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Unit 1: Know your Tracker (All activities based on Grade 11 tracker)  

ACTIVITY 1 
Aim of Activity  To familiarize participants with the structure of the 

tracker  

 To familiarize participants with the contents of the 
tracker  

 To ensure that the participants are exposed to the 
benefits that can be achieved from the use of the 
tracker 

Duration 30 minutes 

Methodology Participants work in groups of 4 

Resources Grade 11 trackers  

Activity 1 [30 minutes Total] 
1.1 What is the purpose of the tracker and how does it help, (1) the teacher and (2) 
the HOD to perform his/her duties?) (10 minutes) 

 Teacher 

To familiarize participants with the structure and contents  of the tracker. The contents 
page (Page 1) lists everything which can be found in all trackers for different grades. 
Section D of the contents page in each tracker provides page numbers for all the sets 
of approved LTSMs. All trackers have sections E, F and G which contain additional 
information for enrichment activities, assessment resources and additional 
worksheets which teachers can use during their lessons. It is worth noting that the 
use of these resources is not compulsory. These resources can be read and 
ignored if the teacher feels that he/she has other resources,  used as they are if there 
is a need or  modified to suite the teacher’s needs.     

It is important that teachers are informed and exposed to the benefits that can be 
achieved from the use of the tracker. The tracker helps the teacher to: 

 Plan the coverage of the curriculum content each day and each week of each 
term 

 Align the CAPS content planning to the textbook she is using.  

 Align her planning to other available resources such as the DBE workbooks 

 Keep a record for each class of when the learners have mastered the content 

 Reflect on curriculum coverage on a weekly basis  

 Have a professional conversation with the HoD and with colleagues about 
curriculum coverage based on the evidence of the learners work. 

HOD 

The aim of Jikimfundo is curriculum coverage. The tracker helps the HOD monitor and 
track curriculum coverage. A key purpose of the tracker is to provide the evidence for 
a focused conversation on curriculum coverage so that teachers can take the 
professional steps necessary to improve curriculum coverage (learners mastering the 
content) with the support of the leadership in the school and their peers. The objective 
evidence in the tracker and a focused management conversation that seeks to answer 
the question, ‘How can I help you?’ avoids the open-endedness and subjectivity in 
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which people feel often ‘blamed’ and ‘judged’.  In Jikimfundo the recording of 
curriculum coverage, assessment results, checks of learners’ work (including DBE 
workbooks), and personal reflection provides the basis for this professional 
conversation. In order for the teacher to be ready for this conversation, she must be 
assured of the supportive attitude of her HoD, but she must also bring her professional 
judgment into the conversation.   

1.2 (3 minutes) 

Assume that your Grade 11 Physical Sciences teacher is on track with curriculum 
coverage. When (during which week) is he/she supposed to be doing the experiment 
on the verification of the relationship between force and acceleration (Newton’s 2nd 
Law).  Week 4 

If the teacher is using CAPS and Successful Physical Sciences text books in which 
pages will he/she find information on this experiment? Fill in the page numbers in the 
table below. 

 

1.3 (3 minutes) 

Safety is critical whenever doing practical work. The grade 11 tracker provides 
suggested procedures to be followed when conducting successful practical activities. 
It goes on to provide names of websites that deal with laboratory safety. Give the page 
numbers on which these suggested procedures and websites are to be found. 

Suggested procedures:  page 11 

Names of websites:  
.International chemical safety cards: www.inchem.org/pages/icsc.html 
• Merck safety data sheets: www.merck-chemicals.com/msds-search/ 
• School chemistry laboratory safety guide: www.cdc.gov/niosh/docs/2007-
107/pdfs/2007-107.pdf 
• WCED laboratory safety guidelines: 
www.curriculum.wcape.school.za/site/52/pol/view/Gr 

 

1. 4 (minutes). 

What is a concept map and where can teachers find a concept map of mechanics in 
the grade 11 Tracker?   

A concept map is a diagram that depicts suggested relationships between concepts. It is a 
graphical tool that teachers and learners use to organize and structure knowledge. A concept 
map is different from a mind map because it provides links between concepts to show the 
relationship between them.  Example of a concept map on page 8. 

 1.5 (5 minutes)  

CAPS  pp. LB pp. LB act  pp TG  pp 

64 44 unit 12 44-46 exp.1 53-54 
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Weekly reflection is a very crucial component of the curriculum coverage tracking 
process. This reflection differs from the reflection which is found in lesson preparation. 
The Grade 11 tracker (p12) lists ideas for that teachers could share among themselves 
and with the HOD. What are these ideas? 

The prompts for reflection in the tracker are as follows: 
 

• What went well? 
• What did not go well? 
• What did the learners find difficult or easy to understand or do? 
• What will you do to support or extend learners? 
• What will you change next time? Why? 
• Did you complete all the work set for the week? 
• If not, how will you get back on track? 
 

The reflection should be based on the daily lessons the teacher taught each week. It 
provides the teacher with a record for the next time he/she implements the same 
lesson, and also forms the basis for collegial conversations with the HOD and peers. 
 

1.6 (1 minute)  

All trackers always contain additional information and ideas for extension on each 
content topic. On which page of the tracker will the teacher find additional information 
and ideas for extension on mechanics?    Page 77 

1.7 (2 minutes). 

Trackers always contain additional worksheets for learners as well as answers to 
these worksheets. Use the table provided below to fill in the page numbers where the 
worksheets in column 1 could be found. 

Worksheet number and content  Worksheet page  numbers Answers page numbers 

Worksheet 1 mechanics 97-99 100-101 

Worksheet 2 Atomic bonding 102-103 104-105 
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Unit 2: Vectors and Scalars  
 

Unit Objectives (provided in participants manual) 
 

Scalars and Vectors. (1 Hour) 

A scalar quantity is a physical quantity which has magnitude only. 

A vector quantity is a physical quantity which has both magnitude and direction. 

 

EXAMPLES OF SCALAR 
QUANTITIES 

EXAMPLES OF VECTOR 
QUANTITIES 

Time  Acceleration 

Distance or length Displacement 

Speed Velocity 

Work done or energy   Force 

Temperature   Momentum or impulse 

Electric current Electric field strength/intensity 

Power Weight 

Potential difference    Mass 

 

 

ACTIVITY 2 

Aim of Activity To allow participants practice on the addition and subtraction 
of parallel non- parallel vectors. 

Duration 15 minutes 

Methodology Participants work in groups of 4 to solve given exercises, 
questions 1-3. 

Resources Graph Paper, calculators and mathematical instruments. 
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Question1  
1.1 Use the diagram below to draw a head- to- tail diagram of the forces indicating the 

resultant force.   NB Graph Paper Attached at the back of this manual. 
         

 

 
 

Answer 

 

 

                  

 

 

 

 

 

Graphically the resultant force   is approximately 3,5N at an angle of about 60𝑜.  

1.2  Is the object stationary? Motivate your answer. 

The object is not stationary because the resultant is not zero, the forces are not 

balanced.  

 

  1.3 What force is needed to keep the object stationary? 
           A force of  which is equal in magnitude to the resultant but acting in the opposite 

direction (3.5N acting at 240o). 
    1.4 The forces are now connected as shown below. Draw a head- to- tail diagram  
       of the forces indicating the resultant force.    

450

5N 
3N 

4N 

5N 

  4N 

  3,5N 

  3N 

  5N 

              Resultant 
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1.5 Will the object move? Explain. 

 
 
 
Graphically the resultant is approximately zero. 
 
The object will not move if the resultant force is zero. 
 

Question 2 

Four forces act on an object: 75N on a bearing of 00, 95 N on a bearing of 1800, 60N 
on a bearing of 900 and 100N on a bearing of  2700.  Calculate the magnitude and 
direction of the resultant of these vectors. 

530 5N 

3N 

4N 

  4N 

  3N 

              Resultant=0 

  5N 
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Question3 

A heavy box, mass m, is lifted by means of a rope R which passes over a pulley fixed 
to a pole. A second rope S, tied to rope R at P, exerts a horizontal force and pulls the 
box horizontally to the right. After lifting the box to a certain height, the box is held 
stationary as shown in the sketch below. Ignore the masses of the ropes. 
 

 
 
vectors not drawn to scale 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 𝑅𝑥 = (−100 + 60)                                               𝑅𝑦 = (−180 + 75)𝑁 

 𝑅𝑥 = −40𝑁                                                         𝑅𝑦 = −105𝑁 

 

𝑅2 = 𝑅𝑥
2 + 𝑅𝑦

2 

𝑅2 = (−40)2 + (−105)2 

 𝑅2 = 12625 
𝑅 = 112.36 𝑁  

 

𝑡𝑎𝑛𝜃 =
𝑅𝑋

𝑅𝑌
 

𝑡𝑎𝑛𝜃 =  
−40

−105
  

  

𝜃 = 21𝑂 
 

Resultant  is 112.36N on a bearing of 201𝑂 

  75N 

  60N 

 180N 

  100N 

      
Solution: 

S    Solution: 
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The tension in rope R is 5 850 N. 
 
3.1  State the Triangle Law in words.  

 
                       
3.2       Draw the point P in your answer sheet and draw and label all the  

forces acting at P when P is in equilibrium. 

 
                    

 
3.3      By resolving the force exerted by the rope R into components, Calculate the:  

  1.3.1 magnitude of the force exerted on rope S                
1.3.2 mass, m, of the box.  

 

box 

strut 

70
o

 

P Rope S 

  Rope R 

 Answer: 

When three forces acting at the same point are in equilibrium they can be 

represented in magnitude and direction by the three sides of a closed triangle taken 

in order. 

 

 

  Answer.                                                   

𝐹1- force exerted by the rope R on the box.                                   

𝐹2- horizontally force exerted by rope S on rope R.           

𝐹3  - weight of the box 

 

𝐹2 

𝐹1 

𝐹3 
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1.3.3    Will the tension in rope R INCREASE, DECREASE or   REMAIN  
  THE SAME if rope S is pulled further to the length of rope R remains the same)? 
Give a reason for your choice. 

 

 

 

 

Unit 3: Frames of reference  

At the end of this section participants s need to: 

 Describe the concept of a frame of reference  

 Explain that a frame of reference has an origin and a set of directions e.g. East 
and West or up and down 

 Define one dimensional motion 

 Define position relative to a reference point and understand that position can 
be positive or negative. 

 

ACTIVITY 3 

Aim of Activity To allow participants practice on the finding velocities of 
objects moving relative to other moving objects as observed 
from different frames of reference. 

  Solution: The tension in rope R is 5 850 N at an angle of 70𝑜 .to the vertical. 

 

1.3.1    𝐹2 = 𝐹1𝑠𝑖𝑛𝜃 
             𝐹2 = 5850 × 𝑠𝑖𝑛70𝑜 
             𝐹2 = 5497.20𝑁 

 

1.3.1    𝐹3 = 𝐹1𝑐𝑜𝑠𝜃 
             𝐹3 = 5850 × 𝑐𝑜𝑠70𝑜 

               𝐹3 = 2000.82𝑁                
  
𝐹3 = 𝑚𝑔  

2000.82 = 𝑚 × 9.8 

m = 204.17kg 

 

  Answer:  

 Pulling rope S further increases the size of angle 𝜃. From the equation  𝐹3 = 𝐹1𝑐𝑜𝑠𝜃  if 𝜃 is 
increasing then 𝑐𝑜𝑠𝜃 decreases.  If 𝑐𝑜𝑠𝜃 is decreasing then 𝐹1 must increase for the product of 

the two to be equal to 𝐹3 .  𝐹1 increasing means  tension in rope R increases. 
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Duration 3 minutes 

Methodology Participants work in individually to answer questions (a) and 
(b) 

Resources Graph Paper, calculators and mathematical instruments. 
 

Question1   

Madolo catches a bus and walks towards the back of the bus at a velocity of 0.8 𝑚 ∙
𝑠−1 to find a seat. The bus is traveling at a constant velocity of 10𝑚 ∙ 𝑠−1. A red Opel 

Corsa speeds past the bus in the same direction at a velocity of 22𝑚 ∙ 𝑠−1 .  
 

 
 

a) What will be the velocity of the bus relative to the driver of the red Opel 

Corsa?                         12𝑚 ∙ 𝑠−1𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 (𝑏𝑎𝑐𝑘).      
 

b) What is Madolo’s velocity relative to: 

(i) The bus                     0.8𝑚 ∙ 𝑠−1𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 (𝑏𝑎𝑐𝑘). 
(ii) The ground               9.2𝑚 ∙ 𝑠−1𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 (𝑏𝑎𝑐𝑘). 
(iii) The red Opel Corsa. 12.8 𝑚 ∙ 𝑠−1𝑡𝑜𝑤𝑎𝑟𝑑𝑠 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 (𝑏𝑎𝑐𝑘). 

Unit 4: Graphs of motion 
3.1 Unit objectives  

 At the end of the unit participants must be able to: 

 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 under a velocity vs 
time graph 

 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 
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ACTIVITY 4 
 

Aim of Activity To check ability of participants to describe different kinds of 
motion represented graphically and associate it with motion of 
different objects. 

Duration 5 minutes 

Methodology Individually work. 

Resources Pen and paper 

 

Give examples of objects undergoing types of motion represented by the graphs 
below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

t (s)  E 

10 

 Y (m) 

       0 

t (s) 

    

A 

𝑣(𝑚 ∙ 𝑠−1) 

       0 

Y (m) 

t(s) 

C        0 

t(s)                   

     

𝐸𝐾( 𝐽) 

D 
       0 

𝐸𝑝( 𝐽) 

t (s) 

 B 
       0 
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ACTIVITY 5 
Aim of Activity To check ability of participants to describe different kinds of motion 

represented graphically  
To check ability to describe critical moments when describing motion.  

Duration 5 minutes 

Methodology Individually work. 

Resources Pen and paper 

 

Describe the motion of the object whose motion is represented by the two graphs 
below 

 

 

                                                                                                                 

 

 

 

 

 

 

 

 

 

 A-the graph could be that of a car undergoing a constant acceleration. 

B- the graph could be that of a lift  moving up at a constant velocity.  

C- the graph could be that of a distance covered by a car that is undergoing constant 
acceleration. 

D- the graph could be that of an object that has been thrown upwards and is moving under 
the influence of the force of gravity only. 

 E. the graph represents the position of an object that is at rest 10m away from the origin. 

t (s)  

Y 

V(m.s-1) 

       100 

0 

20 

X 
23 

  Graph A 
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The object whose motion is represented by graph A starts from rest and increases its velocity 

at a constant rate to 100𝑚 ∙ 𝑠−1 in 20 seconds. The objects then slows down , the velocity 
decreasing at a constant rate  until the object come to a stop after 3 seconds. The object then 
changes direction increases  its velocity in the opposite direction. 

There are two objects whose motion is represented by graph B. Object B starts moving from 
the origin whereas object A starts its motion ahead, 10m away from the origin. Both objects 
move in the same positive direction.  Object B moves at a faster rate than object A as it has a 
graph with a steeper slope. Using the gradient it can be found that the average velocity for 

object B is 5𝑚 ∙ 𝑠−1 and that of object A is 3𝑚 ∙ 𝑠−1 

Object B catches up with object A,  25m away from the origin. It takes 5 seconds for object B 
to catch up with object A.   

  X 
25 

y (m) 

t (s) 0 

A 

B 

5 

10 

  Graph B 
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ACTIVITY 6 

Aim of Activity To check ability of participants to use the area of a velocity-time graph 
to calculate displacement of an object. 

Duration 5 minutes 

Methodology Individually work. 

Resources Calculator, pen and paper. 

a) Calculate the total distance covered by the object whose motion is represented 

by the velocity-time graph below.  

 
b) What do the differently coloured areas represent? 

 

 

 

 

 

 

 

 

 

                                     Area A 

v(m.s-1) 

Area B 

t(s) 

20 

12 

10 

0 
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Unit 5: Newton’s Laws  

Unit objectives 

At the end of this section HODs need to: (As per participants manual) 

4.2 Calculating acceleration 

Acceleration is the rate of change of velocity. To calculate acceleration we use the 

formula a =
∆v

∆t
. 

Activity 7 (5 minutes) 

ACTIVITY 6 

Aim of 
Activity 

To check ability of participants to use the ticker tape to calculate 
acceleration of the object which was pulling the ticker tape. 

Duration 5 minutes 

Methodology Individually work. 

Resources Calculator, ruler, pen and paper 

Calculate the acceleration of the object whose motion is responsible for the piece of 

ticker tape shown below. Assume that the time between the positions represented by 

letters is 0.04 seconds. 

 

 a)  Total distance = Arear under the graph 

         Total area =
1

2
base × height + l × b 

Total area =
1

2
× 10 × 8 + 10 × 12 

 Total area = 160 m 

 Distance covered is 160 m . 

b) The area of the rectangular bottom section represent the distance of 120m the object would 

have covered if it was moving at a constant velocity of 12𝑚 ∙ 𝑠−1 

The area represented by the top triangular section represents an additional  distance of 40m 
which the objects  covers as a result of its acceleration. 
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 𝑣�̅� =
∆𝑥

∆𝑡
        

𝑣�̅� =
(180 − 30) × 10−3

2(0.04)
 

 𝑣�̅� = 1.875𝑚 ∙ 𝑠−1 

 

𝑣𝑓̅̅ ̅ =
∆𝑥

∆𝑡
 

𝑣𝑓̅̅ ̅ =
(450 − 180) × 10−3

2(0.04)
 

 𝑣𝑓̅̅ ̅ = 3.375𝑚 ∙ 𝑠−1   

 

𝑎 =
∆𝑣

∆𝑡
 

𝑎 =
3.375 − 1.875

2(0.04)
 

𝑎 = 18.75𝑚 ∙ 𝑠−2 
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Unit 6:  Vertical projectile motion 

Unit objectives 
At the end of this unit participants must be able to: 

 Represent vertical projectile motion in words and in equations 

 Use graphs to represent vertical projectile motion  

Activities for Vertical Projectile Motion 
1. What is freefall? 

free fall is any motion of a body where gravity is the only force acting upon it. 

2. Draw a free body diagram for an object in freefall. 

 Free body diagram for object in free fall: 

 

 

 

 

3. What is the acceleration due to gravity on or near the Earth’s surface? 

             9.8m∙s-2 

4. What is terminal velocity? 

Terminal velocity is the constant velocity that a free falling object eventually reaches when the 
air resistance prevents further acceleration. 

5. Draw a free body diagram for an object travelling at terminal velocity. 

Free body diagram for object travelling at terminal velocity. 

 

 
 

 

 

 

6. An object is projected vertically upward from ground level. An observer at a height 
of 135 m notes that exactly 3 s pass between the object passing him on its way up 
and reaching its highest point. Ignore the effects of air resistance. Calculate: 

6.1. the velocity of the object at a height of 135 m. 
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 In calculating the velocity at a height of 135 m, 
we need to either work in segment A to B, in 
which case we would be looking for vf, or we 
need to work in segment B to C, in which case 
we would be calculating vi. We do not have 
enough known values to work in segment A to B, 
so we will work in segment B to C. 
 
6.1. Work from B to C: 

vf  = 0 m. s–1
   vf=  vi  + aΔt  

a = +9,8 m. s–2
   (0) =  vi  + (9,8)(3) 

  

Δt = 3 s    vi = − 29,4 m. s−1 

vi = ?    vi = 29,4 m. s−1
 upward 

 

 

 

6.2. the velocity at which the object was projected. 

Work from A to B: The final velocity from A to B is equal to the initial velocity from B to C. Hence, 

vi for segment B to C (–29,4 m.s–1) is equal to vf for segment A to B. 

v f = – 29,4 m.s–1    v f 2 =  v i 2  + 2aΔx 

a = 9,8 m.s–2         (− 29,4 )2
 =  v i 2  + 2(9,8)(− 135) 

Δx = –135 m    v i 2 = 3510,36 

     v i = –59,25 m. s–1 

     v i = 59,25 ms–1
 upward 

 

7. A boy standing on a tower 60 m high, throws a stone vertically downward. The stone 
leaves his hand at 5 m.s–1. Ignore the effects of air resistance. Calculate how long 
it will take the stone to reach the ground. 

 
 
 
 
hen an object is thrown downward, its initial velocity is not 0. Its initial velocity 
will be the initial velocity that it left the person’s hand with. 

v i  = 5 m. s–1       v f 2  =  v i 2  + 2aΔx   vf 
 =  v  + aΔt 

a = 9,8 m. s–2   v f 2  = (5 )2  + 2(9,8)(60)  
 (34,66) = (5) + (9,8)Δt 

Δx = 60 m   vf  = 34,66 m. s– 1 downward 
 Δt = 3,03 s 
Δt = ?      
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8.  A boy fires a bullet gun upwards from the top of a cliff.             

The bullet leaves the gun at 20 m.s–1 and strikes the ground  

at 30 m.s–1, as shown in the figure 8 on the right. 

Ignore the effects of air resistance. Calculate: 

8.1) the height ‘h’ that the bullet was shot from. 

Solution: 

Solution: 

          vi  = − 20 m. s–1      v f 2  =  v i 2  + 2aΔx 

           vf  = 30 m. s-1  (30 )2  = (− 20 )2
  + 2(9,8)Δx 

            a = 9,8 m. s–2          Δx = 25,51 m downward 

         Δx = ?            height = 25,51 m 
 
 
 
 

8.2) the time that it takes for the bullet to reach the ground. 

 

Solution: 
      vi  = − 20 m. s–1

  vf  =  vi   + aΔt 

       vf  = 30 m. s–1
   (30) = ( − 20) + (9,8)Δt 

        a = 9,8 m. s–2
   Δt = 5,10 s 

     Δx = 25,51 m 
      Δt = ? 

 

 Figure 8 

9. A hot air balloon is moving upward with a velocity of 5 m.s–1 as 
shown in Figure 9 on the right. A person inside the balloon then throws 
a ball upward with a velocity of 7 m.s–1 relative to the balloon. Ignore 
the effects of air resistance. If the ball was 70 m above the ground 
when thrown upward, calculate: 

9.1) the time taken for the ball to reach its highest point. 

 Solution                                                                                                                                          
  

vi  = − 12m. s–1
                      v f  =  v i  + aΔt 

            a = 9,8 m. s–2
    (0) = (− 12) + (9,8)Δt 

         vf  = 0 m. s–1
     Δt = 1,22 s  

          Δt = ? 

9.2 the height of the ball above the ground at this point.       
 
     
Solution: 

        vi  = − 12 m. s–1
                      Δx =  v i Δt + 

1

2
 aΔ t2 

           a = 9,8 m. s-2
     Δx = (− 12)(1,22) +  

1

2
 (9,8)(1,22)2
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        vf  = 0 m. s–1
     Δx = − 7,35 m  

        Δt = 1,22 s     Δx = 7,35 m upward  
       Δx = ?      height = 7,35 + 70 = 77,35 m  

 

                                             

10. A hot air balloon is moving downward with a velocity of 2 m.s–1. 

Refer to Figure 10 below. A girl inside the balloon throws a ball 

upward at 5 m.s–1 relative to the balloon.  Ignore the effects of air 

resistance. If the ball is 35 m above the ground when thrown 

upward, calculate the time taken for the ball to reach the ground. 

Solution: 

v i  = − 3 m. s–1
           v f 2  =  v i 2  + 2aΔx                     v f  =  vi  + aΔt 

  a = 9,8 m. s–2
           v f 2  = (− 3)2 + 2(9,8)(35)        (26,36) = (− 3) + (9,8)Δt 

 Δx = 35 m            v f  = 26,36 m. s–1
 downward        Δt = 3 s 

 Δt = ? 

 

Unit 7: Momentum and impulse  

Unit objectives 
At the end of this unit HODs must be able to: 

 Define momentum 

 Calculate the momentum of a moving object using p = mv 

 Describe the vector nature of momentum and illustrate with some simple 
examples 

 State Newton’s Second Law (NL2) in terms of momentum: the net (or resultant) 
force acting on an object is equal to the rate of change of momentum. 

 Explain the relationship between net force and change in momentum for a variety 

of motions (FnetΔ t =Δ p) 

 Calculate the change in momentum when a resultant force acts on an object and 
its velocity 

 increases in the direction of motion (e.g. 2nd stage rocket engine fires) 
 decreases (e.g. brakes are applied) 
 reverses its direction of motion (e.g. a soccer ball kicked back in the  

direction it came from) 

 Draw vector diagrams to illustrate the relationship between the initial momentum, 
the final momentum and the change in momentum in each of the above cases 

 Know that in the absence of an external force acting on a system momentum is 
conserved 

 Apply the conservation of momentum to collisions of two objects moving in one 
dimension (along a straight line) 

 Know that the momentum of a system is conserved when no external forces act 
on it 

 Know that an external force causes the momentum to change. The impulse 

delivered by the force is FnetΔ t = Δ p.  
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 Solve problems involving impulse and momentum when the applied force is in the 
horizontal or vertical direction. 

 Distinguish between elastic and inelastic collisions. 

 Solve problems involving elastic and inelastic collisions for objects moving along 
the same straight line. 

Momentum and impulse activities 

ACTIVITY 1 
Aim of Activities  To familiarize participants with the fundamental 

concepts of momentum and impulse. 

 To equip participants with the skills and knowledge 
required to solve problems related to momentum and 
impulse. 

 To give participants opportunity to apply relevant 
equations to solve problems on momentum and 
impulse. 

Duration 30 minutes 

Methodology Participants work in groups of 6 

Resources Scientific calculators, pens, pencils and rulers. 

 

1. The fronts of modern cars are deliberately designed in such a way that in case of 

a head-on collision, the front would crumple. Why is it desirable that the front of the 

car should crumple? 

Solution: 

If the front crumples then the force of the collision is reduced. The energy of the collision would 
go into making the front of the car crumple and so the passengers in the car would feel less 
force. 

2. In a railway shunting yard, a locomotive of mass 4000 kg, travelling due east at a velocity 
of 1,5 m·s−1, collides with a stationary goods wagon of mass 3000 kg in an attempt to couple 
with it. The coupling fails and instead the goods wagon moves due east with a velocity of 2,8 
m·s−1. 

2. In a railway shunting yard, a locomotive of mass 4000 kg, travelling due east at a 

velocity of 1,5 m·s−1, collides with a stationary goods wagon of mass 3000 kg in an 

attempt to couple with it. The coupling fails and instead the goods wagon moves due 

east with a velocity of 2,8 m·s−1. 

2.1. Calculate the magnitude and direction of the velocity of the locomotive 

immediately after collision. 

Solution: 

m1vi1 + m2vi2 = m1vf1 + m2vf2  

  (4000)(1.5) = (3000) (2.8) + (4000)vf2  
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                vf2 = −0.6m⋅s −1  

                    = 0.6m⋅s −1 west  

2.2. Name and state in words the law you used to answer question 2.1. 

Solution: 

The principle of conservation of linear momentum. The total linear momentum of an 
isolated system is constant. 

3. During a game of hockey, a player strikes a stationary ball of mass 150g. The graph 

below shows how the force of the ball varies with the time. 

 

3.1. What does the area under this graph represent? 

Solution: 

Impulse 

Impulse = FΔt = Δp = mΔv  

The impulse is the area under the graph Impulse = (0,5)(150)(0,5) = 37,5N⋅s  

 

 

 

3.2. Calculate the speed at which the ball leaves the hockey stick. 

Solution: 

∆𝑣 =
37,5

0,150
 

250𝑚. 𝑠−1 
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3.3. The same player hits a practice ball of the same mass, but which is made from a 

softer material. The hit is such that the ball moves off with the same speed as before. 

How will the area, the height and the base of the triangle that forms the graph, 

compare with that of the original ball? 

Solution: 

The area will remain the same because the final velocity and the mass are the same. 
The duration of the contact between the bat and the ball will be longer as the ball is 
soft, so the base will be wider. In order for the area to be the same, the height must 
be lower. Therefore, the player can hit the softer ball with less force to impart the same 
velocity on the ball. 

4. A combination of trolley A (fitted with a spring) of mass 1 kg, and trolley B of mass 

2 kg, moves to the right at 3 m·s−1 along a frictionless, horizontal surface. The spring 

is kept compressed between the two trolleys. 

 

While the combination of the two trolleys is moving at 3 m·s−1, the spring is released 

and when it has expanded completely, the 2 kg trolley is then moving to the right at 

4,7 m·s−1 as shown below. 

 

4.1. State, in words, the principle of conservation of linear momentum. 

Solution:  

The total linear momentum of an isolated system is constant. 
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4.2. Calculate the magnitude and direction of the velocity of the 1 kg trolley 

immediately after the spring has expanded completely. 

Solution: 

(m1 +m2)vi = m1vf1 + m2vf2 

(2+1)(3)   = (2,7)(2)+(1)vf2  

             vf2 = −0,4 m⋅s−1    

             vf2 = 0,4 m⋅s−1   to the left 

5. A boy is standing in a small stationary boat. He throws his schoolbag, mass 2 kg, 

horizontally towards the jetty with a velocity of 5 m·s−1. The combined mass of the 

boy and the boat is 50 kg. 

5.1. Calculate the magnitude of the horizontal momentum of the bag immediately 

after the boy has thrown it. 

Solution: 

p = mv 

  = (2)(5) 

=10kg⋅m⋅s−1    

5.2. Calculate the velocity (magnitude and direction) of the boat-and-boy 

immediately after the bag is thrown. 

6. Solution: 

0 = m1v1f  + m2v2f  

       −10 = (50)v2f   

          v2f  = 
−10

50
 

       = −0,2 m⋅s−1    

        = 0,2 m·s−1 in the opposite direction to the jetty 

 


