
Estimating acceleration 
The “Hanging Mass” falls a certain distance and pulls the “Rolling Mass” along with it that same distance.  The “Rolling Mass” rolls 
during that time and the motion can be described by the equation: 
     d = vxt + ½ at2 
We would like to find the acceleration.  We know that vI = 0 m/s  because it begins from rest.  We DO NOT know the final velocity 
vF.  How do we find acceleration ‘a’ without velocity or time?  We only know what we measured (time and distance).  So the above 
equation simplifies to 
 
d = vI(x)t + ½ at2   or  d= ½ at2   We then solve for ‘a’ and get:            aroll = 2d/t2  

 
 d  =  distance the “Rolling Mass” traveled 
 t =  Avg time of fall or time the “Rolling Mass” took to travel from START to FINISH 
 aroll =  acceleration of the “Rolling Mass”  , which is also the acceleration of the “Hanging Mass”  
  (This is because they are linked by a string) 
 
++Fill in the chart below using the above variables and equation.  We will call the acceleration above aroll for the acceleration of the 
rolling cart and masses 

     Acceleration of the System 
              Calculate 

Trial Rolling Mass Time 1 Time 2 Time 3 Time 4 Time 5 Average 
Time d (m) aroll (m/s2) 

1          

2          

3          

4          

5          

6          

7          

8          

 
REORGANIZE DATA:  Fill in the chart below with the appropriate information from the chart ABOVE: 
 

Trial Rolling Mass   aroll 

5   
6   
7   
8   

 
As part of the analysis: 
Graph acceleration   vs   mass on a piece of graph paper using the chart you made above 
USE THE TOP HALF OF THE PAPER.  It should like the following.   
                
 

        aroll 
 
       Rolling Mass 

Trial Rolling Mass  aroll 

  1   
2   
3   
4   
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PART II 

CONSTANT MASS with CHANGING FORCE 
 
Materials:   Use the same materials as above 
Procedure: 
We will follow the same procedure as before but we will be CHANGING the ‘PULL’ force on a CONSTANT ROLLING MASS. 
 
We will change the “Pull Force” by changing the hanging mass. 
 
1. Use the cart + 1000g as the CONSTANT “Rolling Mass” 
 Rolling Mass = 1500 grams 
2. Change the Hanging mass for each trial: 

Trial 1 (Hanger +20 grams) 
a. Just use the grey mass hanger as the weight pulling the cart. 
b. Measure the time it takes for the cart to travel from start to finish. 
c. STOP THE CART BEFORE IT HITS THE CLAMP/PULLEY. 
d. Record the time in the chart below. 
e. Repeat steps a-d  5 times for each trial below. 
 

Trial 2: Repeat steps a-e from Trial 1 with 40 on the hanger  
Trial 3: Repeat steps a-e from Trial 1 with 60 on the hanger  
Trial 4: Repeat steps a-e from Trial 1 with 80 on the hanger  
Trial 5: Repeat steps a-e from Trial 1 with 100 on the hanger  
Trial 6: Repeat steps a-e from Trial 1 with 120 on the hanger  

 
(Reorganize data):  Fill in the chart below with the appropriate information from the chart ABOVE: 
 
REMEMBER THE HANGER IS 5g 

Trial Hanging Mass  aroll 

5   
6   
7   
 8   

Trial Hanging Mass 
(Pull force) Time 1 Time 2 Time 3 Time 4 Time 5 Average 

Time d (m) aroll (m/s2) 

1          

2          

3          

4          

5          

6          

7          

8          

Trial Hanging Mass  aroll 

  1   
2   
3   
4   

Make a graph as you did in PART I 
but use the data from PART II. 
 
    aroll 

 

 

                   Hanging Mass 
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ANALYSIS 
1. A proper analysis will take the data from the experiment and begin to organize it into a chart or graph to help draw 

conclusions from it.  You need to produce one sheet of graph paper with 2 graphs.   
  The graph from PART I should be titled “Change the Mass”   
  The graph from PART II should be titled “Change the Net Force” 
YOUR GRAPH SHOULD INCLUDE A BEST FIT LINE ALONG WITH ALL PROPER LABELING 
 
2. We are dealing with Newton’s 2nd Law.  Label Newton’s equation with the proper variables from the lab. 

(Example:  What in our lab represented ‘F’ or Net force?) 
 

  F = __________________________    m = __________________________  
 
Questions for the “Changing Mass-Constant Force” graph: 
3. What type of graph is “Change the Mass”? (Linear, parabolic….) Explain 

 
 
 
 

4. Explain in your own words what happens with the data points.  (for example: If we continue to add masses to the cart, 
the accel……….etc) 

 
 
 
 
 
 
 
 

Questions for the “Constant Mass-Changing Force” graph: 
 

5. What type of graph is “Change the Net Force”  (Linear, parabolic….) Explain. 
 
 
 
 
 
 

6. Explain in your own words what happens with the data points.  (for example: If we continue to add masses to the hook, 
the accel……….etc) 

 
 
 
 
 
 
 

7. Does your data agree with Newton’s 2nd Law?  EXPLAIN using your data!!!!!!! 
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