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Unit 8 

Motion  

Introduction 

Welcome to your 8th unit of the “Coordinated Science Course.” The unit 
is entitled Motion.  It consists of two main topics – Distance and 
displacement, and velocity.  Hence, in this unit we will discuss distance, 
displacement, speed, velocity and acceleration in general. We will whenever 
possible provide opportunities for you to try out some basic experiments 
and to apply principles and formulae learnt within the unit. 

 

The concept of motion is also dealt with in Unit 9: Force and Motion. In 
Unit 9, you will be able to use your knowledge of motion to further 
develop your thinking by applying the concepts to everyday transport and 
travelling situations. 

 

In this unit you will learn about:  

 the difference between distance and displacement;  

 the relationships between distance, speed, time and acceleration 

 speed, velocity and acceleration; 

 how to use a velocity time graph to calculate distance travelled; 

 how to use the relationships v 	at and s  at2 to solve problems. 

 

We hope that this unit will be both interesting and enjoyable to you. 

 

 

 

 

 



Upon completion of this unit you will be able to: 

 

Outcomes 

 define displacement as the distance moved in a particular direction. 

 define speed as the rate of a change of distance with time. 
 define acceleration as the rate of change of velocity with time. 

 define velocity as the rate of change of displacement with time. 

 use a stopwatch to measure time of distance travelled (displacement) to 
determine velocity. 

 calculate velocity in simple everyday examples. 

 state that the existence of errors in measurements may be reduced by taking the 
average of a number of readings. 

 draw graphs to show the relationships between distance, time, speed and 
acceleration. 

 explain how the ideas of speed and acceleration can be applied to transport (e.g. 
road, rail etc.). 

 differentiate between speed and velocity. 
 state that a body may accelerate by change in velocity, but without a change in 

speed. 
 derive the distances travelled from the area under a speed-time graph. 
 use the relationships v = at and s = ½ at2 when applied to an object 

accelerating uniformly from rest. 

 

 

 

Terminology 

Acceleration: The rate of change of velocity with time 

Deceleration: The rate of decrease of velocity with time. 

Displacement: The distance moved in a specified direction. 

Distance: The actual length of a journey. 

Speed: Rate of change of distance with time. 

Velocity: The rate of change of displacement with time 
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How long? 

 

Table 8.0 below shows the number of formal study hours needed for 
you to complete this unit and the number of hours that you need to 
devote for self-study. 
 

Category of students 
Number of 

formal study 
hours needed 

Number of 
hours for self-

study 

Full-time student outside the 
conventional school setting 

3 hours 1 hours and 30 
minutes 

Full-time student within the 
conventional school setting  

OR 

Part-time student 

3 hours 1 hours and 30 
minutes 

Table 8.0: The time needed for you to work on this unit 

 

 Topic 8.1: Distance and displacement 
 

 

How long? 

You will need 30 minutes at the most to complete this topic. It is 
advisable that you spend another 15 minutes of your own time to further 
review the contents. Make sure you read and try to understand everything 
in order to achieve the specified objectives. 

As you may recall in Unit 5 (Particles in Motion) of this course, you 
addressed particles in motion.  We are going to build on what you have 
learnt but this time we are going to focus on the motion of large objects.  
If you feel you have forgotten some of the concepts, feel free to go back 
to do some review.  We are going to start off this topic by looking at 
‘distance and displacement’, then speed, velocity, acceleration, how to 
work out distances using speed-time graphs and finally how to use 
simple formulae to solve problems involving velocity, acceleration 
,time and distances. 



 

The term distance is commonly used in our everyday language when we 
talk about the distance between places.  However, displacement is not 
commonly used in everyday language.  Hence, in this topic we are going 
to help you to establish the differences between distance and displacement 
and also on how to solve problems involving the two concepts. 

 

Let us start this topic by drawing your attention to a real life situation.  
Consider for example the journey you make from home to the shop and 
then to school.  In physics, this situation involves both displacement and 
distance. 

 

 
Figure 8.1.1: showing displacement and distance moved. 

Sketched by Alex Souffe, October 2009 

 

Say for example you walk from home to the shop and then to school as 
shown in Figure 8.1.1.  So your actual journey gives the actual physical 
distance that you walked from home to the shop and then to school.  If 
you were to walk directly from home to school then your actual distance 
would be shorter and in the direction from home to school.  This shortest 
distance from home to school (that is, the straight line distance) is called 
displacement.  So can you see the difference between distance and 
displacement?  We can simply say that distance is the length of the journey 
while displacement is the length of the straight line distance between the 
starting point and the end point.  The unit of both distance and displacement 
is kilometre (km), metre (m) or centimetre (cm) depending on what you 
measured. Take note that these are not the only units for distance and also 
that in some situations the actual distance can also be the displacement.  
Therefore, when we talk about distance, we mean the actual length of the 
journey undertaken while displacement is always the shortest distance 
moved in a specified direction. 
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Activity 

Activity 8.1.1 

You should spend about 10 minutes to do this activity. 

You are required to fill in the blanks in statements 1 to 4 with the most 
suitable words.  Then study Figure 8.1.2a to answer question 5: 

1. _________________ is the actual length taken throughout the journey. 

2. _________________ is the shortest distance between two points. 

3. _________________ has both magnitude and direction. 

4. Quantities that have both direction and magnitude (size) are called 
_________________. 

 

5. Study the map in Figure 8.1.2a.  A taxi driver is at the Old Port and 
would like to go to New Port. 

 

 
Figure 8.1. 2a: Map showing two ports in Victoria, Seychelles. 

Sketched by: Gelage Dogley, October 2010 

a) Draw a line on the map to indicate his most effective journey. 

b) Use a dotted line to indicate his displacement. 

 



 

 

Feedback 

Feedback to Activity 8.1.1 

1. Distance  2. Displacement 

3. Displacement 4. Vectors. 

5. The red continuous line on Figure 8.1.2b shows the actual journey 
(distance) the driver has to move from Old port to New port. The blue 
dotted line shows his displacement from Old port to New port. 

 
Figure 8.1. 2b: Map showing the distance and displacement from one port to the 

other in Victoria, Seychelles. 

Solution by: Alex Souffe, October 2010 

Well, it was not that difficult to distinguish between distance and 
displacement was it?  Now you are ready to move onto two other 
concepts, speed and velocity. Make sure that when you go through the 
next topic, you keep a clear distinction between distance and 
displacement as it will affect your outcome in some cases.  

 

 

Topic 8.2: Speed and velocity 
 

 

How long? 

You will need 2 hours and 30 minutes at the most to complete this topic. 
It is advisable that you spend another 1 hour and 15 minutes of your own 
time for revising the contents of this topic.  
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What do we mean when we talk about the speed or velocity of an object?  
In Topic 8.1 we have considered the distance a student has to travel from 
home to school, be it by bus or on foot.  Now we are going to consider 
the time it takes for him/her to get there for we are interested in working 
out how fast (that is, the speed) the person gets to school. 

 

 

8.2.1 Speed 

Let us assume that the distance between his/her home and the school is 2 
kilometres (km) and it takes him/her 1 hour to walk to school.  Evidently, 
the student covers a distance of 2 km in 1 hour, so the student’s walking 
speed is 2 kilometres per hour, which can be written as 2 km/h.   

 

On the other hand if we were to consider another student who travels by 
bus along the same route. 

 
Figure 8.2.1: Bus taking students to school 

Photographed by Alex Souffe November 2010 

 

Say for example the student looks at the speedometer of the bus and 
notices that the reading is 40 km/h.  This means that at this instance (that 
is, at this point in time) the bus is travelling at a speed of 40 km/h.  Such 
reading is also referred to as the instantaneous speed of the bus. 

 



“-1” means metre 
divide by second 

 
Figure 8.2.2: Speedometer 

Photographed by Alex Souffe November 2010 

 

If the student were to keep an eye on the speedometer of the bus 
throughout this particular journey he/she would notice that the reading 
(actual speed) keeps on changing (fluctuates) throughout the journey 
depending on the traffic and the state of the road.  Hence, it is more 
practical to consider the average speed rather than the instantaneous 
speed.   

 

The average speed can be easily calculated by measuring the total 
distance of the journey and dividing it by the total time taken.  This may 
be represented by this formula: 

 

Average	speed	 	
Total	distance	in	metres	 m
Total	time	taken	in	second	 s

 

 

Symbolically average speed is written as;  

 

average speed  

 

 

Hence, an average speed gives the distance covered in a unit time (that is, 
the number of metres per second written as m/s or ms-1, or the number of 
kilometre per hour written as km/h or kmh-1. The standard unit for speed 
is metres per second (m/s). Therefore, from the above explanation, speed 
is defined as the rate of change of distance with time. 

‘s’ represents 
distance or 
displacement and 
‘t’ the time interval 
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Note it! / 
Important! 

Please note that in the case of speed, the direction in which a body moves 
is not mentioned. 

You might be wondering what would be the problem if direction was 
mentioned.  In fact in the next section, we are going to consider both the 
speed and the direction a body moves, for example the school bus.   

 

8.2.2 Velocity 

As stated in the example mentioned above, the bus was travelling from 
the student’s home to the school.  In Physics, whenever we consider both 
the speed and the direction of a moving body, we are in fact referring to 
its velocity.  The velocity of a body is defined as the rate of change of 
distance moved with time in a specified direction.  [Please note that: (i) 
the specified direction implies that the motion is in a straight line; and (ii) 
motion in which the direction does not change is called rectilinear motion 
(that is, the object moves in a straight line)].   

 

Therefore, when referring to the velocity of the bus, the direction in 
which it is moving must be mentioned.  Since distance in a specified 
direction is called displacement, we can also say that velocity is the rate 
of change of displacement.  For example, the bus travelled with an 
average velocity of 40 km/h from the student’s home (point A) to the 
school (point B).   

 

As shown in Figure 8.1.4, velocity takes into consideration the shortest 
distance (straight line, that is, 2000 m) in a specified direction between 
two places (from point A to point B) and not the actual journey of (path 
taken, that is 2500 m) the bus unless it is a straight line.  This applies to 
all moving bodies. 

 
Figure 8.2.3: Diagram showing the actual path taken by the bus (black line) and 

the displacement from point A to point B 



 

 

 

Reflection 

Reflection 8.2.1 

We are sure that now you can distinguish between speed and velocity, so 
we are going to invite you to take around 5 minutes to reflect over these 
two concepts – speed and velocity.  Then in the space provided write one 
similarity and one difference between them. 

 

Well, one similarity - is that both of them are measured in the same unit; 
km/h, m/s or cm/s and one difference - is that, in the case of speed, the 
direction in which a body moves is not mentioned but in the case of 
velocity the direction in which a body moves has to be mentioned.   

 

If you have been consulting other Physics textbooks, you could have 
stated as a difference that velocity is a vector quantity and speed is a scalar 
quantity.  A vector quantity has both magnitude (size) and direction while 
a scalar quantity has only magnitude.  

 

Now, it is time for you to consolidate what you have learnt.  We are 
going to invite you to carry out an activity with your friends. 
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Group 
 activity 

Group Activity 8.2.1 

You should spend about 20 minutes on this activity 

For this activity you will need two partners, a stopwatch, a whistle and a 
measuring tape. 

 

Procedure: You are required to: 

1. Measure and mark a distance of 100 metres in the park or playing 
field. 

2. Ask your friend (runner) to stand at one end (starting line) of the 
marked 100m distance and you stand at the other end (finishing 
line). 

3. Ask the other partner to act as the starter who will need to blow 
the whistle for the runner to start running the marked distance. 

4. As the whistle is blown the time keeper starts the stopwatch and 
stops it as the runner completes the marked distance (i.e. as the 
person crosses the finishing line). 

5. Record the reading. 

 

Results: 

Distance in (m) Time in (s) 

100  

 

Once you have measured the time it takes your partner to run the distance 
of 100 m, you can determine both the speed and the velocity of your 
partner who ran the distance of 100 m.  We will start off by calculating 
the speed of the runner by dividing the total distance by the time taken as 
stated earlier.  

This relationship can be written as:  

Speed	 		
distance	travelled	

time	taken
 



In symbolic form; 

Speed 	  

 

 

 

Note it! / 
Important! 

Remember that the speed found in this way may mean that your partner 
was running at the same speed from the starting line to the finishing line.  
This as you have observed is not correct.  Your partner started off from 
rest, his/her speed increased gradually until he/she was running as fast as 
he/she could and possibly slowed down a little towards the end of the 
race.  So your partner did not run at the same speed throughout the race, 
and that is why the term average speed is normally used.  Therefore the 
above equation could be re-written as : 

	 	
	
	

 

and in symbolic form; 

 

 

Now that you have applied through a practical activity the idea of 
average speed we will turn our attention to the velocity of your partner. 

 

 

Reflection 

Reflection 8.2.2 

Can you at this stage work out the velocity of your friend from the data 
you have collected in activity 8.2.1? 

 

Yes!  This is due to the fact that your partner ran along a straight line path 
over a distance of 100 m, which is also his/her displacement in a given 
period of time.  In addition to the distance and time, it is compulsory to 
specify the direction your partner was running.  Since the chosen course 
(path) was in a straight line, it is easy for you to state the direction your 
friend was running - say from north to south, or from a named place to 
another.  Therefore, to calculate your partner’s velocity, you simply have 
to divide the distance in the stated direction or his/her displacement by 
the time he/she took to complete the race as shown: 

velocity 	
distance	in	a	given	direction

time	taken
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or 

velocity 	
displacement
time	taken

 

In symbolic form;  

	  

Therefore, the standard unit for velocity is also m/s also written as ms-1 or 
km/h also written as kmh-1. 

 

 

 

Note it! / 
Important! 

Remember like speed that the velocity found in this way may mean that 
your partner was running at the same velocity from the starting line to the 
finishing line.  This as you have observed is not correct.  Your partner 
started off from rest, his/her velocity increased gradually until he/she was 
running as fast as he/she could and possibly slowed down a little towards 
the end of the race.  So your partner did not run at the same velocity 
throughout the race that is why the average velocity is normally used.  
Furthermore, if your partner was not travelling along a straight line (as is 
the case in most real life situations) the direction as well as his/her 
displacement will be constantly changing.  Therefore it is better to use 
his/ her average velocity.  

 

Now, you will be given further opportunities to go through the steps for 
solving problems involving velocity. 

 

Problem 1: A motorcycle covered a distance of 120 km in the westerly 
direction.  If it covered the distance in 2 hours, calculate its velocity. 

Step 1: List the “known values” and the “unknown values”. 

s	 	120	km	west	

t	 	2	h			

v 	? 

 

Step 2: Write the correct formula.  

“-1” means metre 
divide by second 



v 	
s
t
 

 

Step 3: Substitute the known values in the equation. 

v 	
120	km
2	h

 

 

Step 4: Calculate your answer, including units.  

v 	
120	km
2	h

 

v	 	60	km/h	in	a	westerly	direction. 

 

Now you are ready to solve problems involving both speed and velocity.  

Remember velocity is calculated in the same way as speed if the 
displacement is the same as the distance. 
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Activity 

Activity 8.2.1 

You should spend about 15 minutes on this activity 

For this activity you will need your calculator.  You are required to solve 
the given problems. 

1. A fishing boat takes 3 hours to travel from Mahe island to Praslin 
island.  The boat travelled a distance of 45 km.  Calculate the 
average speed of the boat. 

 

 

2. A car moved 150 km west and then 30 km east in 2 hours. What 
is its average velocity? 

 

 

 



3. How far will a motor cycle travel in 30 minutes at 25 m/s? 

 

 

We hope that you have found this activity easy.  Please refer to the 
Feedback to Activity 8.2.1 for the solutions. 
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Feedback 

Feedback to Activity 8.2.1 

1. s = 45 km west, t = 3 h, speed (v) = ? 

speed 	
s
t
 

speed 	
45	km
3	h

 

Speed = 15 km/h 

 

2. s = 150 km west and 30 km east, t = 2 h, average velocity= ? 

s = 150 km – 30 km 

= 120 km towards west 

average		velocity 	
s
t
 

average	velocity 	
120	km
2	h

 

v = 60 km/h  

 

3. s = ?, t = 30 minutes = (30 × 60) = 1800 s,  v= 25 m/s 

s 	speed	 t 

= 25 m/s × 1800 s  

= 45000 m or 45 km 

 

 

Well done!  The problems were not too challenging, after all we hope.  
We shall now focus our attention on the motion of objects whose velocity 
changes during the journey.  This means that the objects are accelerating. 

 

 

Please note that the car 
travelled west and then 
east, so its displacement 
is only 120 km from its 
starting point.  However, 
it has travelled a total 
distance of 180 km.

Minutes has been converted to 
seconds for the speed is given in 
metres per second (m/s). 



8.2.3 Acceleration 

Once again we are going to draw your attention to the school bus 
travelling on a straight stretch of road.  When students board the bus it is 
stationary and its velocity is zero metres per second (0 m/s).  The bus 
starts off from rest, its velocity increases gradually until it reaches the 
speed limit of (say 16.66 m/s) and maintains that constant velocity until it 
reduces its velocity and stops at another bus stop in order to pick up other 
students.  Clearly, there have been two changes to its velocity over that 
period of time.   

Initially it started from rest and its velocity increased to a higher value.  
The rate of change (increase) in velocity is called acceleration.  
Therefore, acceleration is defined as the rate of change in velocity.  In the 
second instance, its velocity decreased from a higher value to zero.  This 
decrease is called deceleration or negative acceleration.  The acceleration 
of a body can be calculated by using the formula: 

	
	 	 	

	 	 	 	 	
 

 

The standard unit for acceleration is metres per second each second 
(m/s2 or ms-2) or it could be read as metres per second per second or 
metres per second squared. 

 

Now we will compute the acceleration of the bus.  Let us assume that the 
bus accelerates uniformly from rest and reaches a velocity of 10 m/s in 
five seconds.  We are going to show you how we could calculate the 
acceleration of the bus in a series of steps similar to what you have used 
previously. 

 

Step 1: List the “known values” and the “unknown values”. 

Initial velocity represented by ‘u’ = 0 m/s 

Final velocity represented by ‘v’ = 10 m/s   

Time represented by ‘t’ = 5 s  

Acceleration represented by ‘a’ = ? 

 

Step 2: Write the correct formula.  
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Step 3: Substitute the known values in the equation. 

	
	 	

	 	
 

 

	
	 	

 

 

	
	 	

 

 

Step 4: Calculate your answer, including units.  

acceleration	 .2m/s  

 

Now that you are familiar with the three concepts speed, velocity and 
acceleration you are in a position to carry out several activities involving 
a simple equipment called the ticker-timer.  

 

Figure 8.1.4 shows a ticker-timer also known as a ticker-tape timer. It is 
an electric device that can put marks on tape that represent distances 
moved by an object and help you to measure accurately the time taken for 
the tape to move a certain distance.   

 
Figure 8.2.4: A 50 Hz Ticker timer 



Photographed by: Marie-France Raccombo, September 2009 

 

The most common types of ticker-timers are those designed to make fifty 
(50) and one hundred (100) strikes (dots) or vibrations per second.  The 
number of strikes (vibrations) per second is called the frequency, 
represented by the symbol (f).  The unit of frequency is hertz (Hz) (i.e. the 
number of vibrations per second), so the two types of ticker-timers are the 
ones having frequencies of 50 Hz and 100 Hz.  

In science to help us better understand the relationship between speed, 
velocity and acceleration we use the ticker-timer.  It allows us to take 
measurements of required quantities like time intervals and displacement.  
The diagram below shows a piece of a ticker tape with the marks made 
by the ticker hammer as it was pulled at a certain speed.   

In school, physics students carry out experiments using the ticker-timer to 
study rectilinear motion of objects.  Figure 8.2.5 shows a 50 Hz ticker-
timer and a tape attached to a trolley.   

 
Figure 8.2.5: A 50 Hz ticker-timer and tape attached to a trolley 

Photographed by Marie-France Raccombo, September 2009 

As the trolley moves at a certain speed, it pulls the tape and marks are 
made by the ticker hammer striking on the carbon paper.  Figure 8.2.5 
shows a series of dots on the paper tape produced by the 50 Hz ticker-
timer. 

 
Figure 8.2.5: Shows a piece of ticker-tape that has passed through the ticker-

timer 

Photographed by Lionel Goonetilleke, November, 2010 

 

As you can see, initially the distances between adjacent ticker marks 
(dots) are different (increasing) and after a certain point (7th dot) they are 
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equal.  Please note that the time taken for each strike or the time taken for 
the tape to move the distance between two adjacent marks is the same.  
Given that a 50 Hz ticker timer was used means that the time taken for the 
50 dots shown in Figure 8.2.5 is 1 second.  Therefore the time interval 
between two consecutive dots is one fiftieth of a second (i.e. 1s × 1/50 = 
0.02 s).  The time for each strike or cycle or vibration is known as the 
period, which is represented by (T).  

 

Now we are going to show you how we could construct distance/time 
graphs or velocity /time graphs by using the ticker tape obtained in Figure 
8.2.6.  We are going to use the part of the tape showing the last 25 ticker 
gaps to construct the graph - velocity against time.  In order to do that we 
have to count five ticker gaps and cut the strip through the centre of the 
ticker mark.  Then we repeat this so that we end up with five strips of five 
ticker gaps.  Then the five piece of tape are stuck vertically side by side 
on the ‘x-axis’.  Each strip of ticker tape shows five gaps and a time 
interval of (1/50 x 5) s = 1/10 s x 5= 0.5 s.  The graph we have 
constructed shows that the distance moved by the strip over the same 
period of time (1/10 s) is the same.  In fact the graph is distance (length of 
strip in cm) against time in seconds. 

 

 
Figure 8.2.6: Distance /time graph 

using ticker tape 

Photographed by: Lionel Goonetilleke, 
November, 2010 

  
Figure 8.2.7: Distance /time graph 
using information from Fig. 8.2.6 

Drawn by: Alex Souffe, December, 
2010 

 

Since the motion being considered is in a straight line, the distance 
moved is also its displacement and the rate of change of displacement is 
velocity.  As such these graphs are also depicting velocity against time.   

The height of the strips (i.e. the distance moved) is the same and the time 



taken for the motion of each is also the same.  If a line were to be drawn 
connecting the tips of the pieces of ticker tape, a horizontal line is 
obtained, as shown in Figure 8.2.7. This means the object attached to the 
tape was moving with the same (constant) velocity. 

Now we are going to consider the other half of the ticker tape (i.e. first 25 
ticker gaps of the ticker tape) obtained in Figure 8.2.6.  We are going to 
construct another distance against time graph.  Once again, we are going 
to count five ticker gaps and cut the strip through the centre of the last 
ticker mark, so that we end up with five strips of five ticker gaps.  The 
five pieces of tape are then stuck vertically side by side on the –‘x-axis 
starting with the shortest to the longest.  Each strip of ticker tape shows 
five gaps and a time interval of (1/50 x 5) s = 1/10 s x 5= 0.5 s.  The 
graph we have constructed shows that the distance moved by the strip 
over the same period of time (1/10s) is increasing this time.  In fact the 
graph is distance / displacement (length of strip in cm) against time in 
seconds. 

 

If a line were to be drawn connecting the central tips of the pieces of 
ticker tape, an ascending straight line is obtained, as shown in Figure 
8.2.9.  This means the object attached to the tape was moving with 
uniformly increasing velocity.    

 

 

 
Figure 8.2.8: Distance time graph using 

ticker tape 

Photographed by: Lionel Goonetilleke, 
November, 2010. 

  
Figure 8.2.9: Distance time graph 
using information from Fig. 8.2.8 

Drawn by :Alex Souffe ,December, 
2010 
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After having studied the practical activities involving velocity, time, 
displacement and acceleration you are now ready to focus your attention 
to velocity time graphs.  

If you have access to the internet, take a look at this site to get an idea of 
the relationship between the displacement vs time, velocity vs time, and 
acceleration vs time graphs.  
http://www.learnerstv.com/animation/animation.php?ani=27&cat=physic
s 
Please note again that we are providing this link for information only and 
we do not endorse or recommend any links from this site.  

 

8.2.4 Velocity Time Graphs 

Velocity time graphs are similar to other graphs for they show the 
relationship between two variable quantities.  In this case the variable 
quantities are velocity and time.  We are going to consider two graphs 
similar to those in Figures 8.2.7 and 8.2.9, respectively, by inviting you to 
do Activity 8.2.2. 

 

 



 

Activity 

Activity 8.2.2 

You should spend 20 minutes on this activity  

You are required to use the velocity time graphs to answer the questions. 

 
Figure 8.2.10: Constant Velocity 

Drawn by Alex Souffe, December 2009 

 

Gentle increase 

Figure 8.2.11a: Graphs showing 
increase in velocity 

Rapid increase 

Figure 8.2.11b: Graphs showing 
increase in velocity 

Drawn Alex Souffe, November 2010 

1. What can you say about the velocity of the moving objects in 
Figure 8.2.10, Figure 8.2.11a and Figure 8.2.11b?  
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2. What can you say about the acceleration of the moving objects? 

 

 

 

 

 

3. From the graph in Figure 8.2.10, what was the object’s 
acceleration? 

 

 

 

4. Calculate the acceleration of the object in Figure 8.2.11b? 

 

 

We are sure that you have managed to tackle this activity without 
difficulties.  Please refer to the Feedback to Activity 8.2.2 for the correct 
answers. 

 



 

 

 

Feedback 

Feedback to Activity 8.2.2 

1. In Figure 8.2.10 the velocity is constant. 

In Figure 8.2.11a the velocity increases gradually and uniformly 
(straight line ascending graph).  

In Figure 8.2.11b the velocity increases rapidly and uniformly 
(straight line ascending graph). 

2. In Figure 8.2.10 the acceleration is zero because the velocity is 
constant. 

In Figure 8.2.11a the acceleration is constant but is lower than in 
Figure 8.2.11b. 

In Figure 8.2.11b the acceleration is constant but is greater than 
in Figure 8.2.11a. 

3. Since the velocity of the object is constant, there is no 
acceleration.   

4. acceleration 	
	 	 	

	 	 	 	 	
 

acceleration 	
20

m
s 0

m
s

10	s	
 

acceleration = 2 m/s2 

 

Well done. We hope that the exercise was not too challenging.  As you 
have noticed in Figure 8.2.10 the graph is parallel to the x-axis.  This 
shows that the time changes but the velocity remains the same. The 
acceleration is zero for there is no change in velocity.  

 

In Figures 8.2.11a and 8.2.11b velocity increases with time but at 
different rates.  The acceleration is the rate of increase in velocity with 
time.  The objects in both Figures 8.2.11a and 8.2.11b are accelerating.  
However, there is a marked difference in the slope (gradient) of the 
graphs which is a clear indication of the rate.  As such the acceleration in 
Figure 8.2.11b is greater than the acceleration in Figure 8.2.11a.  
Remember in velocity/time graph the slope (gradient) gives the 
acceleration and the deceleration depending on whether the graph is 
ascending or descending.  
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Now, we are going to consider a short journey of a vehicle requiring the 
calculation of its acceleration.   

 

 

 

Activity 

Activity 8.2.3 

You should spend about 10 minutes on this activity  

A bus starts from rest and accelerates uniformly and reaches a final 
velocity of 20m/s in 10 seconds.  It travels at this velocity for another 20 
seconds then the driver applies the brakes and the bus decelerates 
uniformly and comes to rest in another 5 seconds. 

 

 

1. Use the graph paper provided and draw a velocity time graph for 
the complete journey.  

2. Use the graph you have drawn to calculate the acceleration of the 
bus for: 

a. the first ten seconds of the journey. 



 

 

b. the next 20 seconds of the journey. 

 

 

c. the last five seconds of the journey. 

 

 

We hope that this activity was easy for you.  Now, please refer to the 
Feedback to Activity 8.2.3 for the solutions. 

 



 
31  

 

 

 

Feedback 

Feedback to Activity 8.2.3 

1.  

 

2a)  acceleration 	
	 	

	 	
 

acceleration 	
20

m
s 0

m
s

10	s	
 

acceleration 2	m/s  

 

2b)  acceleration 	
	 	

	 	
 

acceleration 	
20

m
s 20

m
s

30s 10	s	
 

acceleration 	0	m/s  

 

2c)  acceleration 	
	 	

	 	
 

acceleration 	
0
m
s 20

m
s

35s 30	s	
 

acceleration 	
20

m
s

5s	
 

acceleration 4 m/s  



 

Well done!  It was not that difficult after all was it?  Now we are going to 
consider the velocity of a car undergoing changing acceleration. 

 

 
Figure 8.2.12: Velocity-time graph (changing velocity) 

Drawn by: Lionel Goonetilleke, November 2010 

 

As shown in Figure 8.2.12 the car starts from rest at point A and 
accelerates to point C.  The graph is steepest at point B.  Hence the 
acceleration of the car is greatest at point B.  It must be noted that from 
point A to B the acceleration is increasing (the steepness of the graph is 
increasing), beyond point B the acceleration is decreasing (the steepness 
of the graph is decreasing).  Beyond point C, there is no acceleration 
(graph is parallel to the x-axis). 

 

After having studied various velocity-time graphs you are ready to use 
these types of graphs to calculate the distances travelled.  However, for 
simplicity we are going to consider only straight line graphs.  Figure 
8.2.13, is a graph showing the velocity of a car at a point when it was 
travelling at a velocity of 40km/h which was maintained for 4 hours.   
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Figure 8.2 13 Velocity-time graph (Constant velocity) 

Drawn by: Alex Souffe, November 2010 

 

At the end of the period of 4 hours, the distance travelled by the car can 
be calculated by using the equation:  

average	velocity 	
total	distance	travelled

	time	taken
 

 

Since there was no change in velocity, the average is 40 km/h. 

The total time for the journey is 4 hours. 

 

From the above equation,  

the	total	distance	travelled	 	average	velocity	 	time	taken	

the	total	distance	travelled 	40	km/h	x	4	h		 

the	total	distance	travelled 	60	km 

 

As you can see from Figure 8.2.13, the average velocity of 40 km/h is 
represented by the part AB and the time taken is represented by the side 
AD.  The product of AB and AD (40 km/h x 4h) is 160 km, which is also 
the area under the line BC (the blue area) of the graph.  This finding has 



been proven by scientists many years ago, so you can use the area under 
the line of the velocity-time graph as a convenient method to calculate 
distance travelled.  

 

Now let us consider a velocity-time graph showing the motion of a car 
undergoing uniform acceleration starting from rest as shown in Figure 
8.2.14. 

 

 
Figure 8.2.14: Velocity-time graph (uniformly increasing velocity) 

Drawn by: Alex Souffe, November 2010 

We are going to workout the distance travelled by calculating the area 
under the line of the graph.  The area under the graph (the shaded area) is 
represented by a triangle PQR.   

Area	of	a	triangle	 	½	base	x	height	

Area	of	a	triangle	 	½	PR	x	QR	

Area	of	a	triangle	 	½	x	10	s	x	25	m/s	

So	the	distance	travelled	 	125m	

 

Now you are ready to use this strategy to solve problems involving 
distance travelled and velocity time graphs. 
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Activity 

Activity 8.2.4 

You should spend approximately 10 minutes on this activity  

Use the velocity time graph of a car in Figure 8.2.15 to answer questions 
a) to d). 

 

 
Figure 8.2.15: Velocity/ time graph 

 

1. Calculate the distance travelled: 

a. while the car was accelerating; 

 

 

 

b. while it was moving at constant velocity; 



 

 

c. while the car was decelerating; and 

 

 

d. the total distance travelled by the car. 

 

 

We bet that this activity easy to tackle.  Please refer to the Feedback to 
Activity 8.2.4 for the correct answers. 
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Feedback 

Feedback to Activity 8.2.4 

For ease of comprehension the different stages of the car’s journey (a to 
c) shown in Figure 8.2.15 has been shaded in a different colour.  
Remember: distance travelled in a velocity-time graph is represented by the 
area under the line of the graph. 

 

a. Distance travelled while the car was accelerating is represented 
by the area of the first triangle (blue).  

Area	of	triangle	 blue 	 	½	base	 	height	

Area	of	triangle	 blue 	2	s	 	30	m/s	

Area	of	triangle	 blue 	2	s	 	30	m/s	

So	the	distance	travelled	 	30m	

 

b. Distance travelled while the car was moving at constant velocity 
is represented by the area of the rectangle (green).  

Area	of	rectangle	 green 	 	base	 	height	

Area	of	rectangle	 green 	 	½	2	s	 	30	m/s	

Area	of	rectangle	 green 	½	x	2	s	 	30	m/s	

So	the	distance	travelled	 	60m	

 

c. Distance travelled while the car was decelerating is represented 



by the area of the second triangle (red).  

Area	of	triangle	 red 	 	½	base	 	height	

Area	of	triangle	 red 	 	½ 	1	s	 	30	m/s	

Area	of	triangle	 red 	 	½	 	1	s	 	30	m/s	

So	the	distance	travelled	 	15m	

 

d. The total distance travelled by the car is given by the total area 
under the line graph.  So, 

total	distance	travelled	by	the	car a b c  

total	distance	travelled	by	the	car 	30m	 	60m	 	15m	

total	distance	travelled	by	the	car = 105 m 

 

Well done!  Now we are going to consider distance-time graph of a car 
undergoing uniform acceleration. 

 

 

8.2.5 Distance Time Graphs 

A battery operated toy car travels with uniform velocity on flat surface 
covers equal distances in equal time intervals.  Figure 8.2.16 shows the 
distances travelled by the car over a period of five seconds.  The graph 
shows how the distances travelled in equal intervals of time.   

 

 
Figure 8.2.16:Distance-time graph showing constant velocity 
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Drawn Alex Souffe, November 2010 

 

As equal distances are covered in equal time intervals, the velocity of the 
toy car is constant (uniform), hence zero acceleration.  Remember the 
slope or gradient of a distance -time graph represents the magnitude of 
the velocity of the car.   

 

On the other hand Figure 8.2.17 is a distance- time graph showing part of 
the journey of a toy car while its velocity kept on changing.  

 
Figure 8.2.17 Distance-time graph showing increasing velocity 

Drawn and photographed by Lionel Goonetilleke, November 2010 

 

To gain better understanding of the change in velocity we have 
considered the distances travelled during two selected equal time 
intervals.  It is evident that the distance travelled in the first second as 
shown by the dotted line is less than 5 m and the distance travelled during 
the third second is greater than 5 m.  This indicates that the velocity of 
the car over the latter period (third second) was greater than in the first 
second.  This increase in velocity also indicates that the car was 
accelerating. 

 



As you may be aware it is time consuming to draw graphs each time 
when one has to workout the velocity and other related quantities of 
moving objects.  Scientists have come up with mathematical equations 
involving quantities related to the motion of objects.  However these 
equations, referred to as “equations of motion” can only be used with 
objects moving with uniform (constant) acceleration and in a straight line. 

 

When considering the motions of objects in straight lines, the quantities 
normally involved are distance travelled, initial velocity, final velocity, 
acceleration and time.  For convenience, they are represented by accepted 
symbols s, u, v, a, and t respectively.  (Please note that all of the different 
quantities may not be involved in every situation). 

 

First, we will consider acceleration.  As stated above acceleration is 
defined as the rate of increase in velocity with time.  It is represented by the 
equation: 

acceleration	 	change	in	velocity	/	time	taken. 

In symbolic form:  a 	v	–  

at	 	v	 	u	

v 	u	 	at   (1) 

 

 

 

Note it! / 
Important! 

Please note that:  

i. the initial velocity u and the final velocity v refer to the start and 
finish of the timing and do not necessarily mean the start and the 
finish of the motion; and  

ii. for all bodies starting from rest “u” is always zero, so the 
equation (1) becomes v = at for objects starting from rest and 
moving in a straight line.  

v = at  

 

Hence, we can use this equation to determine any one of the three 
quantities for any object starting from rest if the other two quantities are 
known. 
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Say for example a motorcyclist starts from rest and accelerates uniformly 
at 4 m/s for 5 seconds.  Then its final velocity at the end of the five 
seconds can be calculated by using the equation: “v = at”. 

 

Can you see why?  

Yes, this is due to the fact that the motorcyclist starts from rest, so its 
initial velocity (u) is zero and can be left out of the equation:  

“v u 	at. 

We will proceed to solve the problem by following the steps shown 
below. 

 

Step 1: List the “known values” and the “unknown values”. 

u	 	0	m/s,	

t	 	5	s,	

a	 	4	m/s ,	

v	 	?	

 

Step 2: Write the correct formula.  

v	 	at	

Step 3: Substitute the known values in the equation. 

v	 	4	m/s 	5	s 

Step 4: Calculate your answer, including units.  

v	 20	m/s 

	

So far we have leant about the relationship between distance, velocity and 
time, and you have even used the equation v = at to solve problems.  Now 
we are going to focus our attention on another equation which involves 
distance, velocity, acceleration and time.  We are going to once again 
consider the journey of the motorcyclist but we are interested in working 
out the distance he/she travelled in the stated time.  The question 
indicates that the motorcyclist ‘starts off from rest and accelerates 
uniformly at 4 m/s/s (ms-2) for 5 seconds.  We would like to know the 



distance he/she travelled at the end of the journey.  So far we have learnt 
that the distance travelled could be calculated by finding the area under a 
velocity-time graph.  Since no graph is given we are going to show you 
how to obtain an equation for calculating the distance travelled (s) in 
situations where time and acceleration are given. 

 

From the example, the following information is provided – initial velocity 
(u); acceleration (a) and time (t). But so far we have addressed only one 
equation v = u +at, with a focus on situations where u = 0 only, giving v 
= at.  Since we want an equation involving distance travelled (s), 
acceleration and time we are going to use these two relationships:  

i. average velocity =    (1) 

ii. average velocity =   (2) along with the equation 

iii. v = u+at  (3) 

 

Now we are going to use the equation of motion (3) and the two 
relationships (1) and (2) to derive an equation for solving distance 
travelled. 

 

Equation of motion: v = u + at 

Since average velocity =  

Using (i) and (ii) giving average velocity =  . 

  simplified gives , where 2/2 are cancelled leading to step 
(iii) below. 

(iii) average velocity =  

If ‘s’ is the distance moved in time ‘t’, then  

average	velocity	 	
distance
time

 

 

(iv) average	velocity 	  

 

Using (iii) and (iv),   =   

Replace v in equation (ii) by 	 gives  

, which is simplified to average 

velocity =  
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Multiply both sides by” t”  	 	  

1
2

 

 

For objects starting from rest u = 0, therefore, ut = 0.   

Therefore the s =ut + ½ at2 can be written as:   

s = ½ at2 

 

 

Note it! / 
Important! 

You need to remember the formula “s = ½ at2” and NOT the steps for 
obtaining it from the other formulae as illustrated above. 

Now we can use this equation to calculate the distance travelled by the 
motorcyclist as given in the example: 

The motorcyclist starts from rest and accelerates uniformly at 4 m/s2 for 5 
seconds.  Then its distance travelled at the end of the five seconds can be 
calculated by using the equation: “s = ½ at2”. 

 

Step 1: List the “known values” and the “unknown values”. 

t = 5 s, a = 4m/s2 , s = ? 

Step 2: Write the correct formula.  

s = ½ at2 

Step 3: Substitute the known values in the equation. 

s = ½ × 4 m/s2× 5 s ×5 s 

Step 4: Calculate your answer, including units.  

s =.50 m 

Now you are ready to solve problems involving distance, velocity, time 
and acceleration. 



 

Activity 

Activity 8.2.5 

You should spend about 20 minutes on this activity  

You are required to use these two formulae ‘v = at and s = ½ at2’ to 
answer the questions 1 to 2 below. 

1. A car starts from rest and accelerates uniformly at 3m/s2 for 5 
seconds.  Calculates its velocity in the 5th second. 

 

 

2. A car accelerates uniformly from rest and reaches a velocity of 
30m/s in 6seconds.  Calculate:  

a. the acceleration of the car.   

 

 

b.  the distance it travelled at the end of the 6th second. 
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We hope that you have found this activity easy to tackle.  Please refer to 
the Feedback to Activity 8.2.5 for the answers. 

 

 

 

Feedback 

Feedback to Activity 8.2.5 

1. u = 0 m/s, t = 5 s, a = 3m/s2, v = ? 

v	 	at	

v	 	3	m/s2	x	5s	

v	 	15	m/s	

 

2 

a. u = 0 m/s, t = 6 s, v = 30m/s, a =?,  

v	 	at	

a	 	v/t	

a	 	30	m/s/6s	

a	 	5	m/s 	

 

b. From (a) t =6 s, a = 5 m/s2, s = ? 

s	 	½	at 	

s	 	½	x5	m/s x	6	s	x	6s	

s 90 m 

 



 

 

Note it! / 
Important!  

Remember!  If you were given a velocity-time graph you could have used 
it to work out the distance travelled. 

 

Well done!  The questions were not too difficult after all was it?  You 
have come to the end of Topic 8.2 and in fact the end of the unit.  Before 
you have a go at the self assessment for the unit, let us review what you 
have learned. 

 

 

Unit summary 
 

 

Summary 

In this unit you learned that distance is different from displacement 
although they are both measured in the same unit (metres, kilometres, 
etc.).  Distance is the actual length of the journey and has magnitude only 
whilst displacement has both magnitude and direction and is the shortest 
distance between two points. 

 

You studied about speed, velocity and acceleration.  Speed is the rate of 
change of distance with time and it is measured in metre/second (m/s).  
Similarly, velocity is also measured in metres per second (m/s) but the 
direction of motion has to be included, unlike speed.  Hence, velocity, 
like displacement is a vector quantity while speed is a scalar quantity.  

 

You also learned that acceleration is the rate of increase in velocity with 
time and a rate decrease in velocity is called deceleration.  Acceleration is 
measured in metres per second per second (m/s2). 

 

Finally, you learned how to use velocity /time graphs, distance/time 
graphs, some equations of motion to calculate acceleration, the distance 
travelled and related quantities of objects moving in straight lines.  

 



 
47  

 

 

 

Assessment 

 

Self-assessment 8.1. 

You need 20 minutes to do the self-assessment for Topics 8.1 and 8.2.  
This self-assessment covers the whole unit and it will not be submitted 
but marked by you.  Once again you are strongly advised to answer all 
questions before you refer to the Answers to Self-assessment 8.1 at the 
end of the unit.  This will help you learn and reflect better on areas for 
improvement. 

 

Answer the following questions: 

 

1. The graph shows how the speed of a car changes with time 

 

 

Which of the following gives the distance travelled in time 
interval OZ? 

A The area OXYZ 

B Length OX × length YZ 

C Length OX + length YZ 

D The length (YZ - OX) 

 

2. Which of the following statements is true about distance and 
displacement? 

A Displacement depends on the route taken. 



B Displacement is the physical distance travelled. 

C Distance depends on the route taken. 

D Distance is the physical distance travelled in a given direction 

3. Which of the following statements is true about speed and 
velocity? 

A Speed has direction only. 

B Speed is a vector quantity. 

C Velocity has direction only. 

D Velocity has size and direction. 

 

4. A motorcycle accelerates from traffic lights.  The graph shows 
how the motorcycle’s speed changes with time. 

 

 

How far does the motorcycle travel before it reaches a constant 
speed? 

A 15 m   

B 30 m   

C 225 m  

D 450 m. 

 

5. A bus travels 200 km.  During the journey the bus achieved a 
maximum speed of 90 km/h, and a lowest speed was 20 km/h.  
The journey takes four hours. 

What is the average speed for the journey? 

A 20 km/h  
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B 50 km/h  

C 55 km/h  

D 110 km/h. 

 

6. The distance time graph in Figure 15.2.18 shows the journey of a 
bus which started at 6.00 a.m.  The different stages of its journey 
is marked by the letters P, Q, R, S,T and U. 

 

 

 
Figure 15.2.18:Distance-time graph 

Sketched by Alex Souffe, November 2010 

 

a. What is the total time taken for the journey including stops? 

 



 

b. How many stops did the bus make during the journey? 

 

 

c. What is the total time the bus stopped during the journey? 

 

 

d. What is the total time that the bus was in motion? 

 

 

e. What is the average speed of the bus, excluding stops? 
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f. At which stage of the journey did the bus travel the fastest?  
Give a reason for your answer. 

 

 

7. A car covers a distance of 1920 m in 4 minutes due south.  
Calculate its velocity in: 

a. m/s 

 

 

b. km/h 



 

 

 

 

We have now completed the study on Motion.  We are sure that you have 
gained new knowledge on distance, displacement, speed, velocity and 
acceleration of bodies in motion.  

Below you will find the Answers to Self-assessment 8.1. 
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Answers to self-assessments 
 

 

Answers to Assessment 

Answers to Self-assessment 8.1 

1. A 2. C 3.D  4. C 5. B  

6  

a. 5 hours (from 6 am to 11 am) 

b. 2 stops (between QR and ST) 

c. 1½ hours ( 8 am to 8:30 am and 9:00 am to 10:00 am) 

d. 3½ hours (from 6:00 am to 8:00am = 2 hours; 8:30 am to 9:00 am 
= ½hour and 10:00am to 11:00 am = 1 hour) 

e. Average	speed total	distance	travelled/total	time	in	motion	

Average	speed	 	80km/3.5	hours	

Average	speed	 	22.8	km/h	

f. Between R and S.  The line is steepest between R and S. 

7 

a. s = 1920m, t = 4 minutes = (4 × 60) = 240 s,  v= ? 

average		velocity 	
s
t
 

average	velocity 	
1920	m
240s

 

average	velocity 	8	m/s 

 

b. s = 1920m = (1920m/1000 km), t = 4 minutes = (4/ 60) = 0  v= ? 

average		velocity 	
s
t
 

average		velocity
1920
1000

km
4
60

 



average		velocity km 	h 

average		velocity
1920
1000

60
4

 

average		velocity 28.8	km/h 

 

Well done! Now you are ready to move onto Unit 9.  Good luck! 
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Unit 9 

Force and Motion 

Introduction 

Welcome to the 9th unit of the “Coordinated Science Course.” The unit is 
entitled Force and Motion.  It consists of three main topics – Balanced and 
unbalanced forces, friction and relationship between force, and mass and 
acceleration.  Hence, in this unit we will discuss forces, inertia, friction, and 
the effects of forces in general. We will whenever possible provide 
opportunities for you to try out some basic experiments and to apply 
principles and formulae learnt within the unit.  

 

In this unit you will learn about:  

 SI unit of force. 

 The effects of unbalanced and balanced forces on the motion of 
objects.   

 Friction and its effects on motion. 

 The relationship between force, mass and acceleration . 

 How to use the equation F=ma in simple problems. 

 

We hope that this Physics unit will be both interesting and enjoyable to 
you. 

 

 

 

 

 

 

 



Upon completion of this unit you will be able to: 

 

Outcomes 

 state that force is measured in newtons. 

 explain that unbalanced forces change motion and that in the absence 
of an unbalanced force, an object will either remain at rest or travel 
with a constant velocity. 

 carry out experiments to show that friction often provides an opposing 
force acting on moving bodies. 

 state that the relationship between force, mass and acceleration is 
given by the equation F=ma. 

 use the relationship F=ma in simple problems. 

 describe qualitatively that the acceleration of a body depends both on 
its mass and on the size of the unbalanced force acting on it. 

 

 

Terminology 

Contact forces: Forces acting on objects that are touching each 
other. 

Friction: A force that opposes the movement of objects that 
is touching each other. 

Inertia: The property of mass which resists change in 
motion. 

Non-contact forces: Forces that act at a distance. 
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How long? 

Table 9.1.0 below shows the number of formal study hours needed for 
you to complete this unit and the number of hours that you need to devote 
for self-study. 

 

Table 9.1.0: The time needed for you to work on this unit 

 

Category of 
students 

Number of 
formal study 
hours needed 

Number of 
hours for 
self-study 

Full-time student outside 
the conventional school 
setting 

4 hours  2 hours  

Full-time student within 
the conventional school 
setting  

OR 

Part-time student 

4 hours  2 hours  

Topic 9.1: Effects of forces 

 

 

How long? 

You will need 1hour and 30 minutes at the most to complete this topic. It 
is advisable that you spend another 45 minutes of your own time to 
further practice the activities learnt. Make sure you read and understand 
everything in order to achieve the specific objectives 



 

9.1.1 Balanced forces 

 

Reflection 

Reflection 9.1.1 

You should spend about 5 minutes on this reflection 

We will start off this topic by inviting you to reflect on the effects of 
forces by stating at least five instances or examples in your everyday 
activities where you think forces are used. 

 

1. 

2. 

3. 

4. 

5. 

6. 

 

 

 

 

Feedback 

Feedback to Reflection 9.1.1 

Well done!  We are certain that based on what you have done so far, you 
managed to give examples such as when a push or a pull or objects have 
changed size or shape such as kicking a ball, stretching of an elastic band, 
crushing of garlic, riding or stopping your bicycle, etc..  At this stage, 
becoming familiar with what forces do, you should have started to 
develop better understanding of what a “force” is. 

 

We must admit that it is difficult to define force but from our everyday 
experiences, we could in simple terms describe ‘it as a “pull” or a “push” 
that one object applies on another object’.  Furthermore, as you have 
started to notice in the other units, it can have several observable effects 
on things.  For example, it can change the shape, size and motion of 
objects.  The SI unit of force is the newton (N).  Please note that in Unit 
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17 Gravity, you will have the opportunity to experience how large a force 
of one newton is. 

Now we are ready to start considering forces in action in different 
situations.  Figure 9.1.1 shows a man sitting on a chair.  While he is 
sitting, he is exerting a force on the chair called his body weight or action 
force.  The chair reacts by exerting an equal but opposite force to his 
weight called the reaction force. 

 

 

 

 

 

 

 

 

 

Figure9.1.1: Picture of a man sitting on a chair 

Photographed by Alex Souffe, October 2010 

 

Since these forces are equal in magnitude and opposite in direction, he 
remains stationary (at rest).  That is, he did not go down through the seat 
of the chair nor up.  In such a situation, we say that the forces are 
balanced. 

 



 

 

Activity 

Activity 9.1.1 

You should spend about 15 minutes on this activity. 

For this activity you will need a friend, two spring balances and a flat 
surface. 

Procedure: 

Use the two spring balances to try this simple contest (activity) as shown 
in Figure 9.1.2 

1. Label one A and the other B. 

2. Hook the two spring balances and place them on a flat surface 
(eg. Table) 

3. Ask your friend to hold one and pull in one direction while you 
pull in the opposite direction while they rest on the flat surface. 

4. Note the reading on each balance.  (Please ensure that the two 
spring balances are in a straight line and that they are stationary while 
the readings are taken). 

5. Repeat with slightly different forces and change hands.   

 

 

 

Figure9.1.2: Picture of 2 spring balances 

Photographed by Lionel Goonetilleke, November 2010 

 

1. Which of the two spring balances won the contest? 
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Feedback 

Feedback to Activity 9.1.1 

You are right; neither of the two spring balances won the contest.  All the 
different pairs of readings were the same but they were in opposite 
directions. 

 

Good observations!  In fact such observations were made many years ago 
by a great scientist, Sir Isaac Newton.  He noticed that forces always 
acted in pairs and that the two forces were always equal in size 
(magnitude) but opposite in direction.  He called the pair of forces action 
and reaction.  His observations gave rise to the fact that a single object 
cannot experience a force by itself.  In everyday situations, forces exist 
because two objects exert a push or pull on each other.  Therefore, forces 
always occur in pairs.  This has been summarized by Newton’s third Law 
of Motion, which states that: 

 

Often this law is expressed in the form of: To every action there is an 
equal but opposite reaction.  Now, we will consider two more examples 
in everyday situations where the action-reaction pair of forces occurs.  
The first example as shown in Figure 9.1.3 is a pile of books on a table. 

 

 

 

 

 

 

 

If body A exerts a force on body B, then body B will exert an equal and 
opposite force on body A. 



Figure 9.1.3: A pile of books on a table. 

Photographed by Alex Souffe, November 2010 

 

The books are at rest.  This is because they are pushing downward, due to 
their weight (action force) on the surface of the table and the table is 
pushing upward on them with an equal and opposite force (reaction 
force). 

 

 

 

 

 

 

 

 

 

Figure 9.1.4: Two teams contesting a tug-of-war 

Photographed by Alex Souffe, November, 2010 

 

The second example as shown in Figure 9.1.4 is about two teams 
contesting in a tug-of-war.  Say that at the initial stage, the rope is 
stationary due to the fact that the two teams are pulling with equal forces 
in opposite directions.  At this stage we say that the total force of each 
team is opposite and balanced.  Obviously, after sometime one team is 
bound to get tired (say team A), so the other team’s (say team B) total 
force will be greater than team A.  As a result, team (A) is bound to be 
pulled (moved) in the direction of team B.  At this stage we say that the 
opposite forces are unbalanced unlike in the first situation. 

 

In the first example, it is obvious that only a balanced force was acting in 
the situation of the pile of books and the table.  Consequently, the books 
which were at rest, remained at rest.  This shows that the sum of the two 
forces (action and reaction) known as the resultant force was zero. (If you 
feel that you have forgotten the idea of resultant forces please go back to Unit 
3 to do some review.)   
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In the second example (tug-of-war), initially the two teams did not move 
in any direction.  This is because they were pulling with equal and 
opposite forces and their resultant force was zero.  However, later on team 
A was pulled (i.e. moved) in the direction of team B.  This shows that the 
sum of the two forces (resultant force) was NOT zero (i.e. unbalanced).  
In fact the pulling force of team B was larger than that of team A, so the 
opposite forces were unbalanced. 

 

So far we have addressed two examples of the effects of forces acting on 
objects at rest. Now we will turn our attention to the effects of forces on 
moving objects.  We are going to invite you to try Activity 9.1.2 with your 
friends. 

 

 

 

Activity 

Activity 9.1.2 

You should spend approximately 20 minutes on this activity. 

For this activity you will need a friend, a bicycle and a flat stretch of 
road. 

Procedure:  

1. Ask your friend to ride the bicycle as shown in Figure 9.1.5 

 

 

Figure 9.1.5: Cyclist riding along a flat road 

Photographed by Alex Souffe, October 2010 

 



 

1. What action caused the bicycle to move? 

 

 

 

 

2. What did your friend try to do in order to ensure that the bicycle 
moved at the same velocity along the flat road? 

 

 

 

 

3. What happened to the motion of the bicycle when your friend 
stopped pedaling? 

 

 

 

 

4. What caused the change in the motion of the bicycle? 

 

 

 

 

5. Based on the idea that ‘forces’ always act in pairs, what can you 
say about the magnitude of the force that caused the bicycle to 
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move compared to the force that caused it to slow down at the 
time it was moving at the same speed? 

 

 

 

 

 

 

Feedback 

Feedback to Activity 9.1.2 

1. The pedalling force applied by the cyclist caused the bicycle to 
move. 

2. He tried to ensure that the pedaling force was kept the same. 

3. When he/she stopped pedaling the bicycle slowed down until it 
stopped. 

4. The change in the motion of the bicycle was caused by opposing 
forces mainly due to air pushing on the body of the cyclist (air 
resistance) and the surface of the road in contact with the tyres of 
the bicycle (friction). 

5. At the time the bicycle was moving at the same speed, the two 
opposing forces (i.e. one causing forward motion and the other 
opposing the forward motion) were equal but acting in opposite 
directions. 

 

Good work!  We hope that you did not find this activity and the questions 
too challenging.  More importantly you should have begun to appreciate 
the effects of forces on a moving body.  We will draw your attention on 
two phases of the motion of the bicycle; (i) the stage it was moving at 
constant velocity and (ii) the stage when the cyclist stopped pedaling and 
the bicycle slowed down and eventually came to rest. 

At the time it was moving at constant velocity, the pedaling force of the 
cyclist that caused the bicycle to move forward was equal and opposite to 
the force that caused the bicycle to come to rest when the cyclist stopped 
pedaling.  Hence, at the time the bicycle was travelling at constant 
velocity the resultant force was zero (i.e. equal and opposite), so the 
forces were balanced. 



During the stage when the cyclist stopped pedaling the magnitude of the 
two forces changed.  The force that caused the moving bicycle to slow 
down and eventually come to rest became larger than the force that 
caused the bicycle to move forward (in fact pedaling force was zero).  At 
this stage of the motion of the bicycle, the sum of the two forces 
(resultant force) was NOT zero, so the forces were unbalanced. 

We won’t be surprised if by now you are wondering what would happen 
to the motion of the bicycle at the time the cyclist stopped pedaling if 
there were no opposing forces.  Well, you are not wrong if you were 
thinking that it will continue to move with the same velocity in a straight 
line.  In fact, this is what happens to a spaceship when travelling deep in 
space where there are no opposing forces.  It continues to travel in a 
straight line without changing velocity.  It does not need its engine to 
continue moving with the same speed.  However, it needs a force from its 
engine to change its speed or direction. 

These ideas are summarized in Newton’s first Law of Motion, which 
states: 

If the forces acting on a mass (object) are balanced (no resultant force), 
then  

 If the mass (object) is at rest, it stays at rest. 

 If the mass (object) is moving, it keeps on moving at a constant 
speed in a straight line. 

According to Newton’s first Law, a force is needed to make a body move, 
stop it from moving or change its velocity.  We are also aware that all objects 
resist a change in velocity, including zero velocity (at rest).  Newton 
called this resistance to change in velocity inertia.  Inertia is the property 
of mass that ‘resists’ change in motion.  It is the ‘laziness’ of objects to 
start moving if they were at rest or to stop if they were moving. 

Inertia can be shown by doing a simple experiment as shown in Figure 
9.1.6.  Have fun! But more importantly think of the physics involved. 
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Activity 

Activity 9.1.3 

You should spend about 10 minutes on this activity. 

For this activity, to investigate one of the effects of inertia, you will need 
an empty glass bottle, a coin, a strip of paper and a ruler. 

Procedure: 

1. Rest a coin on a strip of paper over the mouth of a bottle as 
shown in Figure 9.1.6 

2. Remove the paper quickly. This can be done by holding the free 
end of the paper in one hand and striking the paper with the fore 
finger or ruler with a downward force. 

3. Repeat the activity. 

 

 

 

 

 

 

 

 

 

Figure 9.1.6: Set up to investigate one effect of inertia 

Photographed by Alex Souffe, October 2010 

 

 

1. What did you observe? 

 



 

 

 

 

2. According to Newton, which property caused the coin to behave 
in this way? 

 

 

 

 

 

 

Feedback 

Feedback to Activity 9.1.3 

1. The coin stayed on the mouth of the bottle. 

2. Inertia is the property of the coin (mass) that caused it to ‘resist’ 
change in motion. 
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Well done!  When you removed the paper quickly, the coin stayed on the 
mouth of the bottle.  This is because the coin was in a state of rest and it 
was reluctant to move.  Now try Activity9.1.4. 

 

 

Activity 

Activity 9.1.4 

You should spend about 10 minutes on this activity. 

For this activity you will need two identical containers with a capacity of 
about 4 to 5 litres, two pieces of rope and some sand or water. 

Procedure: 

Hang two similar containers as shown in the Figure 9.1.7. Leave one 
empty and fill the other with sand or gravel. 

Try to push them forward through a distance of about 30 cm from their 
rest position and let go. 

While the two cans are swinging try to stop them. 

Repeat the experiment at least two times.  Note your observations and 
then answer the questions below. 

 

 

 

 

 

 

 

 

 

 

Figure 9.1.7: Two identical containers of different masses used to investigate 
inertia 

Photographed by Alex Souffe, October 2010 



1. Which container was more difficult to move? 

 

 

 

 

2. Which container was more difficult to stop from moving? 

 

 

 

 

3. Which container needed a larger force to move and to stop it 
from moving? 

 

 

 

 

 

 

Feedback 

Feedback to Activity 9.1.4 

1. The full container. 

2. The full container. 

3. The full container. 

Good observations!  The full container was more difficult to move and to 
stop from moving than the empty one.  So we can say the heavier 
container (having more mass) had a higher resistance to changes in its 
state of motion. 
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From your everyday experience you could have observed that it is more 
difficult to push a car than a bicycle from rest and likewise, it is more 
difficult to stop a car than a bicycle, travelling at the same speed. 

When you are travelling in a car, your body is moving at the same speed 
as the car.  If the driver quickly applies the brakes, your body continues 
moving forward.  This can be very dangerous if you are in the front seat 
because you can hit the windscreen or windshield. To prevent this from 
happening people have to wear seatbelts.  They prevent the passengers 
from being pushed forward quickly. 

 

 

 

 

 

 

 

Figure 9.1.8: Seat belt stopping a person from going through the wind screen. 

Photographed by Alex Souffe, October 2010 

 

From the above example, when the brakes of the car were applied the 
braking force opposed the forward motion of the car and it eventually 
stopped.  The force that opposed the forward motion of the car is called 
friction.   

This brings us to the end of topic 9.1. What forces did we learn about in 
this topic? What are some things that Newton observe in regards to 
forces? Again, try to think how all of these forces play a role in your 
everyday life to help you understand the concepts better.  

In Topic 9.2 we are going to address the frictional force in greater detail. 

 

 

Topic 9.2: Friction 
 



 

How long? 

You will need 1hour and 10 minutes at the most to complete this topic. It 
is advisable that you spend another 35 minutes of your own time to 
further review the activities. Make sure you read and understand 
everything in order to achieve the specific objectives 

 

Although we do not frequently talk about friction in our everyday 
experiences, it is a very important force to us.  Hence, in this topic we are 
going to focus on the effects, advantages and disadvantages of friction.  
We will start off by inviting you to carry out a simple activity. 

 

Simply move your hand through the air and then try to place it on a table 
and move it forward.  You should have noticed that it was more difficult 
to move your hand when it was placed on the surface of the table.  This is 
because your hand was in contact with the table top.  The table top 
offered an opposing contact force which acted against the direction you 
moved your hand.  The force that opposed the forward motion of your 
hand is friction.   

 

9.2.1 What is friction? 

Friction is a force that opposes the movement of objects that are touching 
each other. 

Clearly, it is an example of a contact force as mentioned earlier and it 
exists while the force is being applied irrespective of whether the object 
is moving or stationary.  The friction on stationary objects is called static 
friction and that on moving objects is called dynamic friction. 
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Activity 

Activity 9.2.1 

You should spend about 15 minutes on this activity. 

For this activity you will need a spring balance, a rough flat surface, a 
well polished flat surface, a rectangular block of wood, a mass of 1kg and 
a piece of string or a hook. 

Procedure 

1. Set up the experiment with the string tied to the block of wood 
and the spring balance, as shown in Figure 9.2.1 below. 

2. Place the block on its largest surface on the unpolished (rough) 
flat surface. 

3. Pull gently until the block moves at roughly the same speed and 
note the force. 

4. Repeat steps 2 and 3 on the polished (smooth) flat surface. 

5. Repeat steps 1 to 3 but this time use an unpolished surface and 
place the block on its face with the smallest surface area. 

6. Record your observations in the table below. 

7. Repeat the experiment but this time place a mass of 1 kg on the 
block and record your observations in the table below. 

 

Figure 9.2.1: Set up to investigate frictional force 

Photographed by Alex Souffe, March 2011 

 



Observations 

 Varying factors 
(area and weight 
of block) 

Force needed to 
cause the block to 
move on an 
unpolished surface. 

(N) 

Force needed to 
cause the block to 
move on a 
polished surface 

(N) 

1.  Large area and 
normal weight 

  

2.  Small area and 
normal weight 

  

3.  Large area plus 
weight of 10N 
(1kg) 

  

4.  Small area plus 
weight of 10N 
(1kg) 

  

 

Conclusion 

In the space below write down what you noticed from the observations 
that you have made and recorded on the table above.  
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Feedback 

Feedback to Activity 9.2.1 

From the first experiments you should have noticed two things. 

i. When the block of wood was pulled along the rough surface, a 
larger force was required to cause it to start moving compared to 
when it was pulled along the smooth surface; and 

ii. The force needed to move the block when placed on its side with 
the smallest area required nearly the same force to make it start 
moving as when it was placed on its larger surface while in 
contact with a given surface. 

 

In fact if the experiments were done in ideal conditions, like scientists do, 
the magnitude of the force needed would have been the same for the two 
different areas of contact on a particular surface. 

 

Finally, you should have noticed that the force of friction which was 
opposing the movement of the block was due to the degree of roughness 
of the surface.  It must be noted that all surfaces (even the smoothest) if 
in contact will offer some degree of friction.  This is because all surfaces 
have ‘humps’ and ‘hollows’ which may only be visible under the 
microscope.  These ‘humps’ and ‘hollows’ tend to fit together and offer 
resistance to movement.  This explains why you had to initially apply a 
greater force to cause the object to start moving.  However, when it starts 
moving a lesser force was needed to keep it moving with constant 
velocity.  This is due to the fact that while it was in motion the humps and 
hollows from the two surfaces were not allowed to interlock. 

 

Friction does not only occur between solid surfaces.  It also exists when 
objects move through liquids and gases.  This type of friction is called 
fluid friction.  Fluid friction unlike solids depends on the surface area of 
the moving object.  The greater the surface area of an object moving 
through the fluid, the greater the friction will be.  This means that if the 
surface of an object moving through the fluid is large, the friction will 
also be large.  When an aircraft flies in the sky, it experiences friction.  
Where do you think the friction comes from?  Obviously, the plane flies 
through the air, so the resistance is caused by the air particles which 
oppose its motion.  This kind of friction is also called air resistance or the 
drag. 

 



Now that you know what friction is, it is time for you to consider some 
advantages and disadvantages of friction. 

Now let us look at some advantages and disadvantages of friction. 

 

 

9.2.2 Advantages of friction 

 

 

Reflection 

Reflection 9.2.1 

You should spend about 5 minutes on this activity. 

To help you appreciate the advantages of friction we are going to invite 
you to reflect on some everyday activities.  Have you ever tried to hold a 
glass or a plate with wet ‘soapy’ hands?  Well, it might have got you into 
trouble with your parents.  The glass slipped between your fingers and 
broke for there was very little friction between your hand and the glass. 

 

From this situation you should have realized that one of the advantages of 
friction is that it enables us to hold things firmly in our hands such as the 
pen or pencil you are using, your cup, comb, etc....  It also enables us to 
walk by pushing us forward without slipping and helps us to stop from 
moving.  This also applies to vehicles. 

For example a car moves due to friction between the surface of the road 
and the tyres.  Once it is in motion, it requires friction to stop it from 
moving but this time it is the friction between the brake pads and the 
brake disc as shown in Figure 9.2.2 and the friction between the tyres and 
the road surface. 

 

 

 

 

 

 

 

Figure 9.2.2: Hydraulic disc brake 

Source: http://en.wikipedia.org/wiki/File:Disk_brake_dsc03682.jpg 
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Friction could be increased by making the contact surfaces very rough and 
by increasing the normal force being applied.  On the other hand if friction 
is seen to be a nuisance, then it could be reduced by several means. 

 

Reflection 

 

Reflection 9.2.2 

You are advised to spend about 5 minutes on this activity. 

From your everyday experience, please think of at least two situations and 
strategies that you have used or familiar with to reduce friction. 



 

 

Feedback 

Feedback to Reflection 9.2.2 

Well, there are two basic ways of reducing friction when solid surfaces 
are in contact.  One is to prevent the solid surfaces from rubbing against 
each other and the other is to make the surfaces in contact smoother.  
Therefore, you might have stated the following strategies: 

1. The sliding surfaces could be separated by applying a film of oil 
or grease in a process called lubrication.  Oil and grease are 
called lubricants.  The lubricants help to reduce friction by 
separating the surfaces that rub against each other resulting in a 
cushioning effect.  In this way, the moving parts are not in 
contact with each other. This makes the surfaces in contact 
smoother like all the moving parts of engines such as the pistons 
and the surface of the cylinder, axle, etc.  

2. Rollers or Ball bearings reduce friction by separating the 
surfaces. Instead of surfaces rubbing against each other, they roll 
over each other. 

 

 

 

 

 

 

Figure 9.2.3: Ball bearings 

Source: http://upload.wikimedia.org/wikipedia/commons/3/30/BallBearing.gif 

 

 

Now we are going to invite you to investigate the above mentioned 
strategies by doing Activity 9.2.2 
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Activity 

Activity 9.2 2 

You should spend about 10 minutes on this activity. 

For this activity you will need for part A - a smooth table top, some 
talcum powder or flour, 1 cm3 of cooking/lubricating oil and for part B – 
a block of wood or a brick, and a set of 20 marbles. 

 

Procedure: 

Part A 

1. Place the palm of your hand on a smooth table top and slide it 
forward. 

2. Spread some talcum powder or flour on the table top (twice the 
area of your hand) and place your hand over the powder and slide 
it as in step 1. 

3. Wipe the table top and clean your hands properly. 

4. Then wet the palm of your hands with a few drops of cooking oil 
and repeat step 1. 

5. Clean the table top.  Wash and dry your hands. 

6. Record your observations in terms of the ease of movement. 

 

 

 

 

 

Part B 

1. Place a block of wood or a brick on a cemented floor and try to 
push it along the floor over a distance of 30 cm. 

2. Place the block of wood on a set of at least 20 marbles and try to 
move over a distance of 30 cm. 

3. Record your observations in terms of the ease of movement. 



 

 

 

 

 

 

 

Feedback 

Feedback to Activity 9.2.2 

Part A 

You should have noticed that it was easier to move your hand on the table 
when it was wet with oil and when it was over the powder/flour.  This is 
because oil and the powder prevented your hand from being in direct 
contact with the table surface.  This reduces the amount of friction. 

(Please note that oil and powder are two examples of lubricants.) 

 

Part B 

You should have noticed that it was easier to move the block of wood 
when placed on the marbles than on the floor.  This is because the 
marbles allowed the block to roll on them. 

(Please note that ball bearings as shown in figure 9.2.2 which are fitted to a 
wheel axle use the same principle). 

You are now ready to turn your attention to the disadvantages of friction. 

 

 

 9.2.3 Disadvantages of friction 

1. It can make surfaces that rub against each other to heat up, melt, 
and may even catch fire. 

You must have seen an automobile spin its wheels so much that 
the tyres start to smoke, or perhaps when the brakes of a vehicle 
are applied for a long time, they become red hot.  These are 
examples of friction creating heat energy and even causing 
damage to machines. 
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2. It can cause wastage of energy. 

In any type of vehicles such as cars, boats or airplanes --excess 
friction means that extra fuel must be used to power the vehicles.  
In other words, fuel or energy is being wasted because of the 
friction. 

3. It can make surfaces that rub against each other to wear out 
useful components (to be damaged). 

Any device that has moving parts or that are used over long 
period of time can wear out rapidly due to friction.  Some other 
examples of materials wearing out due to friction include the 
soles of your shoes, the moving parts in a car, stairs, car tyres, 
clothes, etc. 

4. It can make movement difficult. 

Any time you want to move an object, friction can make the job 
more difficult, so extra energy has to be spent in order to slide a 
heavy box across the floor, ride a bicycle or walk through soft 
sand. 

 

We would not be surprised if you are now wondering if friction is a good 
or a bad thing.  What do you think?  Well it depends on the situation, if 
you are trying to stop a moving car then it is a good thing but if you are 
trying to move a car from rest and the bearing of the wheels are not 
moving freely, then friction is a nuisance. 

 

Clearly a compromise has to be made between a high degree of friction 
and virtually no friction.  For example, if you wanted to slide a heavy box 
across the floor, you would want to reduce the friction between the box 
and the floor, so that it would be easy to move.  Rollers could be used to 
reduce friction so that less force is required to move the box. 

 

Friction is necessary in many applications to prevent slipping or sliding.  
But also, it can be a nuisance because it can hinder motion.  A good 
compromise is necessary to get just enough friction or a proper 
combination of frictions.  

Source: 
http://wiki.answers.com/Q/What_are_the_advantages_and_disadvantages_of_fri
ction  

Now that you have learnt that forces are used to maintain motion in 
everyday life because of the need to overcome friction, you are ready to 



study the relationship between force, mass and acceleration. 

 

At this stage we are going to draw your attention to Unit 8, Topic 8.2, 
where we addressed acceleration.  If you feel that there is a need for you 
to do some review, you may spend some time to go through Topic 8.2 
once again. 

 

 

Topic 9.3: Force, Mass and Acceleration 

 

 

How long? 

You will need 1 hour and 20 minutes at the most to complete this topic. It 
is advisable that you spend another 40 minutes of your own time to 
further practice the activities learnt. Make sure you read and understand 
everything in order to achieve the specific objectives 

 

From what you have studied so far, you learned that when an unbalanced 
force acts on an object, the object will start to move in the direction of the 
larger force, provided the unbalanced force is greater than the frictional 
force.  The size of the unbalanced force is the difference between the two 
opposite forces acting in the direction of the larger force and is called the 
resultant force.  It has the same effect as a single force in the direction of 
motion of the object.  The resultant force will make the object move 
faster (change in velocity).  In fact, an increase in the velocity of a body 
is referred to as acceleration. 
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Activity 

Activity 9.3.1 

You should spend about 20 minutes on this activity. 

For this activity, you will need for part A: a trolley of 1kg mass, a ticker 
timer, ticker tape and three identical elastic bands, and for part B, the 
same set of apparatus and two 1kg weights. 

Procedure for Part A 

1. Use a trolley of 1kg throughout the experiment. 

2. Attach a ticker tape to the trolley.  (You may refer to Figure 8.2.5 
of Topic 8.2, Unit 8). 

3. Attach one rubber band to the trolley and pull it to the edge of the 
trolley and try to maintain the same length while the trolley is 
moving. 

4. Allow the trolley to move a distance of 1m. 

5. Carry out three trials. 

6. Repeat steps 3 to 5 by using two and then three elastic bands 
respectively. 

7. Select a central part of 5 ticker gaps (i.e. 6 ticker marks) from one 
of the three trials in each experiment (i.e. 1, 2 and 3 elastic bands) 
and paste it in the table. 

 

 

 Force Ticker timer of 5 ticks 

1. 

 

One elastic band 

 



 Force Ticker timer of 5 ticks 

2. 

 

Two elastic bands 

 

3. 

 

Three elastic bands 

 

 

Questions 

1. Why were the elastic bands pulled the same distance each time? 

 

 

 

 

2. Why was the same trolley used each time? 

 

 

 

 

3. Why were ticker tape pieces with five ticker gaps used? 
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4. Which piece of ticker tape was the longest? 

 

 

 

5. Which trolley experienced the greatest force? 

 

 

 

6. Which trolley do you think experienced the highest acceleration? 

 

 

 

Procedure for Part B 

Repeat the experiment by using the same set up in part A, but this time 
make the following changes: 

1. Use the same force (i.e. one rubber band) for all three stages. 

2. Use a trolley of mass 1kg for the first stage. 

3. Repeat step 2, but this time increase the total mass of the trolley 
to 2 kg and then to 3 kg. 

4. Note your observations and then answer the questions. 

 

Questions 



1. Why were the elastic bands pulled the same distance each time? 

 

 

 

 

2. Which variable in the experiment was changed? 

 

 

 

 

3. Which piece of ticker tape was the longest and which one was the 
shortest? 

 

 

 

4. Which trolley do you think experienced the lowest and highest 
acceleration? 
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“acceleration ∝ force”	is read as 
acceleration is directly proportional 
to the force applied. 

 

 

Feedback 

Feedback to Activity 9.3.1 

Part A 

1. The elastic bands were pulled the same distance each time to 
ensure that proportionate forces were exerted each time. 

2. To ensure constant mass. 

3. To ensure that the time intervals were constant and large enough 
for comparison. 

4. The ticker tape was longest when the trolley was pulled with 
three rubber bands. 

5. The trolley that was pulled with three rubber bands experienced 
the greatest force. 

6. The trolley that was pulled with three rubber bands experienced 
the highest acceleration. 

 

Feedback to Part B 

1. The elastic band was pulled the same distance each time to 
ensure that the same force was applied during each stage. 

2. The mass of the trolley. 

3. The piece of ticker tape was the longest when the mass of the 
trolley was the lowest (1kg) and the shortest when the mass of 
the trolley was the highest (3kg).  

4. The trolley experienced the greatest acceleration when the mass 
of the trolley was the least (1kg) and the least acceleration when 
the mass of the trolley was highest (3kg) 

 

From the first set of results where the mass of the trolley was kept 
constant and the force was systematically increased, we observed that the 
greater the force, the greater the acceleration.  In fact, the acceleration is 
directly proportional to the force applied.  This means that when the force 
is doubled the acceleration is also doubled. 

 



 

 

This is normally written as: acceleration ∝ force 

In Mathematical form the above relationship is written as: a ∝ F ...........(1) 

 

From the second set of results (part B) where the force was kept constant 
and the mass of the trolley was systematically increased  by one kg each 
time, we observed that the greater the mass, the lesser the acceleration.  
In fact, the acceleration is inversely proportional to the mass of the 
trolley 

 

 

 

This is normally written as: acceleration ∝ 1/mass 

 

In Mathematical form the above relationship is written as: a ∝ 1/m .......(2) 

When these two relationships are combined, the following equation is 
obtained: 

a ∝ F × 1/m ...............................(3) 

a ∝ F/m 

m × a ∝ F 

Rearrange	the	above	to	give 				F ∝ m × a 

Therefore		F = K × m × a where K is a constant 

This	formula	can	be	made	simple	by	choosing	our	units,	so	that	K	 	1 

This	gives	the	Formula:		 F = 1 × m × a 

 

 

 

 

 

“acceleration ∝ 1/mass” is read as 
acceleration is inversely proportional 
to the mass. 

Force (N) = Mass (kg) x acceleration (m/s²) 

or 

Simply,  F = ma 
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Remember the unit of force is the newton (N).  One newton (1N) is 
defined as the unbalanced force which gives a mass of one kg an 
acceleration of 1 m/s2.  This relationship (F =ma) is based on Newton’s 
second law of motion which will be addressed in detail in a later unit on 
Momentum. 

Now it is time for us to show how the formula F = ma can be used to 
solve problems involving force, mass and acceleration. 

 

Example 

An unknown force was applied to a body with a mass of 2 kg.  The force 
caused the body to accelerate at a rate of by 5 m/s².  Calculate the force 
applied on the body. 

Steps to follow: 

Step 1: List the “known values” and the “unknown values”. 

mass = 2kg; acceleration = 5 m/s²; force =? 

Step 2: Write the correct formula.  We are going to use: 

Force	 N mass	 kg acceleration	 m/s²  

Step 3: Substitute the known values in the equation. 

Force	 N 2	kg 5m/s² 

Step 4: Calculate your answer, including units 

Force =.10N 

This means that when a net force of 10N is applied to a mass of 2kg, it 
accelerates at a rate of 5m/s2. 

 

Now you should be ready to try out some questions. 

 



 

 

Activity 

Activity 9.3.2 

You should spend about 5 minutes on this activity.  You are required to 
solve the given questions.  You may use your calculator. 

1. A force of 20N was applied to a body with a mass of 5kg.  The 
force caused the body to accelerate.  Calculate the acceleration of 
the body. 

 

 

 

 

 

 

 

2. A force of 50N was applied to a body of an unknown mass.  The 
force caused the body to accelerate at a rate of 5m/s2.  Calculate 
the mass of the body. 
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Feedback 

Feedback to Activity 9.3.2 

1. mass = 5kg; force =20N, acceleration = ? 

F = ma 

a = F/m 

= 20N/5kg 

= 4 

= 4 m/s²   

2. force =50N, acceleration = 5 m/s2 , mass = ? 

F = ma 

m= F/a 

= 50N/ 5 m/s2 

= 10 

= 10 kg 



Well done!  The questions were not too difficult after all were they?  You 
have come to the end of Topic 9.3 and in fact the end of the unit.  I have 
provided you with a summary of what you have learnt in the unit below. 
Read the summary carefully, and then have a go at the self-assessment for 
the unit. 

 

Unit summary 

 

Summary 

In this unit you studied some of the effects of forces in general before 
focusing on unbalanced forces.  Unbalanced forces change motion and in 
the absence of an unbalanced force, an object will either remain at rest or 
travel with a constant velocity. 

You also learned that friction is a contact force and it always results in an 
opposing force which acts on moving bodies.  Friction has numerous 
advantages as well as disadvantages.  We addressed how to alter friction 
depending on the situation. 

Finally, you learned the relationship between force, mass and acceleration 
and the mathematical expression of the relationship between the three 
quantities.  Opportunities were provided for you to apply the 
mathematical relationship to solve problems. 

Now you are ready to attempt the self-assessment for this unit.  Good 
luck! 

 

Assessment  

 

Assessment 

Self-assessment 9.1 

You need 20 minutes to do the self-assessment for Topics 9.1, 9.2 and 
9.3.  This self-assessment covers the whole unit and it will not be 
submitted but marked by yourself.  The feedback is given at the end of 
the unit.  Once again, you are strongly advised to answer all questions 
before you refer to the feedback.  This will help you learn and reflect 
better on areas for improvement. 

Answer all the questions in parts A and B. 

 

Part A: 

Circle the letter next to the correct answer. 
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1. Which of the following statements is true about force? 

A. It is measured in kilogram (kg). 

B. It is measured in joule. 

C. It is measured in newton (N). 

D. It is measured in metres per second per second (m/s2). 

 

2. When a force is applied to a body, several effects are possible.  
Which of the following is NOT a possible effect of a force? 

A. It causes a moving body to stop from moving 

B. It causes a moving body to change direction. 

C. It causes a moving body to accelerate. 

D. It causes a moving body to change in mass. 

 

3. When a car is being driven, frictional forces: 

A. act at the points of contacts between the tyres and the 
road. 

B. act on the body of the car and the air (air resistance). 

C. act between moving parts of the car which are in contact 
with each other. 

Which of the above statements are correct? 

A. (i) and (ii) 

B. (i) and (iii) 

C. C (ii) and (iii) 

D. (i), (ii) and (iii). 

 

4. Friction is a force.  It is 

A. always helpful. 

B. sometimes a nuisance. 



C. always a nuisance. 

D. never useful. 

 

5. Friction can be increased by 

A. lubricating. 

B. making the surfaces in contact smoother. 

C. increasing the roughness of the surfaces in contact. 

 

Which of the above statements is/are incorrect? 

A. (i) 

B. (ii) 

C. (iii) 

D. (i), (ii) and (iii). 

 

6. A hovercraft is made to move easily by 

A. having an air cushion between its bottom and the water. 

B. reducing the area of its bottom. 

C. making it lighter. 

D. increasing the area of its bottom. 

 

7. A man is pushing a trolley forward as shown in the diagram? 
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We have now completed the study on Force and Motion.  We are sure that 
you have gained new knowledge on balanced and unbalanced forces, 
inertia, friction, some effects of forces and the relationship between force, 
mass and acceleration in general. 

Below you will find the Answers to Self-assessment 9.1. 

Answers to Self-Assessment  
 

 

Answers to Assessment 

Assessment to Self-assessment 9.1 

 

Part A 

1. C 

2. D 

3. D 

4. B 

5. C 

6. A 

7. B 

8. A 

 

Part B 

1. a. mass = 800 kg; acceleration = 2m/s2; Force =? 

F=ma 

F=800kg × 2m/s2 

= 1600N 

 

b. Total force = frictional force + net force necessary to cause 
the car to accelerate by 2m/s2 



Total force = 400N + 1600N 

= 2000N 

 

c. The acceleration of the car will decrease. 

 

2. a. 

 

Forces Corresponding 
letter 

Weight  E 

Reaction A1, A2 

Driving force D 

Air resistance C 

Friction B1, B2, C 

 

b.  D=C+B1+B2 

c.  E=A1+A2 

 

Now you are ready to move onto Unit 10.  Good luck! 
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Unit 10 

Diet and Health 

Introduction 

Food is considered as the source of energy for living organisms.  When 
food is being burned energy is released and this energy is used to drive 
the metabolic reactions taking place in the body. Apart from providing 
energy, food is also the source of different nutrients. The different 
nutrients or classes of food have specific functions in the body. In this 
unit you will be able to learn about the importance of consuming the right 
proportion of those classes of food. Moreover, you will learn about the 
different deficiency diseases. You will also have the opportunity to carry 
out food tests on a variety of food samples. 

 

Upon completion of this unit you will be able to: 

 

Outcomes 

 define the term diet. 

 define the term balanced diet. 

 state the importance of having carbohydrates, fat, vitamins, minerals 
water and roughage in our diet. 

 state the uses of iron, calcium, iodine, vitamin A, B C and D in our 
body. 

 state some examples of foods which are good sources of carbohydrate, 
fat, protein, vitamins, minerals, roughage and water.  

 state the tests for starch (iodine solution), reducing sugar (Benedict’s 
solution), protein (Biuret test) and fat (ethanol test). 

 perform the tests for starch, reducing sugar, protein and fat. 

 identify a few local dietary problems. 

 explain how the dietary problems may affect peoples’ health. 

 



 

Terminology 

Balanced diet: A diet that contains all seven basic classes of food 
in sufficient quantities and in the correct 
proportion. 

Cell nutrients: They are components of the tissue fluid around the 
living cells. 

Diet: Diet is the food intake over a period of time. 

Foods: They are mixtures of chemical materials of 
different composition. 

Malnutrition: It is the name given to all body disorders due to 
dietary imbalance involving either over-nutrition 
or under-nutrition. 

Nutrition: The process of supplying body cells with cell 
nutrients from food materials. 

Over-nutrition: It is the dietary intake excess, of excess energy 
providing foods and certain nutrients. 

Under nutrition: It is dietary intake deficiency or insufficient 
energy providing foods and nutrients. 
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How long? 

Table 10.0 below shows the number of formal study hours needed for you 
to complete this unit and the number of hours that you need to devote for 
self-study.  Self-study includes revision and practice exercises. 

 

 

Category of students 
Number of 

formal study 
hours needed 

Number of 
hours for self-

study 

Full-time student outside the 
conventional school setting 

5 hours  
2 hours and 30 

minutes 

Full-time student within the 
conventional school setting 

OR 

Part-time student 

5 hours  
2 hours and 30 

minutes 

Table 10.0: The time needed for you to work on this unit 

 

 

 

Topic 10.1: Diet 

 

 

How long? 

You will need 20 minutes to complete Topic 10.1. It is advisable that you 
spend another 10 minutes of your own time to further review the Topic. 

A diet is very important to each and every one of us. In this topic you are 
going to learn what a diet is.  We will start off will a small reflection. 



 

 

Reflection 

Reflection 10.1.1 

You are required to spend around 5 minutes on this reflection. 

Imagine you have gone for a walk on the mountain and you have planned 
to spend about five hours there. With you, you have brought only four 
sandwiches, two apples and two bottles of water. 

 

Do you think that the type and amount of food that you have brought with 
you are sufficient for the walk? Explain your answer. 

 

 

 

 

 

 

 

 

Well, I am sure that you have given some interesting answers. Some of 
you may have decided that it will be enough while some of you may have 
decided that it will not be enough. As you work through this unit you will 
learn how to decide on the type and quantity of food that you need to 
survive.  

 

Now we are going to learn about diet. So, let us see what you already 
know about the term diet. 
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Activity 

Activity 10.1.1 

You are advised to spend about 5 minutes on this activity.  

In the space below write down what you already know about the term 
diet.  

 

 

 
 

 

I am sure that you have come up with a good explanation.  Now refer to 
the Feedback to Activity 10.1.1 for the correct answer. 

 

 

Feedback 

Feedback to Activity 10.1.1 

Let us see what the term diet means.  

Diet is the food that you consume every day. In other words, we can say 
that, diet is the food intake over a period of time. 

 

 

 

Reflection 

Now take a moment and think about why we need to consume food 
throughout our lives. 

 

Of course, everybody needs food to survive. There are different groups or 
classes of food that our body depends on in order to function healthily.  
Hence, each group or class of food has its own importance in the body. 

 

 



Food is needed for different purposes and they are as shown in Figure 
10.1.1 below. 

 

Figure 10.1.1: The importance of food 

I hope you are now familiar with the term diet. However, is any kind of 
diet considered healthy? You first need to understand what your body 
needs in order to create a healthy diet. Let’s find out how in the next 
topic! 

 

Topic 10.2: Balanced diet 
 

 

How long? 

You will need 40 minutes to complete Topic 10.1. It is advisable that you 
spend another 20 minutes of your own time to further review the Topic. 

 

In the previous topic you learnt about what a diet is and why we need 
food. So, now you are going to learn about what is meant by a balanced 
diet and why we need to have one. 

 

Do you know what a balanced diet is?  Don’t worry if at this stage you 
are not too sure of what a balanced diet is. Try out this first activity to 
better understand what a balanced diet is. 

Food

To give 
energy

For growth
To repair 

damaged body 
tissues

For metabolic 
reactions to keep 

organism 

healthy and warm
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Activity 

Activity 10.2.1 

You are advised to spend 5 minutes on this activity. 

Please answer the questions in the space provided. 

a. How many classes of food do you think there are? 

 

 

b. Name the different classes of food 

 

 

 

 

 

 

 

 



I am sure that you could name some of the classes of food, if not all of 
them.  Please, refer to the Feedback to Activity 10.2.1 for the correct 
answer. 

 

 

 

Feedback 

Feedback to Activity 10.2.1 

Well done! There are seven classes of food and they are: 

1. Carbohydrates; 

2. protein; 

3. fat;  

4. vitamins; 

5. mineral;  

6. water; and  

7. roughage or fibre. 

 

Now that you know the seven classes of food, let us move on to the next 
activity. 

 

 

 

Activity 

Activity 10.2.2 

You are advised to spend about 10 minutes on this activity. 

Write down a list of things that you normally eat for breakfast, lunch and 
dinner. 

 

Breakfast: 

 

 

 
 

 

Lunch: 
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Dinner: 

 

 

 

 

I am sure that you have eaten some very nutritious and yummy food. We 
are now going to see what each food is rich in and classify it according to 
its respective class of food.  

 

 



 

Activity 

Activity 10.2.3 

You should spend around 10 minutes on this activity. 

Now take a careful look at what you are consuming for breakfast, lunch and 
dinner and write down the different classes of food that they are rich in. 

 

Breakfast: 

 

 

 

 

Lunch: 

 

 

 
 

 

Dinner: 

 

 

 

 

 

By looking back to Activity 10.2.3, do you think you are eating healthily?  

If you are not really aware of your answer yet, let us move on to the next 
topic entitled Classes of Food. I am sure that by the end of this topic you 
will be able to say if you are having a balanced diet or not. 
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Topic 10.3: Classes of food 
 

 

How long? 

You will need 50 minutes to complete Topic 10.1. It is advisable that you 
spend another 25 minutes of your own time to further review the Topic. 

 

Like previously stated in Topic 10.2 there are seven classes of food and 
they are carbohydrates, protein, fat, vitamins, minerals, roughage and 
water. In this topic now you are going to learn about the composition and 
importance of the different classes of food. 

 

 

10.3.1 The seven classes of food 

The table below concisely presents the differences between 
carbohydrates, proteins and fats. 

 

 Carbohydrates Protein Fat 

Elements Carbon, hydrogen, 
oxygen 

Carbon, 
hydrogen, 
oxygen, nitrogen 
and sulphur 

Carbon, 
hydrogen, 
Oxygen 

Basic unit Monosaccharide 

Eg. Glucose 

Amino acids 

( 20 different) 

3 fatty acids and 
1 glycerol 



Type Monosaccharide 

E.g:glucose, fructose 

 

Disaccharide 

E.g:maltose, sucrose 

 

Polysaccharide 

E.g: starch, cellulose 

 

Animal and plant 
proteins. 

Saturated and 
unsaturated fats. 

Table 10.3.1: The differences between carbohydrates, proteins and fats. 

 

You are now going to learn more about each class of food and their 
importance in our diet. 

 

 

10.3.1.1 Carbohydrate 

Carbohydrate is the main source of energy. 

Since cellulose cannot be digested, it adds bulk to the food and helps in 
peristaltic movement 

 

 

10.3.1.2 Protein 

Protein: 

 is a good source of amino acids which are required for growth of new 
tissues and replacing cell components. 

 builds up body structures such as hair, nails, cell membranes  

 is used in the formation of muscles, tendons and ligaments. 

 is used in the formation of enzymes, hormones and anti-bodies. 
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10.3.1.3 Fat 

Fat: 

 is one component of the cell membrane, hormones, myelin sheath of 
neurones. 

 is stored in adipose tissues beneath skin and around body organs as 
insulator. 

 protects delicate organs from physical damage. 

 is an energy reserve. 

 

 

10.3.1.4 Water 

Water is needed: 

 For transport. It is the main constituent of blood and body fluids and 
acts as a medium of transport. Nutrients, waste substances, hormones 
are transported in solution. 

 For chemical reactions. Water serves as a solvent for many chemical 
reactions of the body. 

 For temperature regulation. Evaporation of water in sweating causes 
the removal of heat from the body. This cooling effect is very 
important in preventing overheating of the body. 

 For lubrication. Main constituent of the synovial fluid found in the 
synovial joints and mucus in the alimentary canal. 

 

 

10.3.1.5 Roughage 

Roughage (also known as dietary fibre): 

 Adds bulk to the food and assist in peristaltic movement in the 
alimentary canal. 

 Helps to retain water, absorb poisonous substance from the gut and 
soften the faeces. 

 Prevents constipation and reduce the risks of getting colon cancer. 

 

 

10.3.1.6 Vitamins 

 Vitamin A: Needed for healthy growth and maintenance of the skin 



tissues, and formation of visual pigment in the retina. 

 Vitamin B: Promote cell respiration and normal growth. 

 Vitamin C: For normal growth and development of healthy teeth and 
gums. For formation and maintenance of healthy connective tissues. 

 Vitamin D: to maintain calcium and phosphorous in the body and to 
help in the absorption of calcium in the intestine. 

 

 

10.3.1.7 Minerals 

In order to lead a healthy life, our body also needs different types of 
minerals. Some of the most important minerals in our diet are: 

 Calcium: Combines with phosphorous to form healthy bones and teeth. 
It is needed for muscular contraction, nerve function and blood 
clotting. 

 Iron:  Used in the formation of haemoglobin in red blood cells and is 
an enzyme activator. 

 Iodine: Used in the formation of the hormone thyroxine which 
prevents goitre. 

 

 

10.3.2 Foods rich in the seven classes of food 

The food that you eat everyday contains a percentage of the different 
classes of food. Some will contain a higher percentage of one particular 
class of food and therefore we say that it is rich in that particular group of 
food. 
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Activity 

Activity 10.3.1 

You are advised to spend about 10 minutes on this activity. 

Complete the table below by writing in the names of some local foods 
rich in carbohydrates, protein, fat, vitamins, minerals, water and 
roughage. 

 

Class of food Examples of foods rich in each class of food 

Carbohydrate    

Protein    

Fat    

Vitamins    

Minerals    

Roughage    

Water    

 

 

Well done. I know that you have written the names of some interesting 
foods. Let us move on to the feedback to see if you are on the right track. 



 

 

Feedback 

 

Feedback to Activity 10.3.1 

Table10.3.2 shows some main food sources for the seven classes of food. 
Use the table to check if you have recorded your answers correctly. 

Class of food Main sources 

Carbohydrates Rice, potatoes, bread, fruits, cereals, cassava and 
other plant storage organs. 

Protein Lean meat, fish, milk, cheese, egg white, soya beans 
and legumes. 

Fat Butter, cream, fatty meat, oil, egg yolk, lard. 

Vitamin A Green vegetables, liver, egg, coloured fruits. 

Vitamin B Meat, vegetables, wholemeal bread. 

Vitamin C Fruits particularly citrus fruits such as oranges and 
lemons, green vegetables and potatoes. 

Vitamin D Fish, dairy products, liver, eggs and from 
sunbathing. 

Calcium Milk, cheese, bread and green vegetables. 

Iron Liver, raw egg, meat, green vegetables such as 
cabbage and spinach. 

Iodine Sea foods, seaweed and iodised table salt. 
 

Table 10.3.2: Sources of the seven classes of food 

 

The diagram below shows some common foods. You can refer to the 
table to try and find for yourself in which classes of food they are rich in. 
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Illustration by Serge Mondon, September 2009 

 

I hope you are now familiar with the 7 classes of food and their 
importance to the body. However, how much of each thing should we 
take in per day? Let’s move on to find the answer.  

 

Topic 10.4: Recommended daily amount of protein and energy 
 

 

How long? 

You will need 1 hour to complete Topic 10.1. It is advisable that you 
spend another 30 minutes of your own time to further review the Topic. 

 

The energy need for the human body is measured in mega joules per day.  
The energy is used for: 

a. Basal metabolism to maintain the life support processes in a 
person at complete physical and mental rest at normal room 
temperature. 

b. Physical movement and locomotion in work and exercise. 

 



A person’s daily energy needs depend on the person’s 

 Age; 

 Body weight; 

 Sex, male or female; 

 Work or Activity; 

 Climate; 

 Special conditions of pregnancy, breast feeding; and 

 Illness and convalescence. 

 

Table 10.4.1 shows the average daily energy needs for different age 
groups. 

 

Age group Average Energy 
Daily Needs (MJ) 

Babies under 1 year old 0.46 

Preschool children 2-3 years old 4.6 

School children 8-9 years old 5.8 

Male adolescent 14-16 years old 9.6 

Female adolescent 10 -19 years old 7.3 

Male adult 19-30 years old 10.5 

Female adult 19-30 years old 7.9 

Pregnancy (later half) 11.3 

Lactation(first six months) 12.3 

Elderly 71 + 6.4-8.3 

Table 10.4.1: The average daily energy needs for different age groups. 

Values taken from: http://www.hc-sc.gc.ca/fn-an/food-guide-aliment/basics-
base/1_1_1-eng.php 
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Note it! / 
Important! 

Please note that the amount of energy that you need also depends on what 
job you do. 

 

 

Table 10.4.2 shows the daily energy requirements for light and heavy 
works carried out by both males and females in the age range of 19-30. 

 

Type of work Energy (KJ) per day 

Woman doing light work 7955 

Woman doing heavy work 9838 

Man doing light work 10467 

Man doing heavy work 12560 

Table 10.4.2: The daily energy requirements for light and heavy works carried 
out by both males and females. 

Values taken from: http://www.hc-sc.gc.ca/fn-an/food-guide-aliment/basics-
base/1_1_1-eng.php 

 

10.4.1 Energy Requirements Calculation 

Now you are going to learn how to calculate the amount of energy that 
your body needs on a daily basis.  

You can calculate how much energy your body needs using the equation 
below.  

Energy	needs	 	Mass	 kg 	 	Average	energy	needs	

 

So, to work out your calculation you need to know your mass (which is 



measured in kilograms (kg)) and the age group to which you belong. 

 

 

 

     Activity 

Activity 10.4.1 

You are required to spend about 5 minutes on this activity. 

Find your body mass. Refer to Table 10.4.2 above for your age group to 
find your average energy needs. Use the equation below to calculate your 
energy needs. 

Energy	needs	 	Mass	 kg 	 	Average	energy	needs 

	

 

 

 

 

 
 

 

Well done, now you know how much energy you need in order for your 
body to function healthily and to be able to do all the activities that you 
want to do per day. 

 

You can also calculate the amount of protein that your body need per day. 
You are now going to learn how to calculate your protein needs. 

 

 

10.4.2 Daily Protein Needs 

Not all food containing proteins will contain all the essential amino acids 
that your body needs. It is therefore advisable to consume a mixture of 
plants and animals source protein foods because they will provide you the 
correct quality of essential amino acids. 
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The protein quantity depends on the following factors shown in Figure 
10.4.1 below. 

 

Figure 10.4.1: The factors affecting the quantity of protein that a person needs.  

 

Table 10.4.3 shows the average daily protein needs for different age 
groups. 

Age group Average Protein Daily 
Needs(g)  

Babies under 1 year 1.92 

Preschool children 1-3 years 1.2 

School children 4-9 years 0.93 

Male adolescents 10-19  0.7 

Female adolescents 10-19 
years 

0.64 

Adult man 0.57 

Adult woman 0.53 

Pregnancy (later half) 0.69 

Lactation (first 6 months) 0.83 

Protein quantity

Age Body 
weight

Sex Pregnancy & 
Breastfeeding

Illness or 
convalescence



Elderly 0.47 

Table .10.4.3: The average daily protein needs for different age groups. 

 

10.4.3 Protein Requirement Calculation 

Previously you learnt how to calculate your daily energy needs; you can 
do likewise for protein. Try out the following activity in order to find out 
how much protein your body needs per day. 

 

 

Activity 

Activity 10.4.2 

You are advised to spend about10 minutes on this activity. 

You can now calculate how much protein your body needs. To work out 
your calculation you need to know your mass (kg) and in which age 
group you belong to. Refer to Table 10.4.3 for your age group and 
average protein needs. 

 

Protein	needs	 	Mass	 kg 	 	Average	protein	needs 

	

 

 

 

 

 

 

 

I hope that you have been able to do this simple calculation by using the 
formula given above. Now that we know how much protein we require, 
let’s learn about our other dietary requirements. 
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Topic 10.5: Dietary requirements 

 

How long? 

You will need 1 hour to complete Topic 10.1. It is advisable that you 
spend another 30 minutes of your own time to further review the Topic. 

 

In order for your body to function properly you must be able to meet your 
dietary requirements. That means you should always bear in mind the 
activities that you have planned to do in a day. Hence, from there you 
should have a proper diet that will meet your energy and protein needs.  

1. The daily diet is the food intake of one day and should consist of: 

a. Variety of meals and foods that provide a mixture of the seven 
classes of food. 

b. Correct amounts of: 

(i) energy providing foods. 

(ii) cell nutrients, water, proteins, minerals and vitamins. 

(iii) dietary fibres. 

 

2. The dietary balance is achieved when intake of energy and 
nutrients equals output of energy and chemical materials. 

 

 

 

 

Reflection 

By looking back at the previous topics that you have studied, do you 
think that you are meeting your dietary requirements? 



 

 

10.5.1 Malnutrition 

It is the name given to all the body disorders as a result of a dietary 
imbalance, which involves both over-nutrition and under nutrition.  

 

10.5.1.1 Under-nutrition 

Under-nutrition is caused by a deficiency intake of energy providing 
foods and certain nutrients or excessive energy output in heavy physical 
work or strenuous exercise. Under-nutrition can lead to underweight and 
to some deficiency diseases. 

 

Figure 10.5.1: Illustration of an underweight person 

Illustration by: Serge Mondon, September, 2009 

 

10.5.1.2 Over-nutrition 

Over-nutrition is caused by an excess dietary intake of energy providing 
foods and certain nutrients or by lack of energy output in physical work 
and exercise. Over-nutrition can lead to overweight and obesity. 
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Figure:10.5.2: Illustration of an obese person 

Illustration by: Serge Mondon, September, 2009 

Adapted by: Carole Jacques, October, 2009 

 

If your input of energy and nutrients is not equal to your output of energy 
and chemical materials, it can lead to over-nutrition and under-nutrition.  
Obviously this can cause harm to your body and you will experience 
some deficiency diseases. 

 

 

10.5.1.3 Deficiency diseases 

If you lack one or a few classes of food, your body will experience under 
nutrition disorder (deficiency diseases). If you have an excess of certain 
classes of food you will experience over nutrition disorder. 

 

 

 

Activity 

Activity 10.5.1 

You should spend around 20 minutes on this activity. 

Research the symptoms and the name of the disease or disorder that a 
person might suffer from if his or her diet lacks certain nutrients. 
Complete Table 10.5.1a below with your answers. 

 



Nutrients lacking 
in the diet 

Symptoms Disorder  

Vitamin A   

Vitamin B   

Vitamin C   

Vitamin D   

Iron   

Iodine   

Calcium   

Roughage 
(fibres) 

  

Proteins    

Table 10.5.1a: Table to complete with the symptoms and disorder caused by the 
lack of certain nutrients. 

 

I hope that you have managed to complete the table with the necessary 
information.  Table 10.5.1b summarises the under nutrition and over-
nutrition disorders for the various classes of food. Read the table 
carefully and check how well you have done for the above activity. 

 

Class of 
food 

Over-nutrition disorder Under nutrition disorder 

Energy and 
Protein 

Overweight and obesity 

Related disorders: 

 Heart disease 

 Diabetes 

 Bowel disorders 

 Joint disorders 

 Starvation 

 Body wastage as 
in marasmus 
and kwashiorkor 
(swelling belly, 
reduced 
resistance to 
disease and poor 
mental 
development) 
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Class of 
food 

Over-nutrition disorder Under nutrition disorder 

Vitamin A 

(Retinol) 

Fat soluble 

 Poisonous in large 
doses 

 Night blindness 

 Cornea disease-  

Keratomalacia, 
causing 

 Blindness 

 Poor skin health 

Vitamin B1 

(Thiamine) 

Water 
soluble 

   No effect  Lethargy 

 Retarded growth 

 Beri beri 
(nerves and 
muscles 
degenerate) 

Vitamin C 

(Ascorbic 
acid) 

Water 
soluble 

 No effect- excess 
removed in urine 

 Scurvy (bleeding 
gums, loose 
teeth, easily 
bruised) 

 Poor wound 
healing 

Vitamin D 

(Fat soluble) 

 Poisonous in large 
doses 

 Rickets (bones 
softening) 

 Tooth decay 

Calcium  None  Rickets 

 Stunted growth 

 Muscle spasm 



Class of 
food 

Over-nutrition disorder Under nutrition disorder 

Iron  Can be poisonous in 
large doses 

 Anaemia (due to 
insufficient 
haemoglobin 
causing reduced 
oxygen carrying 
capacity, causes 
breathlessness 
and weakness) 

Iodine  Harmful and 
poisonous in large 
doses 

 Goitre (swelling 
of the thyroid 
glands) 

 Cretinism 
(stunted growth 
and mental 
retardation in 
children) 

Roughage 
(fibre) 

 Promotes healthy 
peristalsis and moves 
food rapidly through 
gut 

 Can affect iron and 
calcium absorption 

 Constipation 

 Increases the 
risk of getting 
colon cancer 
and piles 

Water  None  Dehydration 

 Death in 2-3 
days 

Table 10.5.1b: A summary of over-nutrition and under nutrition disorders. 

 

We have now come to the end of this topic.  I hope that you have found it 
very useful and will share what you have learned with your family, 
relatives and friends.  

 

In the science laboratory, there are special ways of testing the presence of 
the different classes of food in a particular food.  In the next topic, you 
are going to learn how to carry out different food tests. 
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Topic 10.6: Food tests 
 

 

How long? 

You will need 1 hour and 10 minutes to complete Topic 10.1. It is 
advisable that you spend another 35 minutes of your own time to further 
review the Topic. 

 

When carrying out the different kinds of food tests, there are certain 
procedures that you must follow so that your results are effective  

1. You should always carry out a standard test.  For example, if you 
are testing foods for protein, begin by testing a food which is rich 
in protein such as egg albumen.  Keep the result of this test, so 
that you can compare your results with other tests. 

2. You should keep the food samples away from each other.  This 
means using clean test-tubes, spatulas and pipettes for each kind 
of food. 

3. You should use the same amount of reagents and food for each 
test as much as possible. 

 

The procedures for the different food tests are given in Table 10.6.1 
below. 

Class of 
food 

Chemical 
reagent Procedure Final observations 

Reducing 
sugar 
(glucose) 

Benedict’s 
solution 

1. Grind food and 
place in a clean 
and dry test tube.  

2. Add some 
Benedict’s 
solution to the 
food and heat 
gently. 

If food is rich in 
glucose, the solution 
will change colour 
from blue to green, 
then yellow and 
finally to brick red 
(orange red).   

If glucose is absent 
solution will remain 
blue in colour. 



Class of 
food 

Chemical 
reagent 

Procedure Final observations 

Starch Iodine 
solution 

Add drops of iodine 
solution to food. 

If food rich in starch 
iodine will change 
colour from 
yellowish brown to 
blue black.   

If starch is absent, 
iodine will remain 
yellowish brown. 

Protein 

Biuret test: 
(Sodium 

hydroxide 
or 

potassium 
hydroxide 

and Copper 
sulphate) 

1. Grind food and 
place in a clean 
and dry test tube.  

2. Add some sodium 
hydroxide to the 
food.  

3. Add drops of 
copper sulphate.  

4. After each drop 
shake the mixture 
gently. 

If food is rich in 
protein, the solution 
will change colour 
from blue to purple.   

If protein is absent, 
solution will remain 
blue in colour. 

Fat 

Grease spot 
test 

1. Rub the piece of 
food on the 
grease paper or 
filter paper.   

2. Leave to dry.  

If a permanent grease 
spot or translucent 
spot is formed, fat is 
present.  

If there is no grease 
spot, then fat is 
absent. 

White 
emulsion 

test 

Alcohol 
(ethanol) 

and 
distilled 

water 

1. Half fill a test 
tube with alcohol.  

2. Grind food and 
add to the 
alcohol.   

3. Shake the mixture 
gently until the 
fat in the food is 
dissolved.   

4. Allow the mixture 
in the test-tube to 

If a white emulsion is 
formed fat is present. 

If solution remains 
colourless, fat is 
absent. 
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Class of 
food 

Chemical 
reagent 

Procedure Final observations 

settle.   

5. Half fill another 
test-tube with 
distilled water.   

6. Use a clean 
pipette and 
remove some 
alcohol mixture 
from the first test-
tube and add in 
the distilled 
water.  

7. Shake the mixture 
gently. 

Table 10.6.1: Procedures for food tests 

 



 

 

Group 
 activity 

Group Activity 10.6.1 

You should spend around 30 minutes on this activity.  

In groups of four, carry out food tests on five food samples including 
bread.  For each food sample you are advised to carry out the four tests 
stated below so that you get a good understanding of the different class of 
food that each food sample is rich in. 

a. Starch test 

b. Glucose test (Reducing sugar) 

c. Protein test (Biuret test) 

d. Fat test ( Grease spot test or White emulsion test) 

Use the information from Table 10.6.1 for you to carry out the different 
food tests. 

 

Use the Table 10.6.2 to record your results. If the class of food is present, 
put a tick in the appropriate box. 

 Class of food present 

Food Starch Glucose Protein Fat 

Bread     

     

     

     

     

Table 10.6.2 – Table of results showing the class of food present in the sample 
food tested 

Wasn’t that interesting to do?  Well, let us see what you should have 
noticed from the activity through the feedback. 

 



 
35  

 

 

 

 

Feedback 

Feedback to Group Activity 10.6.1 

I hope that you have found the activity interesting. From the tests, you 
may have noticed that some food contains different classes of food.  For 
the food you tested, you should have put a tick to show the presence of: 

 Glucose if a brick red /orange red colour was obtained with the 
Benedict’s test; 

 Starch if you got a dark blue/blue black colour with the iodine 
test; 

 Protein if a purple colour was obtained with the Biuret test; 

 Fats if the grease spot test resulted in translucent grease spot OR 
if the alcohol test resulted in a white emulsion. 

 

We have now come to the end of this topic. What are some effects of 
over nutrition and under nutrition for some of the classes of food? How 
can you test for glucose, starch, protein or fat in your food? 

 Now let us summarise what you have learned in this unit. 

 



Unit Summary 

 

Summary 

In this unit you learned about the importance of food in our everyday 
lives. You learned that food is a source of energy, it is needed for the 
formation of new protoplasm during growth, to repair body tissues and 
most importantly it is needed for all the metabolic reactions in order to 
keep the organisms healthy and warm.  Also, from this unit you have 
learnt the importance of having a balanced diet. A balanced diet prevents 
your body from suffering from any malnutrition diseases. In addition to 
this you learnt about the amount of energy and protein that each age 
group needs on a daily basis, and more importantly you learned 
specifically about how to calculate the amount of energy and protein that 
your body needs per day. 

 

Last but not least you had the opportunity to carry out the different food 
tests. This practical work has enabled you to experiment with the 
chemicals and equipments on your own or with your peers to find out the 
classes of food that some of the foods that you consume are rich in. In a 
way this will help you to better plan your diet. 

 

Unit Assessment 
 

 

Assessment 

Self-Assessment 10.1 

You are advised to spend 20 minutes on this self-assessment. 

This self-assessment consists of two sections, section A and section B. 
Section A consists of five multiple choice questions and you are advised 
to spend five minutes on this section.  Section B contains two structured 
questions and you advised to spend 15 minutes on this section. 

 

Section A – Multiple choice questions 

Each question consists of four suggested answers A, B, C and D.  Select 
and circle the best answer for each question.  

1. The largest amount of energy value per gram is provided by: 

A. Carbohydrate   C. Protein 

B. Water    D. Fibre 
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2. The food which is rich in protein: 

A. Lettuce    C. Bean 

B. Chocolate    D. Yam 

 

3. The children may suffer from rickets if they  have a deficiency 
of: 

A. Vitamin A    C. Vitamin C 

B. Vitamin D    D. Iron 

 

4. Which of the following females, requires the greatest amount of 
protein per day? (They all have the same body weight) 

A.  15 year old schoolgirl  C. 65 year old woman 

B. 30 year old pregnant woman  D. 30 year old  

breastfeeding woman 

 

5. A sample of food is mixed with water and then tested to find out 
its contents. 

The results are shown below in the table. 

Test Result 

Iodine solution added. Yellowish brown colour. 

Benedict’s solution added and 
mixture heated. 

Brick-red colour. 

Mixture shaken with ethanol 
and poured into water. 

White emulsion. 

Dilute sodium hydroxide 
solution added, followed by 
few drops of dilute copper 
sulphate solution. 

Blue colour. 



What conclusion can be made from these results? 

A. Fat and reducing sugar were both present. 

B. Fat and starch were both present. 

C. Only starch is present. 

D. Only reducing sugar was present. 

 

 

Section B: 

This section consists of two structured questions and you are advised to 
spend 15 minutes. Read the questions very carefully before attempting to 
them. 

1. The table below shows the percentages of the different classes of 
food in several food samples. 

Food 
sample 

Carbohydrate

(%) 

Protein 
(%) 

Fat 
(%) 

Water 
(%) 

Fibre 
(%) 

Fish 0.5 18 0.9 45 38 

Beef 0.5 17 30 41 18 

Rice 88 7 1 5 0 

Soya 
bean 

15 45 25 23 2 

Milk 8 4 5 89 0 

Orange 10 6 0 67 28 

Lettuce 4 3 0 55 42 

Use the information from the table to answer the following 
questions. 

a. Which food sample will give the most energy? 
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b. Which food sample is good for the production of enzymes, 
hormones and anti-bodies? 

 

 

c. Explain why orange and lettuce can be considered of two 
foods that can keep you healthy. 

 

 

 

 

d. Why can fish prevent you from getting simple goitre? 

 

 

 

e. If it happens that the world is faced with a food crisis 
whereby there is a shortage of protein and providing plant 
proteins is the only solution for the problem, which food 
sample from the table can be used to overcome this problem?  
Suggest reasons why this food can be used. 

 

 

 

 

 

2. A series of tests were carried out by a group of students to 
confirm the presence of protein, starch and glucose. 



 Name of 
reagent 

Colour of 
reagent 

before testing 

Final colour 
of solution 

Protein    

Starch    

Glucose    

 

I hope that you have found the self-assessment easy.  Once you have 
completed, refer to Answers to Self-assessment 10.1 for the correct 
answers. 

Answers to self-assessment 
 

 

Answers to Assessment 

Answers to Self-assessment 10.1 

Below are the answers for sections A and B of the self-assessment. Read 
the answers very carefully. 

 

Section A- Multiple choice questions 

1.A 

2.C 

3.B 

4.B 

5.A 

 

Section B- Structured questions 

1.(a) Rice 

   (b) Soya bean 

  (c) Both of them are good source of water and fibre. Water is needed for 
transport and to act as a solvent for most of the chemical reactions taking 
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place in the body. Fibres assist in peristaltic movement and hence prevent 
constipation. 

  (d) Fish contains the mineral iodine which prevents goitre. 

  (e) Soya bean.  This is because it has a high percentage of protein and it 
also can provide a good portion of other nutrients such as carbohydrates, 
fats and water.  Moreover, dry soya beans are not perishable and 
therefore can easily be transported. 

 

2. 

 Name of 
reagent 

Colour of 
reagent 
before 
testing 

Final colour 
of solution 

Protein Sodium 
hydroxide and 
copper sulphate 

Blue Purple 

Starch Iodine solution Yellowish 
brown 

Blue black 

Glucose Benedict’s 
solution 

Blue Brick red 
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Unit 11 

Support and Movement 

Introduction 

In unit 6, we studied osmosis and discovered how it helps in keeping 
plant cells turgid. We shall learn more about how turgidity helps in the 
support of plant parts that are not woody in this unit. In addition we shall 
look at woody plants and their support mechanism.  

Furthermore, in the section on specialized cells of unit 6, we had a look at 
skeletal muscle cells. In this unit, we shall also be considering the 
mammalian skeleton and its importance in the support and locomotion of 
mammals. This will allow us to look more closely at the skeletal muscle 
cells and the role they play in the movement of mammals. 

In this unit you will learn about the following:  

 The types of herbaceous plants and woody plants and the differences 
between them  

 The importance of turgor pressure in the support of herbaceous 
plants and leaves of plants 

 Lignin and its role in stiffening the cell walls of woody plants 

 The role of xylem and phloem in the production of wood and bark of 
woody plants 

 The differences in the stems of woody dicots and woody monocots 
such as palm trees 

 Annual growth rings and how they are used to determine the age of 
exogenous trees 

 Types of skeletons and the general functions of the skeleton 

 Parts and functions of the human skeleton and the types of joints in 
the human body 

 Types of muscles in the human body and the action of antagonistic 
muscles in allowing flexion and extension of body parts 

 How some bones of the body function as levers. 

 

  



 

 

 

Note it! / 
Important! 

The outcomes for the unit are listed below. The outcomes written in bold 
are the extended outcomes and they are intended for students who are 
aiming for Grade B or higher in the examinations. 

 

Upon completion of this unit you will be able to: 

 

Outcomes 

 describe the importance of lignin in supporting woody parts of plants 
and turgid cells in supporting non-woody parts of plants. 

 state differences in properties of bone and cartilage which make up the 
skeleton of a mammal. 

 identify the ulna, radius, humerus, scapula, tendons, biceps and triceps 
on the structure of the skeleton and muscles of the human arm. 

 describe how the antagonistic muscles and bones act together to flex or 
extend the arm. 

 state that a joint occurs where two bones meet. 

 explain that a synovial joint allows for the movement of two bones and 
that cartilage and synovial fluid reduce friction between the bones. 

 explain that the contraction of the biceps produces a turning effect, 
with the elbow joint as a pivot. 

 explain that the small distance between the attachment of the biceps 
and the pivot means that a large force is required to produce a large 
effect and relate this to the ability of muscles to produce large forces 
and their inability to contract over large distances. 

 

 

Terminology 

appendicular 
skeleton: 

The bones that form part of the limbs (arms and 
legs) in the body of a mammal. 

axial skeleton: The bones that make up the backbone and the 
skull. 

cambium: A cylindrical layer of cells in plant stems and roots 
that produces new secondary xylem, secondary 
phloem and cork tissues. 



 
5  

 

 

cardiac muscle: Muscle found in the heart. 

cartilage: The strong elastic tissue that forms part of the 
nose, ears and throat of mammals and forms most 
of the skeleton in infancy, changing to bone as the 
baby grows. 

cortex: The tissue in plant stems and roots between the 
outer epidermal layer and the vascular cambium.  

ecdysis: Shedding of the exoskeleton by arthropods such as 
insects and crustaceans and reptiles by regular 
molting.  

extension: The act of straightening a hinge joint. 

flexion: The act of bending a hinge joint. 

first order lever: A lever system where the fulcrum lies between the 
load and the effort. 

fulcrum: A fixed point at which a lever pivots. 

 ligament: A sheet of tough fibrous tissue that connects bone 
or cartilage at a joint. 

 lignin: Lignin is a complex compound in the cell wall of 
plants that gives plants its rigidity and strength. 

 periderm: The outer layer of plant tissue in the stem of 
woody plants. 

 pith: The central tissue in the stem of vascular plants. 

 second order lever: 

 

A lever system where the load lies between the 
fulcrum and the effort. 

 skeletal muscle: 

 

A muscle that is attached to a bone and is 
concerned with the locomotion of the animal. 

 

 smooth muscle: 

 

Muscle found in tubular organs, concerned with 
the movement of materials through the organs.  

 

 tendon:  A band and of tough white fibrous connective 
tissue that attaches a skeletal muscle to bone. 

 

 third order lever: A lever system where the effort lies between the 
load and the fulcrum. 



 vascular bundle: The vascular bundle contains xylem and phloem 
vessels. 

 

 

How long? 

Study Time 

Table 11.0 below shows the number of formal study hours needed for you 
to complete this unit and the number of hours that you need to devote for 
self-study. 

 

Category of students 
Number of 

formal study 
hours needed 

Number of 
hours for self-

study 

Full-time student outside the 
conventional school setting 

7 hours and 30 
minutes 

3 hours 45 
minutes 

Full-time student within the 
conventional school setting  

OR 

Part-time student 

7 hours 
3 hours 30 

minutes 

Table 11.0: The time needed for you to work on this unit 

 

Topic 11.1: Support Mechanism of Herbaceous Plants 

 

 

How long? 

You will need 40 minutes at the most to do the activities in this topic. It is 
advisable that you spend another 20 minutes of your own time to further 
study examples of herbaceous and woody plants. 

 

We saw earlier in Unit 1, that some plants are herbaceous (non-woody) 
and some are woody. Some herbaceous plants and some woody plants are 
shown below. 
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Figure 11.1.1: Herbaceous and woody plants 

Photos taken by Mariette Lucas (2010) 

 

Let us start by reviewing your knowledge of plants which are herbaceous 
and plants which are woody in Activity 11.1.1 below. 

 

 

Activity 

Activity 11.1.1 

You should complete this activity in about 5 minutes. 

a. Study the 6 plants above carefully, and then try to group them 
as herbaceous plants and woody plants in Table 11.1.1 below. 

Herbaceous Plants Woody Plants 

  

  

  

  

Table 11.1.1: Herbaceous and woody plants 

 

b. Based on the classification that you have completed above, 



write at least two of the criteria that you have used to 
differentiate between the herbaceous plants and the woody 
plants. 

 

 

 

 

 

 

 

I hope that the task was easy for you.  Refer to Feedback to Activity 
11.1.1 to verify your answers. 

 

 

 

Feedback 

Feedback to Activity 11.1.1 

You have surely realized that the woody plants, plants 2 and 6, stand 
upright and look sturdy. On the contrary plant 3, which is an herbaceous 
plant, needs to creep over fences or climb on some support. Plants 1, 4 
and 5 are also herbaceous plants. Notice the leaves of plant 1; they look 
flabby.  

You may also have noticed that plants 1, 4 and 5 are house plants. In fact 
most house plants and garden plants are herbaceous.  

 

 

Reflection 

Reflection 11.1.1 

Take 5 minutes for this reflection. 

As you have realized from the above activity, herbaceous plants, and 
plant leaves in general, easily become flabby.  What could be the reason 
for that?  Refer back to the section on osmosis in unit 6 and write your 
explanations below. 
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Feedback 

Feedback to Reflection 11.1.1 

Very good! I hope you realized that herbaceous plants and plant leaves in 
general are able to remain firm and erect due to turgor pressure within 
their cells.  

 

 

Let us talk further about the importance of turgor pressure in herbaceous 
plants and in leaves in Activity 11.1.2 below. 



 

 

Activity 

Activity 11.1.2 

You should do this activity in about 5 minutes. 

Look at the two plants below.  

Figure 11.1.2 

Photos taken by Mariette Lucas (2010) 

 

Both Plant X and Plant Y are of the same type. The leaves of Plant X 
droop down, whereas those of Plant Y are erect.  

Based on the reflection that you have made above and what you have 
learnt in Unit 1 on osmosis in plant cells, answer the question below. 

 

How do the conditions of Plant X and Plant Y help you understand 
the support mechanism of herbaceous plants? 
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Feedback 

Feedback to Activity 11.1.2 

Good work! Due to lack of water, the leaves of Plant X have become 
flaccid. This happens when water moves out of the cells.  The vacuoles 
shrink and the cell membrane detaches from the cell wall. Plasmolysis 
takes place. You must have realized that this happens when the plant does 
not get water to replace the water that it keeps on losing during 
transpiration. 

The leaves of Plant Y are erect and retain their shape, because the plant 
cells have enough water. This makes the cells turgid and keeps the leaves 
firm. It is due to turgidity that herbaceous plants are able to stay firm and 
that the leaves can maintain their shape. 

 

 

Summary 

Summary 11.1.1 

Take about 5 minutes to complete the activity below. 

I have summarized the support mechanism in herbaceous plants in the 
text below.  

To help you better learn the concepts, I have left some blank spaces in the 
text for you to complete using appropriate words. 

 

Read the text carefully, and then answer the questions which follow. 

The importance of turgor pressure in plants 

We saw in Unit 6 in the section on plant cells, that cells of plants contain 

a large fluid-filled _______________ with substances such as salt and 

sugar dissolved in the liquid.  

When a plant gets water, the water in the cell pushes the 

_________________ against the cell membrane. As the _______________ 

is strong and relatively inelastic, it exerts an opposing pressure, which 

prevents the entry of excess water into the cell.  The pressure that is 



exerted helps to keep the ________ firm. When the cell is in this state it is 

said to be _______________. This pressure is known as _______________  

________________.  

When a plant gets little or no water, the plant starts to _______. In this 

case the vacuoles ____________and as a result the cells become less stiff. 

This situation is known as _____________________. 

Turgor pressure plays an important role in the support of 

__________________ plants. Herbaceous plants do not have 

______________support. They rely on turgor pressure to keep the plant 

____________ and ____________. It is for this reason that herbaceous 

plants live for shorter periods of time and do not grow ___________. 

Many herbaceous plants die at the end of one growing season.  

____________ and soft stems of woody plants also use turgor pressure to 

keep them firm and erect. 
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Well done! I hope that you found the exercise a good way to ensure that 
you have mastered the concepts on support mechanisms of herbaceous 
plants. 

I have provided the feedback at the end of the topic below. You are 
strongly advised to complete the text assignment above before you refer 
to the feedback.  This will help you learn and reflect better on areas for 
improvement. 

 

Feedback 

Feedback to Summary of Topic 11.1.1 

The importance of turgor pressure in plants 

We saw in Unit 6 in the section on plant cells, that cells of plants contain 
a large fluid-filled vacuole with substances such as salt and sugar 
dissolved in the liquid.  

When a plant gets water, the water in the cell pushes the cytoplasm 
against the cell membrane. As the cell wall is strong and relatively 
inelastic, it exerts an opposing pressure, which prevents the entry of 
excess water into the cell.  The pressure that is exerted helps to keep the 
cell firm. When the cell is in this state it is said to be turgid. This pressure 
is known as turgor pressure.  

When a plant gets little or no water, the plant starts to wilt. In this case the 
vacuoles shrink and as a result the cells become less stiff. This situation 
is known as plasmolysis. 

Turgor pressure plays an important role in the support of herbaceous 
plants. Herbaceous plants do not have woody support. They rely on turgor 
pressure to keep the plant upright and firm. It is for this reason that 
herbaceous plants live for shorter periods of time and do not grow tall. 
Many herbaceous plants die at the end of one growing season.  

Leaves and soft stems of woody plants also use turgor pressure to keep 
them firm and erect. 

 

This brings us to the end of topic 11.1 but I hope you now understand the 
importance of turgor pressure for herbaceous plants.  

We shall now see what keeps woody plants firm and upright in the next 
topic. 

 

 



 

Topic 11.2: Support Mechanism of Woody Plants 

 

 

How long? 

You will need 1hour 30 minutes at the most to do the activities in this 
topic. It is advisable that you spend another 45 minutes of your own time 
to further look at woody and herbaceous plants. 

 

Trees (single stem or trunk, tall, perennial and long lived), shrubs or 
bushes (woody plants with multiple stems and low in height; less than 
5m) and certain vines (climbing plants such as grape, ivy, passion fruit 
and bougainvillea) are woody plants.  

To help us better understand the support mechanism of trees, shrubs and 
certain vines (woody plants), let us start off by comparing the stems of 
herbaceous plants with those of woody plants.  
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11.2.1 Comparing herbaceous and woody plants 

 

Activity 

Activity 11.2.1 

You should complete the activity in about 10 minutes. 

Pictures of stems of herbaceous plants and woody plants are shown 
below. 

 

Figure 11.2.1 

Photos taken by Mariette Lucas (2010) 

 

Look carefully at the examples of herbaceous plants and woody plants in 
the photos above. Once you are sure that you can differentiate between 
herbaceous plants and woody plants, go out and look for similar plants. 

You may wish to look for some twigs or small branches of trees or shrubs 
(stems of woody plants), as well as the stem of at least two herbaceous 
plants.  

a. Draw the stems below and try to find the common name and the 
scientific name of each plant. Write the name of each plant next 
to its drawing. 



Stems of herbaceous plants 

 

 

 

 

 

 

 

Stems of woody plants 

 

 

 

 

 

 

 

b. Observe the colour and texture of the stems of the herbaceous 
plants and try to bend them. Write your observations in the 
appropriate column in Figure 11.1.1 below. Then, repeat the same 
activity for the stems of woody plants. 

In addition to the above, find out the approximate heights that the 
plants in each of the two groups usually grow and for about how 
long each type of plant lives.  

Be attentive to any other important characteristics of the plants 
that you may notice. Note these down in the table in the space for 
“Other observations.” 

Features Herbaceous Plants Woody Plants 
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Table 11.2.1: Differences between herbaceous and woody plants 

 

Feedback 

Feedback to Activity 11.2.1 

We are sure that you quickly realized that the stems of herbaceous plants 
are soft, mostly green and flexible, whereas the stems of woody plants are 
hard, brittle (hard and breakable), brownish/grayish in colour and dry 
with bark on the outside. The hard wood makes it possible for woody 
plants to live for many years and grow tall. 

We shall learn about the structure of woody stems next.  

11.2.2 Structure of woody stems 

We saw earlier that trees, shrubs and some vines are woody. A woody 
plant is a plant that uses wood as a structural tissue. The main parts of the 
young stem of woody plants are shown in Figure 11 2.2 below. 

Colour   

Texture   

Malleability 
(bending potential) 

  

Height   

Life span   

Other observations   



 

Figure 11.2.2: Cross section of a young woody stem. 

Adapted from: http://en.wikipedia.org/wiki/Plant_stem 

 

Each part of the stem has a specific function. These are described in Table 
11 2.1 below. 

 

 Parts of a young woody stem 

1 Epidermis: The outermost layer of cells that cover the plant body 
and protect the stem from insects, diseases and water loss. In older 
stems the epidermal layer becomes bark. Bark is made of dead 
cells.  

2 Cortex: Tissue between vascular cambium and epidermis. Acts as 
packing tissues, helps to support the stem and stores food. In 
green stems, the outer layer of the cortex contains chloroplasts and 
makes food by photosynthesis. 

3 Vascular bundle: Consists of xylem and phloem tissues. Tissues 
transports  food, water and mineral salts through the stem of the 
plant.  

4 Phloem: Transports food from the leaves of the plant to all the 
other parts. 

5 Xylem: Transports water and mineral salts from the roots to other 
parts of the plant. 

6 Vascular cambium: Thin layer of cells that make new xylem and 
phloem cells. 

7 Pith: Central tissue of the stem. Together with the cortex act as 
packing tissues which help to support the plant. 

Table 11.2.1: Parts of a young woody stem 
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Now find a group of about six students doing the course and together test 
your understanding of the parts of a young woody stem through the quiz 
below. 

 

 

 

Group 
 activity 

Group Activity 11.2.1 

You should be able to do the quiz in 5 minutes. 

This is a quiz game. Before you start the quiz study the contents of Figure 
11.2.2 and Table 11.2.1 above carefully.  

Invite one of the group members to be a quiz master. The quiz master 
should have the correct answers to all the questions.  

The quiz master should award 2 marks for the correct answer the first 
time that the question is asked and if the question needs to be offered a 
second time, 1 mark should be awarded if the question is correct. If the 
question cannot be answered during the second round, the participant or 
group does not score any marks.  

Good luck! 

 

Quiz questions 

 

Which of the following describes the vascular cambium? 

A. Central tissue of the stem 

B. Make new xylem and phloem 

C. Consists of xylem and phloem tissues 

D. Transports food to all parts of the plant 

 

Which part of the stem has a protective role? 

A. The xylem 

B. The cortex 

C. The epidermis 

D. The vascular bundle 

 

Which tissue is found between the vascular cambium and the epidermis? 

A. Pith 

B. Cortex 

C. Xylem 

D. Phloem 



 

What is bark? 

A. A layer of dead cells replacing the epidermis 

B. The outer most layer of cells in young stems 

C. Packing tissue which help to support the stem 

D. Tissues which help in the transportation of water in the stem 

 

 

Feedback 

Feedback to Group Activity 11.2.1 

That was a good exercise. I am sure that you enjoyed it and that all 
members of your team have scored full marks on the quiz. To ensure that 
you have all mastered the parts of a young woody stem, check your 
answers again with the information in Table 11.2.1 above. 

 

We have seen above that xylem and phloem are transport tissues in 
vascular plants. Apart from being the transport tissues, xylem and phloem 
are also the support tissues of woody plants.  

Let us learn more about the role of xylem and phloem in the support of 
woody plants in the text below. 

 

The role of xylem and phloem in the support of woody plants 

Most woody plants are dicots, but some are monocots.  

In woody plants the cell walls of the vessels of the xylem tissue are 
thickened and impregnated with a substance called lignin. Lignin is the 
material which stiffens the stems of woody plants. It makes the cell wall 
very strong and impermeable. Water and nutrients cannot pass through 
lignified cell walls and as a result the cytoplasm dies. The lignified cell 
walls of the fibers and vessels do not however, affect the passage of 
water in the xylem tissue. 

The structure of the stem of a woody dicot plant during its first year of 
growth is different from that of older stems. When a young plant starts to 
grow its shoots and roots, it produces primary tissues. This is called 
primary growth. During primary growth, primary xylem and primary 
phloem are made by the vascular cambium.  

As the plant continues to grow and become older, new xylem, called 
secondary xylem, is produced by the vascular cambium each year. This 
gives rise to new layers of hard secondary xylem tissue known as wood, 
which grows toward the center in the roots of plants and toward the 
outside in most stems. This accumulation of annual layers of wood, 
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produced by the cambium, causes the stems or trunks of trees, shrubs and 
woody vines to increase in diameter. 

As the tree trunk expands with secondary growth, new secondary xylem 
(wood) forms on the inside of the vascular cambium tissue and new 
secondary phloem on the outside. The secondary phloem becomes the 
inner bark and it comprises of living cells of the cortex and secondary 
phloem.  

The periderm replaces the epidermis during secondary growth.  It is a 
thick layer of dead tissue, formed of cork and cork cambium. This 
outermost layer of bark in old stems is known as the outer bark and 
consists of non-living cells.  

As a woody stem grows older, the primary phloem, cortex and epidermis 
are completely lost. The pith and primary xylem are however always 
present although they may be greatly reduced. 

Adapted from: http://www.answers.com/topic/woody-plant-1  

 

In Figure11.2.3 below I have showed a cross section of a one year old tree 
trunk.  

 

In the diagram, one year’s annual growth (one growth ring) is shown by 
one ring of secondary xylem and one ring of secondary phloem with the 

vascular cambium in between. 

 

 

Figure 11.2.3: Cross section of a one year old tree trunk, showing the annual 
growth rings. 

Drawn by Mariette Lucas (2010) 

 



We shall now have a look at some real stems of plants to better 
understand the structure of the stem of woody dicot plants in 
Activity11.2.2 below. 

 

 

 

Activity 

Activity 11.2.2 

You should complete the activity in about 10 minutes. 

a. Cut a cross section of a young stem of a woody plant. Then look for a 
cross section of an older tree trunk.  Carefully observe the two 
sections of wood and write down at least four differences that you 
can see between them in Table 11.2.2 below.  

 

Differences between:  

Young woody stem Old woody stem 

  

  

  

  

Table 11.2.2 (a): Differences between a young woody stem and 
an older woody stem 

b. Look for a variety of wood blocks with the bark still on them, 
such as the ones shown below.  

 
Figure 11.2.4: Wood blocks 

Photos taken by Mariette Lucas (2010) 
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Examine each of the wood blocks that you have gathered and try to 
identify the inner bark, the outer bark and the wood. Then make a sketch 
of two of the wood blocks that are most different in the space below.  

On the drawing that you have made, clearly label the inner bark, the 
outer bark and the wood.  

If possible find the common name and scientific name of the tree for 
each block of wood and write them down under your drawings. 

 

 

 

 

 

 

 

 

 

 

c. Make a collection of the bark of as many trees as you can or 
make texture rubbings of the bark of the trees. Then conduct a 
research from the local people about the usefulness of a few of 
the bark that you have collected. Show the information that you 
have gathered below, including texture rubbings of the bark and 
any diagrams or other illustration. 

 

 

 

 

 

 

 



 

We hope that you have made a lot of new discoveries about the bark of 
trees in the above activity. 

 

I have provided the feedback to Activity 11.2.2 at the end of the topic.  
You are strongly advised to complete the exercises above before you refer 
to the feedback.  This will help you learn and reflect better on areas for 
improvement. 

  

Let us proceed by looking at woody monocots. 

In the above section, we were looking at woody dicots. As we have 
already mentioned in Unit 6, not all dicot plants are woody; some dicot 
plants are herbaceous.  Similarly, not all monocot plants are herbaceous; 
there are some monocot plants that are woody.  

The stems of the woody monocot plants differ from those of woody dicot 
plants.  I have summarized some of these differences in the text below. 

Differences between woody dicots and woody monocots  

Herbaceous plants (most monocots) and woody plants (most dicots) have 
basic types of tissues. These are the vascular tissue (xylem and phloem), 
pith, epidermis, and the outer protective layer.  

The arrangement of the xylem and phloem are different in herbaceous 
plants compared to woody plants. In herbaceous plants, the vascular 
tissues (xylem and phloem) grouped in bundles are scattered throughout 
the pith that makes up most of the tree’s internal structure. You will 
recall that in trees (woody dicot plants), the vascular tissues are arranged 
in a circle between the pith and the cortex.  

In the stems of herbaceous plants there is also no sharp dividing line 
between the cortex and the pith as in woody plants. 

The stems of herbaceous plants exhibit only primary growth.  Hence in 
the stem of monocot plants there are no secondary growth as in the stems 
of dicot plants.  

As there is no secondary growth in the stems of monocot plants, the 
diameter of the stem does not increase with the age of the tree. 
Therefore, annual growth rings are not apparent in monocot plants. 

However, in some monocots such as palms, wood is formed in bundles 
from meristem cells (primary plant tissue found at the tip of shoots and 
roots) within the stem. Palms are examples of woody monocots. 
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Let us look closer at the cross section of the stem of a woody monocot 
plant (the coconut tree) and that of a woody dicot plant (the takamaka 
tree) in the activity below. 

 

 

 

Activity 

Activity 11.2.3 

You should complete the activity in about 5 minutes. 

A cross section of the trunk of a coconut tree (Cocos nucifera) and that of 
a takamaka tree (Verticillium calophylli) are showed in Fig 11.2.5 below.  

  

 Coconut (Cocos nucifera)  Takamaka (Verticillium calophylli) 

Figure 11.2.5: Cross sections of the trunk of the coconut tree and the trunk of the 
takamaka tree 

Photo taken by Mariette Lucas (2010) 

 

Use the information in the text above and the photos of the trunk of the 
coconut tree and that of the takamaka tree in Figure 11.2.5, to help you 
understand the differences and similarities in the stems of woody dicots 
and woody monocots. 

1. Write two ways in which the trunk of the coconut tree and the 
trunk of the takamaka tree are similar. 

i.  

 

 



 

 

ii.  

 

 

 

 

2. Complete the table below to show the differences in the stems of 
woody monocots and woody dicots. 

 

 Differences in the stems of 

 woody monocots (e.g. 
coconut) 

woody dicots (e.g. 
takamaka) 

Arrangement of xylem and 
phloem tissues 

  

Separation of pith and cortex   

Exhibition of primary and 
secondary growth 

  

Increase in the diameter of the 
stem 

  

Presence of annual rings   

Table 11.2.3 (a): Differences in the stems of woody monocots and woody dicots 
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Good observations and good thinking!  

I have provided the feedback at the end of the topic.  You are strongly 
advised to complete the above activities before you refer to the feedback.  
This will help you learn and reflect better on areas for improvement. 

Let us now learn how to tell the age of a tree. 

 

Those of you who have some ideas write them below. 

 

 

 

 

Good! If you do not have a single clue, do not worry. You will soon be 
showing your friends and relatives annual growth rings on tree trunks and 
getting them to find the age of the tree!!! 

 

Woody plants have annual growth rings. I am sure that you have already 
seen the growth rings on tree trunks that have been cut. Let us read the 
text below to learn more about annual growth rings.  

Growth rings in woody plants. 

Trees may be grouped as exogenous and endogenous trees, according to 
the way in which their stem diameter increases.  

Exogenous trees grow by the addition of new wood (secondary xylem) 
outwards. The great majority of trees including all conifers and almost all 
broadleaf trees are exogenous.  

Endogenous trees grow by addition of new secondary xylem (wood) 
inwards. Most of the monocot trees are endogenous trees. 

Exogenous trees create growth rings as new wood is laid down 
concentrically (around a center) over the old wood. The accumulation of 
annual layers of wood produced by the cambium causes the stem to 
enlarge in diameter. The oldest wood is found in the center of the stem or 

How old is a tree? Have you any idea of how the age of a tree is 
known?  



tree trunk. 

The growth rings are visible by alternating light and dark rings. The 
number of growth rings that a tree has depends on the climate (the 
number of wet and dry seasons in one year). In temperate climates, and 
tropical climates with a single wet-dry season alternation, one pair of 
light and dark rings represent one year of growth; these are known as 
annual rings. In areas with two wet and two dry seasons each year, there 
may be two pairs of light and dark rings each year.  

Light rings form in spring when there is plenty of rain and growth is 
rapid. 

Dark rings form in summer when there is less rain and growth is slower. 
The rings look dark because the xylem tubes are close together.   

The annual rings on trees can be used to determine the age of the tree. 
Age determination is impossible in endogenous trees. 

Adapted from: http://en.wikipedia.org/wiki/Tree 

Do you now see the growth rings? I am sure that the answer is yes. Below 
we shall be looking at some annual growth rings on tree trunks.  

 

 

 

Activity 

Activity 11.2.4 

You have about 5 minutes to do the activity. 

Cross sections of three different tree trunks are shown below. 

Tree trunk A 
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Tree trunk B 

 

Tree trunk C 

Figure 11.2.6: cross sections of three tree trunks 

Photos taken by Mariette Lucas (2010) 



 

 

Note it! / 
Important! 

Before you attend to the questions below, try to see if you can see the 
light rings and the dark rings on each tree trunk. Remember that one 
year’s growth is indicated by one light ring and one dark ring. 

 

Figure 11.2.7: Light and dark growth rings on a tree trunk 

Photo taken by Mariette Lucas (2010) 

 

 

Now attend to the questions which follow. 

a. Count the growth rings on each tree trunk and write them down 
below in (i): 

i.  Tree trunk A: __________________ 

Tree trunk B: ____________________ 

Tree trunk C: ____________________ 

ii. Place the tree trunks in order by writing their respective 
label in the boxes. Start with the oldest tree trunk.  

Indicate the age of each tree trunk also in the boxes.  

Oldest tree trunk     youngest tree trunk 
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iii. How many light and dark rings does the oldest tree trunk 
have? 

 

 

 

 

b. How many light and dark rings are there usually in one year’s 
growth? 

 

 

 

c. What causes some of the growth rings to be dark and others to be 
light? 

 

 

 

Well done! 

I have provided the feedback at the end of the topic below.  You are 
strongly advised to answer the above questions before you refer to the 
feedback.  This will help you learn and reflect better on areas for 
improvement. 

 

 

Feedback 

Feedback to Activity 11.2.2 

a. Some of the observable differences between young and old 
woody stems are: 

Differences  



Young woody stem Old woody stem 

No bark present Bark present 

Does not contain hard wood. Contains layers of hard wood 

Growth rings are absent Growth rings are present 

Epidermis present Epidermis absent 

Table 11.2.2 (b): Differences between a young woody stem and 
an older woody stem 

b. The inner bark, outer bark and wood in wood block A and wood 
block B above are illustrated below.  
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The wood blocks have been taken from the tree Verticillium 

calophylli commonly known as the Takamaka Tree. 

Wood block A 

Wood block B 

c. Some of the uses of bark include barks such as cinnamon bark 
that is used as spices and other flavourings. Other barks are used 
as medicine, dyes, varnish, paint, ink and glue. Barks have also 
been used to make cloths, canoes, ropes, and used as surfaces for 
paintings and maps. A number of plants are also grown for their 
attractive bark colorations and surface textures. 

 

 



 

Feedback 

Feedback to Activity 11.2.3 

1. You probably noticed that both the coconut tree and the takamaka 
tree have vascular bundles made up of xylem and phloem tissues, 
and pith and bark.  

2. The differences are in the way that the xylem and phloem are 
arranged and the position of the pith tissue.  

 

 Differences in the stems of 

 woody monocots (e.g. 
coconut) 

woody dicots (e.g. 
takamaka) 

Arrangement of xylem and 
phloem tissues 

The xylem and phloem are 
in bundles scattered in the 
pith. 

The xylem and phloem are 
arranged in a circle 
between the pith and the 
cortex. 

Separation of pith and cortex There is no clear separation 
between the pith and the 
cortex. 

The pith makes most of the 
stem’s internal structure. 

Clear separation between 
the pith and the cortex. 
The pith is the central 
tissue of the stem and the 
cortex is the tissue 
separating the vascular 
cambium and the cork 
cambium. 

Exhibition of primary and 
secondary growth 

Only primary growth 
exhibited. No secondary 
growth. 

Both primary and 
secondary growth is 
exhibited. Primary growth 
takes place in young stems 
and secondary growth in 
older stems. 

Increase in the diameter of the 
stem 

No marked increase in the 
diameter of the stem. 

Stem diameter increases as 
wood is made as part of 
secondary growth. 

Presence of annual rings No annual rings apparent. Annual rings clearly 
apparent. 

Table 11.2.3 (a): Differences in the stems of woody monocots and woody dicots 
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Feedback 

Feedback to Activity 11.2.4 

Understanding growth rings of a tree is easy. We are sure that you had no 
difficulties answering the questions. Check the answers below against 
yours. 

a. The number of growth rings on the tree trunks are as follows: 

i. Tree trunk A has about 21 growth rings 

Tree trunk B has about 13 growth rings 

Tree trunk C has about 7 growth rings  

ii. The tree trunks can be placed in the following order 
according to their age: 

Oldest tree trunk     Youngest tree trunk 

Tree trunk C. 

 It is approximately 
21 years old. 

Tree trunk A. 

It is approximately 
13 years old. 

Tree trunk B. 

It is approximately 7 
years old. 

 

iii. The oldest tree has approximately 21 dark rings and 
approximately 21 light rings. It is approximately 21 years 
old. 

b. There is one dark ring and one light ring in each year’s growth. 

c. Light growth rings are produced during the rainy season. This is 
when growth is the fastest. When there is less rain, growth is slower. 
The rings look dark because the new secondary xylem produced is 
close together.  

 

In Topic 11.2 you have learnt about the support mechanisms of woody 
plants. Now we shall have a look at how much and how well you have 
learnt the content of the topic. The Self-Assessment for Topic 11.2 below 
will help you evaluate your learning. 

 

 



 

Assessment 

Self-assessment 11.1 

You should be able to do the self-assessment in 25 minutes.  You are 
strongly advised to answer the above questions before you refer to the 
feedback.  This will help you learn and reflect better on areas for 
improvement. 

 

1. A section of a woody stem is shown below.  

 

 a. How old was the tree when it was cut? 

 

b. On the drawing, indicate with a label, wood that was made 
during the rainy season and wood made during the drier 
season. 

c. How many light and dark rings does a plant usually produce 
in one year? 

 

2. Show the following parts on the diagram of the woody tree trunk 
below: vascular cambium, cork, secondary xylem, inner bark, 
cork cambium, secondary phloem, outer bark, cortex, pith. 
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3. What is wood? 

 

 

4. What makes woody stems hard? 

 

5. Herbaceous plants do not have wood. How are they able to get 
their shape and remain firm? 

 

6. Differentiate between primary growth and secondary growth. 

 

 

 

 

 

 

 

I hope that the self-assessment questions have helped you to better 
understand the topic. I have provided the feedback at the end of the topic 



below.   

 

Answers to Assessment 

Answers to Self-Assessment for Topic 11.2 

1.  

a. The tree from which the cross section was taken is 
approximately 7 years old. 

b.  

c. A plant usually produces one light ring and one dark ring in 
one year. 

2. The parts of a woody stem are as follows: 

 

 

3. Wood is secondary xylem. 

4. Lignin makes woody stems hard. 
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5. Herbaceous plants can have a shape and remain firm due to 
turgor pressure in their cells. 

6. Primary growth happens in herbaceous plants. It is when the plant 
grows only from the shoot and root growth cells. During primary 
growth plants increase in length as new cells are produced.  

Secondary growth takes place in woody plants. This is when the 
vascular cambium produce new xylem cells which become wood 
and the cork cambium produce new phloem cells which become 
bark. During secondary growth a plant stem increases in diameter 
as new layers of wood are added each year. 

This brings us to the end of topic 11.2 and to the end of the plant section 
of this unit. What did we learn about woody plants here? How are they 
different from herbaceous plants? Are you able to explain the difference 
to your friends and family? If you are, let’s move onto the next topic.  

 

Topic 11.3: Types and Functions of Skeleton  

 

 

How long? 

You will need 1 hour and 20 minutes at the most to do the activities in 
this topic. It is advisable that you spend another 40 minutes of your own 
time to further review the different types of the skeleton and their 
functions. 

 

 

Most animals possess some form of skeletal structure. This could be as 
simple as rods used as strengthening materials in unicellular animals or it 
can be the complex skeletal systems of vertebrates. 

The design of the skeletal structure of an organism contributes towards 
the specific shape of the organism. The shape of the organism depends on 
the specific requirement of the organism according to where it lives. Let 
us reflect further about this in the activity below. 



 

 

Activity 

Activity 11.3.1 

You should complete this activity in about 5 minutes. 

Some animals are shown below. 

Figure 11.3.1: Different animals 

Drawn by Serge Mondon (2010) 

a. Group the animals according to their body structure and habitat. 

 

 

b. In Table 11.3.1 (a) below show how the body of each group of 
animals is adapted to where they live and their daily pattern of 
life. 

 

Animals Body features How the body features 
facilitate life in the specific 

habitat. 
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Animals Body features How the body features 
facilitate life in the specific 

habitat. 

 2-legged terrestrial animals  

 4-legged terrestrial animals  

 Streamlined aquatic animals  

Table 11.3.1 (a): How the body shape of vertebrates is adapted to their habitat 
and daily pattern of life. 

Those were very good reflections!  

I have provided the feedback at the end of the topic. You are strongly 
advised to answer the above questions before you refer to the feedback.  
This will help you learn and reflect better on areas for improvement. 

 

You would have realized from the above activity that the skeleton of the 
animals allow them to have a shape. What are the other functions of a 
skeleton? This is what we are going to learn next. 

 

11.3.1 Functions of the skeleton 

A skeleton is a type of frame which animals have. It serves a number of 
important functions.  

 

 

Reflection 

Reflection 11.3.1 

Take 5 minutes for this short reflection. 

1. What are some of the functions of a skeleton? 

Write and describe two functions below. 

 

 

 
 



Good, let us find out more of these functions in activity 11.3.2 below. 

 

 

 

Activity 

Activity 11.3.2 

You should complete this activity in about 10 minutes. 

a. Think of how your body would be without a skeleton. Write a 
short paragraph describing how this would be like. 

 

 

 

 

 

 

 

b. From what you have written above, write a series of questions 
that would help you know the main functions of the skeleton. An 
example has been done for you. 

 

# Checklist 

1 Does the skeleton help me to open and close my mouth?  

2  

3  

4  

5  
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# Checklist 

6  

Table 11.3.2: Questions about the functions of the skeleton 

c. Test your checklist with a few friends and use the information 
that you gathered to write three functions of the skeleton below.  

1. 

 

2. 

 

3. 

 

 

 

 

Feedback 

Feedback to Activity 11.3.2 

You are surely on the right track.  

Read the text below to learn about the main functions of the skeleton. 



 
 

The main functions of the skeleton are: 

Support: Skeletons provide a rigid framework for the body and help 
resist forces acting on the body of the organism. They help to maintain 
the shape of the body. Body organs are attached to and suspended from 
the skeleton 

Protection: The skeleton protects the delicate internal organs. In 
mammals for example the skull protects the brain, the vertebral column 
protects the spinal cord and the ribs protect the heart and the lungs. 

Locomotion: Skeletons provide a means of attachment for the muscles of 
the body. Parts of the skeleton operate as levers on which the muscles 
can pull to effect movement. 

 

 

 

Activity 

Activity 11.3.3 

You should complete this activity in about 5 minutes. 

Now that you know what the functions of the skeleton are, group the 
questions from your checklist above under the three main functions of the 
skeleton in Table 11.3.3 below. 

 

Functions of the skeleton 

Support Protection Locomotion 

   

   

   

   

Table 11.3.3: Grouping questions according to the functions of the skeleton 
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Feedback 

Feedback to Activity 11.3.3 

Very good! Together with two other colleagues check whether you have 
grouped the questions correctly. 

 

I am sure that from the above exercise you have realised that you already 
have some good knowledge about the body, in particular about the 
skeleton. With this awareness, let us learn about the different types of 
skeleton that animals have. 

 

 

11.3.2 Types of skeleton 

All animals have a skeleton, but all are not of the same type. 

 

 

 

Discussion 

Discussion 11.3.1 

You should complete this activity in about 5 minutes. 

Look again at the animals at Activity 11.3.1 above. Do you see their 
skeleton? Where is their skeleton? How is their skeleton? Discuss with 
your colleagues. 

Then think about the following animals: snails, clams, crabs and beetles. 
Do you see their skeleton? Where is their skeleton? How is their 
skeleton? 

Think about this third group of animals: earthworms and jellyfish. Do you 
see their skeleton? Where is their skeleton? How is their skeleton?  

Write about what you have discovered in your discussions for each group 
of animals in Table 11.3.4 below. 

 

Group of animals Do you see their 
skeleton? 

Where is their 
skeleton? 

How is their 
skeleton? 



Group of animals Do you see their 
skeleton? 

Where is their 
skeleton? 

How is their 
skeleton? 

Hens, cheetahs, 
blue tangs, dogs, 
rays and birds. 

   

Snails, clams, 
crabs and 
beetles. 

   

Earthworms and 
jellyfishes. 

   

Table11.3.4: Skeletons of different groups of animals. 

 

 

Feedback 

Feedback to Discussion 11.3.1 

I have no doubt that you could tell that animals such as hens, cheetahs, 
blue tangs, dogs ,rays and birds have bones inside their body which act as 
their skeleton, whereas animals such as snails, clams, crabs and beetles 
have a shell or hard covering (cuticle) outside their body.  

The earthworms and jellyfishes do not have a cuticle, or a shell, or bones 
inside their body like birds and fishes. They have a special type of 
skeleton which you will learn about in the text below. 
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Hydro skeleton, exoskeleton and endoskeleton 

There are three major types of skeleton: hydro skeleton, exoskeleton and 
endoskeleton. Each of these types of skeleton is discussed below. 

Hydro skeleton: Soft bodied animals with fluid filled bodies have hydro 
skeletons. The fluid in the body of animals with a hydro skeleton is 
enclosed by the body wall muscles. The pressure of the fluid and action 
of the surrounding muscles are used to change the organism’s shape and 
produce movement. Animals with hydro skeletons include jellyfish, 
nematodes and earthworms. 

Exoskeleton: An exoskeleton is a skeleton outside the body possessed by 
animals that do not have bones inside their body. An exoskeleton can be 
shells of calcium carbonate such as the shells of molluscs, the elastic 
covering of animals such as the jellyfish and chitin (hard, light and 
flexible substance) which forms the cuticle of arthropods such as insects, 
arachnids and crustaceans.  

The exoskeleton acts as a hard outer covering to the animal.  In animals 
such as insects and crustaceans, the exoskeleton does not grow with the 
rest of the body of the animal. It must be shed periodically for growth to 
happen. This is known as ecdysis or molting. Molting allows for the 
exoskeleton to be extended and enlarged and often it also involves a 
change in the shape of the animal. 

Endoskeleton: An endoskeleton is an internal skeleton of bone or 
cartilage in vertebrates. Most vertebrates have a bony skeleton in their 
adult form but with cartilage in certain parts of the body such as at the 
joints or between the vertebrae and also in some parts of the body such as 
the nose, ears, trachea and larynx (voice box). Bone is living and it is 
hard. 

Cartilage is much softer than bone. Fish such as dogfish, sharks and rays 
have a whole cartilaginous endoskeleton. They are known as 
cartilaginous fish. 

 

 

Tip 

The next time you get the opportunity to enjoy some shark or a ray dish, 
look for any part of the cartilage skeleton and compare it with the bones 
of chicken, fish or other animals that you frequently come across in your 
meals. 

 



 

 

Activity 

Activity 11.3.4 

You should complete this activity in about 10 minutes. 

a. Classify the following animals according to the type of skeleton 
that they have:  

 
Figure 11.3.2: Animals for classification 

Drawn by Serge Mondon (2010) 

 

Label the groups and write the names of each animal in the correct 
group. 
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b. Write two ways how an exoskeleton is different from an 
endoskeleton? 

 

Differences between 

Exoskeleton Endoskeleton 

 

 

 

 

 

 

Table11.3.5 (a): Differences between exoskeleton and endoskeleton 

c. What are the functions of a skeleton? 

 

 

 

 

d. The external part of the nose consists of cartilage. How different 
would this part of the nose be if it was made of bone? 

 

 

 

 

 



 

 

This was not a difficult exercise at all was it? 
 
I have provided the feedback at the end of the topic below.  You are 
strongly advised to answer the above questions before you refer to the 
feedback.  This will help you learn and reflect better on areas for 
improvement. 
 

 

Feedback 

Feedback to Activity 11.3.1 

You probably realized that the animals need to have different body 
features and shapes to be able to function well in the habitat where they 
live. 

Some of these ideas are given in Table 11.3.1 (b) below. 

 

Animals Body features How the body features facilitate life in 
the specific habitat. 

Hen and bird 2-legged terrestrial animals: 
the bipedals 

Birds need to be light to be able to fly. 
They have only two legs that are not 
too bulky and inconvenient when in 
flight. 

Dog and cheetah 4-legged terrestrial animals: 
the quadrupeds 

The cheetah and the dog need to be 
able to run fast and so they need four 
strong legs. 

Blue tang and ray Streamlined aquatic animals 

 

The blue tang and the ray fish need to 
have streamlined bodies to help them 
move easily in water. 

Table 11.3.1(b): How the body shape of vertebrates is adapted to their habitat and 
daily pattern of life. 

 

 

Feedback 

Feedback to Activity 11.3.3 

a. The animals can be classified as follows: 
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b. The following are some of the differences between an 
exoskeleton and an endoskeleton. 

Exoskeleton Endoskeleton 

Found outside the body. Found inside the body. 

Made of different substances such 
as calcium carbonate, chitin and 
elastic tissue. 

Made of bone and cartilage. 

Invertebrates have exoskeleton. Vertebrates have endoskeleton. 

Is shed periodically in some 
animals namely insects and 
crustaceans. 

Is not shed. Grows as the animal 
grows. 

Table 11. 3.5 (b) Differences between an exoskeleton and an endoskeleton 

c. The functions of the skeleton are: 

 Support: Skeletons provide a rigid framework for the body and help 
resist forces. They help to maintain the shape of the body. Body 
organs are attached to and suspended from the skeleton 

 Protection: The skeleton protects the delicate internal organs. In 
humans for example the skull protects the brain, the vertebral column 
protects the spinal cord and the ribs protect the heart and the lungs. 

 Locomotion: Skeletons provide a means of attachment for the muscles 
of the body. Parts of the skeleton operate as levers on which the 



muscles can pull to effect movement. 

 

d. The external part of the nose would be hard and difficult to move. 
This is because bone is made of mineral substances such as 
calcium phosphate. Cartilage does not contain much mineral 
salts. This makes it softer and more flexible. 

 
 

This brings us to the end of topic 11.3. Reflect back on what you have 
learned in this topic. What is the importance of having a skeleton? Do all 
organisms have the same kind of skeleton?  

Now that you have mastered the basic concepts of the skeleton, let us 
proceed by looking at the skeleton of mammals. 

 

 

 

Topic 11.4: Parts and Functions of the Mammalian Skeleton 

 

 

How long? 

You will need 1 hour and 10 minutes at the most to do the activities in 
this topic. It is advisable that you spend another 35 minutes of your own 
time to further review the parts and functions of the mammalian skeleton. 

 

Recall from your studies of Unit 1 that mammals are vertebrates. All 
vertebrates have an endoskeleton made of bone and cartilage. In this 
topic, we shall be looking closely at the skeleton of mammals. 

 

 

 

Reflection 

Reflection 11.4.1 

Spend about 5 minutes on this reflection. 

I have put pictures of two mammalian skeletons below. Can you tell 
which animal each skeleton belongs to? Write the name of each animal 
on the line below their skeleton. 
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Figure 11.4.1 

Source of pictures: 

http://en.wikipedia.org/wiki/File:Camel_Skeleton_-_Richard_Owen_-
_On_the_Anatomy_of_Vertebrates_(1866).jpg  

http://schools-wikipedia.org/wp/r/Red_Deer.htm  

 

 

Feedback 

Feedback to Reflection 11.4.1 

I hope that you were able to easily recognize the camel and the deer. 

 

As we, human beings, are mammals, it is easier to learn and understand 
the mammalian skeleton by referring to our own skeleton. Hence, 
throughout the topic, we shall be focusing on the human skeleton as an 
example of the mammalian skeleton. 



 

 

Activity 

Activity 11.4.1 

You should complete this activity in about 10 minutes. 

Before we proceed, test your knowledge of the human skeleton by 
comparing the skeletons of the camel and the deer above to your own 
skeleton.  

a. Write at least five similarities between the skeletons of the camel, 
the deer and your own skeleton. 

 

 

i. 

ii. 

iii. 

iv. 

v. 

 

 

b. Write at least four differences between the skeletons of the camel 
and the deer, and your own skeleton in Table 11.4.1 below. 

 

Differences between 

The skeleton of the camel and the deer The human skeleton 
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Differences between 

The skeleton of the camel and the deer The human skeleton 

  

  

Table 11.4.1: Differences between the skeleton of the camel, the deer and the 
human skeleton 

 

 

 

Feedback 

Feedback to Activity 11.4.1 

That was good thinking. We are sure you recognized and named some 
important bones of the human skeleton. Let us now learn more about the 
human skeleton. 

 

 

11.4.1 Parts of the human skeleton 

The mammalian skeleton is divided into two main groups; the axial 
skeleton which comprises of the skull, the vertebral column, the ribs and 
sternum, and the appendicular skeleton, comprising of the pelvic girdle 
and the limbs (arm, shoulder and leg bones in humans).  

The adult human skeleton consists of 206 bones. Some of the bones are 
fused, whereas others are individual bones. The biggest bone in the 
human body is the femur bone in the upper leg and the smallest bone is 
the stapes in the middle ear. 

The bones in our body are supported and supplemented by ligaments, 
tendons, muscles and cartilage. Some of the main bones of the human 
skeleton are showed in Figure 11.4.1 below. 

 

 

 



Source: http://en.wikipedia.org/wiki/Human_skeleton 

Fig 11.4.1: Parts of the human skeleton 
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Group 
 activity 

Group Activity 11.4.1 

You should complete this activity in about 10 minutes. 

Find two or three students, go to the laboratory and ask the laboratory 
technician for a model of the human skeleton. Together with your friends 
try to identify as many of the bones shown in Figure 11.4.1 above. As 
you identify the bones, discuss the importance of those bones to humans 
and other vertebrates. 

 

 

 

 

Feedback 

Feedback to Group Activity 11.4.1 

I am sure that it was worth it having a closer look at the human bones! I 
have no doubt also that you have been able to mention some of the 
importance or functions of the bones of our skeleton. If you were not able 
to do so, we shall find out more about this in the section below.  

 

 

11.4.2 Functions of the human skeleton 

The various bones of the human skeleton have specific functions in the 
body. The main functions of the human skeleton and some of the 
associated bones are showed in Table 11.4.2 below. 

 

Function Bones 

Protection Vertebral column (bones of the cervical vertebrae, thoracic 
vertebrae and lumbar vertebrae): Protects the spinal cord. 

Cranium: Protects the brain, the inner and middle ear and 
the eyes.  

Ribs: Protect the heart and lungs. 



Function Bones 

Movement Leg and arm bones: Permit movement of legs and arms. 

Vertebral column: Allows some degree of movement. 

Cranium: Permits the nodding of the head. 

N.B: Muscles, bones and joints provide the mechanism for 
movement. 

Support Vertebral column (bones of the cervical vertebrae, thoracic 
vertebrae and lumbar vertebrae): Withstands compression 
and resists tensions and other forces acting on the body. 

Ribs and sternum: Supports the lungs. 

Pectoral girdle (clavicle and scapula): Supports the arms. 

Pelvic girdle: Supports the legs. 

Leg bones: Support the body weight.  

Production 
of blood 
cells 

Bone marrow in legs and ribs: Produce white and red 
blood cells. 

Table11. 4.2: Functions of the human skeleton 

 

Activity 11.4.2 below will help you review the above content on the parts 
and function of the human skeleton. 
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Activity 

Activity 11.4.2 

You should complete this activity in about 10 minutes. 

a. The skull is the bony part of the head. Which bones make up the 
skull? 

 

 

 

 

b. How many bones are there in the adult human body? 

 

 

 

 

c. Refer back to Figure 11. 4.1 and classify the bones of the human 
skeleton according to the axial skeleton and the appendicular 
skeleton in Table 11.4.3 (a) below. 

 

Axial skeleton Appendicular skeleton 

  

  

  

  

  



Axial skeleton Appendicular skeleton 

  

  

  

  

  

Table 11.4.3 (a): Bones of the axial and the appendicular skeleton 

d. What are the main functions of the human skeleton? 

 

 

 

a. Write the name of the bone(s) of the human skeleton next to their 
function. 

Function Bone 

Protect the lungs and heart  

Support the body weight  

Permits the movement of legs and arms  

Protects the brain, the middle and inner 
ear and the eyes 

 

Table 11.4.4 (a): Bones of the human skeleton and their functions 

 

I hope that the exercise above has helped you to become familiar with the 
bones of the human skeleton and their functions. 

 
I have provided the feedback at the end of the topic below.  You are 
strongly advised to answer the above questions before you refer to the 
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feedback.  This will help you learn and reflect better on areas for 
improvement. 

.  

Feedback 

Feedback to Activity 11.4.2 

We are sure that you did the exercise well. If you are unsure of your 
answers, go over our suggestions below. 

a. The cranium and mandible (lower jaw) make up the skull. 

b. There are 206 bones in the human body. 

c. The main bones in the axial and the appendicular skeleton are as 
follows: 

Axial skeleton Appendicular skeleton 

Cranium Clavicle 

Mandible (lower jaw bone) Scapula 

Cervical vertebrae Humerus 

Thoracic vertebrae Ulna 

Lumbar vertebrae Radius 

Ribs Pelvic girdle 

Sternum Femur 

 Patella 

 Fibula 

 Tibia 

 Hand and foot bones 

 
Figure 11.4.3 (b): Bones of the axial skeleton and the appendicular 

skeleton 

d. The main functions of the human skeleton are support, protection, 
movement and production of blood cells. 

e.  

Function Bone 

 Protect the lungs and heart Ribs 

 Support the body weight Leg bones 



Function Bone 

 Permits the movement of legs and 
arms 

Leg and arm bones 

 Protects the brain, the middle and 
inner ear and the eyes 

Cranium 

Figure 11.4.4 (b): Bones of the human skeleton and their functions. 

This brings us to the end of the topic examining the parts of a skeleton. 
Quickly go from the top to the bottom of the body and do a review of all 
the skeletal parts. What are some of the functions of the human skeleton?  

Notice how we can bend our arms, knees and fingers. How difficult 
would life be if we were not able to do this? In the next topic, we shall 
learn about joints.  

 

 

Topic 11.5: Joints  

 

 

How long? 

You will need 40 minutes at the most to do the activities in this topic. It is 
advisable that you spend another 20 minutes of your own time to further 
review the different types of joints. 

 

 

We have seen that movement (locomotion) is one of the functions of the 
skeleton. To allow for movement, the body has a mechanism involving 
joints, muscles and bones. In the previous topic we have learnt about the 
some bones in the human body and the types of movement that they 
allow.  
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Reflection 

Reflection 11.5.1 

You need about 5 minutes for this reflection. 

Can you name at least two of the bones of the human body and the 
type of movement that they allow? 

 

 

 

 

 

 

 

 

Feedback 

Feedback to Reflection 11.5.1 

That was easy wasn’t it? You might have mentioned the arm bones, 
which allow for the movement of the lower arm. As I have pointed out 
above, the body mechanism for movement involves not only bones but 
also joints and muscles.  

 

 

We shall now learn about the various types of joints, their structure and 
functions and proceed to muscles in the next topic. 



 

11.5.1 Types of Joints 

 

 

Reflection 

Reflection 11.5.2 

You should be able to complete this reflection in 5 minutes. 

Just imagine that you were born with a serious defect. Your right arm 
bones were fused into one straight bone. 

How would this affect the movement of your right arm? 

You may wish to try this by tying a straight piece of wood to your right 
arm from the shoulder to the wrist and compare your arm movements 
with that of the left arm.  

Write your observations below and give reasons to explain your ideas and 
observations.  

 

 

 

 

 

 

 

 

 

Feedback 

Feedback to Reflection 11.5.2 

You have surely realized that joints in the body play an important role in 
movement of the bones. 

Read the text below to learn further about joints. 

 

What is a joint? 
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The point at which two bones meet each other is called a joint. Joints 
vary depending on their structure and the type of movement that takes 
place at the joint.  

Types of joints 

There are two main kinds of joints; fibrous joints and synovial joints. 

Fibrous joints: Sometimes two bones are joined together quite firmly by 
fibers. Bones joined in this way do not move at all. The bones of the 
cranium and those of the pelvic girdle are held firmly together with 
fibers. Such types of joints are called sutures.  

Fibrous joints are also found between the vertebrae, wrist and ankle 
bones. The bones are separated from each other by cartilaginous pads 
with fibers in them, called intervertebral discs. The cartilage is quite soft 
in the middle and so this allows for the bones to move a little bit. 

Synovial joints: Bones of the arm and leg need to move freely. The place 
where such bones meet is known as synovial joints. Hence the elbow and 
shoulder joints of the arm and the knee and hip joints of the leg are 
synovial joints.   

Different kinds of movement take place at synovial joints; because of 
this, different names are given for the different types of movement that 
takes place at these joints. Synovial joints that allow for the bones to 
bend and move up and down (in one plane) are known as hinge joints. 
The elbow joint which is shown in Figure 11. 5.1below, the finger joints 
and the knee joint are examples of hinge joints. Another type of synovial 
joint is the ball-and-socket joint. Ball-and-socket joints allow for the 
greatest range of movement. The shoulder joint shown in Figure 11.5.1 
below and the hip joint are ball-and-socket joints. These joints make it 
possible for us to make circular movements (movement in all planes). 

At the synovial joints, the bones are held together by ligaments. The 
ligaments are very strong and can stretch when the bones move. To 
prevent the bones form wearing away as they move, the bones also have 
cartilage at the ends. Some thick liquid, known as synovial fluid is found 
in synovial membranes to lubricate the bones so that they can move 
smoothly.  

In Figure 11.5.1 below, I have shown a diagram of the lower and upper 
arm and I have shown an example of the two types of synovial joints. 



Figure 11.5.1: Hinge joints and ball-and-socket joints in the arm 

Adapted from: 
http://fiu-vro.wikipedia.org/wiki/Pilt:Human_arm_bones_diagram.svg  

 

Now use the text above and Figure 11.5.1 to help you do the activities in 
Activity 11.5.1 below. 

 

 

 

Activity 

Activity 11.5.1 

You should be able to complete this activity in 10 minutes. 

1. In Table 11.5.1below, I have listed some bones of the arm and 

some bones of the leg.  

a. Move each bone and as you move them try to tell what 

type of movement was done and the type of joint that there 

is between the bones. Write your answers in the table. 

I have done one example for you. 
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Bone to move Type of movement Type of joint 

Upper arm bone (Humerus) Circular  movement 
(movement in all planes) 

Ball and socket joint. 

Lower arm bones (Radius & 
Ulna) 

  

Wrist bones (Carpus)   

Finger bones of the arm 
(Metacarpus & Phalanges) 

  

Upper leg bone (Femur)   

Lower leg bones (Tibia & 
Fibula) 

  

Ankle bones (Tarsals)   

Bones of the toes (Metatarsals & 
Phalanges) 

  

Table 11.5.1 (a): Type of movement and joints for different bones moved. 

 

b. From the exercise that you have done above, describe in 

your own words what a joint is. 

 

 

 

2. The two kinds of joints are fibrous joint and synovial joint. 

a. Describe a fibrous joint. 

 



 

 

b. What are the two types of synovial joints? 

 

 

 

3. On the diagram of the human leg below, show the two types of 
synovial joints. 

 

Figure 11.5.2: Human leg bones 

4. What stops bones from rubbing against each other at the joints? 
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I hope you were able to learn a lot about the joints in our body. I also 
hope that you have tried to locate the joints in your legs and arms and 
have tried to move them.   

 

I have provided the feedback at the end of the topic below.  You are 
strongly advised to answer the above questions before you refer to the 
feedback.  This will help you learn and reflect better on areas for 
improvement. 

 

Feedback 

Feedback to Activity 11.5.1 

1. a.The type of movement performed by each bone and the type of 
joint that will allow the specific type of movement are: 

 

Bone to move Type of movement Type of joint 

Upper arm bone (Humerus) Circular  movement (movement 
in all planes) 

Ball and socket joint 

Lower arm bones (Radius & 
Ulna) 

Up and down movement 
(movement in one plane) 

Hinge joint 

Wrist bones (Carpus) Up and down movement but 
also limited side to side 
movement 

Hinge joint (but more 
complicated than the 
elbow joint. Such type of 
hinge joints is known as 
the condyloid joint) 

Finger bones of the arm 
(Metacarpus & Phalanges) 

Up and down movement 
(movement in one plane) 

Hinge joint 

Upper leg bone (Femur) Circular  movement (movement 
in all planes) 

Ball and socket joint 



Lower leg bones (Tibia & 
Fibula) 

Up and down movement 
(movement in one plane) 

Hinge joint 

Ankle bones (Tarsals) Up and down movement 
(movement in one plane) 

Hinge joint 

Bones of the toes (Metatarsals & 
Phalanges) 

Up and down movement 
(movement in one plane) 

Hinge joint 

Table 11.5.1 (b): Type of movement and joints for different bones moved. 

b. A joint is the place where two bones join each other. 

2. Fibrous and synovial joints. 

a. A fibrous joint is the place where two bones are joined 
firmly together by fibers. At such joints there is very little 
movement or no movement at all. 

b. The two types of synovial joints are the hinge joint and 
the ball and socket joint. 

3. The ball and socket joint is found at the hip joint, between the 
pelvic girdle and the femur; the hinge joint is at the knee, ankle 
and toes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.5.3: Human leg bones and joints 
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4. To prevent the bones form wearing away as they move, the bones 
have cartilage at the ends. Synovial fluid which is found in 
synovial membranes also lubricates the bones so that they can 
move smoothly.  

This brings us to the end of the joint topic. How did you do on the 
assignment above? Please make sure to seek help if you are confused on 
anything. Think of 3 locations in the body where joints exist. What is the 
importance of joints and also the different types of joints? 

Note that even if you have a solid skeletal structure and multiple joints, 
you still need something that helps you move. We will learn about how 
the body does this in the next topic.  

 

Topic 11. 6: Muscles and Movement 

 

 

How long? 

You will need 1 hour 50 minutes at the most to do the activities in this 
topic. It is advisable that you spend another 55 minutes of your own time 
to further learn about the muscles and movement of our body. 

In Topic 11.5 above, we saw that there are three main components that 
form the mechanism for the movement of the skeleton. I have shown 
these components in Figure 11.6.1 below. 

 
Figure 11.6.1: The main body mechanisms for the movement of the skeleton. 

The 
Skeleton

Has 
bones

Has 
joints

Has 
muscles



 

Reflection 

Reflection 11.6.1 

You have about 5 minutes for this reflection. 

You have learnt about joints and bones above. Let us see how well you 
recall what you have learnt. Make a list of three ideas that you have learnt 
about bones and joints in columns 1 & 2 on Figure 11.6.2 below.  

 

Figure 11.6.2: Students’ ideas about bones, joints and muscles. 

Very good! You still recall a lot about bones and joints. But what ideas do 
you have about muscles?  In the third column, write any ideas that you 
have about muscles. 

Figure 11.6.3: A bodybuilder showing muscles in the body 

Ideas that I 
have learnt 

about bones.

Ideas that I 
have learnt 

about joints.

My own ideas 
about muscles

Does this bodybuilder help bring any ideas about muscles to mind?
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Source of picture:  http://en.wikipedia.org/wiki/Bodybuilding 

 

Feedback 

Feedback to Reflection 11.6.1 

That was some good thinking! 

I am sure that the body builder has helped you to realize that muscles 
contract (they get shorter) and relax. Muscles are elastic and so they 
regain their original size and form during relaxation. Muscles have a good 
supply of mitochondria to produce energy for contraction.  

Some of you might also have realized that bones will not move at a joint 
if there are no muscles to pull the bones. 

 

In the section which follows, we shall be looking more closely at the 
skeletal muscles, but first let us briefly learn about the three types of 
muscles in the body of vertebrates. 

 

11.6.1 The three types of muscles in vertebrates 

Vertebrates have three main types of muscles. These are the skeletal 
muscle, the smooth muscle and the cardiac muscle. We will look at each 
of these muscles in the text below. 

Skeletal muscle (also called striated, striped or voluntary muscle):  The 
skeletal muscle is attached to bone. It is concerned with locomotion of 
the animal. It contracts quickly and fatigues quickly. It is stimulated by 
the voluntary nervous system, which means that it is normally under the 
conscious control of the animal.  The skeletal muscle is the only muscle 
that you can choose to move or not. 

Smooth muscle (also called unstriated, unstriped, or involuntary): This 
type of muscle is found in tubular organs such as the stomach, the 
intestine and the blood vessels (veins and arteries). It is concerned with 
the movement of materials through these organs. It contracts slowly and 
fatigues slowly compared to skeletal muscles. It is spontaneously 
activated and is stimulated by the automatic nervous system; hence the 
animal does not have conscious control over it.  

Cardiac muscle: Muscle found in the heart. It contracts spontaneously 
and without fatigue. It is involuntary; hence animals do not have control 
over the contraction of their heart muscles. 

 



Let us now look more closely at skeletal muscles and the role they play in 
the locomotion of vertebrates.  

 

 

11.6.2 Skeletal muscles  

All the muscles that are attached to our bones are skeletal muscles. 
Skeletal muscles pull on the bones to make them move.  

 

Activity 

Activity 11.6.1 

You have 20 minutes to complete this activity. 

Your elbow joint allows for you to move your lower arm up and down. 
This is possible due to the skeletal muscles that are attached to your upper 
arm and lower arm. 

Let us find out where the muscles are attached to allow us to move the 
lower arm. Follow the instructions below to make a model arm. 

 

Get the following materials:  

 A piece of card board about the size of an A4 paper. 

 A pair of scissors. 

 Drawing pins. 

 A piece of string about 30cm long. 

 

What to do: 

 Place the cardboard in a portrait position on the table. Sketch the 
upper arm on one half of the piece of card board. Use the whole 
length of the card board. 

 Sketch the lower arm on the other half of the piece of card board. 
Use the whole length of the card board. 

 Cut out the two shapes (lower arm and upper arm). 

 Join the lower arm and the upper arm together using the drawing 
pins as the elbow joint. 
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 Find out where you can attach the string to ensure that you can 
pull the lower arm up and down. 

 Once the string is attached, pull on the string and see if you can 
get the lower arm to move up and down. If you cannot get this, 
then try to see how you can attach the string to allow for the 
expected movement. 

 

What did you notice? 

Draw a diagram of your model arm below. On the diagram label the 
upper arm, the lower arm, the elbow joint, and the muscle. You should 
also label the two points where the string (muscle) was attached to the 
arm. Label the upper part O and the lower part I. 

 

 

 

 

 

 

 

 

 

On the lines below, write about where you attached the string (muscles) 
and how you used the string to move the lower arm up and down. 

 

 

 

 

 



 

 

Feedback 

Feedback to Activity 11.6.1 

Good. Through your model arm you have an idea of where our muscles 
are attached to help us move our bones. Let us compare and enrich your 
ideas with the content of the text below. 

 

A skeletal muscle is attached to bone in at least two places. One end of 
the muscle is attached to a firm non-movable bone. This point of 
attachment is called the origin of the muscle. The other point of 
attachment is the insertion. At the insertion, the opposite end of the 
muscle is attached to a freely movable bone. Skeletal muscles are very 
firmly attached to bone by means of tough, inelastic tissues called 
tendons. Tendons are made up almost entirely of collagen.  

 

 

Figure 11. 6.4: Origin and insertion of upper arm muscles 

Drawn by Serge Mondon (2010) 
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Activity 

Activity 11.6.2 

You should complete this activity in about 5 minutes. 

Now go back to the diagram of your model arm and label the origin of the 
muscle and the insertion of the muscle next to the letters O and I on your 
diagram. 

Then in the space below re-write your descriptions of how you moved the 
lower arm up and down in your model, by using the words from the text 
above. 

 

 

 

 

 

 

 

 

 

Feedback 

Feedback to Activity 11.6.2 

That should not have been difficult. I am sure that you now have a clear 
idea of how muscles are attached to allow their movement. 

 

The model arm that you made above with one piece of string does not 
show exactly how muscles work. We shall see below that muscles work 
in pairs.  

 

How skeletal muscles work 

It is possible for us to bend our arm at the elbow. The muscles attached to 



the bones in our arm make this movement possible. To move a bone two 
muscles are required. When one of the muscles contract, it moves the 
bone in one direction and when the other muscle contracts it moves the 
bone in the opposite direction. Two muscles that work together in this 
way are known as antagonistic muscles. Hence, when one of the 
antagonistic muscles contracts, the other muscle relaxes and the bone is 
moved in one direction.  

Fig. 6.2 below shows how the antagonistic muscles in the arm, the biceps 
and the triceps, work when the forearm is raised.  

 

Figure 11.6.5: Antagonistic muscles in the arm 

Adapted from: http://en.wikipedia.org/wiki/Biceps_brachii_muscle 

 

Biceps and triceps are only examples of antagonistic muscles. 
Antagonistic muscles are also found in the legs and many other places in 
the body.  

 

Now that you have read the text, you might be interested in improving on 
your model arm so that it represents the real way our muscles work. This 
is a challenge that I give to you. 

 

Read the text below to learn more about antagonistic muscles. 
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Flexor and extensor muscles 

We saw in Figure 11. 6.2 that the biceps muscle is attached to the 
scapular by two tendons at the top (the origin) and to the radius by one 
tendon at the bottom (the insertion). When the biceps contracts, it pulls 
the radius and ulna up towards the scapula and as a result our arm bends 
at the elbow joint. This action of bending a hinge joint is known as 
flexion. The muscle responsible for bending the joint is called the flexor 
muscle; hence the biceps muscle is a flexor muscle.   

The triceps is attached by three tendons, one on the scapula and two on 
the humerus at the top (the origin), and to the ulna by one tendon at the 
bottom (the insertion). To straighten the elbow joint and hence lower the 
forearm, the triceps contracts, while the biceps relaxes. The action of 
straightening a hinge joint is known as extension. The triceps muscle is 
therefore an extensor muscle. 

Flexor and extensor muscles are antagonistic muscles. They work 
together to allow bending and straightening of the joints. When bending 
the elbow joint or flexing the arm, the flexor muscle contracts while the 
extensor muscle relaxes. When straightening the elbow joint or extending 
the arm, the extensor muscle contracts while the flexor muscle relaxes.  

 

Figure 11.6.6: Flexor and extensor muscles in the upper arm 

Adapted from: http://en.wikipedia.org/wiki/Biceps_brachii_muscle 



 

To help you review what you have learnt about muscles above, I have 
provided below a summary of the content learnt in the form of questions. 
Try to answer the questions as best as you can. 

 

 

Summary 

Summary 11.6.1 

You should be able to attend to this summary in about 20 minutes. 

1. Name the antagonistic muscles in the upper arm. 

 

 

 

 

2. On which bone is the origin of the biceps muscle found? 

 

 

 

 

3. Describe the insertion of a muscle? 

 

 

 

 

4. You decide to move your forearm upwards. Describe how your 
arm muscles will help you do that. 
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5. Name the flexor muscle in the arm. 

 

 

 

6. Explain with the use of clearly labeled diagrams, what happens to 
the flexor and extensor muscles when straightening the elbow 
joint. 

 

 

 

 

 

 

 

 

 

I am sure that you did not have much difficulty answering the questions 
in the summary. 



 

I have provided the feedback at the end of the topic.  You are strongly 
advised to answer the above questions before you refer to the feedback.  
This will help you learn and reflect better on areas for improvement. 

 

I am sure that your answers were not far from the suggestions that I have 
provided above. With the above activity we have completed the topic on 
Muscles and Movement. The self-assessment below will help you review 
what you have learnt in the topic. 

 

 

 

Assessment 

Self-Assessment 11.2 

You should complete this self-assessment in approximately 20 minutes. 

1. Name the three main types of muscles in the body of vertebrates. 

 

 

 

 

2. Differentiate between the skeletal muscle and the smooth muscle. 

 

 

 

 

 

 

 

3. Define the: 
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a). origin of muscles 

 

 

 

 

 

 

 

b). insertion of muscles 

 

 

 

 

 

4. On the diagram of the arm below, show the origin and insertion 
of the biceps and triceps muscles. 



Figure 11.6.7 (a): Diagram of the arm 

 

5. What are antagonistic muscles? 

 

 

 

 

 

6. Describe what will happen at the elbow joint and consecutively 
what will happen to the forearm, when the flexor muscle of the 
arm relaxes and the extensor muscle contracts. 
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Feedback 

Feedback to Summary 11.6.1  

1. The biceps and triceps are the antagonistic muscles found in the 
upper arm. 

2. The origin of the biceps is found on the scapula bone. 

3. The insertion of a muscle is the point of attachment of the muscle 
to a freely movable bone. 

4. To move the forearm upwards the biceps contracts while at the 
same time the triceps relaxes. 

5. The flexor muscle in the arm is the biceps. 

6. When straightening the elbow joint, the extensor muscle (the 
triceps) contracts, while the flexor muscle (the biceps) relaxes 
and the forearm is lowered.  

 

Figure 11.6.4: Straightening the elbow joint 

 



 

 

Answers to Assessment 

Answers to Self-Assessment for Topic 11.6 

1. The three main types of muscles in the body of vertebrates are 
skeletal muscle (also called striated, striped or voluntary muscle), 
smooth muscle (also called unstriated, unstriped, or involuntary 
muscle), and cardiac muscle. 

2. The skeletal muscle is attached to bone. It is concerned with 
locomotion of the animal. It contracts quickly and fatigues 
quickly. It is stimulated by the voluntary nervous system, which 
means that it is normally under the conscious control of the 
animal.  The skeletal muscle is the only muscle that you can 
choose to move or not. 

The smooth muscle is found in tubular organs such the stomach, 
the intestine and the blood vessels (veins and arteries). It is 
concerned with the movement of materials through these organs. 
It contracts slowly and fatigues slowly. It is spontaneously 
activated and is stimulated by the automatic nervous system; 
hence the animal does not have conscious control over it.  

3. Origin and insertion of muscles are defined as follows: 

a. The origin of a muscle is the point of attachment of one 
end of the muscle to a firm non-movable bone.  

b. The insertion of a muscle is the opposite end of the 
muscle which is attached to a freely movable bone. 

4. The origin and insertion of the biceps and triceps muscles are 
shown in Figure 11.6.7(b). 
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Figure 11.6.7 (b): Origin and insertion of biceps and triceps muscles. 

5. Two muscles that work together to move a bone are known as 
antagonistic muscles. When one of the antagonistic muscles 
contracts, the other muscle relaxes and the bone is moved in one 
direction. Biceps (a flexor muscle) and triceps (an extensor 
muscle) are examples of antagonistic muscles. They work 
together to move the bones of the forearm. 

6. When the flexor muscle of the arm relaxes and the extensor 
muscle contract, the elbow is straightened and the forearm is 
lowered. 

We hope that you were able to answer the questions without much 
difficulty. This was a good test of your understanding of content from 
Topic 11.6. I hope you now understand how the muscles help the body 
move.  

In the next section we shall look at how our skeleton functions as levers.  

 

 

 

 



Topic 11.7: The Skeleton as Levers 

 

 

How long? 

You will need 1hour 50 minutes at the most to do the activities in this 
topic. It is advisable that you spend another 55 minutes of your own time 
to further learn about how the skeleton functions as levers. 

 

In Unit 3 you learnt about the principle of levers. Before we proceed, let 
us review your knowledge about levers. We shall do that by completing 
the fill in the blanks exercise in reflection 11.7.1 below. 

 

 

 

Reflection 

Reflection 11.7.1 

You should complete this reflection in about 5 minutes.  

 

A lever is a ________________ _______that pivots at a fixed point 

called the _______________. A lever is able to move or lift a 

____________ about the fulcrum when an opposing force (the 

____________) is applied. 

 

 

 

Feedback 

Feedback to Reflection 11.7.1 

That was good. I am sure that you have used the words rigid bar, fulcrum, 
load and effort correctly in the text. I will ask you to go back to the fill-in-
the-blanks exercise above to verify whether your words were correctly 
placed shortly. But now, it is time for us to see how our bodies also 
function as levers. You never thought about that, did you? 

 

Indeed in our body some of the bones, especially the long ones, function 
as levers. These bones (the rigid bar) are able to move another bone (the 
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load) at a joint (the fulcrum) under the pull of muscles (force/effort) when 
they contract.   

 

In everyday life we recognize three different orders of levers. These are 
also found in the body. They are as follows: 

First order levers: These are cases where the fulcrum (F) is found 
between the load (L) and the force/effort (E) as shown in Figure 11.7.1(a) 
below.  

 

Figure 11.7.1 (a): Principle of first order levers 

Drawn by Mariette Lucas (2010) 

In Figure.11.7.1 (a) above, a rigid bar is pivoted at a point (F) with a load 
(L) at one end. To lift the load a force (E) must be applied at the opposite 
end. The amount of the force required to lift the load will depend on the 
position of the fulcrum in relation to the load and the effort. The closer 
the fulcrum is to the load, the easier it is to lift the load, so less effort is 
required. If the fulcrum is close to the effort it is more difficult to lift the 
load; you need much more effort than if the fulcrum was further away.  

 

An example of when our bones operate as first order levers is when we 
straighten the elbow joint to lower the forearm-Figure.11.7.1 (b).  The 
seesaw, the crowbar and scissors are everyday examples of first order 
levers.  The scissor is also shown in Figure. 11.7.1 (b) below. 

 

Examples of first order levers 

In the body In everyday life 



Examples of first order levers 

In the body In everyday life 

Lowering the forearm 

 

Scissors 

Figure 11.7.1 (b): Examples of first order levers 

Drawn by Serge Mondon (2010) 

You may wish to try a simple activity as the one in Activity 11.7.1 below 
to better understand how the position of the fulcrum in relation to the load 
and the effort affects the ease with which a load is moved, before 
proceeding to second and third order levers. 

 

 

Activity 

Activity 11.7.1 

You need approximately 30 minutes to complete this activity. 

This activity has two parts; Part A and Par B. 

1. Look for the materials below and compose the following set up.  
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Figure 11.7.2: Experimenting with first order levers 

Photo taken by Louisette Bonte (2010) 

Materials: 

 A meter ruler or a rod or straight piece of wood. 

 A spring balance. 

 A retort stand. 

 A 200g, a 300g, a 500g and a 1kilogram load each tied to a piece 
of string. 

 

 

Note it! / 
Important! 

I advise you to first do the activity with a 500g load, then repeat the same 
with a 1000g (1kg) load, and check the pattern in your results.  

 

If you find it difficult for you to get hold of the above conventional 
laboratory equipment you may wish to use related common everyday 
equipment such as a rigid bar or rod which is uniform in thickness or 
girth to replace the meter ruler, an elastic band to replace the spring 
balance, a bottle to serve as the fulcrum in the place of the retort stand 
and any load such as a 1.5volt battery to replace the 500g/1kg load.  

 

Procedure: 

Part A 



1. Before you start the activity, label the Figure 11.7.2 above and 
show the load, the fulcrum and the effort. 

2. Now place the load close to the fulcrum (about 10cm away), and 
hang the spring balance about twice the distance away on the 
opposite side of the fulcrum. Then pull on the spring balance to 
balance the bar.  

Note the force exerted by the spring balance in Table 11.7.1 
below, next to the 10cm distance.  

3. Then keeping the spring balance in the same position, move the 
load an extra 10cm away from the fulcrum and pull on the spring 
balance to keep the bar balanced. 

 

 

4. Record the reading shown on the spring balance in Table 11.7.1 
next to the 20cm distance. 

5. Repeat the activity with the load at 30cm and then 40 cm away 
from the fulcrum and record the force exerted by the spring 
balance each time. Note that you should not move the spring 
balance. Keep it in the same position. 

6. Repeat the activity with a 1kg load and record the results in the 
space provided in Table 11.7.1 

 

 

Note it! / 
Important! 

If you are using an elastic band instead of a spring balance, pull down on 
the elastic band and note the amount of force (a little force, a slightly 
greater force, a great force, etc.) that you require each time to keep the 
bar balanced. 

Results: 
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Table 11.7.1 Force required to move load as distance of load from fulcrum is 
increased. 

 

I am sure that you have made some very good observations and that you 
have got some very interesting results. 

 

Study the results closely, and then answer the question below. 

 

 

 

 

 

 

Part B 

1. Repeat the above activity, but this time you should keep the load 
at a fixed distance to the fulcrum and change the position at 

Load 
(grammes) 

Distance of load 
from the fulcrum 

Force exerted by spring 
balance (Newtons) 

500g 

10cm  

20cm  

30cm  

40cm  

1000g (1kg) 

10cm  

20cm  

30cm  

40cm  

What do you notice as you increase the distance of the load from the 
fulcrum? 



which you apply the force. 

Note that this time you should use 200g and 300g loads instead of 
the heavier loads used above. 

 

 

 

 

 

 

 

 

Good, let us see what the results will be like. 

 

2. Place the load at a fixed distance from the fulcrum (e.g. 20cm 
away) and hang the spring balance 10cm away from the fulcrum. 
Pull on the spring balance, and find out how much force is 
required to keep the bar balanced. Record the reading in Table 
11.7.2 below. 

What results do you expect to get? Do you expect to get the same 
results as for the above activity or do you expect the results to be 
different? Write down what you think on the lines below. 
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3. Then move the spring balance 10cm further away from the 
fulcrum each time.  

 

 

4. Record the force exerted each time you increase the distance of 
the effort in Table 11.7.2 below. 

 

Load 
(grammes) 

Distance of force 
applied from the 

fulcrum 

Force exerted by spring 
balance (Newtons) 

100g 10cm  

20cm 



Load 
(grammes) 

Distance of force 
applied from the 

fulcrum 

Force exerted by spring 
balance (Newtons) 

30cm 

40cm 

300g 10cm  

20cm  

30cm  

40cm  

Table 11.7.2: Force required to move the load as distance of force from 
fulcrum is increased 

This activity was a very interesting one. I am sure that you have made 
some very surprising observations and that you have got some very 
interesting results. 

 

Study the results closely, and then answer the question below. 

 

 

 

 

 

 

We hope that this exercise helped you to better understand how first order 
levers work. See our feedback below for some comments on the activity. 

What do you notice as you increase the distance of the effort from the 
fulcrum? 
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Feedback 

Feedback to Activity 11.7.1 

 As the distance of the load from the fulcrum is increased, more force 
is needed to keep the bar balanced. Hence, the closer the fulcrum to 
the load, the easier it is to move the load or the further the fulcrum 
from the load the more difficult it is to move the load. 

 

 As the distance of the force to the fulcrum is increased less force is 
needed to keep the bar balanced. Hence, the further the fulcrum to the 
effort, the easier it is to move the load or the closer the fulcrum to the 
effort the more difficult it is to move the load. 

 

Let us now learn about second order levers. 

 

Second order levers: In second order levers, the load is found between the 
fulcrum and the effort. This is shown in Fig. 6.8 (a) below.  

 
Figure 11.7.3 (a): Principle of second order levers 

Drawn by Mariette Lucas (2010) 

 

The wheel barrow is an everyday example of second order levers-Figure 
11.6.8 (b). An example of when the second order lever principle is used in 
the human body is when you stand on your tiptoe.  

 

Examples of second order levers 

In the body In everyday life 



Examples of second order levers 

In the body In everyday life 

 

Standing on tiptoe 

 

 

Wheel barrow 

Figure 11.7.3 (b): Examples of second order levers 

Drawn by Serge Mondon (2010) 

 

Now, we shall learn about third order levers. 

 

Third order levers: This is when the effort lies between the load and the 
fulcrum.  Third order levers are shown in Figure 11.7.4 (a).  

 
Figure 11.7.4 (a): Principle of third order levers 

Drawn by Mariette Lucas (2010) 
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Tweezers, tongs and forceps are everyday examples of third order levers. 
In the human body when the elbow bends to lift the forearm, the third 
order lever principle is applied. These examples are shown in Figure 
11.7.4 (b). 

 

 

Examples of third order levers 

In the body In everyday life 

Raising the forearm 

 

 

Ice tongs 

Figure 11.7.4 (b): Examples of third order levers 

Drawn by Serge Mondon (2010) 

 

Group Activity 11.7.1 demonstrates the action of the biceps muscle to 
bend the elbow. You should note the amount of force required for such an 
effect and compare it with what you noticed in Activity 11.7.1 above.  

 



 

 

Group 
 activity 

Group Activity 11.7.1 

You should complete this activity in about 30 minutes. 

For this activity you need to work with a group of students who are also 
doing this course. Once you have formed a group of about 4 members, 
get the following materials to set up the model shown below.  

In the activity you will be investigating the action of the biceps muscle. 

 

Materials: 

Two flat pieces of wood of length 45cm.  

 

Procedure: 

Arrange the materials as shown below. 

 

Figure 11.7.5 (a): Model showing action of biceps muscles 

Drawn by Serge Mondon (2010) 

1. Start by labeling the following parts of human arm next to their 
corresponding part on the diagram of the model before doing the 
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activity: humerus, elbow joint, bones of the forearm (radius & 
ulna), and biceps.  

Indicate also in bold, the letters F for fulcrum, E for effort and L 
for load on the appropriate part on the diagram. 

2. With the spring balance attached to hook 1, pull upwards parallel 
to the humerus until the forearm is exactly horizontal. Take the 
reading on the spring balance and record it in Table 11.7.3 below. 

3. Repeat the activity with the spring balance puling on hook 2, then 
hook 3 and finally hook 4. Record each of the results next to the 
correct distance in Table 11.7.3 below. 

 

Load 
(grammes) 

Distance from 
elbow 

Force exerted by spring 
balance (Newtons) 

100g 10cm  

20cm 

30cm 

40cm 

Table 11.7.3: Force required to move forearm as distance of force from 
fulcrum is increased 

That must have been quite a discovery. Now attend to the questions 
below. They should help you make sense of the results that you have 
collected above as well as in Activity 11.7.2.  

 

a. At which position was the force needed to lift the forearm the 
greatest? 

 

 

 

 

b. Which position most closely represents the actual position of 
the attachment of the biceps muscle to the radius?  

 



 

 

c. Skeletal muscles are able to exert considerable force, but they 
cannot contract by very large amounts. Can you suggest why 
the biceps is attached so close to the fulcrum? 

 

 

 

d. Considering your answers to (a), (b) and (c) above, complete 
the following passage by using your own words: 

 

The _______________ distance between the attachment of the biceps and 

the _______________ means that a large ______________ is required to 

produce a large effect.  This shows that ______________ such as the 

biceps can produce large forces but are _______________ to contract 

over large distances. 
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With the above activity we have completed the topic on The Skeleton and 
Levers.  Please refer to the feedback below to check your answers for 
group activity 11.7.1. This topic also brings us to the end of the unit on 
Support and Movement.  

 

Feedback 

Feedback to Group Activity 11.7.1 

1. The corresponding parts of the human arm to the model are as 
follows: 

 

Figure 11.7.5 (b): Corresponding parts of human arm to model 

 

Answers to questions (a) to (d). 

a. Force for lifting the forearm was greatest at 10cm (hook 1) 
from the fulcrum. 

b. Hook 1 most closely represents the actual position of 
attachment of the biceps muscle to the radius. 

c. The biceps are attached so close to the fulcrum because of the 
fact that they cannot contract much, but can produce large 
forces.  

d. The small distance between the attachment of the biceps and 



the elbow joint (the pivot) means that a large force is required 
to produce a large effect.  This shows that muscles such as the 
biceps can produce large forces but are unable to contract over 
large distances. 

 

I hope you were able to successfully relate what you have learned about 
levers in the physics unit to the skeleton as levers. Understanding how 
levers work may help you lift something more efficiently or play sports 
more effectively.  

You will now move on to study your next unit and I wish you good luck 
with your studies. 

 

 

Unit summary 
 

 

 

The first part of this unit dealt with support mechanisms of herbaceous 
and woody plants. We have seen that they have different support 
structures. In Herbaceous plants, the turgor pressure keeps the plant erect. 
In woody plants, the wood itself keeps them erect. This difference allows 
the woody plants to grow tall but not the herbaceous plants.  

In this unit you also learned that vertebrates have three main types of 
muscles. These are the skeletal muscle, the smooth muscle and the 
cardiac muscle. You learned that skeletal muscle (also called striated, 
striped or voluntary muscle) is attached to bone and is concerned with 
locomotion of the animal. The smooth muscle (also called unstriated, 
unstriped, or involuntary) is found in tubular organs such the stomach, the 
intestine and the blood vessels (veins and arteries), and the cardiac 
muscle, which contracts spontaneously and without fatigue is found in the 
heart.  

You also learned that skeletal muscle is attached to bone in at least two 
places; the origin and the insertion. The origin of the muscle is the point 
of attachment of one end of the muscle to a firm non-movable bone. At the 
insertion, the opposite end of the muscle is attached to a freely movable 
bone. In addition you learned that skeletal muscles are very firmly 
attached to bone by means of tough, inelastic tissues called tendons.  

You further learned that pairs of muscles work together to move a bone. 
When one muscle relaxes the other contracts. Muscles that work together 
in this way are known as antagonistic muscles. Hence, when one of the 
antagonistic muscles contracts, the other muscle relaxes and the bone is 
moved in one direction. Biceps and triceps are only examples of 
antagonistic muscles. Antagonistic muscles are also found in the legs and 
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many other places in the body 

Flexor and extensor muscles are antagonistic muscles. They work 
together to allow bending and straightening of the joints. You learned that 
when bending the elbow joint or flexing the arm, the flexor muscle 
contracts while the extensor muscle relaxes. When straightening the 
elbow joint or extending the arm, the extensor muscle contracts while the 
flexor muscle relaxes. 

Furthermore, you learned that in our body some of the bones, especially 
the long ones, function as levers. These bones (acting as the rigid bar of a 
lever) are able to move another bone (which is the load) at a joint (the 
fulcrum) under the pull of muscles (force/effort) when they contract. You 
saw that in everyday life three different orders of levers are recognized. 
These are first order levers, second order levers and third order levers.  

First order levers are cases where the fulcrum (F) is found between the 
load (L) and the force/effort (E). An example of when our bones operate 
as first order levers is when we straighten the elbow joint to lower the 
forearm. The seesaw, the crowbar and scissors are everyday examples of 
first order levers 

In second order levers, the load is found between the fulcrum and the 
effort. The wheel barrow is an everyday example of second order levers. 
An example of when the second order lever principle is used in the 
human body is when you stand on your tiptoe. 

Third order levers are cases when the effort lies between the load and the 
fulcrum.  Tweezers, tongs and forceps are everyday examples of third 
order levers. In the human body when the elbow bends to lift the forearm, 
the third order lever principle is applied. 

Lastly, you learned that the muscles such as the biceps can produce large 
forces but are unable to contract over large distances.  
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Unit 12 

Gravity 

Introduction 

Welcome to Unit 12 entitled Gravity.  It consists of three main topics – 
gravitational field, mass and weight, and terminal velocity.  The topic 
gravitational field will provide you with an insight into ‘forces which act 
at a distance’.  Hence, in this unit we will discuss gravity, gravitational field, 
mass and weight, air resistance on falling objects and earth satellites in 
general. We will, whenever possible, provide opportunities for you to try 
out some basic experiments and to apply formulae learnt within the unit. 
Think back to unit 8 (motion) and unit 9 (force and motion) as some of 
the concepts are related to what we are going to study this unit.  

 

In this unit you will learn:  

 That gravity is a force which acts between bodies; 

 That earth is a source of a gravitational force 

 About mass and weight 

 About the part played by air resistance on falling bodies close to 
the earth 

 About how objects orbit the earth. 

 

We hope that this unit will be both interesting and enjoyable. 

 

 

 

 

 

 

 



 

Upon completion of this unit you will be able to: 

 

Outcomes 

 describe gravity as a force which acts between bodies even though 
they are not in contact. 

 state that the Earth is the source of a gravitational field. 

 distinguish between mass and weight. 

 discuss the part air resistance plays in the way objects fall when close 
to the Earth’s surface. 

 explain why it is possible for objects to orbit the Earth without falling 
to its surface. 

 

 

 

Terminology 

Air resistance: Resistance exerted on a moving object by air 
particles 

Mass: The amount of matter in an object 

Terminal velocity: Maximum velocity achieved by a free falling 
object in a fluid (in fluid dynamics). In a free 
falling object, not in a fluid, this is obtained when 
the downward force of gravity equals the upward 
frictional force.  

Weight: The gravitational pull on an object 
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How long? 

Table 12.0 below shows the number of formal study hours needed for 
you to complete this unit and the number of hours that you need to 
devote for self-study. 

 

Category of students 
Number of 

formal study 
hours needed 

Number of 
hours for self-

study 

Full-time student outside the 
conventional school setting 

4 hours  2 hours 

Full-time student within the 
conventional school setting  

OR 

Part-time student 

4 hours 2 hours 

Table 12.0: The time needed for you to work on this unit 

 

Topic 12.1: Gravitational field 
 

 

How long? 

You will need 50 minutes at the most to complete this topic. It is 
advisable that you spend another 25 minutes of your own time to further 
review the activities learnt. Make sure you read and understand 
everything in order to achieve the specific objectives. 

 

In Unit 9 you studied what forces can do.  One of the things that we saw 
was that they can change the state of motion of objects.  At this point we 
would like to draw your attention to one of the incidences that you 
experience on a daily basis.  Have you ever asked yourself this question, 
‘why is it that when something slips between your fingers, they always 
fall downwards.  The same thing happens to fruits from the trees.  In this 
unit we are going to shed more light on these occurrences.  We will start 
off by looking at gravitational force. 

 



 

12.1.1 Gravitational force 

All objects exert a force of attraction towards each other because they 
have mass.  This force of attraction between two objects is called 
gravitational force or simply gravity.  The magnitude (size) of the force of 
gravity between two objects depends on two factors - the quantity of matter 
an object has (i.e. mass) and the distance between them. Therefore, the 
greater the mass, the greater the gravitational force of attraction, and the 
further apart they move, the weaker the force of gravity.   

 

This means that a body with a large mass will exert a greater gravitational 
force of attraction than an object with a lesser mass.  Likewise, as the 
distance between two objects increases the gravitational force of 
attraction between them becomes weaker.  If the distance between them 
keeps on increasing the gravitational force between them will also 
continue to decrease until no force of attraction exists between them.  
This critical point gives rise to a boundary.  The region within the 
boundary where the gravitational force of attraction can be felt is called 
the gravitational field.  This means that two objects which lie outside 
each other’s gravitational field do not experience a force of attraction 
between them.  

 

As a matter of fact, the distance between you and your book is very small 
so their respective gravitational fields overlap.  Also your mass and that 
of the book is very small so the force of attraction between you and the 
book is very small that it cannot be detected.  However, if we now 
consider the attraction between your book, you and the earth which is a 
massive object, using the appropriate instruments the force will be 
measurable.  In fact, this force of attraction by the earth: 

1. is what holds you, your book and other objects firmly on it; 

2. pulls objects on Earth towards the centre of the planet; 

3. holds the Earth's atmosphere in place. 

 

Hence, we can say that gravity attracts objects towards the centre of the 
Earth.  Therefore, we can say that the earth acts like a big magnet that 
attracts objects towards its centre.  
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Figure 12.1.1: Diagram showing how the gravitational force acts on the earth 

Sketched and photographed by: Lionel Goonetilleke, October 2010 

 

If you were to place your book in a plastic bag and hang it on a spring 
balance, a reading will be obtained. The reading shows the size of the 
force of attraction by the earth on the book.  This gravitational pull (force 
of attraction) on the book is called the weight of the book.  Remember in 
“Unit 3: The strength of solids” force was addressed.   Let us do a simple 
experiment to illustrate what we mean. 

 

 



 

Activity 

Activity 12.1.1 

You should spend around 10 minutes on this activity. 

You are invited to do this simple activity. For this experiment you will 
need five identical objects (e.g. books, weights, etc), a spring balance and 
two identical plastic bags. 

 

Procedure: You are required to: 

1 Select five identical objects (e.g. books) and two identical plastic 
bags. 

2 Put one of the five objects in one bag and four in the other. 

3 Lift the two bags at the same time but holding one in each hand.  

 

 

Figure 12.1.2: Simple set up to compare mass and weight 

Photographed by Louisette Bonte, September 2010 

 

Use your observations to answer the questions given below. 

 

1 Which plastic bag has more matter? 
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2 Which plastic bag was heavier? 

 

 

 

3 Which bag do you think was being attracted with a greater force 
by the earth?  Give reason for your answer. 

 

 

 

 

 

4 Is there a relationship between the amount of matter and the 
weight (i.e. the downward pulling force)? 

 

 

 

 

We hope that the task was easy for you.  Please refer to the Feedback to 
Activity 12.1.1 to verify your answers. 

 



 

 

Feedback 

Feedback to Activity 12.1.1 

1. The bag with 4 objects 

2. The bag with 4 objects 

3. The bag with 4 objects.  This is because it has more matter (mass). 

4. Yes.  The more matter objects have the greater the weight.  

Well done!  The bag with more objects (mass) felt heavier for it 
experienced a larger gravitational pull (weight).   

 

 

We shall now focus our attention on the gravitational force on the moon. 

 

 

12.1.2 Gravitational force on the moon 

The moon is a natural satellite of the earth.  The planet earth has a mass 
of 6.0 x 1024 kg and the moon has a mass of about one sixth of the mass 
of the earth as shown in Figure 12.1.3. 

 

 

Mass of earth:  6.0 × 1024 kg 

Source: http://en.wikipedia.org/wiki/Earth 

 

Mass of moon: 1/6  mass of earth 

Figure 12.1.3: illustration of the Earth and its moon 
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Given that the gravitational force of attraction depends on the mass of an 
object, the moon exerts on any object a much smaller force compared to 
the earth. In fact the magnitude of the force of attraction by the moon is 
actually 1 6 the value of the force of attraction on the Earth.  This means 
that on the moon if a mass of 1 kg is hung on a spring balance the reading 
will be 1.66 N (i.e. 10  1 6	N). 

 

Likewise, if an object is dropped within the gravitational field, close to 
the surface of the moon whose gravitational force is 1.66 N per kg, the 
object will accelerate at a rate of 1.66 m/s2 until it strikes the surface of 
the moon.  Obviously, as it accelerates its velocity increases uniformly 
for there is no opposing force (friction) because the moon does not have 
an atmosphere.  

 

If we were to sketch a graph of velocity (m/s) against time (s), a straight 
line graph passing through the origin is obtained as shown in Figure 
12.1.4. 

 

 
Figure 12.1.4: Graph of velocity against time of an object falling under the 

moon’s gravity 

Drawn by: Lionel Goonetilleke, October 2010 

 

Now you are ready to apply the knowledge you have gained so far by 
going through activity 12.1.2. 



 

 

 

Activity 

Activity 12.1.2 

You should spend approximately 10 minutes to do this simple activity. 

For this experiment you will need a calculator, a ruler and Figure 12.1.4 
above.  

 

Procedure: You are required to: 

Use the graph in Figure 12.1.4 to calculate the acceleration of an object 
due to the moon’s gravitational force for three different stages of the fall.  

You will have to use the formula: 

	 	 	 	 	
	
	

	

 

Write you answers in Table 12.1.1.  One example has been done for you. 

 

Final velocity (m/s) Time (s) Acceleration (m/  

1.6	– 0 1.6 1 0 1  1.6 

   

   

   

Table 12.1.1: Velocity and acceleration of an object under the moon’s gravity  

 

 

I hope that the task was simple for you.  You should have noticed that the 
value of the acceleration due to the gravitational force of the moon is 
always a constant (i.e.1.6 m/s2). This means that there is no change in the 
value of acceleration. 
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So far we have seen that an object of the same mass hang on a spring 
balance will give different readings depending on the gravitation field 
strength.  This means that they will have different weight. So what is the 
difference between weight and mass? Well, we shall now focus our 
attention on the distinction between mass (a concept which you came 
across in unit 15) and weight. 

 

 

Topic 12.2: Mass and weight 
 

 

How long? 

You will need 40 minutes at the most to complete this topic. It is 
advisable that you spend another 20 minutes of your own time to further 
review the activities learnt. Make sure you read and understand 
everything in order to achieve the specific objectives. 

 

In Topic 12.1 you studied what gravitational force can do.  One of the 
things that we saw was that it pulls all objects towards the centre of the 
earth, the moon, and other planets.  The pull on stationary objects is what 
could be measured by a spring balance and was referred to as the weight 
of the object. In fact in this unit we are going to differentiate between 
mass and weight.   

 

The terms mass and weight are commonly used in our everyday language. 
We often hear people talk about weight like, “my weight is 75 kg”. We 
also hear people say they have lost weight. Someone would tell you that 
she has lost 3 kg, but on very few occasions, we hear people talk about 
their masses. Do you think they are using these terms correctly? These 
two terms appear to mean the same thing but in this section, we are going 
to discuss what they really mean.  

 

In science, these the two terms have different meanings. When we talk 
about the mass of an object, we are referring to the amount of matter in 
that object.  It is a measurement that depends on the number of particles 
that makes up the object and how heavy each particle is.  The instrument 
that is normally used to measure the mass of an object is called a beam 
balance.  The unit for mass is the kilogramme (kg) or the gramme (g).  
This does not mean that the kilogramme and the gramme are the only 
units of mass.  However, the SI unit of mass is the kilogramme (kg).  



 

 

 
Figure 12.2.1: Beam balance 

Photographed by: Louisette Bonte, September 2010 

 

Weight on the other hand is the gravitational pull on an object. This is the 
force that pulls objects towards the earth. The instrument that is normally 
used to measure the weight of an object is called a spring balance or 
newton balance.  The SI unit of force is the newton (N).  Since weight is 
a force it is also measured in newton (N). 

 

 
Figure 12.2.2: Newton balance / Spring balance 

Photographed by: Alex Souffe, September 2010 
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To help you get a feel of how large a force of one newton is like, we are 
going to invite you to carry out these two simple activities:-  

1. Place a mass of 100 grammes (0.1kg) on the palm of your hand and 
feel the downward pushing force.  Then hang it on a spring balance 
and note the reading; 

2. Repeat the above activity but this time use a mass of 1kg.  (If you 
do not have access to a standard mass of 1kg, you may use a litre of 
water in a plastic container.  It will have a mass of almost 1 kg). 

 

You should have noticed that the mass of 1kg exerted a larger downward 
force (weight) than the 100 g mass and the readings on the balance were 
10N and 1N, respectively.  Evidently, we can say that one kilogramme 
(mass) of an object experiences a force of 10 N. This is the force the earth 
pulls on a mass of 1kg and is known as the strength of the earth’s 
gravitational force or simply gravity, (g). So it can be written as g = 10 
N/kg. This value is constant (stays the same) close to or on earth. The 
pull of gravity like any other forces causes falling objects to accelerate. In 
a vacuum, the value of this acceleration, g, is about 10 m/s2, therefore g = 
10 m/s2.  This value of 10 m/s2 is used for convenience in calculations but 
the exact value of gravity is 9.8 m/s2.  

 

Now let us see how we can calculate the weight of an object by going 
through an example: 

Weight is the effect of any mass being pulled by gravity. Can you work 
out the weight exerted by a mass of 90 kg? 

Weight can be calculated by using the formula: 

Weight	 	mass	 	gravity, which can be represented symbolically as  

W 	m	 	 	 in	N   

 

W	 	90	kg	 	10	N/kg		

W	 	900	N	

 

It looks very simple doesn’t it? Now you can try some questions in 
Activity 12.2.1. 

 

The unit for mass (kg) 
cancels out each other 
 



 

 

Activity 

Activity 12.2.1 

You should spend about 10 minutes to do this simple activity. 

For this activity you will need a calculator.  

 

Procedure: You are required to answer the questions below: 

1. Use the equation W	 	m  to calculate the weight of a car 
whose mass is 800 kg. 

Follow the steps: 

 Write down the given and missing data: m = 800 kg; g = 10 N/kg; W= 
? 

 Write the equation: 

 Substitute values: 

 Solve: 

 Write the answer and the  unit: 

 

 

 

 

 

 

 
 

 

2. A book placed on a table exerts a weight of 20 N (g = 10 N/kg). 
Calculate the mass of the book. 
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3. If a person was to go to the moon, the attraction on him by the 
moon is less than when on the earth.  Why do you think the 
attraction on the person by the moon is much less? 

 

 

 

 

We hope that you found the activity very easy to complete.  Please refer 
to the Feedback to Activity 12.2.1 to verify your answers. 

 

 

 

Feedback 

Feedback to Activity 12.2.1 

1.  

 Write down the given and missing data: m	 	800	kg; g	
	10	N/kg; W= ? 

 Write the equation: W	 	m	 	 	 in	N  

 Substitute values: W = 800 kg x 
	

 

 Solve:                   W = 800 kg  
	

 

 Write the answer and the  unit: W = 8000 N 

 

2.  

 Write the equation: W	 	m	 	 	 in	N  

 Rearrange the formula to get the mass: m	 	W	 in	N  



 Substitute values: m = 
	

	 /
 

 Solve:                   m = = 
	

 

 Write the answer and the unit: m = 2 kg 

 

3. The mass of the moon is less than that of the earth and it exerts a 
smaller gravitational force on the person, so his weight is lower. 

 

Good work!  At this stage, we have established that the weight of a 
stationary object is due to the gravitational force being exerted on it.  
Now we are ready to consider the effects of gravitational force on an 
object falling within the earth’s atmosphere. For example, ‘what happens 
to its velocity?’  Well, Topic 12.3 will surely provide the answer. 

 

 

Topic 12.3: Terminal velocity 
 

 

How long? 

You will need 90 minutes at the most to complete this topic. It is 
advisable that you spend another 45 minutes of your own time to further 
practise the activities learnt. Make sure you read and understand 
everything in order to achieve the specific objectives. 

 

In Topic 12.1 you learned that gravitational force not only makes things 
fall towards the earth but it also makes them accelerate.  In this topic we 
are going to focus on the effect of gravitational force on falling objects.  

 

Let us start off by considering an object of a given mass which is dropped 
from a hot air balloon.  
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Source: http://en.wikipedia.org/wiki/File:JoyRide.jpg 

Figure 12.3.1: Hot air balloon 

 

As the object leaves the balloon its starting velocity is zero and due to the 
earth’s gravitational force, its velocity will obviously increase.  Unlike 
around the moon, the earth has an atmosphere (air particles).  These air 
particles will resist the fall of the object by exerting an opposing force.  
This means that the net force acting on the object will be reduced.  A 
reduction in the net downward force will also result in a reduction in the 
rate of acceleration.  Yet the velocity will increase but at a slower rate.  
Why?  This is because there is a progressive reduction in the magnitude 
of the downward force (resulting force) as illustrated in Figure 12.3.2. 

 



Stage 1 

 

 

 

 

 

On dropping:  
maximum 
acceleration, zero 
velocity, zero air 
resistance 

Stage 2 

 

 

 

 

 

Falling: decreasing 
acceleration, 
increasing velocity, 
increasing air 
resistance 

Stage 3 

 

 

 

 

 

Falling:zero acceleration, 
constant velocity, 
gravitational force equals 
air resistance  

(NB: terminal velocity is 
reached) 

Key:       Gravitational force  Air resistance    Balanced forces 

 

Figure 12.3.2: Diagrammatical representation of magnitude and directions of 
force acting during different stages of free fall. 

Drawn by: Alex Souffe, October 2010 

 

As depicted in figure 12.3.2, a stage is reached where the magnitude of 
the downward force due to gravity and the magnitude of opposing force 
due to air resistance are equal.  At this stage the resultant force on the 
object is zero, so there is no acceleration.  Hence, the object continues to 
fall at a constant velocity.  Such constant velocity is referred to as 
terminal velocity.   

 

At terminal velocity, the upward force due to air resistance is equal to the 
weight (mg) of the falling object. Also the higher the air resistance means 
the lower the terminal velocity, while increased weight means a higher 
terminal velocity.  Evidently, the terminal velocity of an object can be 
affected by a change in air resistance, which in turn depends on the shape 
of the object or a downward force. This can be illustrated by the fall of 
sky divers without and with parachutes. 
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A 

 
Source: 
http://en.wikipedia.org/wiki/File:Il
ovechicago.jpg  

The sky-divers (trainer and 
learner) jump from a helicopter 
or hot air balloon.  At the start 
there is only one force – their 
weight. 

As their velocity increases so too 
does the air resistance.  This 
continues until their weight is 
equal to air resistance (i.e. The 
two forces are balanced), so the 
resultant force is zero. At this 
point they continue to fall at 
constant velocity (≅ 200km/h) 
referred to as terminal velocity.  
As this is a high velocity they 
will have to open their parachute. 

B 

 
Source: Adapted from 
http://en.wikipedia.org/wiki/Parac
huting  

When their parachute is opened 
the air resistance increases and 
the resultant force is upwards.  It 
reduces the downward velocity 
until the weight is equal to the air 
resistance.  At this stage the two 
forces are balanced and a new 
constant lower velocity is 
reached. 

The lower constant velocity will 
help them to land safely. 

Figure 12.3.3: Sky-diving: A special case of terminal velocity 

 

 

Sky-diving or parachuting is the action of performing acrobatics during 
freefall, followed by deployment of a parachute, giving rise to a special 
case of terminal velocity as illustrated in Figure 12.3.3. To help you 
understand better we will illustrate the change in the sky-diver’s velocity 
on a graph in Figure 12.3.4. Before moving on, refer back to Figure 
12.3.2, and ensure that you have understood the idea of terminal velocity 
well.  

 



 
Figure 12.3.4: Graph of sky-diving: A special case of terminal velocity 

Source: Adapted from Johnson, K. (1996). Physics for you (p. 99) 

 

From the graph in figure 12.3.3, it is evident that the acceleration of the 
sky-divers varied throughout their fall with either a closed or an opened 
parachute.  This is clearly shown by five regions A to F on the graph.  
Region A to B shows the velocity increasing and the acceleration 
decreasing. Region B to C shows high constant velocity and zero 
acceleration. Region C to D shows rapid decrease in velocity and rapid 
deceleration due to opening of the parachute. Region D to E shows 
constant low velocity and zero acceleration. Finally, E to F shows rapid 
change to zero velocity. 

 

Now you are ready to try an activity involving falling objects in air. 

 

F 
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Activity 

Group Activity 12.3.1 

You should spend about 15 minutes to do this simple activity. 

For this activity you will need a calculator.  

 

Procedure: You are required to: 

Collect a very light feather and drop it from a height of one storey. 

1. Observe and describe its motion carefully. (Caution: It has to be 
done at a time when the air is perfectly still). 

 

 

 

 

 

2. If the same feather was to be dropped from the same height from 
the moon’s surface,  what difference would you expect in its 
motion? Give reasons for your answer. 

 

 

 

 

 

 

 

 



 

 

 

Feedback 

Feedback for group activity 12.3.1 

1. The feather falls at a constant velocity due to the fact that it has low 
weight and a relatively large surface enabling it to reach its terminal 
velocity very quickly. 

2. It will keep on accelerating uniformly until it lands without reaching 
the terminal velocity.  This is because there is no air to offer 
resistance to its motion towards the moon’s surface. 

 

Good work!  So far we have focused on objects moving/ falling towards 
the earth.  Now we are going to consider how man-made objects, known 
as satellites, continue to move (without falling) at fixed distances above 
the earth’s surface.   

 

We will start off by inviting you to do a simple activity. 
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Activity 

Activity 12.3.1 

You should spend about 20 minutes to do this simple activity. 

For this activity you will need a piece of string of 75 cm and a small solid 
object.  

 

Procedure: You are required to: 

1. Tie a small heavy object (e.g. a small stone) to a piece of string of 
75cm long.   

2. Hold the free end firmly in one hand and gently whirl in a circular 
motion above your head.  As you whirl the stone above your head try 
to change its speed and observe what happens. 

 

Figure 12.3.5: Diagram showing circular motion. 

Drawn by: Lionel Goonetilleke, October 2010 

 

Use your observations to answer the questions below. 

 

1. From where did the stone get the energy to move? 

 

 

 

2. What did you feel as the stone was whirled faster? 

 



 

 

 

3. What happened when you reduced the force with which you were 
whirling the tied stone? 

 

 

 

 

4. What do you think would happen if the string broke or slipped 
between your fingers? 

 

 

 

 

5. Based on your observations what were the different forces involved 
while the stone was moving in a circular path? 
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Feedback 

Feedback for activity 12.3.2 

1. The energy came from the person’s hand. 

2. The tension (force) in the string was increased as it was whirled faster. 

3. It slowed down and did not maintain the circular motion ( coiled 
around the person’s arm). 

4. It will continue to move in a straight line at the point the string broke 
(at a tangent to the circular path). 

5. Tension in the string pulling the stone inwards and in turn the stone 
exerts an equal outward pulling force on the person’s hand. 

 

 

Good work!  This was a simple activity after all, but the physics involved 
could be a bit difficult and has many applications. From this activity the 
stone was made to move in a circular path. The stone experienced a net 
force towards the centre (hand) of its point of rotation and this is called 
centripetal force.  Centripetal force makes objects move in a circular path.  
We are going to use this idea to explain how satellites remain in orbit (i.e. 
move at a fixed distance above the earth surface) 

 

 

Objects which have been placed into orbit by human endeavour are called 
artificial satellites to distinguish them from natural satellites such as the 
Moon. Satellites are used for a large number of purposes. Common types 
include military and civilian Earth observation satellites, communications 
satellites, navigation satellites, weather satellites, and research satellites. 
Satellites are usually semi-independent computer-controlled systems.  

 



Figure 12.3.6:  MILSTAR - A communication satellite 

Source: http://upload.wikimedia.org/wikipedia/commons/e/e8/Milstar.jpg 

 

A majority of artificial satellites are placed at a distance of about 320km 
to350 km, where they travel at about 8 km/s, making one complete 
revolution around the Earth in about 90 minutes. 

 

Figure 12.3.7 shows different satellites orbiting the earth (in the centre) in 
different orbits.  Centripetal force enables them to orbit the earth. 

 

 
Figure 12.3.7: Different satellites orbiting the earth (in the centre) in different 

orbits.   

Source: http://en.wikipedia.org/wiki/File:ConstellationGPS.gif  

 

The force needed to keep a satellite in orbit depends on three factors: 

i Its mass (i.e. Greater its mass ,greater the force needed); 

ii Its speed (greater its speed, greater the force needed); and  

iii The radius of the circular path (i.e. lesser the radius of circular path 
the greater the force needed). 

 

We have come to the end of Unit 12.  You should be ready to have a go at 
the self-assessment. 
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Unit summary 
 

 

Summary 

In this unit you learned when two objects are near each other, each one 
exerts a force of attraction.  This force of attraction between two objects 
is called gravitational force or simply gravity.  The magnitude (size) of 
the force of gravity between two objects depends on the mass and the 
distance between them.  Therefore, the greater the mass the greater the 
gravitational force of attraction and the further apart they move, the 
weaker the force of gravity.   

 

The planet Earth being a very large object with a large mass exerts a very 
large force of attraction which is called the earth gravitational force.  The 
region around the object (e.g. earth) where this force is felt is called the 
gravitational field. 

 

We also learned that the amount of matter in a body is called its mass and 
its magnitude is measured in kilogramme.  The force of attraction on it by 
the Earth is called its weight and is measured in newton.  The magnitude 
of the weight of a body depends on the gravitational force.  Hence, a body 
with the same mass will have different weights on different planets.   

 

We also saw that when a body is allowed to fall freely in air close to the 
Earth, its acceleration decreases as it falls due to air resistance until the 
downward force is equal to the opposing force.  At this point the body 
falls at constant velocity, which is known as its terminal velocity. 

 

Finally, we saw that the Earth’s gravitational pull acts on satellites to 
keep them a circular path around the Earth.  The force that keeps satellites 
in orbit (i.e. move at a fixed distance above the Earth’s surface) is called 
the centripetal force.  The centripetal force is affected by the mass and 
speed of the moving body and the radius of the orbit. 

 

 



Assessment 
 

 

Assessment 

Self-assessment 12.1 

You need about 30 minutes to do the self-assessment. This self-
assessment is based on Unit 12 and the feedback is given at the end of the 
unit.  Once again you are strongly advised to answer all questions before 
you refer to the feedback.  This will help you learn and reflect better on 
areas for improvement. 

 

Part I 

1. Which of the following units is used to measure weight? 

A. kilogram 

B. gramme 

C. newton 

D. pascal. 

 

2. A marble and a cork sphere of the same volume were dropped 
from a height of 100 m above the moon’s surface at the same 
time.  Which statement about their motion is correct?  

A. Marble reaches moon surface quicker. 

B. Cork sphere reaches the moon surface quicker. 

C. Both reached the moon surface at the same time. 

D. None of them reached the moon surface. 

 

3. A parachutist jumps from a stationary hot air balloon.  His 
acceleration will be greatest  

A as he jumps from the balloon. 

B just before opening his parachute. 

C as he opens his parachute. 

D as he steps on the ground. 
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4. An astronaut wearing his space suit could jump to a maximum 
height of 0.5m on the earth. On the moon the same astronaut 
wearing the same suit would be able to jump to a maximum 
height of   

A 0.5m x 1/6 

B 0.5m x 6 

C 0.5m x 10 

D 0.5m x 10 x 1/6 

 

5. Which statement about the mass of a falling object is correct? 

A. It decreases. 

B. It equals its weight. 

C. It increases. 

D. It stays the same. 

 

Part II 

(g is equal to 10 N/kg on the earth and 1.6N/kg on the moon)  

 

1. Figure 12.3.8 shows a car of mass 800 kg being lifted by a crane.  

 
Figure 12.3.8 

 

a. What is the weight of the car? 



 

 

 

b. What force does “B” represent? 

 

 

 

c. What force does “C” represent? 

 

 

 

d. What is the minimum force needed to lift the car? 

 

 

 

 

 

e. How could the force exerted by the crane engine be reduced to a 
minimum in order to lift the car? 
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2. Complete the table below by using the words provided. 

Weight, newton, force, mass, kilogram 

Use the word only once  

 

 Amount of matter Force of gravity 

Quantity   

Unit   

 

3. The weight of an astronaut with all the equipment on the earth is 
800 N. 

a. What is the mass of the astronaut with the equipment? 

 

 

 

 

 

b. What is the weight of the astronaut and the equipment on the 
moon?  

 

 

 

 

 

 



 

4. Choose the correct word and complete the sentence.   

It would be _____________ for an astronaut with all the equipment to do 

high jump on the moon because the moon’s gravity is ______________ 

than the earth.  

 

We hope that you have found this self-assessment easy to complete.  You 
can now use the Answers to self-assessment 12.1 to verify your answers. 

 

 

Answers to self-assessment 

 

Answers to Assessment 

Answers to Self-assessment 12.1 

Part I 

1.C;  

2.C;  

3.B;  

4.B; 

5.D;  

 

Part II 

1. 

a. W 	m  

W	 	800	kg	x	10	N/kg	

W	 	8000N 
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b. Tensional force on the cable. 

c. Weight of the car. 

d. Minimum force is 8000N (i.e. the weight of the car). 

e. Lubricate the pulleys and the gears to reduce friction. 

 

2.  

 Amount of matter Force of gravity 

Quantity Mass weight 

Unit kilogram newton 

 

3.  

a. mass of astronaut 

W	 	m 	

m	 w/ 	

m	
800N
10N/kg

	

m	 	80	kg	

 

b. 

W	 	m 	

W	 	80kg	 	1.6N/kg	

W	 	128	N	

 

4. easier; less 
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