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Physical Science 101 

Newton's 2nd Law Name ___________________________ 

 
Partner’s Name ___________________ 

Purpose 

 To explore and understand Newton's 2nd law of motion, which relates the net force 

applied to an object to the objects mass and acceleration. 

Equipment 
 Vernier Motion Sensor, Logger Pro Software, cart, track, bar masses for carts, 

slotted weights, weight hangers, cushion, and string. 

 

Set up the cart, track, motion sensor, and weights as shown below. 

 

 
 

Measure the mass of the cart.  Mcart = _______________ kg 

 

Part A:   

 

Purpose:  To study how acceleration is related to force when the mass of a system is 

kept constant.  

 

 Hang 20 g onto the string (weights and hanger) and put 60 g into the cart.  The 

mass that we will be accelerating in this activity is the total mass of the cart (including 

loose masses) and hanger masses.  To keep the mass of the system constant while 

varying the force (hanger weight) we simply move mass from the cart to the hanger. 

 

 What is the total mass of the cart plus weights system? Mtot=____________ 
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 With 20 g (0.020 kg) of mass on the hanger what is the accelerating force (weight 

of the hanger)? Remember 

  F= hanger weight = mhg        F = _____________  N 

Example: if 10 g is hanging from the string the accelerating force is F=0.01kg*10. 

m/s
2
=0.10 N so if 20 g is hanging from the hanger the force is____________ 

 You want to pull the cart back so the hanger lifts off the cushion 50 or 60 cm, 

release the cart, and measure its acceleration as it falls.   

 

 To do this: 

 

 ** Pull the cart back to the position required to lift the hanger off the cushion by 50 

or 60 cm.   Make sure that the cart starts out at least 50 cm from the motion sensor. 

 ** Make sure that the motion detector is connected to the USB port of the 

computer and is plugged in.  Double click on the Logger Pro icon to open 

Logger Pro.  You should get a screen that looks something like the one below.  

 

  
 

 Mouse click on the word Velocity on the y-axis of the lower graph and change it to 

acceleration.  Click collect and within a second or 2 release to cart.  Timing is not all that 

critical here as the motion sensor will automatically start collecting the data for 5 full 

seconds after you click on collect.  Select (drag the mouse over) the region of the 

acceleration graph that has a fairly uniform acceleration.  That is, select the region where 

you think that the motion sensor was actually measuring the accelerating cart. 
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Select Statistics from the Analyze menu bar to determine the mean (average) 

acceleration of the cart while it was accelerating.  In the figure below the region between 

2.7 and 3.1 seconds was selected. 

 
 

 Do this for the 20 g weight and repeat for masses of 40 g,  60 g and 80 g hanging 

on the string.  Remember take weights from the cart and put them on the hanger so the 

total mass stays the same.  Fill in the table below, where Force is the accelerating force 

(hanger masses times g) and the acceleration is measure with Logger Pro.   

The term M in F=Ma is the total of all masses cart + hanger. 

 

System 

Mass (kg) 
mh, hanger 

mass (kg) 

Force=mhg 

(N) 

Acc 

(m/s2) 

    

    

    

    
 Table 1. 

  

By what factor does the acceleration change when you double the force? 

 

 

 Triple the force?                         Quadruple the force? 
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Graph the Force versus acceleration from Table 1 on the axes above (remember 0 force 

gives 0 acceleration in this experiment also). 

 

Is the acceleration directly proportional to the Force? 

 

Draw the best fit straight line through you data.  In this case 0,0 is a true data point also.  

The slope of the line is the rise over run.  (see example below)   

Calculate the slope of your best fit straight line.   How does this compare with the total 

mass? 

 

 

Slope=___________ 

 

 

Mtot= ____________ 

 

 

Are they close? 

They should be if F=M a is 

true. 
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Part B:    
 

Purpose:   To study how the acceleration is affected by the mass when the force is 

kept constant.  Repeat the above sort of experiment except this time use a constant 

hanger mass of 80 g and change the system mass from 1x(Mcart + 80 g) to 2x(Mcart + 80 

g), and to 3x(Mcart + 80 g).  The black rectangular bars are close to the mass of the cart 

alone.  Fill in the table below.  Your first entry can be the last entry from the table in part 

B so you really only need to do two acceleration measurements to complete this table.  

Again, Force is the accelerating force (hanger masses times g) which is the same for all 

three trials. 

 With 80 g (0.080 kg) of mass on the hanger what is the accelerating force (weight 

of the hanger)? Remember 

  hanger weight = mhg        F = _____________  N 

 

The acceleration is measured with Logger Pro and the term M in F=Ma is the total of all 

masses (cart + hanger+masses in cart and on hanger). 

 

System 

Mass (kg) 
mh, hanger 

mass (kg) 

Force=mhg 

(N) 

Acc 

(m/s2) 

 0.08 0.8  

 0.08 0.8  

 0.08 0.8  
Table 2. 

By what factor does the acceleration change when you double the system mass? 

 

By what factor does the acceleration change when you triple the system mass? 

 

 

 For the largest mass, 3(Mtot ) [last row], calculate the theoretical acceleration 

using  

   Theory   F = M a. 

  a theory = 
F
/M  = 

 

 Compare this to your experimentally measured value of a above. 
 

  a exp =   

 

    %error 
atheory  aexp

atheory
x100  
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Questions.  Don't forget your units. 
 

1.  How much net force is required to give a 20.0 kg car an acceleration of 4.0 m/s2? 

 

 

2.  What is the mass of a girl who accelerates at a rate of 8.0 m/s2 when a net force of 56.0 N acts on 

her? 

 

 

3.  What net force is required to accelerate a 0.2 kg ball from rest to a speed of 30.0 m/s in 2.0 sec? 

(Hint: first find a using a=∆V/t and then use F=ma) 

 

 

4.  What is the acceleration of a 30.0 kg boy when a net force of 60 N acts on him in the downward 

direction? 

 

 

5.  What is the weight of a 30.0 kg boy? (use g=10 m/s
2
) 

 

 

6.  If the boy in the above two questions is falling through the air in a parachute, what is the upward 

force that the parachute exerts on the boy? Hint: the net force is 60 N down but the boy weighs 300 N.  

How big must the air resistance force be to cancel all but 60 N of the boy’s weight? 

 

 

 


