
Physics 244 
 

4 Newton's Laws 
 

Introduction  
In this laboratory you will explore a few aspects of Newton's Second Law using DataStudio and 
the Dynamics Track. In Part I, you will use a fan to propel a cart towards a motion sensor and 
use the data you record to measure the acceleration with a combination of fan speeds and 
different masses added to the cart. In Part II, you will verify the force you calculate by measuring 
it directly with a force sensor.  
 
 

Materials 
Part I: dynamics cart and track, fan, motion sensor, force sensor, set of masses, Data Studio, 
Excel  
Part II: dynamics track, force sensor, set of masses 
 

Reference 
Giancoli, Physics 6th Edition: Chapter 4, sections: 2,4,5,6,8 
 
 

Theory 
Part I and II: Newton's Second Law is written mathematically as amF  . From this equation 
we see that two things affect the acceleration of a cart: the applied force and its mass. For 
example, a more massive cart will require a greater force in order to achieve the same 
acceleration as a less massive cart.  
 
In this experiment, the force used to accelerate the cart is applied by a fan motor. When the 
motor is turned on, the blades of the fan exert a force on the air, which in turn exerts an equal 
and opposite force on the blades in the opposite direction (remember Newton's Third Law?) It is 
the reaction force of the air on the blades of the fan (which is firmly attached to the cart) that 
propels the cart forward. By measuring mass and acceleration, it is easy to calculate the applied 
force under a number of conditions.  
 

 
Procedure  
 
 
Part I: Measuring mass and acceleration for a cart. 
 
1. Make sure the track is level. You can check by making sure that the cart does not roll to one 
end or the other spontaneously.  



 
2. Measure the mass of the cart with the fan, convert it to kilograms and record it in Excel. (This 
mass will be recorded whenever you have a trial involving "0 kg".) You want to record in 
kilograms so that when you calculate the force your results will be in Newtons. You should to 
generate a table with the following format: 
 
 

Mass Added 
(kg) 

Total mass, m (kg) Acceleration, a (m/s2) am  (kg-m/s2=N) 

0.0    
0.2    
0.4    
0.6    
0.8    

 
3. Connect the motion sensor to the Science Workshop interface and Create an Experiment in 
Data Studio. You want to select Motion Sensor from the Sensors menu. You will be recording a 
graph of Velocity vs. time. 

   
 

Figure 4.1- Dynamics Cart with Fan. 
 
4. Set the cart on the track at the end farthest from the motion sensor. Orient the cart so that the 
fan propels air away from the motion sensor (propelling the cart toward the motion sensor).  
 
5. One student should turn the fan cart on and hold the cart in place while the other student 
presses Start to collect data in Data Studio. You may want to delay releasing the cart for a second 
in order to make sure you get all the data. 
 
6. Release the cart, being sure to catch the cart BEFORE it hits the motion sensor, then hit Stop 
in Data Studio. 
 
7. Highlight the points on your graph that follow a straight line (the slope should be negative 
because the cart is accelerating towards the motion sensor). Do NOT include the end points of 



this line segment in the data (those values may be affected by forces your hands apply in 
releasing and stopping the cart.) 
 
8. Using the Linear Fit tool, measure the slope of the velocity graph and record this value which 
is the acceleration in the table you made in Excel. 
 
9. Perform steps 4-8 using the following masses added: 0.2 kg, 0.4 kg, 0.6 kg and 0.8 kg added. 
If you can, include all the velocity data on the same graph. Secure the mass with tape if 
necessary. Remember to record the total mass in kilograms--include the mass of the cart!  
 
10. Once you have recorded all of your mass and acceleration values, calculate the mass times 
acceleration of the cart during each run. Are these values for the cart reasonably constant?  
 
11. Calculate the average of the these values and their standard deviation. 
 
Part II: Measuring the force and verifying Newton’s Second Law (F = m a ). 
 
1. Connect the force sensor to the Science Workshop Interface and drag the Student Force 
Sensor icon to the input. Create and plot a graph of Force vs. time. 
 
2. Connect the force sensor to the high speed fan cart with a string. 
 
3. Have one group member hold the force sensor in place at a level roughly equal to the cart. 
You want the string connecting the two to be parallel to the dynamics track. (Why?) This person 
will hold the sensor throughout data recording. 
 
4. Press Start in Data Studio and record data continuously for Steps 4-6.  Press Tare to establish 
the zero force. 
 
5. Turn the fan on and record the force vs. time data for a few seconds--until it reaches a more or 
less constant value. 
 
6. Turn the fan off. Press Stop in Data Studio. 
 
7. To find the average force and standard deviation value use the data analysis tool in Data 
Studio. (Use the cursor to select the data of interest by drawing a box around it-- the selected 
data will be yellow-- then click on the   icon and select Mean and Standard Deviation.) Be 
careful to exclude the end points in figuring your average and standard deviation because you 
exert a force on the carts when you flip the switch on the fan. 
 
8. Compare your measured values of force to the mass times acceleration values you got from 
Part I.  Are they equal?  Is Newton’s Second Law verified?  Within how many multiples of   
are the values? 
 
 

 



Sample Calculation 
 
Include a sample calculation of "Force" from Part I. For the error propagation, estimate the 
uncertainty for the mass; the statistical uncertainty for the acceleration is given by the uncertainty 
for the slope of the graph but there is likely to be a systematic uncertainty of about 3%. Use the 
resulting uncertainty to determine whether your calculated result agrees with the force you 
measured experimentally with the force sensor for that fan speed. 


