
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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. 



 
59  

 

 

 

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. 



 
75  

 

 

 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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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	 ൌ 	m݃	

m	 ൌ w/݃	

m	 ൌ
800N
10N/kg

	

m	 ൌ 	80	kg	

 

b. 

W	 ൌ 	m݃	

W	 ൌ 	80kg	 ൈ 	1.6N/kg	

W	 ൌ 	128	N	

 

4. easier; less 
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