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u 0.1 Get the most from this book
Science is a way for us to gain knowledge about how and why things happen in the 
way that they do. We do this by using our senses to observe the world around us and 
by doing experiments to investigate how things work. 

This book covers the BGE Benchmarks for Sciences at Third and Fourth Levels, 
and is divided into Biology, Chemistry and Physics units. It also includes an 
introduction to the basic skills required to succeed in science and ends with a 
Topical Science unit containing ideas for research. 

It is enjoyable and easy to read, delivering concepts and theories in a ‘straight-to-
the-point’ manner, using clear and simple language. It is full of helpful hints and 
contains proven methods of delivering difficult concepts in a style that you can 
relate to and understand. This book has been designed both as a classroom aid 
and for your own personal study.

››	Learn the facts, demonstrate your 
understanding and build your skills

To get the most from this book, read it carefully and at a steady pace to give 
yourself time to understand the concepts and theories:

Introduction to BGE Science

Each lesson starts with an 
introduction to the topic. 

Work through the questions at the end 
of each lesson to test your knowledge 
and understanding of the topic.

26

1 Cells and reproduction
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Growth and development
›› Life cycles
Despite the huge variety of life on the planet and numerous different 
ways in which living things grow and develop, most life cycles have 
a similar basic pattern. There is a mating and reproduction stage; 
followed by embryonic development; then a period of growth, 
development and maturation which leads to the formation of 
gametes in preparation for further mating and reproduction. We can 
represent these in life cycle diagrams.

›	The human life cycle
As is the case for most mammals, after mating and fertilisation of 
the egg by a sperm cell, the human embryo goes through a process 
of embryonic development inside the female’s uterus. In humans, 
this takes 40 weeks. After the baby is born, a human will go through 
further growth and development right through infanthood, childhood 
and adolescence, until reaching sexual maturity after puberty. Once 
a human is sexually mature, reproduction with a mate is possible and 
so the cycle continues, as shown in Figure 1.33.

›	The frog life cycle
About three weeks after fertilisation, frog 
spawn (containing embryos) begins to hatch 
young tadpoles. At this stage, a tadpole has 
external gills for breathing instead of lungs. 
As time passes, lungs develop and the tail 
gets bigger. Eventually, it is possible to see 
hind legs developing. During the next stage, 
front legs form and the tail shortens. At this 
stage, it is called a froglet. Once the froglet 
has completely lost its tail, it is called a frog. 
This process of growth and development, 
which causes significant changes to the 
organism’s physical appearance, is known as 
metamorphosis. Once mature, the female 
frog lays eggs, which are externally fertilised 
by the male.

u 1.6 Growth and development
Different species grow and mature in different ways. Simple organisms such 
as bacteria divide by cell division and then grow until full sized. More complex 
organisms, such as humans and flowering plants, have more complicated life 
cycles with several different stages. For example, a human starts as a fertilised egg, 
develops into a foetus, then baby, child, adolescent and finally adult.

Infanthood

Childhood
growth

Adolescence

Mating

Adulthood

Fertilisation
and embryonic
development

▲ Figure 1.33 The human life cycle
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▲ Figure 1.34 The life cycle of frogs
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›	The butterfly life cycle
A sexually mature female butterfly lays her fertilised 
eggs on the leaves of plants after mating with a male 
butterfly. Here the eggs will go through rapid growth 
until they are ready to hatch as caterpillars (butterfly 
larvae). These caterpillars spend about two weeks feeding 
and growing in preparation for the next stage. When 
each caterpillar is ready, it forms a chrysalis (pupa). 
Inside this protective case, the caterpillar goes through 
complete metamorphosis, during which time its physical 
appearance changes completely. When it resembles an 
adult butterfly, it emerges from the chrysalis ready to 
mate and start the cycle all over again.

›	The life cycle of a flowering plant
Mature plants flower and produce male and  
female gametes. The male gamete (pollen) 
fertilises the female gamete (the egg) inside the 
ovary of the flower. Once fertilisation has taken 
place, the ovary develops into a fruit containing 
seeds. These seeds are then dispersed via wind 
or animals. If they end up in soil with the right 
conditions, they will germinate and grow into 
young plants. The young plant then grows and 
develops into a sexually mature plant that can 
continue the life cycle.

Other life cycles
Some of the most complex life cycles 
are those of parasites, such as parasitic 
flatworms. Their complex life cycles can 
make it difficult to prevent and treat parasite 
infection.
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Germinating pollen grain
Pollen tube
Pollen grain

Pollen tube

Ovary wall
Site of 
fertilisationFlowering
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Growth and development

▲ Figure 1.36 The life cycle of flowering plants

Investigate the life cycle of 
any organism of your choice 
and present this as a poster. 
Describe the stages involved in 
their development and include 
a diagram of the cycle.

Research task

 1 Describe the life cycle of 

 a) humans

 b) butterflies

 c) frogs

 d) flowering plants.

 2 a) Identify the male gametes of flowering plants.

 b) Identify the female gametes of flowering plants.

 3 Describe the similarities between all the life cycles 
discussed in this topic.

 4 Compare the life cycles of frogs and butterflies by listing 
similarities and differences.

Questions

1.6 Growth and development

Egg laying Eggs

Larval growth
and development 

Chrysalis
(pupa)

Metamorphosis

Emergence

Adult

Mating

▲ Figure 1.35 The life cycle of butterflies

Research tasks give 
opportunities for 
further investigation 
on key areas of 
interest.

Highlighted glossary terms throughout, 
corresponding to a glossary at the end of the 
book, with definitions of key words and terms 
to help build your science vocabulary.

The information you require to understand the 
topic is presented in each lesson. These contain 
key points and clear explanations of concepts.
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3 Biodiversity and interdependence

››	Making food
Unlike animals, plants have the incredible ability to make their own food, so they are called producers. 
They harness energy from sunlight, in the process of photosynthesis, to build the sugar they need to 
grow and respire. Photosynthesis is summarised in this word equation:

water + carbon dioxide 
light

chlorophyll
 glucose + oxygen

Green plants contain an important green pigment called 
chlorophyll, which allows the plants to absorb energy 
from sunlight. To photosynthesise, plants also need the 
raw materials water and carbon dioxide. Water is absorbed 
through the plant roots and carbon dioxide diffuses into 
the leaves through tiny pores called stomata.

The final products of photosynthesis are glucose and 
oxygen. Glucose is the sugar used by the plant for 
energy. The oxygen that is produced is released into the 
atmosphere though stomata, as shown in Figure 3.16.

A plant stores glucose as starch grains in its leaves. It uses 
some glucose to produce energy through respiration and 
uses the rest to make cellulose to build cell walls.

››	Investigating photosynthesis
Scientists have studied the process of plant photosynthesis for many years. They carried out 
experiments to prove that plants really do photosynthesise. They reasoned that if a plant contains 
stored starch in its leaves then it has photosynthesised. Iodine solution is used to test for the presence 
of starch. If it turns from brown to blue–black then starch is present.

The following experiments show that plants need light, carbon dioxide and chlorophyll to photosynthesise.

›	The need for light
You can cover part of a leaf with thick black card to 
stop this part receiving sunlight. After a few days, you 
can test the leaf for starch using iodine solution. The 
parts of the leave that are exposed to light are able to 
photosynthesise and make starch, while the covered 
parts are not (see Figure 3.17).

u	3.3 Photosynthesis
Humans and all other animals could not survive without plants. They harness the 
Sun’s energy to make the food on which all food chains depend.

Carbon dioxide

Oxygen

Water

Sunlight

▲ Figure 3.16 A green leaf carrying out 
photosynthesis

Leaf
in light

Stains orange
with iodine
solution

Stains black
with iodine solution

Leaf without
light

▲ Figure 3.17 This experiment shows that light is needed 
for photosynthesis
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3.3 Photosynthesis

›	The need for chlorophyll
Some leaves have white areas that 
lack the green pigment chlorophyll. 
These are called variegated leaves. If 
a variegated leaf from a plant that has 
been in the Sun is tested for starch, this 
will only be found in the green areas 
that contained chlorophyll, as shown in 
Figure 3.18.

›	The need for carbon  
dioxide

Sodium hydroxide absorbs carbon 
dioxide from the air and is used to prove 
that carbon dioxide is an essential raw 
material for photosynthesis. A plant 
is placed in a bell jar with a beaker of 
sodium hydroxide and another plant 
is placed in a bell jar without sodium 
hydroxide. This second plant acts as a 
control. The first plant with no carbon 
dioxide is unable to produce starch. However, the control plant in normal air is found to contain starch.

››	The importance of plants
From the buildings we live in to the fruit, vegetables and the meat that we eat, from the aspirin we take 
for a headache to the paper we write on, from the clothes that we wear to the parks that we relax in 
and the wood we burn for fuel, plants play a vital role in sustaining life on Earth as we know it.

Plants are our largest source of food, medicine and raw materials. They also provide habitats for 
thousands of species, produce the oxygen we need to respire and balance the gases in our atmosphere.

 1 Identify three ways in which plants help to 
sustain life on Earth.

 2 Define the term photosynthesis.

 3 a) List the raw materials of photosynthesis.

b) List the products of photosynthesis.

 4 Describe the role of chlorophyll in 
photosynthesis.

 5 List three ways in which plants use the 
glucose produced in photosynthesis.

 6 State what iodine solution is used to identify.

 7 Describe what a variegated leaf is and what it 
can be used to prove.

Questions

Bell jar

Sodium
hydroxide
solution

Air without
carbon dioxide

Normal air

 Figure 3.19 This experiment shows that carbon dioxide is needed for 
photosynthesis

Green part
contains

chlorophyll

White part
does not contain

chlorophyll

Stains black with
iodine solution

Stains orange with
iodine solution

 Figure 3.18 This experiment shows that chlorophyll is needed for 
photosynthesis
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5 Elements and compounds

 7 Name a physical property that a covalent 
compound is likely to have.

 8 Explain why ionic compounds conduct 
electricity when they are liquids or in solution 
but do not conduct electricity when they are 
solids.

 9 Identify the type of bonding in a compound 
that does not conduct electricity and which is 
a gas at room temperature.

10 Identify the type of bonding in a compound 
that conducts electricity when molten or in 
solution but not when in a solid state.

Obtain the melting point and boiling point of vinegar (ethanoic acid) and table salt (sodium chloride). 
Find out about the type of bonding in each substance. Draw a poster to explain why the two 
chemicals have different boiling points and melting points.

Research task

›› Plastics
The word novel means new or original; it describes something that has not 
been seen before. Every day new materials are being discovered or created by 
scientists. Just as superheroes all have different superpowers, novel materials 
also have different properties. The most utilised novel material in today’s world 
is plastic. Plastic is a general term that is applied to many different compounds 
made predominately from the elements of carbon and hydrogen.

›	Kevlar
Kevlar was discovered in 1964 by Stephanie Kwolek who was trying to create a 
strong but light fibre for car tyres. It was shown that Kevlar could be twisted into 
ropes with the same strength as steel cables but which were five times lighter. 
Due to its strength and light weight, Kevlar is used in bullet-proof protective 
vests. Kevlar is also very resistant to fire and this property, along with its light 
weight, makes it an excellent material for Formula 1 drivers’ suits.

›› Non-plastics
›	Shape-memory alloys
Shape-memory alloys are classified as smart materials. This means they can 
change their properties depending on the conditions around them.  When metals are 
mixed together they are called alloys. For example, bronze is copper and zinc metals 

u 5.6 Novel materials
In the past, humans relied on natural materials, such as iron and wood. As 
our knowledge increased and our understanding of compounds expanded, we 
were able to create new and exciting materials to enhance our lives. These new 
materials are called novel materials and they have dramatically changed the way 
we live. We are going to look at some novel materials here and you will research 
other exciting materials.

▲ Figure 5.23 Kevlar 
is a material that 
is used for racing 
drivers’ suits
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mixed together. In 1962, nickel and titanium were mixed together 
and the shape of the alloy was changed. To everyone’s amazement, 
the alloy returned to its original shape – shape-memory alloys were 
discovered. Shape-memory alloys return to their exact original 
shapes when heated to specific temperatures. Shape-memory 
alloys include gold–cadmium, iron–zinc–copper–aluminium, nickel–
iron–zinc–aluminium and iron–manganese–silicon.

Shape-memory alloys have many uses, from mobile-phone 
antennas to root-canal drills and domestic kettle switches. Perhaps, 
the most inspiring use has been in preventing heart attacks. A stent 
(Figure 5.24) is a small shape-memory alloy tube that is placed 
inside a human artery to prevent heart attacks. Coronary artery disease can restrict blood flow through the 
heart’s arteries. This puts unnecessary strain on the heart, which can result in heart failure. A cool, closed 
stent can be placed in the artery. Once it is warm, the stent returns to its original shape, ensuring the artery 
is kept open and the blood can flow freely.

›	Graphene
Graphene is one of the latest materials to aid our world. 
It was discovered by scientists at Manchester University. 
At lunch, a scientist was fascinated by how thin the chef 
could cut a slice of tomato. With further investigations 
he managed to obtain a single atomic layer of carbon, 
which he called graphene. Graphene is a one-atom thick 
layer of carbon atoms in a honeycomb pattern. It is 
very light but extremely strong and conductive. Mixed 
with other materials, it can transform the properties of 
the materials, assisting with the conductivity of both 
electricity and heat. Around the world, scientists are 
evaluating new and exciting uses for graphene. Graphene 
allows us to imagine a world where you can recharge 
your phone simply by plugging it into your shirt!

Carry out research into a few novel materials. Determine what the material is used for and try to 
associate the use with a unique property of the material. Also establish how the material was created 
or discovered. Complete a short report of your findings and share with your friends.

Research task

1 State the name given to new and exciting 
materials.

2 Identify the two physical properties Kevlar 
fibres have that make the material useful.

3 Explain what a smart material is.

4 Explain why graphene is a very exciting material.

5 Invent a new novel material. Describe its special 
property and say how this would be useful.

6 Kevlar, shape-memory alloys and graphene are 
all novel materials. Enter these three materials 
in a table, list their special properties and give 
examples of how they are used.

Questions

▲ Figure 5.24 Stents are used to 
prevent heart attacks

▲ Figure 5.25 The structure of a graphene sheet
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u	9.3 Friction
Friction is a force that opposes motion when an object is moving over or through a 
material. When friction is present, energy may be lost as heat, for example. 

Sometimes, we try to reduce friction to prevent this transformation of energy 
to unwanted forms. As a moving object gets faster, the friction acting on its 
surface increases. You can feel the effect of friction by rubbing your hands 
together – there is an energy change from kinetic energy to heat.

When a car, for example, is moving through air, it 
experiences wind resistance or air resistance. A boat has 
water resistance when moving through water. These are 
both called drag and are the result of friction between 
the air or water and the car or boat. Friction occurs 
because, at the microscopic level, the two interacting 
surfaces are not smooth, as shown in Figure 9.17.

›› Useful friction
Friction is not always a bad thing. 

● When car or bike brakes are applied, the friction between the brake pads and the wheels brings the 
car or bike to a stop. 

● We wear shoes with grippy soles so that we don’t fall over when walking, which is especially 
important when there is ice on the pavement! 

● The shapes of the grooves on car tyres are designed to improve the grip on the road by displacing water 
in wet conditions. In some countries, special winter tyres are used to increase grip in icy conditions.

›› Reducing unwanted friction
As friction is a force between two surfaces, the methods for reducing friction include reducing the 
surface area of contact and decreasing the amount of force at the microscopic level. A round object 
has less contact surface area than a block with a flat side, as shown in Figure 9.18. A smoother 
surface reduces the number of bumps interacting at the contact surface.

friction

Compare to

effort

effort

friction

▲ Figure 9.18 The rollers reduce the frictional force, so this block can be moved with a smaller force

›	Streamlining
Streamlining is the process of changing the shape of an object to reduce friction (the effect of shape is 
shown in Figure 9.19). Streamlining can be permanent, such as in a car or a boat that is designed with 
an aerodynamic shape to reduce air resistance. Skiers use temporary streamlining to increase their 
speed when going downhill. By crouching into a tucked shape, the surface area of the skier that is in 
contact with the air is reduced. This means there is less air friction and the skier can go faster.

▼ Figure 9.17 Even apparently 
smooth surfaces are bumpy 
at the microscopic level

469433_09_BGE_Sci_124-141.indd   129 10/02/20   1:07 PM

Copyright: Sample material



130

9 Forces and energy

▲ Figure 9.19 The effect of shape on wind resistance – the smoother the lines, the less friction there is

›	Lubrication
Lubrication is when a substance, usually a fluid, is placed between two contacting surfaces in order to 
reduce friction. You put oil on squeaky door hinges to lubricate them – the squeak is caused by friction 
when two parts of the metal hinge rub together. The oil coats the surfaces, meaning that the tiny 
bumps on the surfaces no longer scrape each other. This method is used to improve the efficiency of 
machines, including car engines. By coating moving machine parts in oil, friction is reduced and less 
energy is lost as heat.

›	Reducing contact
It is possible to reduce contact by creating a cushion of air between two surfaces. A real-world example 
that uses this technique is the hovercraft, and you may also be familiar with the game of air hockey. 
The table blows air so that the puck is not actually touching the surface and it moves quickly when 
force is applied.

 1 State the name given to friction in water.

 2 Friction can be unwanted. State three 
situations in which friction is not wanted.

 3 State three situations in which friction is useful.

 4 Explain what causes friction. Use words and a 
diagram.

 5 List four examples where streamlining is 
important.

 6 In the sport of curling, players often sweep 
the ice in front of the stone. Explain why.

 7 Thinking about friction, explain why fast 
jet planes use parachutes to slow down on 
landing.

 8 List some animals in a two-column table 
headed ‘Aerodynamic’ and ‘Not aerodynamic’. 
Add at least five animals in each column. 
State the similarities between the 
aerodynamic animals.

 9 Explain, with reference to surface area and 
friction, why wheels are round in shape.

10 The Space Shuttle moves at a high speed as it 
lands. It must grip the landing surface to slow 
down. State and explain the ways in which 
the shuttle has been designed to use friction 
when landing, but to have low friction while 
in flight. 

Questions

Investigate which shapes are best for reducing air and water friction. Consider why these shapes are 
not always seen in vehicles on the road. What happens to air as a car or truck moves through it?

Research task
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The Forth Bridge, also known as 
the Forth Rail Bridge, is a cantilever 
railway bridge that was opened in 
1890 after eight years of construction. 
The construction required 53 000 
tonnes of steel, 4000 workmen and 
around 240 000 litres of paint to give 
it its distinctive red colour. Sadly, 
during its construction 57 workmen 
died working on the bridge. The bridge 
has a total length of 1.5 miles and 
stands 110 metres above the water 
level. It is reported that 200 trains use 
the bridge each day, carrying around 
300 million passengers each year. 

The Forth Road Bridge is a suspension 
bridge that was opened in 1964 
after six years of construction. The 
construction required 40 000 tonnes of 
steel and cost nearly £19.5 million. It 
replaced a centuries-old ferry service to 
carry vehicles, cyclists and pedestrians 
across the Forth. At the time of opening, 
it was the first bridge of its kind in the 
UK and the longest suspension bridge 
outside of America at 1.5 miles long. 
The bridge stands 156 metres above 
the water level and at its peak carried 
65 000 vehicles per day – which was 
beyond its design capacity, so a new 
bridge was built. 

188

13 Topical science

u	13.1 The Forth Bridges
Towering side by side over the Firth of Forth, these three 
bridges are used by millions of commuters each year. They 
are an excellent representation of Scottish engineering from 
three different centuries.

▲ Figure 13.1 The Forth Bridge – side view

▲ Figure 13.2 The Forth Road Bridge
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13.1 The Forth Bridges

189

The Queensferry Crossing is a three-tower 
cable-stayed bridge that was officially 
opened in 2017, 53 years to the day after 
the opening of the Forth Road Bridge. 
Construction took six years, requiring 
35 000 tonnes of steel and 10 000 000 
person-hours, and costing £1.35 billion. The 
structure is 1.7 miles long, which makes it 
the longest three-tower cable-stayed bridge 
in the world. It also has the highest towers 
in the UK at 210 metres high. It is expected 
to carry around 70 000 vehicles each day. 

 1 Draw a table to show the maximum height of 
each of the bridges.

 2 Use the information recorded in your table to 
draw a bar chart showing the height of each 
bridge in metres.

 3 State which of the three bridges:

a) required the most steel to produce

b) took the longest time to construct

c) is the longest.

Task 1 – Compare

Carry out some research on the planning of a 
large engineering project such as the construction 
of one of the Forth Bridges. Lots of factors must 
be considered in your research such as:

● Materials – Why is steel the best material to 
use? Are there any problems in using steel? 
What can be done to prevent corrosion?  
What other materials could be used in the 
construction?

● Design – What design is best suited to the 
bridge – suspension, cantilever, cable-stayed? 
What is a suspension bridge? What is a 
cantilever bridge? What is a cable-stayed 
bridge? How do they work? Can you build 
a model of each bridge type and test their 
strength?

The notes you make on the research should be 
used in Task 3.

Task 2 – Investigate

Create a presentation using your notes from  
Task 2. You could compare the three Forth Bridges 
or present your favourite Forth Bridge, giving 
reasons for your choice. You could even make a 
comparison of any of the Forth Bridges with other 
bridges from across the world.

Your presentation can take the form of a 
poster, PowerPoint presentation or report but 
it must include data and analysis of data, such 
as comparisons, bar charts, line graphs and 
conclusions.

Task 3 – Present

▲ Figure 13.3 The Queensferry crossing
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