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Workshop Purpose 

This workshop has been designed to help HODs and lead teachers develop tools that will 

help teachers and learners to have a better conceptual understanding of motion. This is a 

foundational topic that relates to many aspects of Mechanics.  

 

Rationale for the focus on Mechanics 

Mechanics is a section of Physics that is generally not well understood. Motion is a key part 

of mechanics and is often the first thing learners study in mechanics. There is research that 

suggests that some people develop a fear of Mechanics that can contribute to 

misconceptions and poor performance when answering exam questions. An additional 

problem that teachers and learners face in this topic is that some of the laws of motion are 

not intuitive and so often our gut feel is not correct. This can clearly add to anxiety, 

confusion and poor performance. 

 

Methodology of Workshop 

Although this workshop focuses on specific problematic content, the activities have been 

designed to engage all participants in active learning. Everyone has misconceptions that 

influence their understanding of a topic and how they teach the topic. To correct a 

misconception is not an easy process but the first step is to identify misconceptions where 

they exist. In this workshop, you will be given a series of questions that are designed to help 

you identify misconceptions. You will be asked not only to provide an answer but to explain 

how you arrived at it. This process of thinking about thinking is called meta-cognition and is 

an important tool in identifying misconception or uncertainties. 

 

A second very useful tool we will use is working collaboratively with others. The 

construction of new knowledge is a social endeavour. Please don’t be threatened by sharing 

your ideas. Putting our ideas into words helps us organise them and listening to other 

people’s thinking helps us clarify them too.  

 

In your discussions about concepts try as much as possible to think about ways you could 

support teachers in developing activities that they can use with their learners. You will 

notice that for this workshop, we have not made explicit links to the particular Grades that a 

topic is taught in since we are focussing on the development of conceptual understanding 

and need to see the topic as a whole. You will however be encouraged to link particular 

activities and concepts to different Grades. You will find the Tracker and Planner a useful 

resource to do this linking as it also includes suggestions of how to manage the delivery of 

the curriculum within the available time.      
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Session 1: Let’s get moving 

Activity 1: What is motion?      (30 minutes) 

Consider the following questions:  

1.1 What is motion? 

1.2 How do we describe motion? 

Write down a few key points on a card or piece of paper. Discuss your answer with as many 

different people as possible.  

 

Summary notes 

Physics is a different way of seeing the world. We observe, measure and try to relate 

different physical quantities to each other. To describe some quantities fully we need to 

measure their size and direction. We call these vector quantities. Quantities that do not 

have direction are called scalar quantities. The table below shows a comparison in terms of 

motion between vector and scalar quantities. 

Vector 

Quantity 

Description Scalar Quantity Description 

Displacement Change in position 

Straight line from start to finish 

Distance Length of the path 

Velocity Rate of displacement or  

Rate of change of position 

Speed Rate of change of 

distance 

acceleration Rate of change of velocity   

  

When studying motion learners must have a very clear understanding of the terminology 

and definitions. The language of Physics is precise and small changes in words can result in 

big differences in meaning. The questions you will answer in part 2 will help you check that 

your understanding of motion is accurate and precise.  
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Activity 2: Speed dating on motion       (60 min) 

Instructions 

For this activity you need to work individually and in pairs. After each question you will find 

a new partner. This is like speed dating but here the focus is on Physics! 

For each question, work individually at first - find the correct answer and then describe the 

process of thinking you went through to come to the answer (thinking steps).  

When you have completed the question, discuss your answer and thinking with your 

partner. You have limited time for each question! There are five questions on different 

aspects of motion in this part of the activity.  

Question 1: Differentiating position and velocity  

1. The picture below shows two blocks being moved to the right: one above the line, and 

the other below. The squares show where each object is at 0,20 second time intervals.  

 

 

 

Do the blocks ever have the same speed? 

A No. 

B Yes, at instant 2. 

C Yes, at instant 5. 

D Yes, at instant 2 and 5. 

E Yes, at some time during interval 3 to 4. 

Circle the letter corresponding to the correct answer and then explain your thinking steps 

in the space provided below: 
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Question 2: Differentiating velocity and acceleration 

2. The picture below shows two blocks being moved to the right: one above the line,  and 

 the other below. The squares show where each object is at 0,20 second time 

 intervals.  

 

 

The accelerations of the blocks are related as follows: 

A acceleration of ‘a’ > acceleration of ‘b’. 

B acceleration of ‘a’ = acceleration of ‘b’ > 0. 

C acceleration of ‘b’ > acceleration of ‘a’. 

D acceleration of ‘a’ = acceleration of ‘b’ = 0. 

E not enough information to answer. 

Circle the letter corresponding to the correct answer and then explain your thinking of 

how you came to the answer in the space provided below: 

 

 

 

 

 

Question 3: Comparing distance and displacement 

3.1.  Joyce walks along a straight line, staying on the positive side of her starting point. 

The distance she covers is 10m.  

 Is it possible for her displacement to be: 

a) zero? 

b) between zero and 10m? 

c) 10m? 

d) more than 10m? 
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Circle Yes or No and then provide an example to support your answer. In your discussion 

explain your thinking steps. 

a) Yes No 

Example: 

 

 

b) Yes No 

Example: 

 

 

c) Yes No 

Example: 

 

 

d) Yes No 

Example: 

 

 

 

3.2.  Joyce walks along a straight line, staying on the positive side of her starting point. 

The distance she covers is 10m. Will the displacement undergone ever be: 

a) zero? 

b) less than the distance covered, but greater than zero? 

c) equal to the distance covered? 

d) greater than the distance covered? 
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Circle Yes or No and then provide an example to support your answer. In your discussion 

explain your thinking steps. 

a) Yes No 

Example: 

 

 

b) Yes No 

Example: 

 

 

c) Yes No 

Example: 

 

 

d) Yes No 

Example: 
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Question 4: Comparing speed and velocity 

4.1.  An athlete runs at an average speed of 5m.s-1.  

The athlete’s average velocity might be: 

A  zero 

B  less than 5m.s-1 but greater than zero 

C  equal to 5m.s-1 

D  more than 5m.s-1 

Circle Yes or No and then provide an example to support your answer. In your discussion 

explain your thinking steps. 

a) Yes No 

Example: 

 

 

b) Yes No 

Example: 

 

 

c) Yes No 

Example: 

 

 

d) Yes No 

Example: 
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4.2.  An athlete runs at an average speed of 5m.s-1. Will the average velocity of motion 

ever be: 

a) zero? 

b) less than its average speed, but greater than zero? 

c) equal to its average speed? 

d) greater than its average speed? 

Circle Yes or No and then provide an example to support your answer. In your discussion 

explain your thinking steps. 

a) Yes No 

Example: 

 

 

b) Yes No 

Example: 

 

 

c) Yes No 

Example: 

 

 

d) Yes No 

Example: 
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Question 5: Constant velocity and acceleration 

In the September 2006 Popular Mechanics article on BMW’s man-machine interface, the 

author describes how he was cruising along at about 50km/h when the driver of the car in 

front suddenly hit the brakes, and the Driver Assist system in the author’s car made his car 

come to a smooth but rapid stop a few metres from the other vehicle, and pull away again 

as the other vehicle pulled away.  

For the questions below, assume the initial direction of motion as positive. Choose the 

correct option by placing an X in the empty block next to its number and then record your 

thinking steps in point form. 

1. a)  When the car is cruising, its velocity is constant at 50km/h, so it is not 

accelerating. 

 1.b)   When the car is cruising, its acceleration is constant at 50km/h, so it does not 

have a  constant velocity. 

1.a)  1. b)  

Thinking steps 
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2. a) When the car slows, it is not accelerating because its velocity is slow. 

2.b) When the car slows, it is accelerating at a constantly low velocity. 
 
2.c) When the car slows, its velocity decreases over time, so it has a negative acceleration. 
 
2.d) When the car slows, its velocity decreases over time, so it has a positive acceleration. 
 
2.e) When the car slows, it is moving at a constant velocity that is low. 
 

2.a)  2.b)  2.c)  2.d)  2.e)  

Thinking steps 

 

 

 

 

 

3. a) When the car pulls away again, it is not accelerating because its velocity is high. 
 
3. b) When the car pulls away again, it is accelerating at a constantly high velocity. 
 
3. c)  When the car pulls away again, its velocity increases over time, so it has a positive 

acceleration. 

3. d)  When the car pulls away again, its velocity increases over time, so it has a negative 
acceleration. 

3. e) When the car pulls away again, it is moving at a constant velocity that is high. 

3.a)  3.b)  3.c)  3.d)  3.e)  

Thinking steps 
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Session 2 Motion Misconceptions 

What is a misconception? 

The word misconception is often used to indicate why learners are not able to answer a 

question correctly. Some people think common errors are misconceptions. However, the 

word misconception has a much more specific meaning. We understand that knowledge 

about any topic is constructed around critical ideas or concepts, like bricks in a wall. These 

concepts link together to provide us with understanding of a topic.  

A misconception is an incorrect concept (the wrong type of brick) that is believed to be true 

by the learner. Misconceptions are developed through experience and are often hard to 

change.  

There is a lot of published research on common misconceptions in High School Science. By 

understanding these misconceptions teachers can develop activities and strategies to 

correct them before they become entrenched.  

Activity 3 Identifying misconceptions     (30 minutes) 

Instructions 

For this activity you will work in groups of 4 – 6 members. You will need to answer one of 

the questions below and design a poster to display your answer. Your facilitator will tell you 

which question to answer. Start by reading through the list of misconceptions in the box 

found on the next page. You only have 15 minutes to design your poster before presenting it 

to the whole group. 

Reflective Questions 

1. What are the most common misconceptions you have experienced based on the 

research list? Are there any other common misconceptions you have identified when 

teaching the concept of motion? 

2. What strategies can we use in our teaching to help learners recognise their 

misconceptions and develop a better conceptual understanding i.e. are there 

activities you can use to promote conceptual change?  

3. Can you link misconceptions identified to incorrect answers to the questions in 

Activity 2, from the previous session? Focus on questions 1 & 2. 
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Misconceptions about motion identified in research 

A period of time (∆t) is the same as a moment (instant) in time (t). This misconception is 

probably due to: 

o the fact that both are measured in the same unit (e.g. seconds, s). 

o the conceptual difficulty of thinking of the difference in two values (∆t = tf – ti) 

• Position (x) is the same as change in position, i.e. displacement (∆x). This 

misconception is probably due to: 

o the fact that both are measured in the same unit (e.g. meters, m). 

o the conceptual difficulty of thinking of the difference in two values (∆x = xf – xi) 

• Position (x) is the same as velocity. Correct conception: velocity is the rate of change of 

position.  

• When calculating displacement, initial position must be zero. Correct conception: initial 

position need not be zero. 

• Choice of a reference position affects calculations. Correct conception: choice of 

reference position does not affect final answers. 

• Velocity is the rate of change of displacement. Correct conception: velocity is the rate 

of change of position, i.e. the rate at which displacement is undergone. 

• Acceleration and velocity are the same. Correct conception: acceleration is the rate of 

change of velocity.  

• Acceleration is distance covered per second per second, or velocity per second. This 

misconception is probably due to: 

o the conceptual difficulties of thinking about the rate of change of velocity. 

Learners find it difficult to think of changes, and difficult to understand rate. The 

concept of acceleration requires learners to think of both these concepts 

simultaneously. 

o learners' simplification of the formula of acceleration (a = 
∆𝑣

∆𝑡
) to an incorrect 

version, namely a = 
𝑣

∆t
 or a = 

𝑣

t
 

o leaners' incorrect interpretation that the unit of acceleration (m.s-2, i.e. 
𝑚

𝑠

𝑠
) as 

referring to distance covered (in m) per second (s) per second (s), rather than as 

change in velocity (in 
𝑚

𝑠
) per second (s). 

• Acceleration is final velocity divided by time. This misconception is probably formed by 

learners only being exposed to calculations in which initial velocity is 0. Correct 

conception: acceleration is change in velocity (final velocity minus initial velocity) 

divided by time. 
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• Negative acceleration = deceleration. This misconception probably comes from an over-

simplification of the explanation of negative acceleration. Correct conception: Negative 

acceleration means that the fastest velocity of the object’s motion happens on the most 

negative side of its motion. Deceleration means slowing down. If an object is moving: 

o towards the positive direction and slowing down (decelerating), its acceleration 

is negative.  

o towards the negative direction and speeding up, its acceleration is also negative 

even though it is not decelerating 

o towards the positive direction and speeding up, its acceleration is positive.  

o towards the negative direction and slowing down, its acceleration is positive 

even though it is decelerating. 

References: 

Gunstone, R.F., & Mitchell, I.J. (1998). Metacognition and conceptual change. In Teaching 

Science for Understanding: A Human Constructivist View. Mintzes, J.J., Wandersee, 

J.H., & Novak, J.D. (Eds). San Diego: Academic Press. Pp. 134-163. 

Hestenes, D., Wells, M., & Swackhamer, G. (1992).  Force Concept Inventory. The Physics 

Teacher, 30, 141-158. 

Stott, A. (2011). FET Grade 10 Physical Science DVD. 
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Activity 4: Investigating Distance and Speed    (60 minutes) 

Introduction 

This activity focuses on working with the concepts of distance and speed. You are required 

to work individually through questions that are designed to challenge your thinking. These 

questions also explore the difference between average speed and instantaneous speed. You 

will also need to draw simple graphs to represent the motion described. The summary notes 

are provided as a reference. 

Summary Notes 

Definitions 

Distance:  The total length of path travelled, measured in metres, m (S.I unit). 

  Distance is a scalar quantity – there is no direction. 

Speed: The rate of change of distance, measured in metres per second, m.s-1 (S.I 

unit) or km.h-1. Speed is a scalar quantity – there is no direction.  

Speed = distance ÷ time 

Average Speed:   The total distance travelled divided by the time taken 

Instantaneous speed:   The speed at a specific moment in time. 

Note: Speed can remain constant, increase or decrease. When speed increases we say in 

everyday language that an object accelerates. The term acceleration in Physics is a vector 

quantity and is related to displacement and velocity. However, we can use the same word to 

describe the rate of change of speed but here it is a scalar quantity. This is not usually used 

in Physics questions. 

Check your understanding 

Instructions 

You have only 20 minutes to work through the eight questions base on the scenario below. 

When you are answering the questions try to take note of the steps in your thinking.   

Scenario 

A child pushes a toy car along a track as follows: 

• Step 1 from point A to B:   2m to the left which takes 5s 

• Step2 from B to C:    Turns right and then moves 3m for 4s 

• Step 3 from C to D:   Does a U-turn and moves 5m which takes 11s.  
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Question 1 

Complete the table below: 

Step  Time Interval (s) Distance (m) Average Speed (m.s-1) 

1    

2    

3    

1 & 2    

2 & 3     

1 – 3    

 

Question 2 

For each of the steps the speed of the toy can be assumed to be constant. Find the speed of 

the toy at each of the times (instantaneous speed) and note how far the toy has moved 

from the starting point.  

Time (s) Instantaneous Speed (m.s-1) Position (m) 

0   

4   

8   

12   

16   

  

Question 3 

What is the relationship between the instantaneous speed and the average speed? Will this 

relationship always be true? 
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Question 4 

Plot a distance – time graph of the toy car for the whole journey. Make the position of A the 

origin of the graph. Also draw in a dotted line to represent the average speed for the whole 

motion 

 

Question 5  

What does the shape of the graph tell you about the speed during each step of the journey? 

Question 6  

Can you use the distance –time graph to find the position of the toy car from A?          

Explain your answer by drawing a sketch of the path of the car. 

Question 7  

Plot a graph showing the instantaneous speed of the toy car versus time for the whole 

journey. Make the position of A the origin of the graph. Use the grid on the next page. 
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Question 8 

How are the graphs in Questions 4 and 7 related? Consider the gradient of the slope of the 

lines in question 4 and also look at the area between the time axis and the lines on the 

instantaneous speed – time graph. 
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Session 3 Moving Faster  

Introduction 

In this session the focus shifts to motion that is not uniform. We also look at describing 

motion in terms of vector quantities of displacement, velocity and acceleration. Remember, 

vector quantities are always related to the direction of motion too.   

 

The activities in this session also look at ways to get learners in Grade 10 – 12 engaged in 

building a better conceptual understanding of motion. With this good foundation in place 

learners have the skills to solve different types of exam questions too  

 

Summary Notes 

Definitions 

Frame of reference:   A reference point combined with a set of directions 

Usually the position of the observer is taken as the origin on a 

graph. 

Position (𝒙):    Measurement of a location, with reference to an origin.   

Measured in metres (m). 

Displacement (∆𝑥⃗⃗ ⃗⃗ ):   Change in an object’s position.  It is a vector 

    Measured in metres (m). 

Velocity (𝑣 )   Rate of change of position or rate of displacement. 

A vector quantity, measured in metres per second (m.s-1) 

Uniform motion  Constant velocity. Acceleration is zero  

Average velocity (𝒗𝒂𝒗⃗⃗ ⃗⃗ ⃗⃗  ):  Average velocity is the total displacement divided by time the 

total time taken. Measured in m.s-1 

𝑣𝑎𝑣⃗⃗⃗⃗⃗⃗ =
∆𝑥⃗⃗ ⃗⃗ 

∆𝑡
 

Instantaneous velocity (𝒗):  Instantaneous velocity is the change in position in a very small 

time interval (∆𝑡 ≈ 0𝑠). It is the velocity at a specific moment 

in time and is measured in m.s-1 

Acceleration (�⃗⃗� ):    Rate of change of velocity 

    A vector quantity, measured in m.s-2  

𝑎 =
∆𝑣⃗⃗ ⃗⃗ 

∆𝑡
 

Uniform Acceleration  The acceleration does not change 
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Graphs of Motion 

 

 

 

 

 

 

 

 

 

 

The velocity – time graph is the 1st derivative of the position –time graph 

The acceleration time graph is the 2nd derivative of the position –time graph. Acceleration is 

either zero (uniform motion) or a constant value (uniform acceleration). The position-time 

graph is part of a parabola when there is uniform acceleration and a line when uniform 

motion. 

 

Activity 5 Displacement, Velocity and Acceleration    (40 min) 

Challenge Question: The race between the Ferrari and the Cheetah 

 

A F1 Ferrari has an acceleration of 0 – 100 km.h-1 (0 - 100 

km/h) in 4,6s . This is an acceleration of 

6 m.s-2 (6 m/s/s). 

 

A cheetah has an acceleration of 0 – 80 km.h−1 in less than 3 s     

(i.e. more than 7,4 m.s−2)  

 

A Ferrari and a cheetah both start at rest. The Ferrari accelerates at 6 m.s-2 and the cheetah 

at 7,4 m.s-2, each for 4s. 
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Question 

Can you think of any questions you would like to investigate when exploring the motion of 

the Ferrari and the Cheetah? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This activity is not only about getting the correct answer but it shows us that there are 
different ways to solve a problem. Three different strategies are shown on the next few 
pages. It is important to help teachers and their learners to try and find alternative methods 
to solve a problem.  
 
For this activity we will use a method of collaborative learning, called the Jig Saw. At the 
start of the activity you will be given a number 1 – 3. This will be your home group. You will 
then be placed in working groups of the same number. You will explore one of the strategies 
listed and after 20 minutes report back to your home group.    
  



22 

Guidance to help answer the questions conceptually 

A  Strategy 1: Thinking about meaning by analysing words / phrases 

1.  What does an acceleration of 6 m.s-2 (6m/s/s) mean? {Choose from options / 

complete] 

By the end of each second the [position / displacement / velocity / acceleration] is 

__________ [m/m.s-1/m.s-2] [faster/slower] than it was at the start of that second. 

2. What does ‘start at rest’ mean? 

______________________________________________ 

3. What does ‘how fast’ mean? (Choose): 

[position/displacement/velocity/acceleration] 

4. What does ‘how fast after 4s’ mean? 

___________________________________________ 

5. What does ‘how far’ mean? (Choose) 

[position/displacement/velocity/acceleration] 

6. What does ‘how far does it move during 4s’ mean? _________________ 

_________________________________________________________________ 

Application of meanings of words - acceleration and velocity as a way to answer the 

question. 

1. To find how fast (velocity) each is going after 4s: 

a) Ferrari: during each second it increases its velocity by 6 m.s-1 (6 m/s): 

- at the start of second 1 it is still (0m/s), by the end of that second it is traveling at 

___m/s 

- at the start of second 2 it is traveling at ____m/s, by the end of that second it is 

traveling at _____m/s 

- at the start of second 3 it is traveling at ____m/s, by the end of that second it is 

traveling at _____m/s 

- at the start of second 4 it is traveling at ____m/s, by the end of that second it is 

traveling at ____m/s 

- So at the end of the 4th second the Ferrari is traveling at ____m/s 

Note: this long method is shortened into the formula: change in velocity=acceleration x 

time 

                     Δv      =              at 

- since change means final minus initial:  vf     -        vi  =              at 

- for this question:    vf   - ___ 
𝑚

𝑠
 = _____ 

𝑚

𝑠2 x ____s 

-       vf  =_____  
𝑚

𝑠
 

(this is the Ferrari’s final velocity-i.e. at end of 4s) 
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b) Cheetah: during each second it increases its velocity by 7,4 m.s-1 (7,4 m/s): 

- at the start of second 1 it is still (0m/s), by the end of that second it is traveling at 

___m/s 

- at the start of second 2 it is traveling at ____m/s, by the end of that second it is 

traveling at _____m/s 

- at the start of second 3 it is traveling at ____m/s, by the end of that second it is 

traveling at _____m/s 

- at the start of second 4 it is traveling at ____m/s, by the end of that second it is 

traveling at ____m/s 

- So at the end of the 4th second the cheetah is traveling at ____m/s 

Note: this long method is shortened into the formula: change in velocity=acceleration x 

time 

-               Δv      =              at 

- since change means final minus initial:  vf     -        vi  =              at 

- for this question:    vf   - ___ 
𝑚

𝑠
 = _____ 

𝑚

𝑠2 x ____s 

-              vf  =_____  
𝑚

𝑠
 

(this is the cheetah’s final velocity-i.e. at end of 4s) 

So which one is faster at the end of 4s? [Ferrari / Cheetah] 

2. To find how far (displacement) each goes during 4s. 

a) What does displacement have to do with velocity and time? 

___________________________________________________________________________

_______ 

b) What is the difference between initial, final, and average velocity (vi, vf, v)? 

vi:_________________________________________________________________________

_______ 

vf:_________________________________________________________________________

_______ 

v:__________________________________________________________________________

______ 

(for uniform acceleration average velocity = 
𝑣𝑖+𝑣𝑓

2
) 
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c) What are the initial, final and average velocities for the Ferrari for the period of time = 4 

seconds? 

Initial velocity (vi): _________________ 

Final velocity (vf): _________________ 

Average velocity (v) = 12 m/s (on average it was moving at 12m/s: for half the period it was 

going slower than 12 m/s, and for half the period it was going faster than 12m/s) 

d) How can the average velocity help us find out how far the Ferrari travels in 4 s? 

- _____________m covered each second (on average) 

- so _____________m covered in 4 seconds (∆x=v∆t) 

e) What are the initial, final and average velocities for the Cheetah for the period of time = 

4 seconds? 

Initial velocity (vi): _________________ 

Final velocity (vf): _________________ 

Average velocity (v) = 14,8 m/s (14,8 m.s-1) (on average it was moving at 14,8m/s: for half 

the period it was going slower than 14,8 m/s, and for half the period it was going faster than 

14,8m/s) 

 

f) How can the average velocity help us find out how far the Cheetah travels in 4s? 

- _____________m covered each second (on average) 

- so _____________m covered in 4 seconds (∆x=v∆t) 

 

g) So which one is further at the end of 4s? [Ferrari / Cheetah] 
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 Strategy 2:  Drawing graphs of the situation 

1. Ferrari data (complete): 

Second ending (s) Velocity at end of this second (m/s) 

0 0 

1 6 

2  

3  

4  

 

2. Cheetah data (complete): 

Second ending (s) Velocity at end of this second (m/s) 

0 0 

1 7.4 

2  

3  

4  
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3. Ferrari graph 

a) The gradient of a v-t graph is change in _____ per change in ______ (= ________), so 

the gradient for the Ferrari data must be _______ m/s/s.  

b) Plot this graph: 

 

 

 

 

 

 

 

 

 

 

c) Complete by filling in the gaps or by choosing from the options given: 

 

This graph clearly shows how the Ferrari’s velocity gets [greater and greater / less 

and less / stays constant] as time passes: _____ m/s faster during each _____. You 

can clearly see that at the start of second 1 it is traveling at ____ m/s, and by the end 

of second 1 it is traveling ___m/s, at the end of second 2 it is travelling at ____ m/s 

etc. 

 

Since the velocity is always increasing by 6 m/s each second (i.e. it is 

[moving/accelerating] at 6 m/s/s), the v-t graph is a [curved/straight] line, and so it 

can be extended as far as the 6m/s/s motion lasts, and the velocity at any moment 

could be read off from the graph. 

The graph’s axes are v and t, and the product of v and t (vxt) is [∆x/v/∆v/a]. This can 

be seen by the units: 
𝑚

𝑠
 x s = ______). 

The area beneath a line can be thought of as the sum of many tiny rectangles, each 

one having an area of length x breadth. For this graph this is the y axis value (which is 

[position/displacement/velocity/acceleration/time]) for that little rectangle times its 

x axis value (which is [position/displacement/velocity/acceleration/time]). These two 

multiplied together equal [position/displacement/velocity/acceleration/time]). 

This graph is triangle-shaped so each of these little rectangles making up the whole 

area is a different size to the next. 
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Why can we not find the area under this graph by taking the triangle’s height x its 

base length? 

_____________________________________________________________________ 

How must we find the area under this graph? 

______________________________________ 

Why can we not find the displacement the Ferrari underwent in 4 s by multiplying its 

final velocity by the time duration of the 4 s interval? 

_____________________________________________________________________ 

 

_____________________________________________________________________ 

How must we find the displacement the Ferrari underwent in 4 s? 

_____________________________________________________________________ 

 

_____________________________________________________________________ 

Do the calculation here: 
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4. Cheetah graph 

a) The gradient of a v-t graph is change in _____ per change in ______ (= ________), so 

the gradient for the Cheetah data must be _______ m/s/s.  

b) Plot this graph: 

 

 

 

 

 

 

 

 

 

 

c) Complete by filling in the gaps or by choosing from the options given: 

 

This graph clearly shows how the Cheetah’s velocity gets [greater and greater / less 

and less / stays constant] as time passes: _____ m/s faster during each _____. You 

can clearly see that at the start of second 1 it is traveling at ____ m/s, and by the end 

of second 1 it is traveling ___m/s, at the end of second 2 it is travelling at ____ m/s 

 

Since the velocity is always increasing by 7,4 m/s each second (i.e. it is 

[moving/accelerating] at 7,4 m/s/s), the v-t graph is a [curved/straight] line, and so it 

can be extended as far as the 7,4 m/s/s motion lasts, and the velocity at any moment 

could be read off from the graph. 

The graph’s axes are v and t, and the product of v and t (vxt) is [∆x/v/∆v/a]. This can 

be seen by the units: 
𝑚

𝑠
 x s = ______). 

As discussed before, the area beneath the graph line shows the cheetah’s 

displacement for the time interval calculated. 

Do the calculation here: 

              

 

 

0

5

10

15

20

25

30

0 1 2 3 4

V
e

lo
c

it
y
 (

m
/s

)

Time (s)

Cheetah's motion



29 

 So which one is further at the end of 4s? [Ferrari / Cheetah] 

Strategy 3: Using the equations of motion 

• vf=vi + at 

• x =vit + ½ a(t)2 

• vf
 2= vi

 2 + 2ax 

• x =(
𝑣𝑖+𝑣𝑓

2
)t 

For each question: 

• write all that is known and what is asked. 

• choose the equation which has the question variables in it, but note others that 

aren’t known. 

• substitute and solve. 

• check. 

a) How fast would the Ferrari be moving after 4s? 
 
 
 
 
b) How fast would the cheetah be moving after 4s? 
 
 
 
 
 
 
 
c) How far would the Ferrari move during these 4s? 
 
 
 
 
 
d) How far would the cheetah move during these 4s? 
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Activity 6 Graphs of Motion      (50 min) 

Summary Notes on Graphs of Motion 

Key Points when drawing graphs 

• All graphs must have a heading and the axes must be labelled with the correct unit. 

• The scale of the axes must be selected so that the graph is as big as possible but 

contains all data points. 

• The independent variable is plotted on the horizontal axis and the dependent 

variable on the vertical axis, unless the question tells you otherwise. 

• The values on the axes must increase in set intervals. These do not need to 

correspond to the values of the points. 

• Plot the points accurately using a pencil. Keep the dot small. 

• Draw a line of best fit through the points. Use a ruler for a line. Draw a smooth 

curve free hand if most of the points do not fit on a line. Do not join points dot to 

dot. 

Key Points when interpreting graphs 

• When asked to use the graph to answer a question, indicate the points you use by 

drawing in dotted lines from the horizontal and vertical axes. 

• The gradient of a line is constant. You find the gradient by measuring the change in 

the horizontal values for two points divided by the change in the vertical values for 

those two points. 

• If a line passes through the origin, then the independent variable and the 

dependent variable are directly proportional. 

• If the reciprocal of the independent variable and the dependent variable form a line 

that passes through the origin, then the independent variable and the dependent 

variable are inversely proportional. 

• The area between the horizontal axes and the graph gives you the value of the 

product of the independent variable and the dependent variable. 

 

Instructions 

The summary notes above are given as reference material that could assist you in answering 

the questions in this activity. This activity has three parts to it: 

Part 1:  Reference points     Questions 1 – 3  

Part 2: Drawing & interpreting velocity – time graphs  Questions 4 – 6 

Part 3: Exam questions on graphs     Questions 7 – 8 

 

We are engaging with these questions to check our conceptual understanding of different 

graphs of motion. We must be confident in sketching graphs of different motion as well as 

analysing motion when given a particular graph.  
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You will be given a number at the start of the activity. All the odd numbers will answer 

question 1 and the even numbers will answer question 2. You need to work in pairs but you 

only have 5 minutes. After 5 minutes find a person that worked on a different question. i.e 

make a pair that has an odd and an even number in it. Check each other’s answers and then 

work on question 3 together. 

 

Check your understanding: Part 1 – Reference points 

Question 1 

A car travels North for 50m after passing under a bridge at a constant velocity of 12m.s -1. The 

driver then applies brakes and brings the car to a stop 70m from the bridge. The driver 

remains stationary for 2s and then reverses the car for 5s with an acceleration of 0,5m.s -2. 

Let North be the positive direction and let the reference point be the position under the 

bridge. Draw the following sketch graphs, clearly showing values at the beginning and end of 

each type of motion: 

1.1 A position time graph from the time the car passes under the bridge till 5s after the 

 car starts reversing. 

1.2  A displacement time graph from the time the car passes under the bridge till 5s after 

 the car starts reversing. 

1.3 A velocity time graph from the time the car passes under the bridge till 5s after the 

 car starts reversing. 

1.4 An acceleration time graph from the time the car passes under the bridge till 5s after 

 the car starts reversing. 

Question 2 

Let North be the negative direction but let the reference point still be the position under the 

bridge.  

2.1 Re-draw the sketch graphs drawn in 1.1 – 1.4, clearly showing values at the 

beginning and end of each type of motion. 

2.2 Compare the two sets of graphs. How does changing the sign of direction change the 

shape of the graph? 

2.3 Consider the displacement vs time graphs.  

2.3.1 Sketch a different graph for each time interval. Let the position at the start of 

the time interval be the initial position in each case. Let North still be the 

negative direction.  

2.3.2 How do these displacement time graphs compare to the position vs time and 

displacement vs time graphs found drawn in 2.1 

Question 3 

Let North be the positive direction but let the reference point be the position where the 

driver stops the car.  

3.1 Re-draw the sketch graphs drawn in 1.1 – 1.4, clearly showing values at the 

beginning and end of each type of motion. 
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3.2 Compare the two sets of graphs. How does changing the reference point change the 

shape of the graph? 

Check your understanding: Part 2  Drawing & interpreting velocity – time graphs 

Instruction 

Find a different partner that you haven’t worked with in this workshop. Both of you should 

have either even or odd numbers. The even numbered pairs answer question 4 and the odd 

numbered pairs answer question 5. You have 8 minutes.  

 

Note to remember 

The gradient of the position – time graph gives the velocity at the instant in time. 

The gradient of the velocity – time graph gives the acceleration at the instant in time. 

The area under the velocity – time graph gives the displacement (change in position) 

The area under the acceleration – time graph gives the velocity. 

Question 4 

The following table represents the movement of a car along a straight horizontal track: 

Velocity (m/s) 0 5 10 15 15 15 12 9 6 3 0 

Time (s) 0 1 2 3 4 5 6 7 8 9 10 

4.1 Draw a velocity – time graph on the grid provided on the next page. 

4.2 Use your graph to answer the following questions: 

4.2.1 What is the acceleration of the car between 0 and 3 seconds? 

4.2.2 Between 3 and 5 seconds the car is still accelerating – true or false?             

Explain your answer. 

4.2.3 How would you describe the movement of the car between 5 and 10 

seconds?  

4.2.4 What is the displacement of the car in the first 3 seconds? 

4.2.5 What distance does the car travel in the total journey? 

Question 5 

A racing car (at rest) accelerates uniformly from the starting grid on the race track and 

reaches a top velocity of 30 m.s-2 after 5s. For the next 4 seconds the acceleration is 0 m.s-2 

and finally the car brakes at 4 m.s-2 for 5 seconds. 

5.1 Draw a velocity – time graph on the grid provided on the next page. 

5.2 Use your graph to answer the following questions: 

5.2.1 What distance does the car travel in the first 5 seconds? 

5.2.2 What is the velocity of the car after 7 seconds? 

5.2.3 What is the velocity and acceleration of the car after 14 seconds? 
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5.2.4 Use the graph to find out when would the car come to a stop, if the car 

carried on braking with the same acceleration it has at 14 seconds? 

5.2.5 What is the acceleration in the first 5 seconds? 
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Velocity (m.s-1) 

Time (s) 

Question 6 

The graph below shows how the speed of a school bus changes during part of a journey 
while picking up and dropping off students.  The bus is traveling in an easterly direction. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
6.1.  Explain what you understand by the word acceleration.      
6.2.  Describe the motion precisely during each of the following segments of the journey: 
   6.2.1.  Segment 0-A 
  6.2.2.  Segment A-B  
  6.2.3.  Segment C-D              
 
6.3.  Use the graph to determine the acceleration of the bus during segment BC.     
 
6.4.  Use the graph to determine the displacement of the bus between O and C.   
6.5.  Draw a sketch graph of the distance vs time for the motion of the bus from O to D.  

Only show the times and the letters O to D on your graph.    
6.6   Find the average speed of the bus measured in km.h-1 for the entire 125s.  
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Check your understanding:  Part 3 – Exam questions on graphs  

Instructions 

Work in groups of 4 and analyse either Question 7 or 8. These are questions from previous 

NCS examination papers. The memo is provided with the question. In your analysis you 

should: 

• list the concepts and skills learners need to know to answer the question.  

• identify common errors learners make 

• suggest teaching strategies to correct these errors. 

Prepare a 2 minute presentation of your analysis. You have 8 minutes to complete this 

task. 
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Question 7: Vertical Projectile Motion (DBE Feb-March 2011) 

The velocity-time graph shown below represents the motion of two objects, A and B, 

released from the same height.   Object A is released from REST and at the same instant 

object B is PROJECTED vertically upwards.  (Ignore the effects of friction).  

 

7.1. Object A undergoes a constant acceleration.  Give a reason for this statement by 

referring to the graph.  (No calculations are required)     (2) 

7.2. At what time/times is the speed of object B equal to 10 m.s-1?     (2) 

7.3. Object A strikes the ground after 4 s.  USE EQUATIONS OF MOTION to calculate the 

height from which the objects were released.      (3) 

7.4. What physical quantity is represented by the area between the graph and the time 

axis for each of the graphs A and B?         (2) 

7.5. Calculate, WITHOUT USING EQUATIONS OF MOTION, the distance between objects A 

and B at t = 1s.          (5) 

[14] 

Solutions to Question 7 

7.1. Gradient of graph is constant  ✓✓ (2) 

7.2. At t = 1 s ✓ and t = 3 s ✓ (2) 

7.3. Up is the positive direction (taken from graph) 

∆𝑦 =  𝑣𝑖∆𝑡 +
1

2
𝑎∆𝑡2 ✓ 

= (0)(4) +
1

2
(10)(4)2  ✓   (𝑎 = 10 𝑚. 𝑠−2 𝑓𝑟𝑜𝑚 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝑜𝑓 𝑔𝑟𝑎𝑝ℎ) 

= 80 𝑚 ✓ (3) 
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7.4. Displacement ✓✓ (2) 

7.5. Distance covered by object B 

∆𝑦 =
1

2
𝑏ℎ + 𝑙𝑏 ✓ 

=
1

2
(1)(10) + (10)(1 ) ✓ 

= 15 𝑚 

Distance covered by object A 

∆𝑦 =
1

2
𝑏ℎ ✓ 

=
1

2
(1)(−10) ✓ 

= −5𝑚  

 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐴 𝑎𝑛𝑑 𝐵 = 15 − (−5) 

= 20 𝑚 ✓ (5) 

Question 8: Bouncing Ball (DBE November 2009) 

A ball is released from a certain height.  The velocity – time graph below represents the 

motion of the ball as it bounces vertically on a concrete floor.  The interaction time of the 

ball with the floor is negligibly small and is thus ignored.  

 

8.1. Describe the changes, if any, in velocity and acceleration of the ball from t = 0s to 

 t = 0,4 s.          (4) 

8.2. Without using the equations of motion, calculate the height from which the ball has 

been dropped initially.          (4) 

8.3. Copy the set of axes below.   

 

Use the given velocity – time graph for the motion of the ball to sketch the 

corresponding position-time graph for the time interval 0s to 0,7s.    (3) 
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8.4. Is the first collision of the ball with the floor elastic or inelastic?  Give a reason for 

your answer.            (2) 

Solutions to Question 8 

8.1. t = 0 s: ball starts from rest (0 m.s-1) ✓ 

t = 0 s – 0,4 s:  falls at constant acceleration ✓ 

t = 0,4 s: reaches the floor at 4m.s-1 downwards  ✓and then bounces back at 3 

m.s-1 upwards ✓ (4) 

8.2. ∆𝑦 = 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒✓ 

=
1

2
𝑏ℎ 

=
1

2
(0,4)✓(4)✓ 

= 0,8 𝑚✓ 

 (4) 

8.3 

  

 Checklist – Criteria for graph 

▪ Correct shape (as shown on graph) ✓ 

▪ Zero position at 0,4 s✓ 

▪ Maximum position of 2nd bounce smaller than that of 1st bounce. ✓ 

 (3) 

8.4. Inelastic  ✓ 

Change in speed / kinetic energy during collision. ✓ (2) 
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Challenge Question        (Optional) 

In an experiment at an accident research laboratory, a car driven by remote control was 

crashed into the back of an identical stationary car. On impact the two cars joined together 

and moved in a straight line. The graph below shows how the velocity of the remote 

controlled car changed during the experiment. 

 

1.1 Identify the time when the remote-controlled car collided with the stationary car. 

1.2 Use the graph to find the displacement of the remote controlled car before collision 

1.3 Use the graph to find the velocity of the remote controlled car just after collision 

1.4 Use the graph to find the acceleration of the remote controlled car during collision 

The mass of the remote controlled car is 20 kg. Impulse is a quantity defined as the product 

of the net force and the time for collision. Impulse is equal to the change in momentum of 

an object. Momentum is defined as the product of the mass and velocity of an object. 

1.5 Use the graph and the definitions of impulse and change in momentum to calculate 

the net force acting on the remote-controlled car. 

1.6 At the instant after collision, the velocity of the stationary car will be the same as the 

velocity of the remote-controlled car. Apply Newton’s Laws, and draw the velocity – 

time graph of the car that was stationary before collision, on the grid provided on 

the next page. 
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1.7 Use the graphs to calculate the magnitude of the net force acting on the cars when 

they are joined together, without using the definition of impulse. 

1.8 Draw a sketch graph of the net forces acting on the car that was originally stationary. 

1.9 Use the net force – time graph to compare the impulse on the 2nd car during 

different time intervals. 

1.10 What is the relationship between net force and time?  

 


