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

At the end of this unit participants should be able to  
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 be familiar with the structure of the curriculum tracker  

 familiar with the contents of the tracker  

 demonstrate the benefits that can be achieved from the use of   tracker 

ACTIVITY 1: Tracker 

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  

Task 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) 

  

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). __________________  

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. 

CAPS TG pp. LB pp LB act.  pp 

    

 

1.3 (3 minutes) 

Safety is critical whenever doing practical work. The grade 11 tracker (pp11-12) 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: ___________________________ 

Names of websites:_______________________________ 

1.4 (3 minutes). 

  Teacher 

 

 

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

 

 1.5 (5 minutes)  

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? 

 

 

 

 

 

 

Activity 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? (P77) 

 

  

  Answer. 

  Answer. 

 

  Answer. 
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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 
for each section in column 1 could be found. 

Worksheet number and content  Worksheet page  number Answer page number 

Worksheet 1 mechanics   

Worksheet 2 Atomic bonding   
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Unit 2: Vectors and Scalars  
 

Unit Objectives 
 

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

 List physical quantities for example time, mass, weight, force, charge etc. 

 Define a vector and a scalar quantity 

 Differentiate between vector and scalar quantities 

 Understand that �⃗� represents the force factor, whereas F represents the magnitude of 
the force factor 

 Graphically represent vector quantities. 

 Use the force vector as an example to demonstrate properties of vectors like equality 
of vectors, negative vectors, addition and subtraction of vectors. 

           N.B. This is to be done in one dimension only. 

 Define resultant vector 

 Find resultant vector graphically using the tail-to head method as well as by calculation 
for a maximum of four force vectors in one dimension only 

 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 displacement and distance 

 Calculate distance and displacement for one dimensional motion 

 Define average speed as the distance travelled divided by the total 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. 

 Use ⊽ as a symbol for average velocity  

 Calculate average speed and average velocity for one dimensional motion. 

 Convert between different units of speed and velocity, e.g. m.s-1, km.h-1 

 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 

 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 

 Draw a sketch of the vectors (parallel and perpendicular) on the Cartesian plane 

 Add co-linear vectors along the parallel and perpendicular direction to obtain the net 
parallel component (Rx) and a net perpendicular component (Ry) 

 Sketch Rx and Ry 

 Sketch the resultant (R) using either the tail-to-head or tail-to-tail method. 

 Determine the magnitude of the resultant using the theorem of Pythagoras. 

 Find resultant vector graphically using the tail-to head method as well as by calculation 
(by component method) for a maximum of four force vectors in both 1-Dimension and 
2-Dimension 

 
using simple trigonometric ratios 
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 Draw a sketch of the vector on the Cartesian plane showing its magnitude and the 
angle (θ) between the vector and the x-axis 

 Use 𝑅𝑥 = 𝑅𝑐𝑜𝑠 𝜃  for the resultant x-component 

 Use  𝑅𝑦 = 𝑅𝑠𝑖𝑛 𝜃 for the resultant y-component 

 
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 

 

Differences and similarities between distance and displacement: 
Suppose John walks a distance of 180 m from his home to school every morning along the 
path shown below: 

 

 

His distance walked, or path length is 180 m. His displacement, however, is his change in 
position, given by measuring the straight line distance between his starting and finishing points 
and the direction of his straight line. His displacement may be 120 m in a direction 60o. 

Displacement is a body’s change of position in space (including both length and direction of 
the straight line). 

 Distance has magnitude only, while displacement has both magnitude and direction. 

  

A (home) 

B (school) 

120 m 

180 m 

60o 
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Representing vectors on paper. 
By an arrow drawn to scale.  

 The length of the arrow represents the magnitude and  

 The direction in which the arrow is pointing represents the direction of the vector. 

Representing Directions 

Whenever an object moves, the motion has a specific magnitude (size) and takes place in a 
specific direction. We represent direction in which an object is moving by measuring angles 
from a given reference line which is drawn in a north-south direction. We measure angles 
clockwise from this vertical line (usually north). A bearing is an angle measured with reference 
to the north line, following the clockwise direction. 

According to this method north is indicated as the direction 0o. 

 

 

 

 

 

 

 

 
 
 
 
    A = 30o east of north; or A acts on a bearing of 30o. 

B = 20o west of south; or B acts on a bearing of 200o 

  C = 60o north of west; C acts on a bearing of 330o. 

The Resultant. 

The resultant of a number of vectors is the single vector which will have the same effect as 
the original vectors acting together. 

The resultant of vectors acting in the same horizontal direction: 

(a) To find the resultant, add the vectors algebraically. 

   

e.g. Resultant, R = 200 N + 150 N + 180 N = 530 N to the right  

 

200 N 

150 N 

180 N 

R = 530 N 

 Magnitude (size) 

   Direction  

 N 

  S 

W  

  Oo 

  90o 

 180o 

 270o 

 A 

  60o 

200o 

 C 

 B 

 30o 



Page 10 of 49 SACE (PR 10541)  Compiled by CASME for PILO 
 

 
 

(Note that force is a vector quantity) 
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The resultant of vectors acting in opposite horizontal directions: 

(a) To find the resultant,  

 Choose one direction as positive (+) and the other as negative (-) 

 Then add the vectors algebraically 
 

e.g.  

 

     

 

   

Choose to the right as positive (+)   to the left is negative (-) 

 Resultant, R = (+200 N + 120 N) + (-150 N)  

   = +170 N 

   = 170 N to the right 

 

(Note that the choice of directions does not affect the final answer). 

The resultant of vectors acting in the same vertical direction: 

 To find the resultant, add the vectors algebraically e.g.  

  

     Resultant, R = 40N +70N+ 30 N  

                         = 140 N down  

  

40 N 

70 N 

30 N 

                               Resultant 

140 N 

200 N 

120 N 

150 N 
R = 170 N 
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The resultant of vectors acting in opposite vertical directions: 
To find the resultant,  

 Choose one direction as positive (+) and the other as negative (-) 

 Then add the vectors algebraically e.g.  
 

Choose up as positive (+), then down is negative (-) 

 

         𝑹𝒆𝒔𝒖𝒍𝒕𝒂𝒏𝒕(𝑹) = +𝟒𝟓𝑵 + 𝟑𝟎𝑵 + (−𝟒𝟎𝑵) + (−𝟕𝟎𝑵) 

                              =  −𝟑𝟓𝑵    

Resultant of vectors acting at right angles (90o) to one another: 

(a) Tail-to-head method and the Pythagoras Theorem 

To find the resultant, we use the calculation (Pythagoras) or scale Drawing (Tail-to-head 

method). To find the angle use the definition of tan .  

Example.  A car travels 20 km due north, and then 12 km on a bearing of 90o. Use calculation 
to find the resultant displacement.  

                                     

 𝐑𝟐 = 𝐱𝟐 + 𝐲𝟐 

𝑅2 = 202 + 122 

  R = 23,3 km  

40 N 

70 N 

30 N 
45 N 

20 km 

12 km 

𝜃   R 

35N 

                               Resultant 
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𝑡𝑎𝑛𝜃 =
𝑂𝑝𝑝

𝑎𝑑𝑗
 

𝑡𝑎𝑛𝜃 =
12

20
 

   = 31o 

 the Resultant displacement is 23,3 km on a bearing of 031o.  

   

(b)  Tail-to-Head Method and the cosine and sine rule: 
We use the head to tail method or parallelogram method together with sine rule or cosine rule. 

Example2. A boat is rowed for 80 m on a bearing of 300, but simultaneously displaced 60 m, 

on a bearing of 900 downstream. Use calculation to determine the resultant displacement. 

  

 

 

 

 

 

 

 

c) Parallelogram Method: 

 

 

 

 

 

 

 

 

 

 

NOTE:  

 

60 m 

120o 

60 m 

  80 m 

    80 m 
   R 

120o 

30o 

R2 = 802 + 602 – 2(80)(60)cos 120o 

    = 6400 + 3600 – (-4800) 

    = 14 800 

 R = 121,7 m 

 

 

  = 25,3o 

 The resultant displacement is  

121,7 m on a bearing of (30o+25,3o) = 055,3o 

mm

o

7,121

120sin

60

sin




R2 = 802 + 602 – 2(80)(60)cos 120o 

    = 6400 + 3600 – (-4800) 

    = 14 800 

 R = 121,7 m 

mm

o

7,121

120sin

60

sin



 

  = 25,3o 

The resultant displacement is 121,7m on a     
bearing of (30o+25,3o) = 055,3o 

    R 

  

N 
60 m 

80 m 

120o 

 30𝑜 
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As the angle between the vectors increases from Oo to 180o, the resultant  

decreases from maximum (the sum of the two vectors) to minimum (the  

difference between the vectors) 

 
Force as a vector quantity. 

 

 Force is a vector quantity. It has both magnitude and direction. Just as with 
displacement, force is represented by an arrow drawn to scale. 

 A force is always exerted by one object on another. As with vectors, the resultant of a 
number of forces acting on an object can also be determined. 

The effects of a force. 

A force can do the following: 

 Make an object go faster 

 Slow down a moving object 

 Change the direction in which an object is moving 

 Compress an object 

 Stretch an object 

 Prevent an object from moving (by balancing other forces acting on the object) 
 

 Equilibrium of forces (triangle law): 

 When a number of forces act on an object so that the resultant is zero, we say that the 
forces are balanced. The forces are thus in equilibrium. 

 When two or more forces act on an object and the magnitude of the resultant is zero, then 
the forces are in equilibrium. 

 If the resultant of two simultaneous forces of 4 N and 3 N is 5 N in the direction 900 (as 
shown below), a force equal to the resultant but in the opposite direction would balance this 
resultant. 

 

 

 

 
 
 
 
 

 Thus a force of 5 N in the direction 2700 would produce equilibrium. This force is called the 
equilibrant of the forces. 

 The equilibrant of any number of forces is the single force needed to produce equilibrium. 
It has the same magnitude as the resultant, but acts in the opposite direction. 

The triangle of forces. 

Suppose that three forces F1, F2 and F3 act at a point so that they are in equilibrium as shown 
below. 
 

F3 

F1 

5 N 

3 N 

R = 5 N 

4 N 
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Because the three forces are in equilibrium, their resultant is zero. If the three forces are now 
constructed successively in magnitude and direction, a triangle is formed. Each force is 
represented by one side of the triangle. 
 

 

 

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. This law is 
known as the triangle of forces or triangle law. 
  

F1 F2 

F3 
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 Components of vectors. 
 

 

θ measured with respect to the x-axis 

Horizontal component,  𝐹𝐻 = 𝐹. 𝑐𝑜𝑠𝜃 

Vertical component,       𝐹𝑉 = 𝐹. 

Vector addition using the method of addition of components. 
Resolve each vector into its horizontal and vertical components as shown above. 
Add all horizontal components to get the resultant horizontal component 
Add all vertical components to get the resultant vertical component 
Find the resultant vector using the horizontal and vertical components and the Pythagoras 

Theorem. 
Use the tan ratio to find the angle of the resultant vector. 
  

ACTIVITY 2: Vector addition 

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. 

 

  

  FH 

F 
  FV 

   

  FV 

  FH 
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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 use the blank page at the back of this manual for the drawings. 
         

 

 

 
 
 
 
 

 

 

 

 

1.2  Is the object stationary? Motivate your answer. 

1.3 What force is needed to keep the object stationary? 

  1.4 The forces are now connected as shown below. Draw a  head- to- tail diagram of the forces 
indicating the resultant force.    
      

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1.5 Will the object move? Explain. 

  

  
530 

3N 

4N 

5N 

450

5N 
3N 

4N 

5N 
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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. 

 

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. 
 

  

 

 

 

 

 

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

__________________________________________________________________
__________________________________________________________________ 

 
  Solution: 

box 

strut 

70
o

 

P Rope S 

  Rope R 
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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:  

3.3.1 magnitude of the force exerted by rope S.     
           3.3.2 mass, m, of the box. 
 
 
 
 
 
 
  
 
 
  
 
 
 
  
 
 
 
            
 Will the tension in rope R INCREASE, DECREASE or   REMAIN THE SAME if rope 

S is pulled further to the the length of rope R remains the same)? Give a reason for 
your choice. 
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________ 
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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. 
 Definition 

A system used to describe the position, the velocity and acceleration, of an 

object is called a frame of reference  

Relative velocity:  

The velocity of any object in motion can only be measured relative to either some other 
object (a frame of reference). A book is placed on a desk, and is at rest. You would 
describe it as being at rest even though you know very well that the desk is on the 
surface of the Earth, which is rotating about it’s axis as well as revolving around the 
sun. The object is in motion with the Earth, and yet you describe it as being at rest. 
The reason for this is that you will have measured the velocity of the object relative to 
the room or table, and relative to the room/table, its velocity is indeed zero.  

Everything in your environment that you consider to be at rest (the room’s walls, floor, 
the table, your chair e.t.c.) constitutes your frame of reference. If you are standing on 
a moving escalator in a shopping mall, you may be standing still, but you will be moving 
relative to the walls and floor. Relative to the escalator, however, you will be at rest. 

If you were in a car and travelling at a speed of 60km.h-1(relative to the road), and the 
car in front of you was also travelling with the same speed in the same direction, the 
other car would appear to you as being at rest.  

If it were travelling at a lower speed, say  40 km.h-1, it would appear to you that the 
car is moving towards you (with a speed of 20km.h-1). Its relative velocity to you will 
be 40kmh-1 – 60km.h-1 = -20km.h-1. The negative sign corresponds to the opposite 
direction in which the car seems to be moving as seen from your car. 

Your velocity relative to the other car would be 60km.h-1 – 40km.h-1 = 20km.h-1, the 
positive sign corresponds to the direction in which your car is moving relative to the 
other car.Your car seems to be aproacing the other car with a velocity 20m.s-1 . 

From this we can deduce: 

VA/B = VA - VB          

  Where VA/B is the velocity of A relative to B 
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VA is the velocity of A* 

VB is the velocity of B*  

The velocities 𝑉𝐴 and 𝑉𝐵 must be measured relative to the same object or frame of 
reference.  

The velocity of one object relative to another object, as measured with reference to 
the same frame of reference is simply, the difference between the two velocities.  In 
general one has to subtract the velocity of one object from that of the other. [60-40=20 
] or [40-60=-20] 

Note that velocities are vectors, not scalars. In the above example of the two cars, we 
simply subtracted the magnitudes of the two velocities because they were in the same 
direction.  
 
If object A is moving in one direction and B in another, the velocity of A relative to the 
velocity of B must be calculated by subtracting the vectors VA and VB. One velocity will 
be assigned a positive sign and the opposite direction will be assigned a negative sign. 
When we subtract one from the other we end up adding the magnitudes of the two 
velocities. 

For example, let's assume that two cars move opposite directions. The velocity of car 
A (moving with velocity vA) relative to car B (moving with velocity vB) is the (vA - vB). If 
car A moves with 80 km/h to the right (relative to the road ), and car B with 80 km/h to 
the left, the velocity of A is +80 and the velocity of B is -80 km/h(taking B's velocity 
with respect to right, i.e., with respect to the direction of velocity of A); then the velocity 
of A relative to B is 160 km/h and,  the velocity of B relative to A is -160 km/h. The 
magnitude of the velocities of two cars moving in opposite directions add if we subtract 
their velocities [ 80-(-80)=160]. 

The two cars seem to be approaching each other at 160 km/h. 

ACTIVITY 3: relative velocity 

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. 

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

b) What is Madolo’s velocity relative to: 
(i) The bus                      
(ii) The ground               
(iii) The red Opel Corsa. 

 

 

 

 

 

 

 

 

  Answer. 
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Unit 4: Graphs of motion 
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 
 
Shapes of graphs of motion 

Graphs of motion have straight line graphs and parabolic curves. Straight line graph 
represent constant change or no change. 

Parabolic graphs represent increasing or decreasing changes e,g. accelerated motion 

Gradient of motion graphs  
The gradient of a velocity-time graph gives acceleration of an object.   

The area of a velocity-time graph. 
The area between the x-axis and the velocity-time graph gives the displacement of an 
object. 
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X and Y-intercepts 
In a displacement / distance time graph the y-intercept tells us the position of the object 

of interest at 𝑡0  relative to the origin or frame of reference. The x-intercept shows 
that the object is back at the origin or the frame of reference. 

In a velocity-time graph the y-intercept tells us the initial velocity of the object and the 
x-intercept tells us the moment when the object stops moving. 

ACTIVITY 4: graphs of motion 

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: 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Solution: 

t(s)                   

     

𝐸𝐾( 𝐽) 

D 
  0 

Y (m) 

t(s) 

C   0 

 

t (s)  E 

10 

 Y (m) 

  0 

t (s) 

    

A 

𝑣(𝑚 ∙ 𝑠−1) 

  0 

𝐸𝑝( 𝐽) 

t (s) 

 B 

  0 
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ACTIVITY 5: Describing graphs of motion 

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 

 

 

 

 

t (s)  

Y 
V(m.s-

1) 

       100 

0 

20 
X 

2

  Graph A 

  X 
25 

y (m) 

t (s) 0 

A 

B 

5 

10 

  Graph B 
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ACTIVITY 6: interpreting graphs of motion 

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.  

 

  

  Solution: 

  Solution: 
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b) What do the differently coloured areas represent? 

 

 

Unit 5: Newton’s Laws  
Unit objectives 

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

 Define normal force, N, as the force exerted by a surface on an object in 
contact with it 

 Know that the normal force acts perpendicular to the surface irrespective 
of whether the plane is horizontal or inclined 

 Define frictional force, f, as the force that opposes the motion of an object 
and acts parallel to the surface the object is in contact with  

 Distinguish between static and kinetic friction forces 

 Explain what is meant by the maximum static friction, fs
max 

 Calculate the value of the maximum static frictional force for objects at rest 
on a horizontal and inclined planes using: fs

max = μkN 

 

                                     Area A 

v(m.s-1) 

Area B 

t(s) 

20 

12 

10 

0 
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 Know that static friction fs < μsN 
 Calculate the value of the kinetic friction force for moving object on 

horizontal and inclined planes using: fk = μkN 

 Know that a force diagram is a picture of the object(s) of interest with all 
the forces acting on it (them) drawn in as arrows 

 Know that in a free-body diagram, the object of interest is drawn as a dot 
and all the forces acting on it are drawn as arrows pointing away from the 
dot 

 Resolve two-dimensional forces (such as the weight of an object with 
respect to the inclined plane) into its parallel (x) and perpendicular (y) 
components • The resultant or net force in the x-direction is a vector sum 
of all the components in the x-direction  

 The resultant or net force in the y-direction is a vector sum of all the 
components in the y-direction 

 State Newton’s first law: An object continues in a state of rest or uniform 
(moving with constant) velocity unless it is acted upon by an unbalanced 
(net or resultant) force. 

 Discuss why it is important to wear seatbelts using Newton’s first law 

 State Newton’s second law: When a net force, Fnet, is applied to an object 
of mass, m, it accelerates in the direction of the net force. The acceleration, 
a, is directly proportional to the net force and inversely proportional to the 
mass Fnet = ma 

 Draw force diagrams for objects that are in equilibrium (at rest or moving 
with constant velocity) and accelerating (non-equilibrium)  

 Draw free body diagrams for objects that are in equilibrium (at rest or 
moving with constant velocity) and accelerating (non-equilibrium)  

 Apply Newton’s laws to a variety of equilibrium and non-equilibrium 
problems including a single object moving on a horizontal/ inclined plane 
(frictionless and rough), vertical motion (lifts, rockets etc.) and also two-
body systems such as two masses joined by a light (negligible mass) string 

 Understand apparent weight 

 State Newton’s third law: When object A exerts a force on object B, object 
B simultaneously exerts an oppositely directed force of equal magnitude 
on object A 

 Identify action-reaction pairs e.g. donkey pulling a cart, a book on a table 

 List the properties of action reaction Pairs 

 State Newton’s Law of Universal Gravitation  

 Use the equation for Newton’s Law of Universal Gravitation to calculate 

the force two masses exert on each other 𝐹 = 𝐺
𝑚1𝑚2

𝑑2
 

 Describe weight as the gravitational force the Earth exerts on any object 
on or near its surface 

 Calculate the acceleration due to gravity on Earth using the equation : 

 𝑔𝐸𝑎𝑟𝑡ℎ =
𝐺𝑚1𝑚2

𝑑𝐸𝑎𝑟𝑡ℎ
2  

 N.B. This formula can be used to calculate g on any planet using the 
appropriate planetary data 
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 Calculate weight using the expression W= mg, where g is the acceleration 

due to gravity. Near the earth the value is approximately9.8𝑚. 𝑠−2. 

 Calculate the weight of an object on other planets with different values of 
gravitational acceleration 

 Distinguish between mass and weight. Know that the unit of weight is the 
newton (N) and that of mass is the kilogram (kg) 

 Understand weightlessness 

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: ticker timer 

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.  
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Experiment: Newton’s second law of motion To show that the acceleration of a body 
is proportional to the applied force Experiment: To show that the acceleration of a 
body is proportional to the applied force and inversely proportional to the mass of the 
body 

Part 1 

To show that the acceleration of a body is directly proportional to the net force provided the 
mass of the body remains the same. 

Theory:  

Newton's Second law states that "the rate of change of momentum of a body is 

proportional to the force causing it and takes place in the direction of that force".  

i.e. 

 
t

mvmv
F

if

net





 which gives netFma 
. 

(The ticker timer is a device that can be used to measure the velocity and acceleration 

of a moving object over a very short time interval. It puts 50 dots per second onto a 

piece of paper that passes over a marking device (rather like a pencil moving up and 

down 50 times a second). 

Apparatus: Trolley, cotton thread, a pulley, 20 x 10g mass pieces, hook,  runway, ticker 

timer, an elastic band (as in diagram). 

  Solution: 
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Outline of experimental procedure: 

Experiment: To show that a α F.  

Set up the apparatus as in the diagram. The runway is then tilted until such time as 

the trolley moves with a uniform velocity (i.e. doesn't speed up) when given a small 

push. This means that a component of the weight of the trolley is being used to 

overcome the (dynamic) frictional force between the trolley and the track.  

Start with 4 of the 10g mass pieces on the hook. The remaining 16 are held on the 

trolley using an elastic band. The mass of the system must remain the same 

throughout the experiment. 

Switch on the timer and release the trolley. Mark the tape produced as 40g. 

Repeat with 8 pieces on the hook (with 12 pieces on the trolley). Mark the new tape 

80g. 

Next use 12 pieces on the hook and 8 on the trolley, mark the tape 120g, then 16 

pieces on the hook and 4 on the trolley and mark the tape 160g and  

The last step involves 20 pieces on the hook. 

Results and calculations 

A force of 0.04N (i.e. a mass of 4 x 10g) is hanged on the hook suspended by the 

pulley and this causes the trolley to accelerate down the track. 

As the trolley moves, the ticker tape, which is attached to it, passes through the ticker 

tape timer and the resultant dots can be used to find the acceleration. 
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To calculate the acceleration: 

Select two sets of five dots at either end of the tape and number them 0, 1, 2, 3 and 4 

(diagram). The time for the trolley to travel the distance between dot 0 and dot 4 is 

4(1/50) s.  

The distance between the dots can be measured with a ruler. The average velocity 
(taken as the instantaneous velocity at dot 2) is calculated from speed = distance / 
time. This method can be used to find the initial velocity (vi) and the final velocity (vf). 
To find the acceleration the number of dots between vi and vf is counted and this 
multiplied by 1 / 50s gives the time between vi and vf. The acceleration can then be 

found from the formula
tavv if 
.  

Results: 

Plot a graph force (y – axis) against acceleration (x- axis). 

Use the graph to answer the following questions: 

From Newton’s 2nd Law you would expect the graph of acceleration against force to 
be a straight line which passes through the origin. 

Explain why you would expect this to be the case. 

Explain what the gradient of the graph represents. 

Calculate the gradient of the graph and explain whether it agrees with your answer to 
question (3). 

Your results may show some scatter.  Explain why this might be and the causes of 
any inaccuracy.  

Does the experimental result support Newton’s Second Law of Motion? 

Practical advice 

The friction changes with different slope angles.  It is best to try the experiment out 
first and decide if it is worth tilting the slope to compensate for friction. 

 Part 2 
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To show that the acceleration of a body is inversely proportional to the mass of the 
body if the applied force is kept constant. 

Part 1 showed that aα F when ‘m‘ is kept constant. We now keep the force constant and look 
for the relationship between a and m. 

Apparatus: 2 trolleys, cotton thread, a pulley, 5 x 10g mass pieces, hook, runway, ticker timer, 
and prestik. 

Procedure 

Set up the experiment as in the previous practical, but this time we only use 5 mass pieces on 
the hook to provide a constant force for the rest of the experiment.  

Connect a piece of ticker tape, switch on the timer and allow the trolley to run. Mark this tape 
m1. 

Now add a 1kg mass on top of the trolley. Make sure the mass piece does not obstruct the 
wheels. 

Attach a new piece of ticker tape and allow it to run through the ticker timer. Mark this tape 
m2. 

Increase the mass further by adding the second trolley on top of the mass piece. A little prestik 
will help keep it on place. Attach a new piece of ticker tape and allow it to run through the 
ticker timer. Mark this tape m3. 

Make a table like the one below and enter your results in the table 

Mass (kg) 1

m
  

a  

   

   

   

Calculate values for 
1

m
  and put them into the table.  

Calculate the a  values from each ticker tape (as you did in part 1) and put them into the table. 

Plot the graph of 
1

m
  versus a. 

Findings. 

Did you get a straight line from your graph If not what could be responsible for the results that 
you got?  

Conclusion. 

Combining the findings in part 1 and part 2 of the experiment what can be concluded? 
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Unit 6: VERTICAL PROJECTILE MOTION 
 

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

 Represented vertical projectile motion in words and in equations 

 Use equations of motions to solve problems related to vertical motion. 

Meaning of Projectile motion 
Projectile motion refers to the free fall motion of an object after it has been projected 
(launched). When we talk about a projectile we mean a body or particle that is project 
or launched and then moves under the influence of only gravity. We will only consider 
the case where objects move vertically upwards and/or downwards -- meaning that 
there is no horizontal displacement of the object, only vertical displacement. 

Equations of motion 
The equations below are applied to linear moving objects travelling with a uniform 

acceleration in a horizontal direction: 

𝑣𝑓 = 𝑣𝑖 + 𝑎Δ𝑡 

𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎Δ𝑥 

Δ𝑥 = 𝑣𝑖Δ𝑡 +
1

2
aΔ𝑡2 

Δ𝑥 = (
𝑣𝑓 + 𝑣𝑖

2
 )Δ𝑡 

In this unit we are going to look at the motion of objects that are either projected, 
thrown, or shot directly into the air, be it vertically upwards, downwards or when objects 
are dropped. When an object is thrown up into the air, its motion can be described by 
quantities such as: 

 Velocity 

 Acceleration 

 Time 

 Displacement 
Acceleration is constant during upward and downward motion 

Figure 1 below shows a motion of a ball that has been thrown up into the air with initial 

velocity of 10m. s−1 . Photo (a) on the left shows the ball moving up from its release 
towards the top of its path, and photo (b) on the right shows the ball falling back down. 
Every experience shows that when we throw an object up in the air, it will continue to 
move up for some time, stop momentarily at the peak, and change direction and begin 
to fall. Because the object changed direction, it may seem that the velocity and 
acceleration are changing. Actually, objects thrown into the air have a downward 
acceleration as soon as they are released.  
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Figure 1: Motion of a ball thrown vertically upwards and caught at the same height. 

In the photo (a) on the left, the upward displacement of the ball between each 
successive image is getting smaller and smaller until the ball stops and finally begins 
to move with an increasing downward velocity, as shown on the right photo (b).  

As soon as the ball is released with an upward velocity of 10m. s−1, it has acceleration 
of 9,8m. s−2downwards. After 1s (∆t = 1s), the ball’s velocity will change by 9,8m. s−1 

to 0,2m. s−1 upwards. After 2s (∆t = 2s) the ball’s velocity will again change by  

9,8m. s−1 to 9,6m. s−1  downwards.  

At the maximum height the ball’s velocity is zero, but the ball’s acceleration is 9,8m. s−2 
downwards at very point-both when it is moving upward [photo (a)] and when it 
moving downwards [photo (b)] 

Activities for Vertical Projectile Motion 

ACTIVITY 7: Vertical projectile motion 

Aim of Activities  To familiarize participants with the fundamental 
concepts of Vertical Projectile Motion. 

 To equip participants with the skills and knowledge 
required to solve problems related to vertical projectile 
motion.  

 To give participants opportunity to apply relevant 
equations to solve problems on vertical projectile 
motion. 

Duration 30 minutes 

Methodology Participants work in groups of 6 

Resources Calculators, pens, pencils and rulers. 
 

Task 
1. What is freefall? 
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----------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------- 

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

 

 

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

----------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------------------- 

4. What is terminal velocity? 

----------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------- 

5. Draw a free body diagram for an 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. 

 Solution: 

 Solution: 
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Solution: 
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6.2. the velocity at which the object was projected. 

 

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. 

 

      Solution: 

Solution: 
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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 on the right. 

Ignore the effects of air resistance. Calculate: 

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

 

 

 

 

 

 

 

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

 

         

 

 

Solution: 
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9. A hot air balloon is moving upward with a velocity of  

5 m.s–1 as shown in the figure 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. 

 

9.2) the height of the ball above the ground at this point.         
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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. 

 

 

Unit 8: 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 
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 Know that an external force causes the momentum to change. The impulse 

delivered by the force is FnetΔ t = Δ p.  

 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 
Momentum is an idea that combines mass and velocity into one package. It is an idea 
that is similar to inertia and kinetic energy. 

 Inertia is the property of an object to stay at rest or in motion. 

 Kinetic energy is the amount of energy that an object has due to its motion. 
(Ek = ½ mv2) 

Momentum is not truly either of these, but ends up like a mix of the two.  
If you compare and contrast momentum and kinetic energy, you’ll notice a couple 
things: 

 First, they both have mass and velocity in their formulas.  

 Second, kinetic energy has to do with ability to do work, momentum does not.  

 Although they are similar, they are not the same. 
 

We have not given you any way to calculate inertia yet, so is momentum the same as 
inertia?  

 Not really. Inertia is a concept, not something that is directly measured. 

 Momentum is calculated by multiplying the mass and velocity of an object, by 
using the equation: 
p = mv, where:  
p = momentum (kg m•s-1), m = mass (kg) and v = velocity (m•s-1)  

Conservation of Momentum 

The Law of Conservation of Linear Momentum states that the total linear 

momentum of an isolated system remains constant in both magnitude and 

direction for interacting bodies. 

 
The law can be understood another way: 

In an isolated system, the total momentum before a collision is equal to the 

total momentum after the collision providing there is no external resultant 

force. 

 

  



Page 43 of 49 SACE (PR 10541)  Compiled by CASME for PILO 
 

 
 

  𝑇𝑜𝑡𝑎𝑙  𝑝𝑏𝑒𝑓𝑜𝑟𝑒 = 𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑓𝑡𝑒𝑟 𝑚1𝑣1𝑖 + 𝑚2𝑣2𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓  

𝑚1 = mass of object 1         𝑚2  = mass of object 2 

Conservation of linear momentum 
 

Case 1: Collisions with separation after collision 

 

Write the equation for the conservation of momentum: 

 ------------------------------------------------------------------------------------------------------------ 

Case 2: Collisions with coupling after collisions (i.e. moving together after collision) 

 

Write equation for the conservation of momentum: 

----------------------------------------------------------------------------------------------------------- 

Case 3: Explosions (i.e. move together before and then separate) 

 

Write equation for the conservation of momentum: 

---------------------------------------------------------------------------------------------------------- 

Collisions may be separated into several categories, some of which are easier to solve 
than others:  

https://www.google.co.za/imgres?imgurl=http://www.kshitij-iitjee.com/Study/Physics/Part1/Chapter9/33.jpg&imgrefurl=http://www.kshitij-iitjee.com/elastic-and-inelastic-collision&h=199&w=680&tbnid=Dx2Ix8MYmhLf0M:&docid=sz13mbhNiRr08M&ei=MCqWVqP8BMOye-fLktgD&tbm=isch&ved=0ahUKEwij1PCpzabKAhVD2R4KHeelBDsQMwiCAShdMF0
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 Completely inelastic collisions involve objects which stick together afterwards. 
Kinetic energy is not conserved, but the result is easy to calculate via 
conservation of momentum.  

 Partially inelastic collisions involve objects which separate after they collide, but 
which are deformed in some way by the interaction. Kinetic energy is not 
conserved. It's not easy to figure out what happens afterwards, because there 
are many possible solutions which satisfy conservation of momentum.  

 Elastic collisions involve objects which separate after they collide, and which 
are not changed at all by the interaction. Billiard balls, ping-pong balls, and other 
hard objects may collide elastically. Kinetic energy is conserved in elastic 
collisions. One must use both conservation of energy and conservation of 
momentum to figure out the motions of the objects afterwards. This usually 
involves solving 2 equations for 2 unknowns. 

Impulse 
The simple definition for impulse is that it is a change in momentum. 
● Since impulse means the momentum has changed, the object must be 

moving at a different velocity. 
● We will assume that the mass of the object usually stays the same.  

 
As a formula this means we would change the formula for momentum to the one shown 
here... 

Δp = m Δv 

Δp = impulse (change in momentum)  (kgm.s-1 ) m = mass (kg) 
Δv = change in velocity (vf – vi) (m/s ) 

Impulse is a vector and its unit is the kilogram metre per second (kgm.s-1) or the 
newton second (Ns). 

  

 

So we can see that impulse is equal to the change in momentum. 

If an impulse changes the velocity of the object that means it is accelerating. 
● Acceleration of an object can only occur if a force is acting on the object, so 

force must be related to impulse in some way.  
● This leads us to the link to Newton. 

Newton's Second Law 
When Newton came up with his Second Law of Motion, he did not write it in the form 
we usually see it today, F = ma. 

● Remember that he was playing around with some new ideas, and did 
not necessarily look for the “easiest” way to state his theories. 
● Instead, he kept talking about the “quantity of motion” of an object, 
what we today call momentum. 
● When he stated his Second Law he said the force is proportional to the 
rate of change in the momentum.  

http://studyphysics.ca/2007/20/02_dynamics/24_second_law.pdf
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Newton’s Second Law of Motion 

In terms of momentum, Newton’s Second Law says that the rate of change of 

momentum of a body is directly proportional to the net force applied and is in 

the direction of the net force. 

 

This can be expressed by the following equation: Fnet =
∆p

∆t
  , where   

Fnet = net force, measured in newtons (N) 
    m = mass of object, measured in kilograms (kg)    
     a = acceleration of the object, measured in metres per second (m•s–2) 
Momentum and impulse activities 

 ACTIVITY 8: momentum and impulse 

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? 

 

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. 

  

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

immediately after collision. 

 

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

 

 

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. 

 

  

 Solution: 

 Solution: 
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3.1. What does the area under this graph represent? 

 

 

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

 

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? 

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. 

 

 Solution: 

 Solution: 

 Solution: 
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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. 

 

4.2. Calculate the magnitude and direction of the velocity of the 1 kg trolley 

immeditely after the spring has expanded completely. 

 

 

 

  

 Solution: 

 Solution: 
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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. 

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

immediately after the bag is thrown. 
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