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Throughout the Course, appropriate attention should be given to units, prefixes and 
scientific notation. 

Prefix Symbol Notation Operation 
tera T 1012 x 1,000,000,000,000 
giga G 109 x 1,000,000,000 
mega M 106 x 1,000,000 
kilo k 103 x 1,000 
centi c 10-2 /100 
milli m 10-3 /1,000 

micro µ 10-6 /1,000,000 
nano n 10-9 /1,000,000,000 
pico p 10-12 /1,000,000,000,000 

 
In this section the prefixes you will use most often are milli (m), micro (µ), kilo (k), mega 
(M) and giga (G).  It is essential that you use these correctly in calculations. 
 
In Physics, the standard unit for time is the second (s) and therefore if time is given in 
milliseconds (ms) or microseconds (µs) it must be converted to seconds.   
 
Example 1 
a) A wave takes 40 ms to pass a point.  How many seconds is this? 
 
    40 ms = 40 milliseconds = 40 x 10-3 s = 40/1 000 = 0.040 seconds. 
 
b) A faster wave travels past in a time of 852 µs, how many seconds is this?  
 
    852 µs = 852 microseconds = 852 x 10-6 s = 852/1 000 000 = 0.000852 seconds. 
  
In Physics, the standard unit for distance is the metre (m) and therefore if distance is 
given in kilometres (km) it must be converted to metres.   
 
Example 2 
A wave travels 26.1 km in 0.5 ms.  How far in metres has it travelled? 
 
26.1 km = 26.1 kilometres = 26.1 x 103 m = 26.1 x 1 000 = 26 100 metres. 
 
This unit involves calculations which use the term frequency, frequency has units of hertz 
(Hz) although often we meet the terms Megahertz and Gigahertz. 
 
Example 3 
A wave has a frequency of 99.5 MHz. How many Hz is this? 
 
99.5 MHz = 99.5 Megahertz = 99.5 x 106 Hz = 99.5 x 1 000 000 = 99 500 000 Hertz. 
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1. Wave parameters and behaviours  
1.1. Energy can be transferred as waves.  
1.2. Determination of frequency, wavelength, amplitude and wave speed for transverse 

and longitudinal waves.  
1.3. Use of the relationship between wave speed, frequency, wavelength, distance and 

time.  
1.4. Diffraction and practical limitations.  
1.5. Comparison of long wave and short wave diffraction. 
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Wave parameters and behaviours  

Types of wave 
Waves are used to transfer energy.  The substance the wave travels through is known as 
the medium.  The particles of the medium oscillate around a fixed position but the energy 
travels along the wave.  For example, consider waves at the beach.  Seawater will move up 
and down as a wave passes through it but as long as the wave does not “break” there is no 
overall movement of any water.   
 
There are two different types of waves you will meet in this course, transverse waves and 
longitudinal waves 
 
In transverse waves the particles oscillate (vibrate) at right angles to the direction of 
energy transfer 
 

 
1 
 
Examples are water waves, waves in a string, light, gamma rays, X-rays and all the other 
members of the Electromagnetic Spectrum (see below) 
 
In longitudinal waves the particles oscillate in the same direction as the motion of the 
wave 
 

 
 
 
 
Sound is an example of a longitudinal wave.  Air particles are either squashed together to 
form a region of increased pressure or they are moved apart to make a region of decreased 
pressure.  

                                            
1  http://upload.wikimedia.org/wikipedia/commons/7/77/Waveforms.svg 

direction of the energy transfer 
 

direction 
of 
particles’ 
motion 

direction of particles’ motion direction of energy transfer 
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Examples of Waves 
 
All waves travel through some medium.  As the wave travels it disturbs the medium 
through which it moves. 

Mechanical Waves 
Mechanical waves travel through a medium which is made up from some physical matter 
with particles (or molecules) in it.  For example, when a water wave passes a particular 
point, some of the water bobs up and then down.  For sound travelling through air it is the 
air particles that vibrate.  The typical speed of a sound wave in air is 340 m/s although this 
varies a bit as the temperature and humidity of the air changes. 

Electromagnetic Waves 
Electromagnetic waves travel through two media, electric and magnetic fields. These waves 
cause disturbances in the electric and magnetic fields that can exist in all space.  They do 
not need any particles of matter in order to travel, which is why light can travel through a 
vacuum.  Different examples of electromagnetic waves are gamma rays, X-rays, ultraviolet, 
visible light, infrared, microwaves, TV waves and radio waves.  They all travel at the same 
speed in a vacuum (3 x 108 m/s).  This is usually referred to as the speed of light and is 
given the symbol c.  This very fast speed is the fastest that anything can travel. 

Gravitational Waves 
Research scientists are currently investigating a theory of gravity that involves gravitational 
waves.  It has not been proven yet. 
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Properties of waves 

 
 
Several important features of a wave are shown in the diagram. These are explained in the 
following table 
 

Wave 
property 

Symbol Definition Unit Unit symbol 

Crest 
 

 highest point of a wave   

Trough 
 

 lowest point of a wave   

Wavelength λ horizontal distance between 
successive crests or troughs 

metre m 

Amplitude A half the vertical distance 
between crest and trough 

metre m 

Wave Speed v distance travelled per unit time metres 
per 

second 

m/s 

Period T the time it takes one wave to 
pass a point 

seconds s 

Frequency f number of waves produced in 
one second 

hertz Hz 
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Wave Formulae 

Wave Speed 
The distance travelled by a wave travelling at a constant speed can be calculated using: 
 

 

 
  
 

Symbol Name Unit Unit Symbol 
d Distance metre m 
v Velocity or Speed metres per second m/s 
t Time Seconds s 

 
Worked Examples 

1. The crest of a water wave moves a distance of 4.0 metres in 10 seconds.  Calculate 
the speed of this wave. 

 
 
 
 
 
 
 
 
 
Wave speeds can vary greatly from a few metres per second up to the speed of light.  For 
example sound waves travel in air at around 340 m/s.  The actual speed of a sound wave  
will depend on environmental factors like temperature and pressure.  Light waves travel in 
air at 300, 000, 000 m/s (or 3 x 10

8
 m/s).  So light travels approximately 1 million times 

faster than sound in air.   
 
  

d = v t 
4 = v  x 10 

v = 4 / 10   

v =  0.40 m/s 
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Wave Frequency 
The frequency of a wave is defined to be: 
    

 

 

 

f = 
1 

T 

f = 
1 

23 x 10-6 

f = 43.5 kHz 

f = 
1 

T 

50 = 
1 
T 

T = 0.02 s 
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The Wave Equation 
 
The other main formula related to waves is derived from the relationship between distance, 
speed and time. 
 

distance = speed x time 
 
For just one wave, the distance becomes one wavelength and time becomes one period. 
 

wavelength = speed x period 

 

 
But      period =     

                  
 
Therefore, wavelength = speed x     or       
 
 
this can be rearranged to give an equation called the wave equation. 
 

 

 

 

λ = 
v 

f 

1 

f 

v  =  f λ 
3 x 108  =  9.4 x 109  λ 

λ =  3 x 108 / 9.4 x 109   

λ =  0.032 m   

1 

f 
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Diffraction 
Waves can 'spread' in a rather unusual way when they reach a gap in a barrier or the edge 
of an object placed in the path of the wave - this is called diffraction.  
 
 
Diffraction can be clearly observed with water waves 
as shown in the image to the right.  Notice that the 
parallel crests of the water waves become circular as 
they spread out on passing through the gap between 
the two harbour walls. 
 
 

 
Sea waves incident on a breakwater are found to spread 
into the region behind the wall where we would expect 
the sea to be flat calm. This is an example of diffraction 
at an edge. 
 
 
 
 

 
 
Diffraction will only be significant if the size of the gap or object is matched to the size of 
the wavelength of the waves.   

• When the size of the gap or object is much larger than the wavelength of the 
waves, the waves are only slightly diffracted.   

• When the size of the gap or object is nearly the same as the wavelength of the 
waves, the diffraction effect is greatest 
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Waves other than water are also affected by diffraction 
 
 
 
Sound 
Sound can diffract through a doorway or around buildings. Lower 
pitched sounds travel better than high-pitched sounds. This is 
because low-pitched sounds have a long wavelength compared 
with the width of the gap, so they spread out more.  
 
Ultrasound 
Ultrasound is sound with a high frequency. It has a very short 
wavelength compared with most structures in the body, so there 
is very little spreading. This makes sharp focusing of ultrasound 
easier, which is good for medical scanning. 
 
 
 
 
 
 
 
 
 

Radio waves 
Long wave radio signals are 
much less affected by buildings 
and tunnels than short wave 
radio signals or VHF radio 
signals. Because of diffraction, 
long wave radio signals (e.g. 
Radio 4, λ=198 m) can 
sometimes be received in the 
shadow of hills when the 
equivalent VHF broadcast can 
not. 

 
 
 
Light 
Light has a very short wavelength compared with most everyday gaps such as windows 
and doors. There is little obvious diffraction, so it produces sharp shadows. 
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2. Sound  
2.1. Speed of sound and different methods for finding it. 
2.2. Analysis of a sound wave including Amplitude vs Volume, Frequency vs Pitch. 
2.3. Sound Levels including the decibel scale and Noise Pollution 
2.4. Ways of reproducing sound. 
2.5. Practical applications of sound in Nature and Medicine. 
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Sound 

Speed of Sound 
Sound is a longitudinal wave. The waves carry sound energy by the vibrating of particles 
back and forth.  
Sound will travel at different depending on the material it is travelling through. Sound will 
travel faster in materials that have particles packed closely together. Sound will travel 
faster in solids than in liquids and much slower in gases such as air. 
 
The speed of sound can be measured in a number of ways. Below is an example: 

 
The first microphone is setup to trigger a timer to start when a sound is registered and the 
second microphone stops the timer when it picks up the same sound some time later. 
Using this time and the distance between the two microphones, the speed can be 
calculated 

The speed of sound in air is quoted as 340m/s but this may vary depending on the 
weather conditions.  
  

d = v t 
3.4 = v  x 0.010 

v = 3.4 / 0.010   

v = 340 m/s 
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Analysing Sound 
Microphones detect sound waves and transform them in to electrical signals. These 
electrical signals can be visualised on a computer or oscilloscope to allow us to analyse the 
sound. 
 

 
 

Pitch and Frequency 
The frequency of a wave is defined as the number of waves that pass a point in one 
second. The pitch of a sound is a way of describing the sound that is heard. These two 
characteristics of sound are related. 
 
Increasing the frequency of a sound will increase the pitch that is heard. Decreasing the 
frequency will decrease the pitch that is heard. 
 

Volume and Amplitude 
The amplitude of a wave is the maximum displacement of a particle from its initial position. 
This can be calculated as half the distance from the crest to a trough of a wave. The 
Volume is a sound is a way of describing how loud or quiet a sound is. These two 
characteristics of sound are related. 
 
Increasing the volume of a sound will increase the amplitude of the sound wave. 
Decreasing the volume of a sound will decrease the amplitude of the sound wave. 
  

http://www.bing.com/images/search?q=oscilloscope&qpvt=oscilloscope&FORM=IGRE
http://www.bing.com/images/search?q=oscilloscope&qpvt=oscilloscope&FORM=IGRE
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Sound Levels 
The volume fo a sound is a way of understanding how loud or quiet a sound is, this is a 
human concept and is very much arbitrary. Another way to measure the loudness of a 
sound is to use the decibel scale (dB). 
 

 
 
Sound levels above 85-90 dB can be harmful to human hearing particularly when exposed 
to for long periods of time. Employees that work in noisy environments are required to 
wear ear defenders to protect their hearing. 
 

Noise Cancellation 
Noise cancellation technology is based up creating a sound wave that is exactly the same 
but opposite from that of any background noise. When these two waves meet they cancel 
each other out. We call this Destructive Interference.  

 

Sound Reproduction 
Over the years sound has been reproduced in a number of different ways. One of the first 
methods of reproducing sound was the Gramophone. This was an early version of the 
record playing. Sound was copied on to a disc by a series of grooves. In each groove are a 
series of patterns that can be detected by a fine needle, this in turn translates these into 
sound waves. 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=-DUZ8iaPUKiW4M&tbnid=tbueXymlGfYatM:&ved=0CAUQjRw&url=http://www.museevirtuel-virtualmuseum.ca/edu/ViewLoitDa.do;jsessionid=3143BCCD2315CF464327BCC67D989173?method=preview&lang=EN&id=20291&ei=3wZIUq-JEMiShge_7IHYDA&bvm=bv.53217764,d.ZG4&psig=AFQjCNGZCDtRl1Hv6CQcrOlG_4qy-QmBhw&ust=1380538448682096
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=-DUZ8iaPUKiW4M&tbnid=tbueXymlGfYatM:&ved=0CAUQjRw&url=http://www.museevirtuel-virtualmuseum.ca/edu/ViewLoitDa.do;jsessionid=3143BCCD2315CF464327BCC67D989173?method=preview&lang=EN&id=20291&ei=3wZIUq-JEMiShge_7IHYDA&bvm=bv.53217764,d.ZG4&psig=AFQjCNGZCDtRl1Hv6CQcrOlG_4qy-QmBhw&ust=1380538448682096
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Gramophones were replaced by Vinyl record players which work on the same principle 
but were easier to mass produce. In the 50’s and 60’s the introduction of the Cassette 
Tape made reproducing sound even more accessible to the public. Cassette Tapes use 
magnetic tape to store information. Electromagnets are used to encode the information on 
the tape and read the information to produce a sound. 
 
In the 80’s Compact Discs were introduced to the public, these are similar to records in 
that they have a series of tiny grooves. These grooves are much, much smaller than those 
on a record and have a series of tiny holes in them. A laser is run along the grooves and by 
reflecting off the surface when there is a hole or not when there is not they can produce a 
series of 0’s and 1’s that can be translated by a computer or CD player. 
 
Nowadays people mainly use mp3’s which is a digital way of encoding music. The 
breakthrough in this technology meant that much more information could be stored on a 
smaller amount of memory. 
 

Range of Human Hearing 
Humans can hear sounds from 20 Hz up to about 20,000 Hz. This can deteriorate over time 
and if your hearing is damaged by loud or excessive noise. Other animals can hear different 
ranges of sound depending on what helps them in their environment. 
 

 
  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QG_DmjnuJoqdkM&tbnid=G3mz8kaKqlNFUM:&ved=0CAUQjRw&url=http://ucalgary.ca/pip369/mod6/sound/impo&ei=kQ5IUr34LYishQfa7oGwAQ&bvm=bv.53217764,d.ZG4&psig=AFQjCNG2s3EqozwSuHsD-OPnhG0BUfP2ug&ust=1380540426946434
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Uses of Sound 

Ultrasound 
Sound beyond human hearing is called Ultrasound and is used primarily by humans for 
medical scanning. By detecting the echoes of the ultrasound from different tissues within 
the body an image can be processed. Using ultrasound can be much less harmful than 
other scanning techniques such as X-Rays. It is also non-invasive which means that it can 
be done from outside the body. In particular ultrasound scans are used to scan women 
during pregnancy as there is much less risk involved for the unborn baby. 
 
Some animals such as Dolphins and Bats also use ultrasound to navigate. Often this si 
referred to as echo location. These animals detect the echoes of sound sent back by solid 
objects and can avoid bumping into things. They can also use it for hunting.  
 
This process is also used by humans and is called SONAR or Radar. The military use this 
application for navigating ships and submarines or detecting aircraft.  

 

Doppler Effect 
The Doppler Effect is the process that affects the sound we hear and is responsible for us 
hearing a higher pitch sound as something moves towards us and a lower pitch sound 
when something is moving away from us. Think of an ambulance siren changing as it 
passes you. This process is also used in medicine to detect blood flow using 
Echocardiogram.   

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=msZEpn9Jn5A_uM&tbnid=PDY010MMQ10JsM:&ved=0CAUQjRw&url=http://askabiologist.asu.edu/echolocation&ei=6RFIUti4J82xhAepkYDADQ&bvm=bv.53217764,d.ZG4&psig=AFQjCNGAiVip-IafVF3trFFsF27Oat_B_Q&ust=1380541284335049
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3. Electromagnetic spectrum 
3.1. Relative frequency and wavelength of bands of the electromagnetic spectrum with 

reference to typical sources and applications. 
3.2. Qualitative relationship between the frequency and energy associated with a form 

of radiation. 
3.3. All radiations in the electromagnetic spectrum travel at the speed of light. 
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Electromagnetic spectrum 

Frequency and Wavelengths 
 
Electromagnetic waves travel through two media, electric and magnetic fields. These waves 
cause disturbances in the electric and magnetic fields that can exist in all space.  They do 
not need any particles of matter in order to travel, which is why they can travel through a 
vacuum. Electromagnetic waves travel at a very high speed.  In a vacuum this speed is 
three hundred million metres per second – i.e. 300 000 000 m/s or 3 x 108 m/s.  This 
is usually referred to as the speed of light and is given the symbol c.   This is a universal 
speed limit – nothing can travel faster than c. 
 
Remember that the wave equation states 
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Uses and sources of electromagnetic radiation 
Each member of the electromagnetic spectrum transfers energy from source to 
receiver/detector and as such may be called electromagnetic radiation.  radiation and a 
typical use for each of them. 
 

Type  Source Typical use 
Gamma Radiation Nuclear decay, Cosmic Rays & 

some Stars 
Killing cancer cells 

X-Rays 
 

Man-made sources & some Stars Medical images of bones 

Ultraviolet Radiation Ultra-Hot objects, Electrical 
discharges/sparks, Starlight 

Sunbeds 

Visible Light Very-Hot objects (lamps), 
Electrical discharges/sparks, 

Starlight 

Seeing 

Infrared Radiation All hot objects, Starlight Optical fibre communication, 
Remote controls, “Night” vision 

Microwaves 
 

Electrical circuits, some Stars Cooking, Mobile Phone signals 

Radio Waves 
 

Electrical circuits, some Stars Television signals 

 

Frequency and Energy 
A beam of electromagnetic radiation delivers energy in ‘packets’ called photons. 
The energy delivered by each photon increases with the frequency of the 
electromagnetic waves. This means that gamma photons have the most energy, and radio 
photons the least. 
 
Energy of the photon is directly proportional to frequency: 
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3. Light 
3.1. Reflection including identification of the normal, angle of incidence and angle of 

reflection. 
3.2. Refraction of light including identification of the normal, angle of incidence and 

angle of refraction. 
3.3. Description of refraction in terms of change of wave speed. 
3.4. Ray diagrams for convex and concave lenses 
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Light 

Wave behaviours 
 
It has already been shown that waves diffract, or spread out, when they meet a gap or 
edge of an object.  In addition, waves can be shown to reflect and refract. The next two 
topics of this unit cover reflection and refraction.  It is particularly useful to study the 
reflection and refraction of visible light waves, though any waves can exhibit these 
phenomena. 
 

Reflection 
The diagram below shows the path of a ray of light when reflected off a mirror.   
Some simple rules: 

• A ray is a line with an arrow to show the wave direction. 
• The normal is a dotted line drawn at 90o to the mirror at the point where the 

ray of light hits the mirror. 
• All angles are measured between the ray and the normal. 
• The incoming ray is called the incident ray and this makes the angle of 

incidence with the normal. 
• The outgoing ray is called the reflected ray which travels at the angle of 

reflection to the normal. 
 
 
                                                     Normal 

                                       A                         B 
 
 
 
 
                   Angle of incidence                         Angle of reflection 
 
      Mirror 
  
 
 
 
 
It is very important to always put arrows on any diagram that contains rays of light.  
Otherwise you would not be able to tell in which direction the light was travelling. 
 
 
 
  

O 
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Refraction 
The wave speed depends on the medium in which the wave travels.  When a wave 
changes medium it’s changes speed.  This change of speed is called refraction.   
 
In the diagram below the incident light is shown passing from air into a semicircular glass 
block.  

 
 
In addition to changing speed the wave changes direction inside the glass block.  This 
change of direction only happens when the angle of incidence is non-zero, i.e. the incident 
ray is not along the normal. Both these changes are due to refraction. 
 
Remember that the speed of light in a vacuum is the fastest speed possible.  The speed of 
light in air is almost the same as in vacuum.  The light slows down as it enters the 
glass and speeds up again as it leaves. 
 
For refraction: 

• Bigger speed = Bigger Angle between the ray and the normal 
• Smaller speed = Smaller Angle between the ray and the normal 

 
 
 
 
 
 
 
 
  Normal 

Ray bends away  
from normal 
(glass to air) 

Ray bends 
towards normal 
(air to glass) 
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Total Internal Reflection and Critical Angle 
There is a link between refraction and a phenomenon called Total Internal Reflection.   
 
It can be shown that:  
 

• when light travels from glass into air the direction of travel is changed (refracted) 
away from the normal.  

 
• when the angle of refraction is exactly 900 then the angle of incidence is know as 

the Critical Angle (θc ). 
 

• when the angle of incidence is less than the critical angle most of the light will be 
refracted out into the air and some will be reflected inside the glass.   

 
• when the angle of incidence is bigger than the critical angle the light does not pass 

into the air.  All the light is reflected (not refracted) back into the glass.   
 
Total Internal Reflection is used in optical instruments including periscopes, binoculars and 
fibre optics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Angle of incidence is 
less than the critical 
angle.   
(θi < θc) 

Angle of incidence is 
equals the critical angle.  
  
Angle of refraction = 900 
 
(θi = θc) 

Angle of incidence is 
greater than the critical 
angle.  
 
Ray undergoes total 
internal reflection. 
 
(θi > θc) 

Critical 
angle θc 

Angle of 
incidence, 

 

Angle of 
refraction, 
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Fibre Optics 
 
A fibre optic is a thin thread of glass.  Light entering at one end always strikes the outer 
edges of the glass at large angles of incidence so that the light is always totally 
internally reflected back into the glass. Consequently the light never escapes and is trapped 
inside the glass fibre.   

 
 

The fibre can be made pliable enough so that it can bend round corners.  Thus, light inside 
the fibre optic can be made to bend round corners.   
 
This is extremely useful: 
 

• In medicine it is used in a “fibrescope” that allows a doctor to see inside a patient’s 
body without having to cut them open.   

• In telecommunications it is used to send pulses of laser light from one place to 
another, allowing enormous amounts of information to be transmitted very quickly. 
 

 
 
Slow Down – Speed of Light in an Optic Fibre 
 
 
 
 
 
If fibre optics are used in telecommunications then the information transmitted along the 
fibres as pulses of light will lose much less energy than if the information was transmitted 
using cables. As a result booster stations are required less frequently.  
 
  

Speed of light inside a fibre optic is 2 x108 m/s. 
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Refraction and frequency 
 
The splitting of white light into different colours happens because each colour has its own 
unique frequency.  (All colours of light travel at the same speed) 
 
The amount of refraction (bending) depends on the frequency of the light and so each 
colour is bent by different amounts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Red light has the lowest frequency and so is bent the least. 
 

• Violet light has the highest frequency and so is bent the most. 
 
Colour Red Orange Yellow Green Blue Indigo Violet 
Wavelength 
(nm) 

650 590 570 510 475 445 400 

Frequency (THz) 462 508 526 588 382 674 750 

Speed (m/s) 3 x 108 3 x 108 3 x 108 3 x 108 3 x 108 3 x 108 3 x 108 

 
  

Dispersion of light by a prism 
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Lenses 
We may make use of refraction to create lenses which alter the shape of a beam of light.  
There are two different types of lens.   

• Converging: this type of lens focuses rays together. 
• Diverging: this type of lens spreads rays out. 

The diagrams below show rays of light approaching these two types of lens.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If the rays entering a lens are parallel then where they cross over is called the principle 
focus. 
The distance from the centre of the lens to the principle focus is called the focal length. 
The greater the curvature of the lens, the shorter the focal length of the lens.
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Solutions to numerical problems 
 

The Nature of Waves 
 -  

Speed of Waves 
 
1. 6 800 m 
2.   
3. 4.8s 
4.  
5. a) 4.0 s 

b) 1 320 m 
6. 330 ms-1 
7. 45 s 
8. 0.3 s 
9. 497 s (or 8.3 minutes) 
10. 0.06 s 
 

Wave Formulae 
 
1.  a)   2 m 

b)  0.015 m 
c)  20 Hz 
d)   40 ms-1. 

2.  a)  2.5 ms-1 
b) 0.625 Hz. 

3. Wave A by 0.5 ms-1 
4. 0.03 ms-1 
5. 50 m 
6. - 
7. a) 10 Hz  

b) 0.1 s 
8.  a)  0.02 ms-1 

b) 0.4 Hz 
c) 2.5 s 

9. A sound generator produces 25 waves every 0.1 s.  If the speed of sound is 330 m/s, 
find: 
a) 250 Hz 
b) 0.004 s 
c) 1.32 m 

10.  a)  2.5 m 
b) 4 Hz 
c)   0.24 s 

11.   3.435 Hz, 3.313Hz 
 

Diffraction 
1. -  
2. - 
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Electromagnetic Spectrum 
1. - 
2. - 
3. a) 600 km b) 75 km c) 300 m 
4. a) 0.06 m b) 4 75 m c) 0.0015 m. 
5. 0.37 MHz 

 
Reflection Tutorial 

1. - 
2. - 
 

Tutorial on Refraction 
1. - 
2. - 
 

Total Internal Reflection and Critical Angle 
1. - 
2. - 
3. a)  - 

b) - 
 c)  5 x 10-4 s 
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