Section 1

Section 2

Oscillate

To move from side to side.

Wavelength

The length of one peak and trough of a wave.

Amplitude

The height of the peak of a wave.

Frequency

How many waves pass a point per second.

Compression

An area where particles are pushed closer together.

Rarefaction

An area where particles and pulled further apart.

Transverse

When the source of a wave moves perpendicular to the direction of the
wave.

Longitudinal

When the source of a wave moves parallel to the direction of the wave.

Diffuse reflection

When light rays are not reflected in parallel, no image is formed.

Specular reflection

When light rays are reflected in parallel, an image is formed.

Refraction

When light hits a boundary between 2 different densities and the light ray
changed direction due to a change in speed.

Absorb

Take in.

Emit

Give out.

Ultrasound

Sound waves with a frequency above 20,000Hz

Real image

An image that can be projected on a screen.

Inverted

Upside down.

Electromagnetic spectrum

A range of wavelengths that comprise of both an electrical and a magnetic
component.

P6 - Waves
Section 3 - Waves
Waves are one of the ways in which energy may be transferred between stores. Waves can be described
as oscillations, or vibrations about a rest position. For example:
sound waves cause air particles to vibrate back and forth
ripples cause water particles to vibrate up and down
The direction of these oscillations is the difference between longitudinal or transverse waves. In longitudinal
waves, the vibrations are parallel to the direction of wave travel. In transverse waves, the vibrations are at
right angles to the direction of wave travel.
Section 4 - Parts of a wave
Waves are described using the following terms:
rest position - the undisturbed position of particles or fields when they are not vibrating
displacement - the distance that a certain point in the medium has moved from its rest position
peak - the highest point above the rest position
trough - the lowest point below the rest position
amplitude - the maximum displacement of a point of a wave from its rest position
wavelength - distance covered by a full cycle of the wave, usually measured from peak to peak, or trough to
trough
time period - the time taken for a full cycle of the wave, usually measured from peak to peak, or trough to
trough
frequency - the number of waves passing a point each second

All waves transfer energy but they do not transfer matter.

Section 5 - Wave period and wave speed
The time period of a wave can be calculated using the equation:
Time period = 1/frequency
(on equation sheet)
T = 1/f
This is when:
the period (T) is measured in seconds (s)
frequency (f) is measured in hertz (Hz)
Example
Calculate the time period of a wave with a frequency of 50 Hz.
T = 1/f = 1/50 = 0.02s

Section 7 - The air is made up of many tiny particles. When sound is created, the air particles vibrate and collide with each other, causing the vibrations to
pass between air particles. The vibrating particles pass the sound through to a person's ear and vibrate the ear drum.
Light travels much faster than sound through air. For example, a person fires a starting pistol and raises their hand in the air at the same time. A distant
observer stood 400 metres (m) away records the time between seeing the action (the light reaches the time keeper immediately) and hearing the sound
(which takes more time to cover the same distance).
The speed of sound can be calculated using the equation:
speed = distance / time
v = d/t
This is when:
speed (v) is measured in metres per second (m/s)
distance (s) is measured in metres (m)
time (t) is measured in seconds (s)

Section 6 - Calculating wave speed
The speed of a wave can be calculated using the equation:
wave speed = frequency × wavelength (memorise)
v=fx λ
This is when:
wave speed (v) is measured in metres per second (m/s)
frequency (f) is measured in Hertz (Hz)
wavelength (λ) is measured in metres (m)
Example
What is the speed of a wave that has a frequency of 50 Hz and a wavelength of 6 m?
v=fxλ
v = 50 x 6
v = 300m/s

Section 8 - However, this
experimental method is flawed as
humans do not use stop clocks
identically to one another. One person
might stop the timer a fraction of a
second later than another person. The
values recorded will be dependent on
the reaction time of the observer, and
will not be entirely accurate. This
explains why the answer may be
slightly above the accepted value for
the speed of sound in air.

Section 9 - A ripple tank can be used to measure and calculate frequency, wavelength
and the speed of waves on the surface of the water. A ripple tank is a transparent
shallow tray of water with a light shining down through it onto a white card below in
order to clearly see the motion of the ripples created on the water’s surface. Ripples
can be made by hand but to generate regular ripples it is better to use a motor.
Section 10 - Method
•
Set up the ripple tank as shown in the diagram with about 5 cm depth of water.
•
Adjust the height of the wooden rod so that it just touches the surface of the
water.
•
Switch on the lamp and motor and adjust until low frequency waves can be clearly
observed.
•
Measure the length of a number of waves then divide by the number of waves to
record wavelength. It may be more practical to take a photograph of the card with
the ruler and take measurements from the still picture.
•
Count the number of waves passing a point in ten seconds then divide by ten to
record frequency.
•
Calculate the speed of the waves using: wave speed = frequency × wavelength.

Section – 13 Longitudinal waves
In longitudinal waves, the vibrations are parallel to the direction of wave travel.

Section 11 - Aim of the experiment
To measure the frequency, wavelength and speed of waves in a string.

Examples of longitudinal waves include:
•
sound waves
•
ultrasound waves
•
seismic P-waves

Section 12 - Method
•
A piece of string hanging over a wooden bridge. There is a weight hooked onto the on the
end of the string. At the other end is a vibration generator.
•
Attach a string or cord to a vibration generator and use a 200 gram (g) hanging mass and
pulley to pull the string taut as shown in the diagram. Place a wooden bridge under the string
near the pulley.
•
Switch on the vibration generator and adjust the wooden bridge until stationary waves can
be clearly observed.
•
Measure the length of as many half wavelengths (loops) as possible, divide by the number of
half wavelengths (loops). This is half the wavelength, doubling this gives the wavelength.
•
The frequency is the frequency of the power supply.
•
Calculate the speed of the waves using: wave speed = frequency × wavelength.

Hazard
Cord snapping

Consequence

Control
measures

Damage to eyes

Eye protection /
safety screen

Section 14 -Transverse waves
In transverse waves, the vibrations are at right angles to the direction of wave travel.
Examples of transverse waves include:
•
ripples on the surface of water
•
vibrations in a guitar string
•
seismic S-waves
•
EM waves

Section 15 - Electromagnetic waves
Electromagnetic waves are transverse waves. Their vibrations or oscillations are changes in electrical and
magnetic fields at right angles to the direction of wave travel.
All electromagnetic waves:
•
transfer energy as radiation from the source of the waves to an absorber
•
can travel through a vacuum such as in space
•
travel at the same speed through a vacuum or the air
•
Electromagnetic waves travel at 300 million metres per second (m/s) through a vacuum.
Electromagnetic spectrum
Electromagnetic waves form a continuous spectrum of waves.
Each group contains a range of frequencies. For example, visible light contains all the frequencies that can
be detected by the human eye:
Red light has the lowest frequencies of visible light.
Violet light has the highest frequencies of visible light.

Section 16 - Radio waves
Radio waves are used for communication such as television and radio.
Radio waves - Higher
Radio waves are transmitted easily through air. They do not cause damage if absorbed by the human body,
and they can be reflected to change their direction. These properties make them ideal for
communications.
Radio waves can be produced by oscillations in electrical circuits. When radio waves are absorbed by a
conductor, they create an alternating current. This electrical current has the same frequency as the radio
waves. Information is coded into the wave before transmission, which can then be decoded when the
wave is received. Television and radio systems use this principle to broadcast information.

Section 16 - Microwaves
Microwaves are used for cooking food and for satellite communications.
Microwaves - Higher
High frequency microwaves have frequencies which are easily absorbed by molecules in food. The internal
energy of the molecules increases when they absorb microwaves, which causes heating. Microwaves pass
easily through the atmosphere, so they can pass between stations on Earth and satellites in orbit.

Section 17 - Infrared
Infrared light is used by electrical heaters, cookers for cooking food, and by infrared cameras which detect
people in the dark.
Infrared - Higher
Infrared light has frequencies which are absorbed by some chemical bonds. The internal energy of the bonds
increases when they absorb infrared light, which causes heating. This makes infrared light useful for electrical
heaters and for cooking food. All objects emit infrared light. The human eye cannot see this light but infrared
cameras can detect it. This 'thermal imaging' is useful for detecting people in the dark.

Section 18 - Visible light
Visible light is the light we can see. It is used in fibre optic communications,
where coded pulses of light travel through glass fibres from a source to a
receiver.

Section 22 - Reflection of waves
Waves - including sound and light - can be reflected at the boundary between two different materials. The
reflection of sound causes echoes.

Section 19 - Ultraviolet
We cannot see ultraviolet light but it can have hazardous effects on the
human body. Ultraviolet light in sunlight can cause the skin to tan or burn.
Fluorescent substances are used in energy-efficient lamps - they absorb
ultraviolet light produced inside the lamp, and re-emit the energy as visible
light.

angle of incidence = angle of reflection

Section 20 - Electromagnetic waves in medicine
Changes in atoms and their nuclei can cause electromagnetic waves to be
generated or absorbed. Gamma rays are produced by changes in the
nucleus of an atom. They are a form of nuclear radiation. High energy
waves such as X-rays and gamma rays are transmitted through body tissues
with very little absorption. This makes them ideal for internal imaging. Xrays are absorbed by dense structures like bones, which is why X-ray photos
are used to help identify broken bones.

Section 23 - Refraction of waves
Different materials have different densities. Light waves may change direction at the boundary between two
transparent materials. Refraction is the change in direction of a wave at such a boundary.

The law of reflection states that:

For example, if a light ray hits a surface at 32°, it will be reflected at 32°.
The angles of incidence and reflection are measured between the light ray and the normal - an imaginary line at
90° to the surface. The diagrams show a water wave being reflected at a barrier, and a light ray being reflected at
a plane mirror.

It is important to be able to draw ray diagrams to show the refraction of a wave at a boundary.
Section 24 - Wave speed, frequency and wavelength in refraction
For a given frequency of light, the wavelength is proportional to the wave speed:
wave speed = frequency × wavelength
So if a wave slows down, its wavelength will decrease. The effect of this can be shown using wave front diagrams
like the one to the right. The diagram shows that as a wave travels into a denser medium, such as water, it slows
down and the wavelength decreases. Although the wave slows down, its frequency remains the same, due to the
fact that its wavelength is shorter.

Section 21 - Ionising radiation
Ultraviolet waves, X-rays and gamma rays are types of ionising radiation.
They can add or remove electrons from molecules, producing electrically
charged ions. Ionisation can have hazardous effects on the body:
Ultraviolet waves can cause skin to age prematurely and increase the risk of
skin cancer
x-rays and gamma rays can cause the mutation of genes, which can lead to
cancer,

Section 25 - Explaining refraction - Higher
The density of a material affects the speed that a wave will be transmitted through it. In general, the denser the
transparent material, the more slowly light travels through it.
Glass is denser than air, so a light ray passing from air into glass slows down. If the ray meets the boundary at an
angle to the normal, it bends towards the normal.
The reverse is also true. A light ray speeds up as it passes from glass into air, and bends away from the normal by
the same angle.

Section 26 - Required practical
Investigate how the amount of infrared radiation absorbed or radiated by a surface depends on
the nature of that surface
There are different ways to investigate the amount of infrared radiation absorbed or radiated by
a surface. It is important to:
•
use appropriate apparatus to measure and record temperature accurately
•
make observations regarding the effects of electromagnetic waves on different substances
•
The method described here uses a Leslie cube. This is a metal cube with four different types
of surface. It is filled with hot water to increase its temperature.
Aim of the experiment
A Leslie cube on a heatproof mat. Next to the cube is an infrared detector, which is essentially a
cylinder attached with two wires to a small reader with screen.
To investigate how the amount of infrared radiation absorbed or radiated by a surface depends
on the nature of that surface.
Method
•
Place a Leslie cube on a heat-resistant mat. Fill it, almost to the top, with boiling water and
replace the lid.
•
Leave for one minute. This is to enable the surfaces to heat up to the temperature of the
water.
•
Use the infrared detector to measure the intensity of infrared radiation emitted from each
surface, or the temperature of the surface. Make sure that the detector is the same
distance from each surface for each reading.
Hazard

Boiling water

Consequence

Scalds

Control measures
Pour water slowly, using a
funnel if necessary. Do not
move the Leslie cube until it
has cooled.

Section 26 - Black Body Radiation
•

Not only do objects give off (emit) infrared radiation, they also absorb it.

•

When an object is at constant temperature it is absorbing and emitting infrared radiation at the same rate.

•

Objects that are good at absorbing are also very good at emitting.

•

Perfect black body will absorb ALL OF THE RADIATION THAT HITS IT. This means that it is very good at
emitting radiation too.

•

Black body radiation is the radiation emitted by a perfect black body.

Section 27 - The Earth's temperature – Higher
Factors affecting the Earth’s temperature
The temperature of the Earth depends on many factors including the concentration of greenhouse gases such as water
vapour, methane and carbon dioxide.
The Earth’s temperature also depends on the rates at which light radiation and infrared radiation are:
absorbed by the Earth’s surface and atmosphere
emitted by the Earth’s surface and atmosphere
When visible light and high frequency infrared radiation are absorbed by the surface of the Earth, the planet’s internal
energy increases and the surface gets hotter. Some of this energy is transferred to the atmosphere by conduction and
convection.
The Earth also radiates lower frequency infrared radiation. Some of this infrared radiation is transmitted through the
atmosphere back out into space, and some is absorbed by greenhouse gases in the atmosphere. The greenhouse gases
emit infrared radiation in all directions - some out into space and some back towards Earth, which is then reabsorbed.
The greenhouse effect
The ‘greenhouse effect’ caused by naturally occurring greenhouse gases, such as water vapour, stabilises the surface
temperature of Earth. This allows the planet to support life.
However, human activities such as deforestation and the burning of fossil fuels are releasing additional carbon dioxide.
This causes more infrared radiation to be ‘trapped’ and reabsorbed by the Earth’s surface. This enhanced greenhouse
effect is causing global temperatures to increase, leading to climate change.

Physics only
Section 28 - Specular reflection
Reflection from a smooth, flat surface is called specular reflection. This is the type of reflection that
happens with a flat mirror. The image in a mirror is:
•
upright
•
Virtual
In a virtual image, the rays appear to diverge from behind the mirror, so the image appears to come from
behind the mirror.
Section 29 - Diffuse reflection
If a surface is rough, diffuse reflection happens. Instead of forming an image, the reflected light is
scattered in all directions. This may cause a distorted image of the object, as occurs with rippling water, or
no image at all. Each individual reflection still obeys the law of reflection, but the different parts of the
rough surface are at different angles.

Section 30 – virtual image

Section 31 - Required practical
Investigate the reflection of light by different types of surface and the refraction of light by different substances
Aim of the experiment
To investigate the reflection of light by different types of surface, and the refraction of light by different substances.
Method
•
The light ray as it enters the block, is refracted slightly, and then leaves the block. The smallest angles
between the light ray and the block as the ray enters and leaves are the same size.
•
Set up a ray box, slit and lens so that a narrow ray of light is produced.
•
Place a 30 centimetre (cm) ruler near the middle of a piece of plain A3 paper. Draw a straight line parallel to
its longer sides. Use a protractor to draw a second line at right angles to this line. Label this line with an ‘N’ for
‘normal’.
•
Place the longest side of a rectangular acrylic polymer block against the first line. With the normal near the
middle of the block, carefully draw around the block without moving it.
•
Use the ray box to shine a ray of light at the point where the normal meets the block. This is the incident ray.
•
The angle between the normal and the incident ray is called the angle of incidence. Move the ray box or paper
to change the angle of incidence. The aim is to see a clear ray reflected from the surface of the block and
another clear ray leaving the opposite face of the block.
•
Using a pencil on the paper, mark the path of:
•
the incident ray with a cross
•
the reflected ray with a cross
•
the ray that leaves the block with two crosses - one near the block and the other further away
•
Remove the block. Join the crosses to show the paths of the light rays.
•
Repeat steps 2 to 7 for a rectangular glass block.
•
Measure the angle of incidence, angle of refraction and angle of reflection for each block.

Section 32 - Sound waves
Sound waves are longitudinal waves. They cause particles to vibrate parallel to the direction of
wave travel. The vibrations can travel through solids, liquids or gases. The speed of sound
depends on the medium through which it is travelling. When travelling through air, the speed of
sound is about 330 metres per second (m/s). Sound cannot travel through a vacuum because
there are no particles to carry the vibrations.
Section 33 - The ear
The human ear detects sound. Sound waves enter the ear canal and cause the eardrum to
vibrate. Three small bones transmit these vibrations to the cochlea. This produces electrical
signals which pass through the auditory nerve to the brain, where they are interpreted as sound.

PHYSICS ONLY
Section 35 - Oscilloscope traces showing the following sounds:
1.quiet, low pitch sound
2.loud, low pitch sound
3.loud, high pitch sound

Section 34 - Properties of sound
The frequency of a sound wave is related to the pitch that is heard:
•
high frequency sound waves are high pitched
•
low frequency sound waves are low pitched
The amplitude of a sound wave is related to the volume of the sound:
•
high amplitude sound waves are loud
•
low amplitude sound waves are quiet

Section 37 - Ultrasound
Ultrasound waves have a frequency higher than the upper limit for human hearing - above 20,000 Hertz (Hz).
Different species of animal have different hearing ranges. This explains why a dog can hear the ultrasound produced
by a dog whistle but humans cannot.
Uses of ultrasound include:
•
breaking kidney stones
•
cleaning jewellery
•
In both of these applications, the vibrations caused by the ultrasound shake apart the dirt or kidney stones,
breaking them up. The principle is the same as the opera singer's trick, where a glass may shatter if the singer
makes a high-pitched sound near to the glass.
Ultrasound imaging creates a picture of something that cannot be seen directly, such as an unborn baby in the womb,
or faults and defects inside manufactured parts.
These uses rely on what happens when ultrasound waves meet the boundary between two different materials. When
this happens:
•
some of the ultrasound waves are reflected at the boundary
•
the time taken for the waves to leave a source and return to a detector is measured
•
the depth of the boundary can be determined using the speed of sound in the material and the time taken

Section 36 - The cochlea is only stimulated by a limited range of frequencies. This means that humans
can only hear certain frequencies. The range of normal human hearing is 20 Hertz (Hz) to 20,000 Hz
(20 kHz).

PHYSICS ONLY
Section 38 - Echo sounding
High frequency sound waves can be used to detect objects in deep water and to measure water depth. The time between a pulse of sound being transmitted and
detected and the speed of sound in water can be used to calculate the distance of the reflecting surface or object. The process is very similar to ultrasound imaging.
However, the sound waves used are within normal hearing range, and they are used to identify objects rather than internal structures.
This technique is applied in sonar systems used to find shipwrecks, submarines and shoals of fish. Bats and dolphins use a similar method called 'echolocation' to detect
their surroundings and to find food.
Section 39 - Seismic waves
Seismic waves are produced by earthquakes in the Earth’s crust. They can cause damage to structures on the Earth’s surface, as well as tsunamis.
There are two types of seismic waves:
•
P-waves, which are longitudinal waves
•
S-waves, which are transverse waves
Investigating Earth structure using seismic waves
The study of seismic waves provides evidence for the internal structure of the Earth, which otherwise cannot be observed directly.
Seismic waves from large earthquakes are detected around the world. Their paths are curved as the waves refract due to the gradually changing density of the layers.
S-waves are not detected on the opposite side of the Earth - this suggests that the mantle has solid properties, but the outer core must be liquid.

Section 40 - P-waves are detected on the opposite side of the
Earth. Refractions between layers cause two shadow zones
where no P-waves are detected. The size and positions of these
shadow zones indicate there is a solid inner core.

Section 41 - P-waves are refracted as they travel
through the Earth.

PHYSICS ONLY
Section 42 - A lens is a shaped piece of transparent glass or plastic that refracts light. When light is
refracted it changes direction due to the change in density as it moves from air into glass or plastic.
Lenses are used in cameras, telescopes, binoculars, microscopes and corrective glasses. A lens can be
convex or concave.

Section 44 - Concave lenses
A concave lens is thinner in the middle than it is at the edges. This causes parallel rays to
diverge. They separate but appear to come from a principle focus on the other side of the
lens.

Section 43 - Convex lenses
A convex lens is thicker in the middle than it is at the edges. Parallel light rays that enter the
lens converge. They come together at a point called the principal focus.

In a ray diagram, a concave lens is drawn as a vertical line with inward facing arrows to indicate
the shape of the lens.
In a ray diagram, a convex lens is drawn as a vertical line with outward facing arrows to indicate the
shape of the lens. The distance from the lens to the principal focus is called the focal length.

PHYSICS ONLY
Section 45 - Real and virtual images
The images formed by a lens can be:
•
upright or inverted (upside down compared to the object)
•
magnified or diminished (smaller than the object)
•
real or virtual
•
A real image is an image that can be projected onto a screen. A virtual image appears to
come from behind the lens.

Section 47 - Projectors
Projectors contain convex lenses. For an object placed between one and two focal lengths from
the lens, the image is:
•
inverted
•
magnified
•
Real
Three light rays extend out from the object arrows and cross the lens. These cross on the other
side of the lens under a larger green arrow that is labelled 'image'.

To draw a ray diagram:
•
•
•

Draw a ray from the object to the lens that is parallel to the principal axis. Once through
the lens, the ray should pass through the principal focus.
Draw a ray which passes from the object through the centre of the lens.
Some ray diagrams may also show a third ray.
Section 46 -Convex lenses
The type of image formed by a convex lens depends on the lens used and the
distance from the object to the lens.
A camera or human eye
Cameras and eyes contain convex lenses. For a distant object that is placed more
than twice the focal length from the lens, the image is:
•
inverted
•
diminished
•
real

Section 48 - Magnifying glasses
A magnifying glass is a convex lens used to make an object appear much larger than it actually is.
This works when the object is placed at a distance less than the focal length. The image is:
•
upright
•
magnified
•
virtual

PHYSICS ONLY
Section 49 - Concave lenses
Concave lenses always produce images that are:
•
upright
•
diminished
•
Virtual
Peep hole lenses
Peep holes are set into doors so the occupant can identify a visitor before opening the door.

For an object viewed through a concave lens, light rays from the top of the object will be refracted
and will diverge on the other side of the lens. These rays will appear:
•
from the same side of the principal axis meaning the image will be upright
•
further from the principal axis, so the image will be larger than the object.
Section 50 - Magnification
Magnification is a measure of the size of an image compared to the size of the object. Lenses and
curved mirrors can produce magnified images.

Section 51 - Absorption, reflection and transmission of visible light
Within the visible light range of the electromagnetic spectrum there is a spectrum of colour. This is a continuous range
of colours. In order of increasing frequency and decreasing wavelength these are given as:
•red
•orange
•yellow
•green
•blue
•indigo
•violet
Each colour within the visible light spectrum has its own narrow band of wavelength and frequency.
Absorption of light
Waves can be absorbed at the boundary between two different materials. When waves are absorbed by a surface, the
energy of the wave is transferred to the particles in the surface. This will usually increase the internal energy of the
particles.
When white light shines on an opaque object, some wavelengths or colours of light are absorbed. These wavelengths
are not detected by our eyes. The other wavelengths are reflected, and these are detected by our eyes.
For example, grass appears green in white light:
•red, orange, yellow, blue, indigo and violet are absorbed by the grass
•green light is reflected by the grass and detected by our eyes
Section 52 - Transmission of light
Waves can also be transmitted at the boundary between two different materials. When waves are transmitted, the
wave continues through the material. Air, glass and water are common materials that are very good at transmitting
light. They are transparent because light is transmitted with very little absorption. Translucent materials transmit some
light but are not completely clear. Lamp shades, shower curtains and window blinds are often translucent objects.
Colour filters
When white light passes through a coloured filter, all colours are absorbed except for the colour of the filter. For
example, an orange filter transmits orange light but absorbs all the other colours. If white light is shone on an orange
filter, only the orange wavelengths will be observed by the human eye.

Calculating magnification
The magnification produced by a lens can be calculated using the equation:
magnification = image height/object height
Magnification is a ratio of two lengths, so it has no units. However, the image height and object
height should both be measured in the same units, eg centimetres (cm) or millimetres (mm), but not
a mixture of the two.

Section 53 - Coloured objects in coloured light
An object appears to be black if it absorbs all the wavelengths of visible light. For example, an object that appears blue
in white light will appear black in red light. This is because the red light contains no blue light for the object to reflect.

