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Unit 1: Vectors and scalars  

 

Unit objectives 

At the end of this unit you should be able to: 

 List the physical quantities. 

 Define a scalar and a vector quantity. 

 Represent the force factor and the magnitude of the force.   

 Differentiate between vector and scalar quantities. 

 Represent the properties of vectors (equality, negative vector, addition and subtraction 

of vectors) schematically. 

 Define resultant vector. 

 Determine the resultant vector graphically using head to tail method and using 

calculation. 

Sub-unit 1.1: Introduction to 

scalars and vectors 

Duration: 10min Resources: maths sets, 

calculators. 

Teaching strategies: Demonstration; Question-and-answer 

Purpose of this sub-unit : At the end of this sub-unit participants should be able to: 

1. List the physical quantities. 

2. Define scalars and vectors. 

3. Differentiate between scalars and vectors. 

 

Background knowledge 

 Physical quantity is a property of a phenomenon, body or substance that can be 

quantified by measurement.   

 Physical quantities include amongst others: time, distance, temperature, mass, amount 

of a substance, area, density, power, momentum, speed, weight, force and a volume. 

 These quantities have units of measurement. Both quantity and unit of measurement 

have specific symbols. 

 Physical quantities can be divided into two broad groups called vectors and scalars.  

A scalar is a physical quantity with magnitude (size and unit) only. A scalar tells you of how 

much of something there is, e. g. mass of 30kg, current of 3A, time of 3s etc. 

Vectors are different because they are physical quantities which have a size and direction. A 

vector tells you how much of something there is and in which direction it is in. A vector is a 

physical quantity that has both magnitude and a direction, e. g. weight of 720N downwards, 

displacement of 20m to the north, velocity of 2m∙s-1 west etc. 

Symbols for vectors are typed in bold letters or with an arrowhead above the symbol. e. g. v⃗ , 

𝑎  and 𝐹 . These examples are velocity, force vector and acceleration. Sometimes just the 
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magnitude of a vector is needed, which means that the arrow is omitted. For example: the 

difference between a force (F) and a force vector (𝐹 ) is that F denotes a magnitude of the 

force and  𝐹  denotes magnitude and a direction of that force.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Force has a value and a direction. You push or pull something with some strength 

(magnitude) in a particular direction.  

  

Sub-unit 1.2: Graphical representation of 

vector quantities 

Duration: 10min Resources: maths sets, 

calculators 

Teaching guideline: Use a maximum of four force vectors in one dimension only.  

Teaching strategies: Demonstration; Question-and-answer 

Purpose of this sub-unit: At the end of this sub-unit participants should be able to: 

1. Know how to draw vectors accurately. 

2. State the properties of vectors. 

3. Define the resultant vector. 

4. Find the resultant vector graphically using the tail-to-head method as well as by 

calculation. 

 

 

 

 

Physical Quantities 

Vectors Scalars 

 Magnitude 

 No direction 

 Magnitude 

 Direction 

Displacement, weight, 

force, pressure, 

velocity, acceleration, 

etc. 

Length, mass, time, 

area, energy, density, 

temperature, distance, 

speed, etc. 
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Background knowledge 

1.2.1. Drawing vectors 

Vectors are drawn as arrows. An arrow has both magnitude (how long it is) and a direction 

(a direction in which it points). The starting point of a vector is known as the tail and the end 

point is known as the head.  

 

 

 

Directions can be described as: 

 right or left 

 east or west 

 up or down 

 north or south 

 forwards or backwards 

In order to draw vectors accurately the following steps can be followed: 

1) Decide upon a scale and write it down. 

2) Decide on the reference direction. 

3) Determine the length of the arrow representing the vector, by using the scale. 

4) Draw the vector as an arrow and fill in its magnitude. 

Example: Draw a force vector of 60N east to scale. Indicate the scale that you have used. 

Solution: 

Step 1: Decide on a scale and write it down: 1cm = 10N 

Step 2: Decide on the reference direction. North will point up the page: 

 

 

 

 

 

Step 3: Determine the length of the arrow at the specific scale: 

If 1cm = 10N, then 60N = 6cm 

Step 4: Draw the vector as an arrow and fill in its magnitude. 

 

 

 

 

 
magnitude 

tail head 

             N 

 

 

60N 
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1.2.2. Properties of vectors 

 Equality of vectors: 

Two vectors are equal if they have the same magnitude (size) and the same direction. 

For example, if we have two forces, 𝐹1
⃗⃗  ⃗ = 20N to the right and 𝐹2

⃗⃗  ⃗ = 20N to the right, 

then we can say that 𝐹1
⃗⃗  ⃗ = 𝐹2

⃗⃗  ⃗  

 

 Negative vectors: 

A negative vector is a vector which has the opposite direction to the reference positive 

direction. For example, if we define east as the reference positive direction, then a force 

𝐹1
⃗⃗  ⃗ = 30N west would be a negative vector and could also be written as 

𝐹1
⃗⃗  ⃗= −30N. In this case, the negative (−) sign indicates that the direction of 𝐹1

⃗⃗  ⃗ is opposite 

to that of the reference positive direction. 

 Adding vectors: 

Methods of vector addition fall into two main categories, namely, graphical and 

algebraic methods. Graphical methods involves drawing accurate scale diagrams to 

denote individual vectors and their resultants. One graphical method that will be used 

is the tail-to-head method. Algebraic method involves a simple addition/subtracting 

vectors in a straight line. When vectors are added, we need to take into account both 

their magnitudes and directions.  

For example: you and a friend are trying to move a heavy box. You stand behind it and 

push forwards with a force, 𝐹1
⃗⃗  ⃗ = 20N and your friend stands in front of it and pulls it 

towards him with a force, 𝐹2
⃗⃗  ⃗ = 15N. The two forces are in the same direction (i.e. 

forwards) and so the total force acting on the box is: 

      Graphical representation:     Simple calculation: 

 

                          

 

 

 Subtracting vectors: 

Let us use the same example of the heavy box that you and your friend trying to move. 

Imagine you stand behind the box and pull it towards you with a force, 𝐹1
⃗⃗  ⃗ = 20N and 

your friend stands in front of the box and pulls it towards him with a force, 𝐹2
⃗⃗  ⃗ = 15N. 

In this case the two forces are in opposite directions. If we define the direction you 

 
𝐹1
⃗⃗  ⃗= 20N  𝐹2

⃗⃗  ⃗ = 15N 𝐹𝑡𝑜𝑡
⃗⃗ ⃗⃗ ⃗⃗  ⃗ = 𝐹1

⃗⃗  ⃗ + 𝐹2
⃗⃗  ⃗ = 20N + 15N = 35N 
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are pulling in as positive, then the force your friend is exerting is negative since it is in 

the opposite direction. So the total force you and your friend are exerting on the box is 

the sum of the individual forces:  

            Graphical representation:    Simple calculation: 

 

 

 

 

 

Subtracting a vector from another is the same as adding a vector in the opposite 

directions. 

1.2.3. The resultant vector 

The final quantity you get when adding or subtracting vectors is called the resultant vector. The 

resultant vector is the single vector whose effect is the same as the individual vectors acting 

together. 

The concept of a resultant vector can be illustrated by considering the two situations of moving 

the heavy box: 

 In the first case, you and your friend pulled the box in the same direction, the resultant 

vector (resultant force) is the sum of your two applied forces in that direction: 

Graphically: 

(Direction to the right is +) 

 

 

 

 

By calculation: 

𝐹𝑅
⃗⃗⃗⃗  = 𝐹1

⃗⃗  ⃗ + 𝐹2
⃗⃗⃗⃗  

     = 20N + 15N 

     = 35N to the right 

 

 In the second case the forces were applied in opposite directions. The resultant vector 

will again be the sum of your two applied forces, however after choosing a positive 

direction, one force was positive and the other was negative. The sign of the resultant 

force will depend on which direction was chosen as positive. This is illustrated below: 

 𝐹1
⃗⃗  ⃗ = 20N 𝐹2

⃗⃗  ⃗ = 15N 𝐹𝑡𝑜𝑡
⃗⃗ ⃗⃗ ⃗⃗  ⃗= 𝐹1

⃗⃗  ⃗ + (−𝐹2
⃗⃗⃗⃗ ) = 20N + (−15N) = 5N 

 
𝐹1
⃗⃗  ⃗ = 20N 𝐹2

⃗⃗  ⃗ = 15N  
20N 15N 

          35N 
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Graphically: 

(Direction to the right is +) 

 

 

 

 

 

By calculation: 

 

𝐹𝑅
⃗⃗⃗⃗  = 𝐹1

⃗⃗  ⃗ + 𝐹2
⃗⃗⃗⃗  

     = 20N + (−15N) 

     = +15N 

     = 15N to the right 

                                                              

 

 

             

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝐹1
⃗⃗  ⃗ = 20N 𝐹2

⃗⃗  ⃗= 15N 
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Unit 1 Activities (10min) 
 

1. Why is distance a scalar quantity whereas displacement is a vector quantity?  

2. Explain why it is scientifically wrong to say a weight of 50kg. 

3. Complete the table below: 

 

Quantity Symbol SI unit (name) Symbol 

for unit 

Vector/ 

Scalar 

Time     

Mass     

Distance     

Temperature     

Area     

Speed     

Force     

Volume     

 

4. A man walks 10km east , rests for a while and walks another 3km due east. Graphically 

represent the vector sum of the two vectors. 

5. Two boys are trying to move a heavy crate. One boy is pushing it towards the right with a 

force of 50N and the other one is pulling it in the same direction with a force of 45N. Find 

the resultant force acting on the crate: 

5.1. graphically using the tail-to-head method. 

5.2. by calculation.  

6. A car travels 20km east, and then 12km west. Determine the resultant displacement using 

a scale drawing.  

7. Use the algebraic calculation to determine the resultant force on a rugby player if two 

players on his team are pushing him with forces forwards with forces of 𝐹1
⃗⃗  ⃗ = 60N and 

𝐹2
⃗⃗  ⃗ = 90N respectively and two players from the opposing team are pushing him 

backwards with forces of 𝐹3
⃗⃗  ⃗ = 100N and 𝐹4

⃗⃗  ⃗ = 65N respectively. 
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Unit 2: Motion in one dimension  
 

Unit objectives 

At the end of this unit you should be able to: 

 Describe the concept of a frame of reference. 

 Explain that a frame of reference has origin and a set of directions. 

 Define one dimensional motion. 

 Define position relative to a reference point and understand that position can be 

positive or negative. 

 Define distance and know that distance is a scalar quantity. 

 Define displacement as a change in position. 

 Know that displacement is a vector quantity that points from initial to final position. 

 Know and illustrate the difference between distance and displacement. 

 Calculate distance and displacement for one dimensional motion. 

 Define average speed as the distance travelled divided by time and know that average 

speed is a scalar quantity. 

 Define average velocity as the displacement (or change in position) divided by the 

time taken and know that average velocity is a vector quantity. 

 Calculate average speed and average velocity. 

 Define average acceleration as the change in velocity divided by the time taken. 

 Differentiate between positive acceleration, negative acceleration and deceleration. 

 Understand that acceleration provides no information about the direction of motion; it 

only indicates how the motion (velocity) changes. 

Sub-unit 2.1: Frame of reference, position, 

distance and displacement. 

Duration: 10min  Resources: calculators, 

rulers, pencils. 

Teaching guidelines:  

 Restrict problems and context to one dimension only.  

 Use the symbol x (or y) for position and ∆x (or ∆y) for displacement to emphasize 

that displacement is a change in position. 

 Use D for distance. 

 Also restrict problems solving to one dimension only i.e. do not do examples or 

problems involving circular motion. 

Purpose of the sub-unit: At the end of this sub-unit participants should be able to: 

1. Describe the concept of frame of reference. 

2. Explain what the frame of reference is consisted of. 

3. Define the following concepts; 

 Position 

 One dimensional motion 

 Distance and displacement for one dimensional motion. 
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Background knowledge 

A frame of reference (or reference frame) is a reference point combined with a set of 

directions. Directions can be described as right or left, east or west, forwards or backwards. 

We have to choose one of the directions as the positive direction.  

 

Examples of frame of reference will include amongst others:-  

  

 A person standing on the ground.   

 A passenger seated in the train  

 A free falling object.  

  

One dimensional motion is a back and forth movement of an object along a straight line. For 

example the black dot in the figure below can only move back and forth along the x-axis. 

                                                                                  

Position (x) is the place where the object is relative to the reference point. A position is a 

measurement of a location with reference to an origin. It is measured in metres (m). Positions 

can be positive or negative depending on the choice for the reference frame’s coordinate 

system.  

 

Example: Five buildings are drawn below. Consider direction to the right as positive. 

 

 

 

 

 

 

 

 

 

If we make the church the reference point or origin, then the positions of the other buildings 

with reference to the church are as follows: 

 

 The hall is at 40m, the shop is at 20m, the school is at −20m and the house is at −40m. 

 

Distance (D) is the total length of the path taken in going from the initial position (x𝑖⃗⃗⃗  ) to the 

final position (x𝑓⃗⃗  ⃗). Distance is a scalar quantity and therefore can be represented by magnitude 

only. 

 

x 

                   

                   20m                               20m                                20m                           20m 

House School Church Shop Hall 
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Displacement (∆x⃗ ) is the change in an object’s position relative to its starting point. It is a 

vector that points from the initial position ((x𝑖⃗⃗⃗  ) to the final position (x𝑓⃗⃗  ⃗). 

 

The diagram on the next page illustrates the distance and displacement from home to school. 

The dotted line represent the distance and the straight line represents the displacement. 

 

 

 

 

 

 

 

 

Displacement:  

 starts at the beginning of the motion and ends at the end of the motion.  

 must be represented by the line with an arrowhead, wherein the line indicates the 

magnitude and the arrowhead indicates the direction.  

 of an object ending at its starting point has a displacement of zero (0m).  

  

Example: Bongi stands at the front door of her house (displacement, ∆𝑥  = 0m). The street is 

10m away from the front door. Bongi walks to the street and back again. 

 Bongi walked a distance of 40m. 

 Bongi’s displacement is 0m since she returned to her starting point. 

 

Sub-unit 2.2: Average speed, average 

velocity, acceleration, instantaneous 

velocity, instantaneous speed. 

Duration: 10 min Resources: calculators, 

maths sets 

Teaching guidelines: 

 We are dealing only with motion that involves zero or constant acceleration.  

 For uniformly accelerated motion in one dimension, average acceleration and 

instantaneous acceleration are one and the same thing and will be referred to as 

“acceleration”. 

Purpose of the sub-unit: At the end of this sub-unit participants should be able to: 

1. Define and calculate average speed, and illustrate that it is a scalar quantity.  

2. Define and calculate average velocity, and illustrate It is a vector quantity. 

3. Define and calculate average acceleration. 

4. Demonstrate positive and negative acceleration meanings. 

5. Differentiate between positive and negative acceleration. 

 

 

 

 

 
Home 
(Start) 

Shop 
(Finish) 
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Background knowledge 

Speed is the rate at which an object covers the distance.  Constant speed is an unchanging 

speed.  An object moves at constant speed if it travels equal distances in equal time interval.   

e.g. 100 m every 5s. Average speed is the distance (D) travelled divided by the time (∆t) taken 

for the journey. Speed and average speed are both the scalar quantities. They have magnitude 

without a direction. 

𝑣𝑎𝑣 =
distance (in m)

time (in s)
 𝑜𝑟 𝑣 =

𝐷

∆𝑡
 

Velocity is the rate of change of position. Average velocity is the change in position of a 

body divided by the time for the displacement to occur.  

𝑣 𝑎𝑣 =
change in position (in m)

change in time (in s)
 𝑜𝑟 𝑣𝑎𝑣 =

∆x⃗ 

∆𝑡
 

 Velocity can be positive or negative.  

 A positive velocity points in the direction you chose to be positive in your coordinate 

system. 

 A negative velocity points in the direction opposite to the positive direction. 

Remember: Convert quantities into standard units (SI units), i.e. km to m, hours to seconds, 

km.h-1 to m∙s-1 .  

Example: A car travels 3km west in 30 minutes. It then changes direction and travels 3km east 

back to its starting point along the same route, also in 30 minutes. Calculate the car’s: 

(i) Average speed 

(ii) Average speed 

Solution: 

Note: The information given is not in SI units and must therefore be converted.  

To convert km to m: 1km = 1 000m 

        Therefore: 3km = (1 000 x 3) = 3 000m 

To convert 30 minutes to seconds: 1 min = 60s 

                 Therefore 30 minutes = (60 x 30) = 1 800s 

The car travelled back to its starting point, its displacement (∆x⃗ ) = 0m.  

The car travelled a total distance (D) = 3 000m 

The car took 1 800s to travel east and 1 800s to travel west back to its starting point. So the 

total time travelled by the car (∆t) = 3 600s                 
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i) The car’s average speed is: 

𝑣𝑎𝑣= 
𝐷

∆𝑡
 

                 = 
3 000m

3 600s
     

                 = 1,11m ∙ s−1 

 

ii) The car’s average velocity is: 

𝑣𝑎𝑣⃗⃗ ⃗⃗ ⃗⃗ =
∆x

∆𝑡
 

 

=
0m

3 600s
 

 

= 0 m∙s-1  

Acceleration is the measure of how fast the velocity of an object changes in time. Average 

acceleration is the change in average velocity divided by the time taken.  

average acceleration =
change in velocity (m ∙ s−1)

time taken (in s)
  

 𝑎𝑎𝑣⃗⃗ ⃗⃗ ⃗⃗  =
∆𝑣 

∆𝑡
 

         𝑎𝑎𝑣⃗⃗ ⃗⃗ ⃗⃗   =
𝑣𝑓 − 𝑣𝑖

∆𝑡
 

Acceleration is a vector quantity that has both magnitude and a direction. Only constant 

(uniform) acceleration will be studied in this section.  

Like velocity, acceleration can be negative or positive: 

 If both velocity and acceleration are positive, the object is speeding up in a positive 

direction. 

 If both velocity and acceleration are negative, the object is speeding up in a negative 

direction. 

 If velocity is positive and acceleration is negative, then the object is slowing down. 

 If velocity is negative and acceleration is positive, the object is slowing down. 
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This is illustrated by the diagrams below. 

 

 

 

 

 

 

  

Constant acceleration occurs when there is a constant increase in velocity in every specific 

equal interval. The table below shows an accelerating object changing its velocity by a 

constant amount each second.   

Time (s) 0 1 2 3 4 

Velocity (m∙s-1)  0 2 4 8 16 

 

The graph plotted below represents the above motion. 

 

A graph with negative acceleration is shown below: 

 

 Positive direction to the right 

   

speeding up slowing down speeding up 

𝑣  𝑣  𝑣  

𝑎  𝑎       𝑎  
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The general RULE OF THUMB is: If an object is slowing down, then its acceleration is in 

the opposite direction of its motion.  

This RULE OF THUMB can be applied to determine whether the sign of the acceleration of 

an object is positive or negative, right or left, up or down, etc. Consider the two data tables 

below. In each case, the acceleration of the object is in the positive direction.   

In Example A below, the object is moving in the positive direction (i.e., has a positive velocity) 

and is speeding up. When an object is speeding up, the acceleration is in the same direction as 

the velocity. Thus, this object has a positive acceleration.   

In Example B below, the object is moving in the negative direction (i.e., has a negative 

velocity) and is slowing down. According to our RULE OF THUMB, when an object is slowing 

down, the acceleration is in the opposite direction as the velocity. Thus, this object also has a 

positive acceleration. 

Tables A and B are both examples of positive acceleration:  

 
 

 
 

Time 
(s) 

Velocity 
(m∙𝑠−1) 

0 0 

1 2 

  2 4 

3 6 

4 8 

 
 

         

Time 
(s) 

Velocity 
(m∙𝑠−1) 

0 -8 

1 -6 

 2 -4 

3 -2 

4 0 

In the examples C and D below are both examples of negative acceleration:  

 
 
 
 

Time 
(s) 

Velocity 
(m∙𝑠−1) 

0 8 

1 6 

 2 4 

3 2 

4 0 

 
 
         
 
 

Time 
(s) 

Velocity 
(m∙𝑠−1) 

0 0 

1 -2 

 2 -4 

3 -6 

4 -8 

 

In each case, the acceleration of the object is in the negative direction. In Example C, the 

object is moving in the positive direction (i.e., has a positive velocity) and is slowing down. 

In each case, the acceleration of the object is in the negative direction. When an object is 
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slowing down, the acceleration is in the opposite direction as the velocity. Thus, this object 

has a negative acceleration.  

 In Example D, the object is also moving in the negative direction (i.e., has a negative velocity) 

and is speeding up. When an object is speeding up, the acceleration is in the same direction 

as the velocity. Thus, this object also has a negative acceleration.  
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Unit 2 activities (20min) 

1. Write down the positions for objects at F, G, and H with reference to the reference point. 

Direction to the left is positive. 

 

 

 

 

 

 

 

 

 

2. Zonke has to walk to the shop to buy some milk. After walking 100m, she realizes that she 

does not have enough money, and goes back home. If it took her 2 minutes to leave and 

come back as shown in the diagram below: 

 

 

 

 

 

 

Calculate the following: 

2.1.How long was she out of the house (i.e. the time interval ∆t in seconds)? 

2.2.How far did she walk (i.e. distance, D)? 

2.3.What was her displacement (∆x⃗ )?  

2.4.What was her average speed? 

2.5.What was her average velocity?  

3. State the differences between distance and displacement. 

4. Calculate the speed of a dog running through a field if he is covering 23,7m in 54s.  

5. Which object has a greater velocity, a ball rolling down a 3,4m hill in 6s or a fish 

swimming upstream and covering 5,4m in 0,4m?  

6. Calculate the velocity of a mountain climber if that climber is moving east at a pace of 

1,6km in 1,4hours? Give your answer in the SI unit for velocity.  

7. A car drives for 100km at an average speed of 80km∙h-1. How long will it take the car to 

cover the distance? 

8. An object moving at 10m∙s-1 north reaches a velocity of 50m∙s-1 in 8s. Calculate its 

acceleration and indicate whether the object is undergoing a positive or negative 

acceleration. 

 

 300           200              100                    0                  100               200                300 

   F                                   G          reference point                                                   H 

X (m) 

                                                                                           2 minutes there and back 

Shop 

100m 

100m 
home 
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9. A boy starts from rest at the stop sign and runs along a straight road. After 5s he attained 

the velocity of 6,4m∙s-1 .Calculate his acceleration.  
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Unit 3: Instantaneous speed & instant. velocity and equations of motion 

Unit objectives 

At the end of this unit participants should be able to: 

 Define instantaneous velocity as the displacement (or change in position) divided by 

an infinitesimal (very small) time interval.  

 Know that instantaneous velocity is a vector quantity. 

 Define instantaneous speed as the magnitude of the instantaneous velocity. 

 Describe in words and distinguish between motion with uniform velocity and 

uniformly accelerated motion.  

 Describe the motion of an object given its: 

 position vs time,  

 velocity vs time, and  

 acceleration vs time graph.  

 Determine the velocity of an object from the gradient of the position vs time graph.  

 Know that the slope of a tangent to a position vs. time graph yields the instantaneous 

velocity at that particular time. 

 Determine the acceleration of an object from the gradient of the velocity vs time 

graph.  

 Determine the displacement of an object by finding the area between the graph and 

the time axis.  

 Use the kinematics equations to solve problems involving motion in one dimension 

(horizontal only). 

 Demonstrate an understanding of motion of a vehicle and safety issues, such as the 

relationship between speed and stopping distance. 

 

Sub-unit 3.1: Instantaneous speed and 

instantaneous velocity. 

Duration: 10min Resources: calculators 

Teaching strategies: Demonstration; observation; question-and-answer 

Purpose of the sub-unit: At the end of the sub-unit participants should be able to: 

1. Define instantaneous speed. 

2. Convert between different units. 

3. Define instantaneous velocity. 

4. Demonstrate understanding of instantaneous velocity. 

 

Background knowledge 

Instantaneous velocity (�⃗⃗� ) is the change in position over the change in a very small time 

interval (∆t ≈ 0).  It is a vector quantity. 

Instantaneous speed is the magnitude of instantaneous velocity. It has the same value as the 

instantaneous velocity but is a scalar so it has no direction.  
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Sub-unit 3.2: Description of motion in 

words, diagrams, graphs and equations. 

Duration: 10min Resources: calculators  

Teaching strategies: Demonstration; observation; question-and-answer 

Purpose of the sub-unit: At the end of this sub-unit participants should be able to: 

1. Describe and distinguish between uniform motion and accelerated motion. 

2. Describe the motion of an object given the motion of an object: 

 position-time,  

 velocity-time and  

 acceleration-time graphs. 

3. Determine the velocity of an object from gradient of position-time graph. 

4. Determine the tangent to the slope of a position- time graph.  

5. Describe the tangent to the slope –instantaneous velocity. 

6. Determine the acceleration from the gradient of a velocity-time graph. 

7. Draw the acceleration time graph. 

8. Relate the area of a graph to displacement. 

9. Determine the area between the graph and the time axis of a velocity- time graph. 

10. Solve problems using equations of motion.  

11. Demonstrate understanding of safety issues with regard to vehicles. 

 

Background knowledge 

Three ways of describing how an object or a person is moving are:  

1. In words 

2. Diagrams 

3. Graphs 

Three types of motion will be considered: 

 Stationary objects – when the object is not moving 

 Uniform motion – when the object is moving at constant velocity 

 Motion at constant acceleration – when the object is moving at a constant acceleration 

Stationary object – a stationary object does not move and so its position does not change. 

Since displacement is the change in an object’s position relative to its starting point, a 

stationary object has a displacement of zero. This means that the object’s velocity and its 

acceleration is also zero.  

As an example, consider a boy waiting for a bus. He is standing 2 metres from the bus stop at 

t = 0s. After 1 minute, (i.e. t = 60s), he is still 2 metres from the bus stop. After 2 minutes (i.e. 

t = 120s) he is still at 2 metres from the bus stop. If the bus stop is taken as the reference 

point, his position remains at 2m for 120s. 

Uniform motion – refers to motion with constant velocity. This means that the position of an 

object is changing at the same rate.  

Assume that the boy takes 100s to walk 100m to the bus stop every morning. If we assume 

that the boy’s house is the origin and the direction to the bus stop is positive, then his velocity 

is: 
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𝑣 =
∆x⃗ 

∆𝑡
=

100m

100s
= 1m ∙ s−1 

This means that the boy walked 1m in the 1st second, another 1m in the 2nd second, and 

another 1m in the 3rd second, and so on. His position increased by 1m every second. 

Motion at constant acceleration – since acceleration is the rate of change of velocity, 

motion at constant acceleration means that velocity changes at a constant rate. 

Again using the example of a boy waiting at the bus stop, the bus arrived and the boy got in. 

The bus stopped at the bus stop and then accelerated in the positive direction as follows: 

Distance covered (m) 2,5 10 22,5 40 

Time taken (s) 1 2 3 4 

 

The information in table show that the bus was covering larger distances every second. This 

means that it was accelerating. 

The relation between graphs of position, velocity and acceleration as functions of time is 

summarized below. 
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Calculations from a velocity-time graph 

 

 The gradient of this graph is known as acceleration, and is given by: 𝑎 =
∆𝑣

∆𝑡
=

𝑣2−𝑣1

𝑡2−𝑡1
 

 This gradient can either be positive or negative. 

 For motion with constant acceleration in one dimension the velocity vs time graph is a 

straight line. The slope of this straight line yields average acceleration. The 

acceleration versus time graph yields a straight line with zero slope. 

Example: From the graph given above, acceleration can be calculated as follows: 

v1 = 2m∙s−1 

v2 = 4m∙s−1 

𝑡1 = 2𝑠 

𝑡2 = 4𝑠 

𝑎 =
∆v

∆𝑡
=

v2−v1

𝑡2−𝑡1
=

8−4

4−2
= 2m∙s−2 

 To calculate displacement, the following equations are important: 

 Area (A) of a triangle =  ½ bh  

 Area (A) of a rectangle = l x b  

 Area of trapezium  =  ½ (sum of parallel sides) x perpendicular height (or divide the 

figure into triangles and rectangles)  

Example: The velocity-time graph of a car is plotted below.  

a) Calculate the displacement of the car after 15seconds. 

b) Describe the motion of the car for its entire motion. 
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Solution 

 For t = 0s – 5s: displacement is equal to the area of a triangle on the left: 

𝐴𝑟𝑒𝑎∆=
1

2
𝑏ℎ =

1

2
(5s × 4m ∙ s−1) = 10m 

 

 For t = 5s – 12s: displacement is equal to the area of a rectangle: 

𝐴𝑟𝑒𝑎∆= 𝑙 × 𝑏 = 7s × 4m ∙ s−1) = 28m 

 For t = 12s – 14s: displacement is equal to the area of a triangle on the right above time axis: 

𝐴𝑟𝑒𝑎∆=
1

2
𝑏ℎ =

1

2
(2s × 4m ∙ s−1) = 8m 

 For t = 14s – 15s: The displacement is equal to the area of a triangle below time axis: 

𝐴𝑟𝑒𝑎∆=
1

2
𝑏ℎ =

1

2
(1s × −2m ∙ s−1) = −1m 

∴ Total displacement = 10m + 28m + 8m +(-1m) = 45m 
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Sub-unit 3.3: Kinetics equations Duration: 15min Resources: calculators 

Teaching guidelines: 

 Problem-solving strategies should be taught explicitly. 

 Problem solutions should include a sketch of the physical situation, including an 

arrow to indicate which direction is chosen as positive. 

 Physical understanding should be stressed together with mathematical 

manipulations. 

 

Purpose of this sub-unit: At the end of this sub-unit participants should be able to: 

1. Solve problems using equations of motion.  

2. Demonstrate understanding of safety issues with regard to vehicles. 

 

Word problems in kinematics can be solved using equations of motion as listed below, 

provided the acceleration is constant or zero and along a straight line:     

 

Where: v𝑓 = final velocity(m ∙ s−1) 

 v𝑖 = initial velocity(m ∙ s−1) 

 𝑎 = acceleration(m ∙ s−2) 

 𝑡 = time in seconds(s) 

 x = position(m)   

 To solve problems, identify given data, what has to be calculated, and choose the relevant 

equation (sometimes check the three given quantities, and required quantity, they will 

guide you to choose relevant equation).  

 For vector quantities, choose one direction as positive and the opposite side will be 

negative.  

 It is important to convert quantities to their standard units of measurement.  

 Hint to solve word problems: Transcribe equation from the data sheet into exercise book  

 Substitute the values in the equation without rearranging terms  

 Use the calculator and write the answer with a unit.  

 For vectors, direction must be included.   

Example:  A tourist driving his car at 120km∙h-1 west in Northwest sees a horse in the middle 

of the road when he was 200m away and applies the brakes to avoid knocking them down.   

1.1. Calculate his acceleration.  

1.2. The time that it will take him to come to stop. 
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Solution 

1.1. v𝑖 = 120km∙h−1 = 33,33m∙s−1 

        v𝑓 = 0m∙s−1 

       ∆x = 200m 

         𝑎 = ? 

       ∆𝑡 = ? 

     v𝑓
2 = vi

2  + 2𝑎∆x  

     02 = 33,332 + 2(a)(200) 

     𝑎 = −2,78m∙s−2 

      𝑎 = 2,78m∙s−2, east 

1.2.𝑎 = −2,78m∙s−2 

Any equation with t can be used: 

v𝑓 = v𝑖 + 𝑎∆𝑡 

  0 = 33,33 + (−2,78)∆𝑡 

∆𝑡 = 11,99𝑠 
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Unit 3 activities (20min) 

1. What is the difference between the average speed and instantaneous speed? 

2. You are given the position-time graph below: 

 

 
2.1.From the graph, calculate the average velocity between t = 2s and t = 4s. 

2.2.Calculate the instantaneous speed at 3s. 

3. When the car’s recorded on the speedometer reads 90km∙h−1, is that average speed or 

instantaneous speed? Give a reason for your answer. 

4. A graph of a velocity-time of a body starting from rest is given below. Study the graph 

and answer the questions that follow. 

 

 
 

4.1. Describe the journey along OA, AB and BC. 

4.2. Calculate the displacement during the first 40 seconds. 

4.3. How long does the body has zero acceleration for? 

4.4.Calculate the distance travelled during the journey. 

 

5. A motorcyclist starts from rest at the traffic lights and accelerates at 3m∙𝑠−2. 

5.1.Calculate the velocity of the cyclist after 6s. 

5.2.Calculate the distance travelled by the cyclist after 6s. 

5.3.How far from the traffic lights will the cyclist be, by the time he reaches a velocity of 

36m∙𝑠−1? 
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