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Introducing National 4 Physics

INTRODUCTION

INTRODUCING NATIONAL 4 PHYSICS

To prepare for this assessment you will choose and research or investigate an
appropriate topic, focusing particularly on its applications and impact on society or
the environment. Following this research, you will then process the information.
During the assessment you will present evidence of your ability to:

Studying the N4 Physics course will provide you with the opportunity to develop an
interest in, and an understanding of, the world we live in. At the same time your
skills of communication and critical thinking will improve. You will also develop an
understanding of the role of physics in the scientific issues that affect society.
Success in the National 4 Physics course provides the skills, knowledge and
understanding required to allow progression to the next level: the National 5
Physics course.

• describe the issue being investigated and its relevance to the
environment/society;

• select appropriate information from at least two relevant sources;
• present information appropriately;
• describe the physics of the issue and its impact on the environment/society.

ABOUT THIS STUDY GUIDE

ABOUT THE NATIONAL 4 PHYSICS COURSE

The National 4 Physics course consists of three units of suggested content.

The National 4 Physics course consists of four units. Three of these units specify the
suggested coursework; however, there is considerable flexibility in the National 4 Physics
course in that there is no specified mandatory content. Knowing your abilities first hand,
your teacher or lecturer will decide the most appropriate ways to cover the Key Areas of the
course. The Key Areas covered during the course are assessed by your teachers or lecturers,
who will devise their own assessment programmes. They enjoy some flexibility in how they
conduct these assessments to give maximum variety and interest to the assessment process.
Sometimes they will be able to assess several outcomes at once; at other times, you will be
given discrete tasks to perform, each assessing one skill.

The Key Areas of each unit are discussed in detail in this Study Guide, using
explanations, pictures, diagrams, drawings and examples. Helpful hints are provided
throughout the book in the Don’t forget features, while there are plenty of
opportunities to practise applying your knowledge through Things to do and think
about. Some of the skills you will be expected to demonstrate are also covered in the
book. These may be in the relevant Key Areas or covered in separate questions.

The Key Areas are:

There are many opportunities to test yourself to check whether you have understood
the ideas and explanations.

Questions

Unit 1: Electricity and energy

Quick questions follow each Key Area to test your understanding and to let you
practise some of the ideas and techniques.

•
•
•
•
•

Extended questions feature at the end of each unit. These questions are designed
to help you master the problem-solving techniques and skills required to complete
the assessments. Answers to both the quick questions and extended questions are
provided towards the end of this Study Guide.

generation of electricity
electrical power
electromagnetism
practical electrical and electronic circuits
gas laws and the kinetic model

Unit 2: Waves and radiation
•
•
•
•

wave characteristics
sound
the electromagnetic spectrum
nuclear radiation

Unit 3: Dynamics and space
•
•
•
•

speed and acceleration
relationship between forces, motion and energy
satellites
cosmology

Added Value Unit
The fourth unit of the course is the Added Value Unit. In this unit, you will draw on and
apply the skills and knowledge you have learned during the course. The Added Value Unit is
assessed through an assignment.
The assignment will be an in-depth study of a topical issue from a key area of the course
chosen by you in agreement with your teacher or lecturer. The assignment will be assessed
by your teacher or lecturer. The assignment is carried out under controlled conditions.
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Electricity and energy – Distribution of electricity
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DISTRIBUTION OF ELECTRICITY
Electricity needs to be distributed from the power stations
where it is generated.

THE NATIONAL GRID
Once electricity has been generated, it needs to be distributed to
cities, towns and factories all over the country.
The distribution system in the UK is known as the National Grid.
The National Grid is responsible for transferring the electrical energy
generated in power stations to where it is needed across the country.

REDUCING WASTAGE WHEN TRANSFERRING
ELECTRICAL ENERGY

Overhead transmission lines (electricity pylons)
are widely used to transfer electrical energy
because burying cables underground over long
distances is far more expensive.

Electrical energy is transferred from place to place in overhead
cables or wires. The current in the wires causes heat energy to be
produced. This heat energy reduces the amount of electrical energy reaching the
destination. Too much energy lost as heat is a waste of useful energy. The operators
of the National Grid try to minimise the amount of energy wasted in this way. This
improves the efficiency of the National Grid.

TRANSFORMERS

ONLINE
Watch the YouTube video about
reducing energy loss from
power stations at http://goo.gl/
kvnwuv/

One way of reducing this wasted energy is to use transformers to allow energy from
the power station to be transmitted across the country at very high voltages, up to
440 000 volts (440 kV). The voltage is then reduced to safer levels when it reaches
towns and cities.
Transformers use the effect of magnetic fields to increase (stepup) or decrease (step-down) the value of an a.c. input voltage.
Transformers have an input coil called a primary coil and
an output coil called a secondary coil. An iron core links
the two coils. The input and output voltages are related by
the relationship:
Vs ns
=
Vp np
where Vs = the secondary (output) voltage, Vp = the primary
(input) voltage, ns = the number of turns of wire on the
secondary coil and np = the number of turns of wire on the
primary coil.
Transformers are used whenever a high voltage needs to be
stepped down or a low voltage needs to be stepped up.
iron core
primary coil

secondary coil

input voltage
from generator

high output voltage
to National Grid

EXAMPLE

ANSWER

A 5 V battery in a mobile phone is
recharged from the
mains using a charger
containing a stepdown transformer. The
230 volt
transformer consists
mains
of three parts: a core,
a primary coil and a
secondary coil.

(a)

230 volt
mains

5 volts

(a) Label these parts on
the diagram.
(b) There are 11 500 turns on the primary coil of
the transformer.
Calculate the number of turns on the secondary coil.
(c) Explain why a transformer cannot be used to stepdown the voltage from a battery.

TASK   Quick questions

core

primary coil

5 volts

secondary coil

Vs ns
=
Vp np
5
n
ns
= s=
230 np 11 500
5 × 11 500
ns =
= 250 turns
230
(c) Transformers only operate on an
alternating current; a battery supplies
a direct current.
(b)

1. How is electrical energy transported across the country to
the towns and cities where it is needed?
2. Why are transformers used in the process of transferring
electrical energy across the country?
3. A laptop computer uses a charging unit that contains a
transformer. The transformer reduces the mains voltage of
230 V to a safe voltage to recharge the laptop battery. The
primary coil of the transformer has 16 560 turns of wire and
the secondary coil has 2160 turns of wire.
Calculate the output voltage of the charging unit that
charges the laptop battery.

DON’T FORGET
Transformers are used to stepup or step-down a.c. voltages.

Transformers are used to change the size
of an a.c. voltage.

The voltage from the power station
generators is usually 25 000 or
33 000 V. Transformers are used to
change this input voltage into output
voltages as high as 400 000 V.

Overhead transmission lines carried by pylons are much cheaper than underground
cables buried beneath roads. However, people sometimes ask for underground
cables to be used in some areas.

• Find out about any recent campaigns to have electricity cables buried
underground instead of suspended by pylons.

• Find out the reasons why people want cables to be buried.
• Find out what makes burying cables more expensive.
• Find out which are safest: buried or overhead cables.

This high voltage is transmitted by
overhead cables supported by pylons.
On reaching a town or city, the voltage
is reduced by another transformer.

Diagram of a simple transformer.
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Waves and radiation – Electromagnetic spectrum 2
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ELECTROMAGNETIC SPECTRUM 2

PROTECTION FROM ELECTROMAGNETIC
RADIATION
Many of the applications of the electromagnetic spectrum help to improve the living
standards, health and wellbeing of humans.

RADIO WAVES

However, it is important to protect ourselves against the dangers of exposure to
harmful radiation.

Radio waves have the lowest energy of the different types of radiation
in the electromagnetic spectrum.

The Earth’s atmosphere protects us by absorbing gamma radiation, X-rays and most
of the ultraviolet radiation received from space.

However, exposure to high levels of radio waves is dangerous.
Microwave ovens produce microwaves with great energy.
Householders are advised to ensure that microwave ovens do not leak
this radiation by keeping door seals clean and checking for signs of
damage to the oven.

Whenever harmful electromagnetic radiation is produced on Earth, precautions must
be taken to prevent accidental exposure to humans and other living organisms.

ULTRAVIOLET RADIATION

INFRA-RED RADIATION
Heat rays from the Sun reach the Earth and raise its temperature.
Surfaces absorb this heat energy when facing the Sun and radiate
it back to the atmosphere when in darkness. The Earth’s average
temperature is maintained by this process. However, the production of
carbon dioxide (CO2) gas by human activities (mainly from
burning fossil fuels) has caused an increase in the amount
of CO2 present in the atmosphere. This prevents infra-red
radiation from escaping and is causing the planet’s average
temperature to gradually increase. Governments are trying
to reduce CO2 emissions to stop this ‘global warming’ effect,
which may lead to changes in the Earth’s climate.

The door seals on microwave ovens should be checked
regularly to prevent leakage of microwave radiation.

The ozone layer in the Earth’s atmosphere acts as a filter for harmful ultraviolet
radiation. Scientists monitor this layer. It has been damaged by gases used in
refrigerants and as propellants in aerosols and increased levels of ultraviolet radiation
have been detected on the Earth’s surface. Governments have reduced the amount
of emissions allowed and some have even banned the use
of these gases to protect the ozone layer from developing
further holes.

GAMMA RADIATION

Laser light, however, is very intense and can damage the
Lasers can be used safely for cosmetic skin treatments.
retina without being noticed. Lasers used as bar-code
readers in supermarkets are low power and should not
cause eye damage through accidental viewing. The power of laser light sources is
strictly managed to ensure that powerful lasers are only used by trained operators
wearing eye protection. People are advised never to look directly at laser light.
Refraction of light is the change of speed of light when it travels from one material
into another.
For example when a ray of light travels through air into a block of glass, the incident
(approaching) ray makes an angle of incidence with the normal.
incident ray
The normal is a dotted line drawn at right angles to the boundary.
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normal

angle of
incidence

Similarly, the refracted ray (inside the glass) makes an angle of refraction
with the normal.

This property of refraction is used in spectacle and contact lenses to
change the direction of light when it enters the eye, to improve long and
short sight.

The different types of radiation
in the electromagnetic spectrum
are very useful to humans, but
safety precautions must always
be taken when using them.

A wall or a thick glass window is required to protect the
operators of X-ray machines; operators always move away
from the machines when they are switched on.

Our eyes naturally blink when we are exposed to very bright
light, which can cause damage to the sensitive retina at the
back of the eye.

When the incident ray travels in the same direction of the normal, there is
no change in direction in the glass.

DON’T FORGET

X-RAYS

VISIBLE LIGHT

The angle in glass is always less than the angle in air.

Some ultraviolet radiation from the Sun does penetrate the atmosphere.
Overexposure to ultraviolet radiation can cause skin cancer. Sunbathers are always
warned not to stay in sunlight for too long and to always wear protective sun cream.

boundary

air
glass
angle of
refraction

refracted ray

Some radioactive materials – for example, the radioactive
waste from nuclear power stations – emit gamma radiation.
This waste remains dangerous for many years and has
to be stored carefully. Several centimetres of lead and
thick concrete are required to absorb the energy from
gamma radiation.

Radioactive waste from nuclear power stations remains
active for many years.

1. Investigate how concave and convex lenses change the direction of light rays.
Make drawings of how each lens does this. Which lenses are used to correct
(a) short sightedness, (b) long sightedness?
2. Name a detector of gamma radiation.
3. Describe one hazard associated with X-rays.
4. Describe one useful application of gamma radiation.
5. Name one detector of infra-red radiation.
6. Which types of radiation from space are mostly filtered by the Earth’s atmosphere?
7. Describe the problem with radioactive waste from nuclear power stations.
8. Describe one use of ultraviolet radiation.
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Dynamics and space – Relationship between forces, motion and energy 1
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RELATIONSHIP BETWEEN FORCES, MOTION
AND ENERGY 1

Newton’s First Law states that, when the forces acting on an object are balanced, if
the object is at rest, it will remain at rest.

EXAMPLE

A chair resting on the floor.

A force applied to an object can change the object’s
shape, speed and direction of travel, such as pulling
a length of Plasticine, pushing a sledge or striking a
tennis ball.

The downward force (weight) of the
chair is balanced by an upward
(reaction) force from the floor
acting on the chair legs.

If the forward force from the cyclist is equal to the
frictional force in the opposite
direction, then the cyclist will
move at a constant speed.
The converse is also true: when
the speed of a moving object
is constant, then the forces
acting on it are balanced.

The size of a force is measured in newtons (N) and
can be measured using a newton balance.
Examples of forces.

Force of friction
Friction is a force that is present whenever an object moves or tries to move. The
force of friction opposes the motion of an object. This means that it acts in the
opposite direction to the movement of the object.

Friction can be decreased by streamlining the shape of a vehicle’s
bodywork so the air passes over more smoothly.

newtons
0
1
2
3
4
5
6
7
8
9
10

direction of travel

650 N
(air resistance)

Measuring a force with a Newton balance.

This will improve the fuel consumption of the lorry. The friction
on a vehicle is deliberately increased when the lorry brakes. Brake
pads grip part of the wheel during braking, creating friction.
air resistance

EXAMPLE

EXAMPLE

For example, air resistance, or drag, is a frictional force and acts in the direction
opposite to the motion.

Balanced forces mean either no
motion, or a constant speed.

Examples of balanced forces
EXAMPLE

FORCES

DON’T FORGET

Newton’s First Law also states that, when the forces acting on a moving object are
balanced, it will move at a constant speed.

6 m/s
650 N
(weight)

less
air resistance

A parachutist descends
at a constant speed of
6 m s–1. The parachutist’s
weight is 650 N and this
force acts vertically
downwards. As the speed
is constant, this force
must be the same as the
air resistance (frictional
force) acting upwards.

moving car
weight 10 000 N

The forces are balanced on the
car moving at a constant speed.
In the horizontal direction, the
forward force supplied by the
car engine is balanced by the
opposing frictional force of
frictional force
2000 N
air resistance.

15 m s–1

engine force
2000 N

reaction force 10 000 N
In the vertical direction, the
downward force of the weight
of the car is balanced by the upward reaction force
exerted by the ground on the car tyres.

direction of travel

EXAMPLE
Air resistance acting in the opposite direction to motion.

Reducing air resistance by streamlining the shape of a lorry.

NEWTON’S FIRST LAW: BALANCED FORCES
When the forces on an object are equal and opposite, we say that the forces
are balanced.
An example of balanced forces is a tug-of-war. Both teams pull on the rope with equal
force, but in opposite directions.

Balanced forces in tug-of-war.
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If a spacecraft is in outer space, then it is far away
from the effect of gravity from planets or stars and no
gravitational force acts on it.
This is an unusual case because, in space, the
spacecraft can use its engines to accelerate to a very
high speed because there is no air resistance. If the
engines are switched off, there is no frictional force to oppose its movement and
slow it down (because there is no air in space).
This means that there is no force acting on the spacecraft, so it will move at a
constant speed.

1. State three things that a force can do to an object.
2. If the forces acting on an object are equal and opposite, how are they described?
3. State what happens to a stationary object when the forces acting on it
are balanced.
4. State what happens to a moving object when the forces acting on it
are balanced.
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