
 

 
 

NEWTON’S 2ND LAW OF MOTION   19 FEBRUARY 2013 

Lesson Description 
In this lesson, we  

 Verify and define Newton’s 2
nd

 Law of Motion 

 Solve problems involving Newton’s 2
nd

 Law of Motion 

Demonstration 
What is the relationship between the resultant force on an object and the acceleration of the object, if 

the mass of the object remains constant? 

Apparatus: 

 Ticker timer and tape 

 Ticker timer trolley 

 Trolley track 

 String 

 Mass pieces 

Method: 

 Set up the apparatus as shown in the diagram 

 Switch the ticker time on and allow the trolley to move freely 

 Remove the ticker timer tape 

 Repeat changing the mass piece (this changes the resultant force) 

 Calculate the acceleration of the trolleys by analysing the tapes produced 

Conclusion 

The acceleration of the object is directly proportional to the resultant force provided the mass of the 

object remains constant.  

Key Concepts 

Acceleration 

Acceleration is the rate of change of velocity (   
  

  
 .The SI units of acceleration are m.s

-2
. 

Acceleration is a vector quantity.  

When an object speeds up in the positive direction, acceleration is positive. When an object slows 

down while moving in the positive direction, the acceleration is negative (opposite to the direction of 

motion.)  

 

 



 

 
 

Newton’s 2nd Law 
The acceleration of an object is in the direction of the resultant force acting on the object.  The 

acceleration is directly proportional to the resultant force and inversely proportional to mass of the 

object.  

As an equation:           

Where:   Fnet  = resultant force (N) 

      m = mass (kg) 

      a = acceleration (m.s
-2

) 

When calculating the net force remember that direction is very important, therefore you must choose 

a direction as positive and keep that direction as positive for the entire problem.  Also, only forces in 

the same plane such as horizontal forces can be added together.  If a force is acting at an angle to 

the object then the horizontal component needs to be calculated before resultant force can be 

calculated.   

Questions 

Question 1  
(Gauteng Province, November 2000, Paper 1, Standard Grade) 

A crate with a mass of 50 kg is pulled along a rough floor by a boy exerting a force of 100N.  

 

a.) Draw a force diagram to show all the forces acting on the crate. Label the forces  

b.) Calculate the magnitude of the frictional force caused by the floor if the acceleration of the 

crate is 1,5 m.s
-2

 

Question 2 

A 10 N force is used to pull a toy train, which has an engine and on other cart attached.  The train 
engine has a mass of 1 kg and the cart has a mass of 500g.   The track is smooth, therefore there is 
no friction.  

 

a.) Calculate the acceleration of the train 

b.) Calculate the tension (FT) in the link between the train engine and the cart.  

  



 

 
 

Solution 
a.)    

Engine 

 

Cart 

 

Always start a problem by drawing a 
force diagram, or free body diagram of 
the situation, but only include the forces 
that are in the plane of motion. 

When there are two or more objects 
involved draw separate diagrams for 
each.  

Fnet = ma 
10 – FT = (1)a   ….. (1) 

Fnet = ma 
FT = (0,5)a   ….. (2) 

Use Newton’s 2
nd

 Law to set up two 
separate equations  

(1) + (2)                       10 – FT = 1a 
                                            FT = 0,5a 
 

                                        10 = 1,5a  
                                             a = 6,67 m.s

-2
  forward 

Add the equations together 
If the equations are correct then FT will 
cancel out 
Solve for the acceleration 

b.) 

Substitute a into equation (1) 
10 – FT = (1)a 
10 – FT = (1)(6,67) 
10 – 6,67 = FT 

 FT = 3,33 N 

To solve for FT substitute the calculated acceleration into either 
of the two equations set up in the first question. 

OR  

FT = 0,5a 
    = (0,5)(6,67) 
    = 3,34 N 

The answer for FT is different by 0,01 N due to the rounding off 
of the acceleration in first question 

 

Question 3 
(Northern Cape Province, November 2000, Paper 1, Higher Grade) 

Two blocks of 3kg each, connected by a rope, are placed on a horizontal frictionless table.  A third 

block of 4 kg is connected to the others by a light rope over a frictionless pulley as indicated in the 

sketch.   

 

Calculate the 

a.) Acceleration of the 3 kg block marked X 

b.) Tension in the rope between X and Y 

c.) Resultant force on the 3kg blocked marked Y. 

 



 

 
 

Question 4 
(Gauteng Province, November 2000, Paper 1, Higher Grade) 

A helicopter lifts a load vertically off the ground.  It accelerates at 5 m.s
-2

 vertically upwards. 

a.) State Newton’s Second Law of Motion in words 

b.) Draw a labelled free body diagram to show the forces acting on the load 

c.) Calculate the lifting force exerted by the rope on the load, if the mass of the load is 100 kg.  

Solution 

a.) The acceleration of an object is in the direction of the resultant force acting on the object.  The 

acceleration is directly proportional to the resultant force and inversely proportional to mass of 

the object. 

b.)  

 

c.) Fnet  =  ma 
Fapp – Fg = ma 
Fapp – mg = ma 
Fapp – (100)(9,8) = (100)(5) 
Fapp – 980 = 500 
Fapp = 1 480 N upward 

Question 5 
(Mpumalanga Province, November 2000, Paper 1, Higher Grade) 

In a showground, there is an attraction called ‘Rocket Ride’ in which passengers in a cage are 

accelerated vertically upwards by a steel cable attached to the cage.  The cage moves up on vertical 

rails. The cage has a mass of 250 kg and can carry a load of 550 kg.  

a.) Draw a labelled free-body diagram of the forces exerted on the cage while it is accelerated 

vertically upwards (Neglect friction between the cage and rails) 

b.) If the steel cable exerts an upward force of 10 000N while lifting the cage and the 

passengers, calculate the uniform acceleration produced. 

Links 
 Experiment demonstrating Newton’s second law: 

http://www.youtube.com/watch?v=iwP4heWDhvw  

 Brief explanation of Newton’s three laws of motion: 

http://www.youtube.com/watch?v=iH48Lc7wq0U 

 Mindset Learn: Investigating Forces Lesson 4: Newton’s 2
nd

 Law 

http://www.mindset.co.za/learn/node/44673/28/61954/16323/61927 

http://www.youtube.com/watch?v=iwP4heWDhvw
http://www.youtube.com/watch?v=iH48Lc7wq0U
http://www.mindset.co.za/learn/node/44673/28/61954/16323/61927

