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Unit overview
The shaded Modules represents the one studied in these materials.
Unit

Code

Physical Science

Module

P1

Matter and materials

P2

Energy

P3

Reactions

P4

Physical Concepts and
Machines
Waves

P5

Symbols used in these materials.

The symbols shown in the table indicate the type of activity to be completed while studying this
module.

&
@
F
M

Read or research
Write or summarise
Activity or discussion
Safety note
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What is energy?
Energy is the ability to do work: to move, bend, twist, lift, shift, turn, drag or any other word
which means something is being done.
Examples of where energy is:
Muscles

They can move things

Batteries

They can make tape recorders and
radios work.

Wires carrying electricity

They can make appliances work.

Sunlight

It makes plants grow, cooks food in
solar cookers and dries wet clothes.
It can sunburn your skin.

Sun

The energy in the sun stops the
sun from collapsing under gravity

Coal and Oil

These can be burnt to make fire
which boils water and drives
turbines in power stations

Moving Rocks and Bullets

These can smash glass louvres or
put holes in things.

Objects positioned above the
ground

These can fall and smash things,
hurt toes and make marks on the
floor.

Stretched Springs

These can make clocks work.

Moving Air

It can move sail boats, and
cyclones can tear houses apart.

Magnets

These can attract iron or
attract/repel other magnets.

@ Exercise 1
•

•

•

Discussion

Elastic means stretch. Gravitational refers to gravity. Kinetic means moving. Radiant refers to rays
coming from something. Other forms of energy are mechanical, heat, electrical, magnetic and
chemical. Classify the above according to what type of energy each is. The first blank column can be
used for writing.
The examples illustrate energy changing from one form into another. For example, when a stretched
spring powers a clock, elastic energy is changed into mechanical (“machine”) energy. Work out the
energy transformation for each example. The last column can be used for writing.
Electricity is one of our most useful energy forms. Round table or round robin (take turns around a
circle to write or say) as many things as your group can think of which work by electricity.
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Energy moves in two ways: as particles or as waves. A stone moves from a slingshot to a target.
The stone is a particle that carries energy from the slingshot to the target. When you push one
end of a table the other end of the table seems to move almost at the same time, but there is a
short time delay as “the squeeze” moves from where you pushed to the other end.
The more rigid (firm, strong) the medium the faster the energy wave travels through it. A table is
rigid, so the wave travels very fast. The push wave would be even faster through a steel table.
The fastest waves are electromagnetic waves. These include light, x-rays, radio waves and
ultraviolet, and the electrical impulse through a wire when you flick on a switch. For many years
scientists wondered what was waving with these waves, especially when these waves travel
through empty space. Now we know it is the electric and magnetic fields that are waving.
The difference between particles and waves is not so clear at atomic scales. We normally think
of electrons as subatomic particles, but in electron microscopes they behave like light waves. In
fact, some useful insights can come from thinking of electrons as waves. Some scientists fall
them wavicles, meaning a cross between a particle and a wave.

@ Exercise 2

Energy movement

How is the energy moving in each of these cases – as waves or particles?
1.

A stone from a slingshot smashes a window.

2.

A rock falls to the floor and makes a mark on the floor.

3.

You kick a football and someone feels the energy arrive when that person
catches it.

4.

A tree falls and you hear its sound.

5.

You push a table and the other end of the table moves at almost the same
time.

6.

A movement of tectonic plates moves the sea so that when the energy
reaches the land there is a tsunami.

7.

You hit the back of a nail with a hammer and the point of the nail moves
into the wood.

8.

Wind blows against paper and makes it move.

9.

You switch on a light and energy moves from the switch to the light bulb.

10. I walk to a door and shut it.
11. The north pole of one magnet repels the north pole of another.
12. There is a lightning flash and the sound of the thunder reaches you from
where the storm is.

Which two of the above are electromagnetic waves?

2

Energy and Waves

Renewable and non-renewable energy
Coal and oil take millions of years to form. Once they are used they cannot be replaced. They
are said to be non-renewable forms of energy.
Renewable energy forms comprise (i) Solar energy, (ii) Wind Power, (iii) Hydro, (iv)
Geothermal and (v) Biomass.

Solar

Sunlight heats
water in solar hot
water systems.

Solar hot water systems provide heating for 250,000
buildings in the United States. Most have an electrical
heater as backup in case of cloudy weather or overuse.
Sunlight generates Solar thermal electric power plants can heat water to
600°C. There are many commercial power plants that
electricity using
use solar collecting panels to heat water.
photovoltaic
cells.
Photovoltaic (PV) cells convert sunlight to electricity.
Banks of solar cells produce electricity to power the
repeater station on Mt Wilhelm. Typical PV cells
convert between 5 and 15% of the energy in sunlight
into electricity. There are power stations being built
which run on them. One advantage is that they can be
installed just where they are needed – no need for
expensive power lines.

Wind Power

Wind spins
turbines that
produce
electricity.

Winds come from uneven heating of the earth – so their
energy originally comes from the sun. Because winds
vary so much, wind turbines charge batteries, which
release an even flow of energy. The batteries store
power enough for typically 1 to 3 days and are usually
lead-acid (car batteries). The blades on a wind turbine
are called rotors and their axis of spin may be
horizontal or vertical (like an egg beater). The longest
blades in use today are over 50m long. Small wind
turbines will not work if the wind drops below 13
km/hr.
Wind turbines produce electricity on average 25-30%
of the time, so they are often connected to the grid. The
grid supplies power when the wind fails, and it buys
power when extra is produced.
Wind power plants can have thousands of turbines and
are called wind farms. Power from them ranges from a
few hundred kilowatts to tens of thousands of kilowatts.

Energy and Waves
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Hydro

Water flowing
from dams spins
turbines that
produce
electricity.

The power available in a flow of water over a certain
time depends on 2 factors: the vertical distance the water
“falls” (measured in metres) and the volume of the flow
of water (in cubic metres per second).
The formula for power in kilowatts is
power = 10 x flow x fall x efficiency
Electric generators are more efficient when they run at
high speeds, so gears are used to speed them up if the
water is flowing slowly.
The energy change is from kinetic → mechanical →
electrical.
The turbine contains blades, buckets or vanes, and a
nozzle or injector sprays the water at them to make the
wheel spin.

Geothermal

Hot water or
steam from the
earth is used
directly for
heating or is used
to spin turbines
that produce
electricity

High temperature sites are not common (around the
Pacific Rim of Fire they are common – e.g. Western
U.S.A., New Zealand, PNG, Hawaii, Iceland) but low
temperature sites are fairly universal.
Hot water (heated by magma) flows to the surface by
natural pressure and is brought in large pipes to a
geothermal power plant where electricity is made. Water
over 150°C flashes steam which can be used to turn
turbines. The water that is left is returned to the
underground reservoir. Water of lower temperature
heats another liquid which vaporizes at lower
temperature, and this gas turns the turbines. The
secondary liquid and gas are recirculated in a closed
loop.
Geothermal heat pumps (GHPs) use the normal
temperature of the earth to heat buildings in winter and
cool them in summer. They use the fact that the earth’s
temperature does not vary much through the seasons.
Heat is brought up by water that circulates in closed
plastic pipes that are sunk in the ground nearby. They are
more efficient than air conditioners because they only
move the heat around, rather than create it. The vertical
drill holes are between 30 and 100 metres deep. Water
with anti-freeze is circulated – groundwater is not
touched. The U.S. had 150,000 GHPs installed by 1993.
If the 25 million homes in the U.S. with air-conditioning
all had GHPs, the power from about 50 large coal or
nuclear power plants would be saved.
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Biomass

Organic matter
such as trees,
timber waste,
wood chips, corn,
rice hulls, peanut
shells, sugar cane,
grass clippings,
leaves, manure
and sewage are
used to release
energy

Energy from the sun is stored in chemicals by
photosynthesis. The organic matter is called biomass.
The World Bank says that 50-60% of energy in the
developing countries of Asia and 70-90% of energy in
Africa comes from biomass. Half the world cooks with
wood.
Burning waste is becoming a major means of waste
disposal.
Besides burning, energy can be released by pyrolysis
(Biomass is heated without oxygen to between 450°C800°C. Gas, fuel oil and charcoal are produced.).
Bacteria can digest waste and produce methane, the
major component of natural gas, and carbon dioxide.
They do this in the absence of air. The process is called
anaerobic digestion.
Syngas (carbon monoxide and hydrogen) can be obtained
from biomass through heating or anaerobic digestion.
Hydrogen is set to be the fuel of the future. This is
gasification.
Fuel-quality alcohol can be made by alcohol
fermentation. Wheat, barley, potatoes, waste paper,
sawdust, and straw all contain sugar, starch or cellulose
which can be fermented with yeast. Ethanol produced in
this way can drive car engines.
Organic waste decomposing in landfill dumps generates
50% methane in landfill gas.
Cogeneration is where more than one form of energy is
produced using a single fuel or installation - such as heat
and electricity from the same fuel.

— Exercise 3.

Group discussion

Use ‘jigsaw’ to study the above table of renewable energy sources. The class forms
groups of 5. Each person is assigned one of Solar, Wind, Hydro, Geothermal, Biomass. All
those studying Solar get together, and likewise the other students studying the same
topic. They help each other to learn and take notes on their section. After a certain time,
the groups of 5 re-form and each is given 2 minutes to teach the others in the group
about their field of expertise. This is followed up with 10 questions. Points are added
together to find the most successful group.

Energy and Waves
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Photovoltaic Cells

Geothermal Usage Today

Wind Turbines

Parts of a Hydro
Wind Farm on the hills in California

Two things affect the amount of energy of water in
a hydro: flow and fall
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Sound
Frequency Ranges

Sound is made when physical things vibrate. Sound waves are the squeezes and stretches
travelling through the air. It is not the physical movement of air molecules – that would be wind.
Rather, the vibrating object pushes the air, which pushes the next bit, which pushes the next bit,
and so on. A sound wave is the push itself travelling through the air (or whatever medium the
sound is travelling through).
A squeeze (compression) is always followed by a stretch (rarefaction) because the molecules
that are squeezed together have to come from somewhere.
Sound travels best through materials in which the molecules are tightly connected with each
other – such as metal. It travels worst through gases. “Dense” and “not very squashable” are the
materials sound travels best through.
When the sound wave meets the ear drum in the ear it starts to vibrate just as rapidly as the
object that made the sound wave was vibrating – the same number of times per second. The
number of vibrations per second, which is the same as the number of compressions arriving at
the eardrum in a second, is called the frequency. Frequency is like our word “frequently” – how
frequently the vibrations arrive.
The human eardrum can detect anything from 20 to 20,000 vibrations per second. That is 20Hz
to 20kHz (1 Hertz = 1 vibration per second). Some children with asthma have heard
frequencies up to 30kHz, but no one knows why.

— Activity 1.

Sound pushes air

Shake your hand. Your hand is pushing the air, but you will not hear a sound. Why? The
frequency of vibration is too low. While someone times 100 seconds, count how many
times you can push the air, moving as fast as you can. Divide by 100 to find your hand’s
frequency in Hertz (vibrations per second). If you could reach 20, you would hear your
hand as a very low pitched hum. Practise giving high frequency and low frequency waves

Energy and Waves
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to your friends (a low frequency hand wave is a royal wave – the wave the queen gives as
she is driven in procession!).
Sounds that are too high to be heard, because the eardrum cannot move that fast, are called
ultrasound. Sounds that are too low to be heard, because the vibration is not fast enough, are
called subsound.
Ultrasound behaves like light: it can be focussed and can be sent directly to objects or parts of
objects, instead of seeming to come from everywhere as audible sound can. It reflects back in
straight lines. The waves reflect from small objects instead of stepping around them or passing
through as ordinary sound does (with its long wavelengths).
Subsound is dangerous because buildings (floors and walls) naturally vibrate at these
frequencies. If sound is produced at the natural (resonant) frequency of a building it will shake it
more and more and eventually the building may break apart. (Listen to the sound of a person
walking. The sound is low.)
Ultrasound of about 2.5MHz can be focussed on parts inside the human body. Computers listen
for the faint echoes (just as our eyes see reflected light). Unlike X-rays, ultrasound is has no
known harmful effects.
Ultrasound has many uses:
Examples:
Medical Imaging:

Is the unborn baby developing normally? Is it twins? Is the baby in
the right place? Is the heart beating? Ultrasound can detect
blocked arteries or fluid collecting around the heart.

Surgery:

Ultrasound can guide surgeons to even operate on a foetus or
guide a needle into the brain. It can shatter kidney stones. It can
treat tumours and relieve high pressure in the eye (glaucoma).

Sealing plastic bags:

Cassette tapes, juice cartons and packets of peanuts are just some
of the products sealed by ultrasound.

Cleaning:

A liquid hit with ultrasound breaks up into a fizz of tiny bubbles
that blasts dirt out of the tiniest cracks. It is used in the jewellery
industry but is at present too expensive to be used for washing
clothes at home.

Detecting flaws in
machinery.

Sound “photographs” analysed by computer are made of parts
such as propeller blades when manufactured. Later they can be
photographed again and if the new patterns do not match the old a
flaw may have developed
The fast-moving black birds often seen cruising in swarms in PNG are
glossy swiftlets. They are using echo-location to home in on insects.
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Animal Frequencies
In many ways, ultrasound would be a better sense to have than vision because it penetrates into
the body. The fatty bump on a dolphin’s head (called the melon) is a lens to focus ultrasound
waves. Returning sounds are picked up and sent to a dolphin’s middle ear. One dolphin
“looking” at another can probably see if there is food in its stomach or if it is unwell. (Imagine
looking at people with x-ray vision!). Dolphins can see through dirty water – light cannot get
through, but ultrasound can. River dolphins of the Amazon and Indus rivers are almost blind –
they depend completely on ultrasound to navigate.
Bats echo locate using sound up to 160kHz (humans hear up to 20kHz). Dolphins send out
clicks of up to 270kHz. They have to use a higher frequency than bats because bats send their
sound waves through air, whereas dolphins send theirs through water.
Sound travels faster through water – so you get a longer wave between clicks. Long waves
have the habit of stepping around things and missing them. Short waves get stopped and
reflected by small objects. The wavelength of the human voice is about 35 centimetres, which
would be useless to a bat wanting to see a moth.
Dolphins also send out very low frequencies (250Hz), which have a wavelength of 6.8 metres.
These waves travel past obstacles to the sea floor, where they are reflected. Using these sounds
dolphins can “see” the sea floor to help them travel along.
What frequencies can be heard, sung or played?
Jingling Keys

700 – 15 000 Hz

Voice

85 – 1 100 Hz

Piano

30 – 15 000 Hz

Hearing

20 – 20 000 Hz

Grasshopper

7 000 – 100 000 Hz

Dog’s Hearing

15 – 50 000 Hz

Cat

60 – 65 000 Hz

Telephone Sensitivity

300 – 3 400Hz

Energy and Waves

Did you know?
The pitch of the hum from an insect’s
wings depends on the number of
wing beats per second. A mosquito
flaps at 600Hz. Here’s a list:
White butterfly
Damselfly
Hawk moth
Hoverfly
Bumblebee
Housefly
Honeybee
Mosquito
Midge

8-12 Hz
16Hz
50-90Hz
120Hz
130Hz
200Hz
225Hz
600Hz
1000Hz
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When there are several notes “on the air” at one time, they blend perfectly with each other if
they are multiples of each other (200Hz blends perfectly with 400Hz and 800Hz) On a
keyboard, notes which blend perfectly with each other have the same letter name. For example,
High C blends perfectly with Low C and Middle C.

— Activity 2.

Pitch and notes

Who can whistle the highest? Who can sing the highest note? Who can sing the lowest
note? (Use a keyboard and play successively lower/higher notes, or have students form a
class line up, comparing their note with the person beside and swapping places if
necessary.)
Play notes on a keyboard together. Listen for the perfect blend when notes an octave
apart are played together. By contrast, notice how bad the sound is when a note played
with the note beside it. Their frequencies are too close and the waves don’t fit neatly into
each other the way octaves do.
Can you work out the frequencies of the notes in the next octave above and below the
one given?

The Human Ear
Vibrations of the eardrum are magnified 18 times by three bones in the middle ear. (The
kangaroo rat’s ear magnifies sounds 100 times – enough to hear the rustle of a snake’s scales.)
The vibrations are passed to a shell-like structure in the inner ear called the cochlea (which
means shell) that is filled with fluid and tiny hairs. When the hairs sway they tickle the nerves,
which send electrical signals to the brain that hears them as sound.

@ Exercise 4.

Human ear

Identify the following parts in the ear
diagram:
ear canal, ear drum, middle ear, eustachian tube
(tube connecting the middle ear to the back of
the throat to allow fresh air in), 3 semi-circular
canals (the balance organ), cochlea (containing
the hairs and nerve endings), auditory nerve
(takes the electrical signals to the brain).
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Problems with Ears
Presbycusis
Old age hearing loss occurs in the inner ear when the hairs begin to wear out. The ones deep
inside the cochlea are safe, so the low pitches can still be heard quite well by old people. The
first to wear out are the hairs that detect high pitches. Old people do not hear speech as clearly
as young people, because sounds like “s” and “t”, as well as differences between sounds such
as “t” and “d” disappear. Listen for the difference between “s” and “L”. There are more high
pitches in the “s” sound.

— Activity 3.

Pitch of sounds

Identify the sounds in the English language that have mostly high pitches. These are the
ones which give most trouble to old people.
lay a tape and remove the high pitches by either reducing the high frequencies on the
graphics equalizer or using the tone filter.
Speak to yourself with your fingers in your ears. This prevents air-conducted sound
reaching your inner ear, but the sounds travelling through the bones in your head (boneconducted sound) get through fine. This is the part of your voice other people never
hear, and it is why your voice sounds differently to yourself than to others. Bone
conducted sound is made of low pitches. The bones absorb the high pitches. Funnel the
sound from your mouth around to your ears using your hands or by speaking into an
exercise book at close range. That is closer to the voice other people hear when they
hear you. You can also record your voice onto tape and listen to it.
Tinnitus
Tinnitus is ringing, whistling or buzzing sounds heard in your head. No one else can hear them.
No one is certain of the cause, but often it indicates damage to the auditory nerve. Fluid leakage
from the cochlea can also cause tinnitus. In some people the noises can be so bad they are
driven to suicide. There is no cure, but avoiding alcohol and caffeine (coffee) often helps.
Masking the sounds with walkman cassette recorders can help.
Noise Damage
It is estimated that young people who go to discos every weekend all suffer from mild hearing
loss. Around loud noises such as loud machinery or aircraft taking off ear protection should
always be worn – ear plugs, ear covers or blocking the ears with your fingers. The hairs in the
cochlea are damaged and the damage cannot be repaired.

Energy and Waves
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Other Causes
Ototoxic drugs such as chloroquine and quinine cause mild damage to the inner ear. Wax is
part of the ear’s natural protection and cleaning mechanism. Only when excess wax forms a
solid plug in the ear canal should it be removed. Ears canals normally do not require cleaning.
Children should be discouraged from putting sticks or foreign bodies into their ears. Itchy ears
should be kept dry and scratching with a rolled up toilet paper spear is better than using a stick.
Cotton buds are discouraged because they leave cotton threads in the wax. Trauma, such as a
blow to the head or a “clip over the ear” (abusive treatment) can tear eardrums causing
bleeding. Eardrums in children will repair themselves if the ear is kept completely dry for 6-9
months. Eardrums in adults nearly always require a skin graft. Pressure on the eardrum causes
pain (infection causing swelling or ascending or descending in a plane, for example).

Ways Things Vibrate
Bells
When a bell is hit, the part you hit moves in and then out, then in and out
again and so on. On the opposite side, the bell does the same. It goes
in when the part you hit goes in. At right angles are two parts that go
out when the part you hit goes in, and in when the part you hit goes out.
There are two full waves around the circumference.
Drums
The centre of the drum skin moves in when it is hit. The stretchiness of the skin
pulls it back, but it goes too far and bounces out. Once again the elastic drum skin
is pulled back; this time it goes in, but not quite as far. Eventually it comes to rest.
If the drum skin was metal you would hear a pure tone. Metals ring because the
speed of the bounce-back is just right to make audible frequencies. With skins,
there are many reflections of the waves from the sides and though some drum
sounds are high and others low, the sound is largely “untuned” (no single pitch).
Guitar Strings
First Harmonic or Fundamental
Second Harmonic, or the first of the overtones
Third Harmonic

Fourth Harmonic

12
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The fundamental is the strongest way that a string vibrates. However the presence of the
overtones give sharpness to the sound. Notice the three pick-ups (guitar string microphones) in
the electric guitar pictured. The one closest to the bridge (end of the string) picks up the higher
harmonics and amplifies them. That is why electric guitars sound sharper than acoustic guitars.
Pluck an acoustic guitar near the bridge and it will sound like an electric guitar.
The higher harmonics vibrate faster. That is why their pitch is higher.
The pitch of a string is determined by (i) its length – the fingers of the left hand press down on
the string to make it shorter, which produce higher notes, (ii) its thickness – low pitches come
from fat strings – and (iii) the tension – tightly-stretched strings vibrate fastest and produce the
highest sounds. The tuning screws in the guitar head control the tension.
Closed and Open Pipes
When you put your lips to a pipe and blow, the air inside vibrates. The air at the closed end of
a pipe cannot vibrate much. The air at the open end vibrates most.

The air at each end of an open pipe really
shakes hard. The air in the middle of an open
pipe does not move.

It can be easier to imagine the wave using this diagram:

Energy and Waves

13

Physical Science

Notice the wave is four times the length of the closed pipe. This very long wave comes from
slow vibrations of the air. It gives a low pitch. The wave is twice the length of an open pipe.
Shorter waves come from faster vibrations, so the open pipe produces a higher sound than a
closed pipe.
Remember that when you blow over a pipe it is the air in the pipe that is vibrating. If you hit the
pipe (or bottle), it is the pipe (or bottle) that is vibrating.

You can make pipes longer or shorter by opening or closing holes along its length. In a
trombone the pipe is make longer by pulling on a slide. Long pipes can be made easier to hold
if they are bent round in circles.

— Activity 4.

Waves and guitars

This demonstration shows how your hand can be shaking in several different ways at
once. Guitar strings are similar to your hand Wave your hand at your lecturer. Keep
waving your hand, but now move your arm up and down as well. Now keep that going
and bob up and down, bending your knees. Your hand is now waving in three ways at
once: short, high frequency wrist movements; medium frequency medium length albow
movements, and slow (low frequency) knee movements. If you want to make it wave
with 4 frequencies at once, try separating the elbow movements from the shoulder
movements. Much confusion here! Try waving a slinky making rapid hand movements
and slower arm movements.

Two simple waves add to a complex wave:

14
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+

→

+
— Activity 5.

Flapping

flags
A flag flaps when air blows either side of it. The flag is pulled into first one air stream
and then the other. Stretch a wide grass blade between your thumbs (if you put your
thumbs beside each other, thumb nails facing you, you will see a narrow space – put the
grass in there, lengthwise from top to bottom and edge on to your mouth). Blow.
The air streams either side of the grass blade make it vibrate very fast. By stretching the
blade of grass with your thumbs you might make the pitch go higher. This is the principle
behind all reed instruments. (Many pipe instruments have a reed in the mouthpiece.)

Pitch, Tone, Quality and Volume
Volume

Loudness

The amplitude or size of the waves: how squashed the air
is in the compressions and how thin it is in the
rarefactions.

Pitch

High or Low

Frequency (how many vibrations per second)

Tone

Clarity

Presence or absence of the high pitches

Quality

Makes one instrument
sound different from
another

The mix of harmonics. The mixture of harmonics is also
what makes your voice different from others, even when
you are singing the same note.

A “snapshot” of air carrying loud and soft sounds

Energy and Waves
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Compressions are close together for high pitches, made by fast shaking.

Shock Waves
When you clap once, a single compression followed by a rarefaction moves through the air. A
clap has no pitch. There is just one shock wave travelling through the air.
Explosions send shock waves through the air. When air expands rapidly around a lightning flash
is causes a shock wave. When it reaches the ear we hear it as thunder.
If the end of a whip (or a rolled up wet tea towel) can be made to travel faster than the speed of
sound, a shock wave is created which we hear as the cracking of the whip. (Try it.) The speed
of sound in air at sea level is about 330m/s, which is 3 seconds to travel 1 kilometre. Light
travels almost instantaneously. To find the distance you are from a storm, count the seconds
between when you see the lightning flash and when you hear the thunder. Divide by 3 and your
answer is in kilometres.

Noise
When the air carries many different sound waves that do not match up
with each other (compressions with compressions) the sound is heard
as noise. It’s a confusion of many different waves at once. A “shhh”
sound is called white noise. There are many different frequencies at
once. The opposite of noise is a pure note, or a matching mixture of
notes (chords). This is called music.

How far apart are the compressions in the air?
If the note High C (512Hz) is playing, the compressions are 0.6 metres
apart. Here is why:
The speed of sound in air is 330m/s. Compressions run through the air
at that speed.
In one second, there will be 512 compressions (512Hz means 512
compressions per second).
The first wave will have travelled 330 metres in that second. The last of those 512 is only just
leaving the string. If 512 waves take up 330 metres, each wave must be 330÷512 of a metre
long. That is, 0.6 metre.
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@ Exercise 5.

Middle C

Work out how long the waves are for Middle C, which is 256 Hz. Explain why to your
partner.
Toy telephones: Use a long (30m) wire, and use tins. The person should be so far away
that you cannot hear them speaking through the air. Wire can be pulled good and tight.
Tins make the sound louder, and do a better job than paper cups.

Light

Seeing Colours
Lining the inside of the back of the eye is a screen called the retina. The retina is the light
sensitive part of the eye. Cells in the retina come in two kinds: rods and cones. Rods are
sensitive to the amount of light; they don’t discriminate between one colour and the next. If we
only had rods everything would look to be in black and white and shades of grey. They operate
in low-light conditions, such as at night, when there is not enough light to activate the coloursensitive cones. That is why everything seems silvery at night.
Cones come in three kinds. Each is sensitive to a different section of the rainbow. There are
cones that detect Red, cones that are activated by Green and cones that are sensitive to Blue.
Red and Blue are at opposite ends of the spectrum; green is in the middle. They are connected
to the optic nerve, which takes the signals a short distance to the brain. The colour we see
depends on how strong the nerve signals are from the red, green and blue cones. For example,
•

If red and blue are asleep and the green cones are firing, we see green.

•

If the red and green cones are both firing with equal intensity, we see yellow. (Surprise:
yellow lies half way between red and green on the rainbow! When yellow light enters
our eyes, it fires up both the red and the green cones.)

•

If the red and green cones are both firing, but the red ones are giving a stronger signal
than the green ones, we see reddish-yellow, which is called orange.
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•

If the red and green cones are both firing, but the green ones are giving a stronger signal
than the red ones, we see a yellowish green, which is called lime green.

In the following table, cyan is a bright blue sometimes called peacock blue. Magenta is a
reddish-purple.

The cones that are sending
signals to the brain

The light entering the eye that might
cause this…

The colour we
see…

Red

Red

Red

Blue

Blue

Blue

Green

Green

Green

Red and Green

Green, or Red light and green light

Yellow

Red and Blue

Red and Blue

Magenta

Green and Blue

Green and blue light,
or the wavelength halfway between
green and blue

Cyan

All cones send signals

All the visible frequencies enter the
eye

White

None of the cones work

No light enters the eye

Black

— Activity 6.

TV screens

Look closely at a television screen showing a picture using a hand lens. You will see three
kinds of coloured dots – red green and blue. If you’re fast enough when some yellow
comes on the screen, you will see that the red and green dots are glowing; the blue lights
are switched off. If you have access to a computer screen, use the colour picker to
choose a colour (e.g., desktop colour, or highlight colour). Look at the screen through
the hand lens and identify the coloured dots which are sending out light. Some colour
controls allow you to choose the amounts of red, green and blue. Demonstrate peacock
blue (R=0; G=max; B=max), magenta (R=max; G=0; B=max) and yellow (R=max;
G=max; B=0).
Look at white light through a diffraction grating as in a spectroscope or shine the bright
light of a projector through the corner of a glass prism. Notice that white light contains
all the colours. Some security lights will show their white light is made of red, green and
blue rather than a continuous spectrum of all the frequencies.
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Primary Colours
For television screens
Primary colours are the colours from which all the other colours can be assembled. Television
screens produce all the colours using only Red, Green and Blue. For example, yellow can be
made by adding together red and green.
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For artists’ paints…
The primary colours for paint are Magenta, Cyan and Yellow. (Cyan is
peacock blue). That is because of the way paint works. A blob of green
paint may look green because green light is coming off the paint (that
will activate the green cones). Or perhaps there is a mixture of peacock
blue and yellow in that blob of paint. The peacock blue absorbs
everything except green and blue light. The yellow in the paint absorbs
every colour except red and green. White light falling on the paint
provides them with all the colours. The only colour neither pigment
wants is green, which is rejected and reflected off the paint into your
eyes. So you see green.
Paint works by absorbing colours and reflecting what is not wanted back into the eye. By
mixing paints you will get more colours being absorbed, and fewer colours being allowed to
reflect into your eye. Paint removes or subtracts colours from the white light falling on it. Things
that glow like television screens or projectors add colours together.
Slide projectors work on the principle of filters. These also subtract
or remove colours. White light going through red plastic will have all
colours absorbed except red, which it will let through. Green will let
only green light. Yellow glass will let through green and red (in other
words, a whole half of the rainbow, from green in the middle to red at
the end). Peacock blue glass will let through the other half of the
rainbow (from green in the middle to blue at the end)

Like artists’ paints, projectors work by filtering out certain
colours.
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@ Exercise 6.

Colour of it?

1.

Explain to a partner why black T-shirts look black.

2.

Explain why white things do not become as hot as black things in the sun.

3.

What would a red object look like if seen through green glass?

4.

What would a yellow object look like if seen through a green glass?

5.

Why would a white object appear green if looked at through two sheets of cellophane,
one green and the other yellow?

Eyes and Vision
The retina of the human eye covers about 650mm2 (1 sq in). It
contains 137 million light-sensitive cells: 130 million rod cells for
black-and-white vision and 7 million cone cells for colour vision.
The most sensitive part of the retina is the macula. It is responsible
for central vision, and is mostly cones. It is 2½mm in diameter. A
little towards the nose is the place on the retina where the optic
nerve joins. This is the blind spot. Images falling on the blind spot
will not be seen. Luckily we have two eyes and an image falling on
the blind spot in one eye will not fall on the blind spot in the other
eye (because the blind spots are not both left of centre, or both right of centre – they are
towards the nose).
The lens and the bulge on the front of the eye (the cornea) do the job of focussing the light on
the retina to make a sharp image. They are a very strong lens combination because the retina is
so close to them. They must bring light rays to points on the retina in a very short distance. The
cornea does two-thirds of the work; the lens does the remaining one-third. The lens is
important because it can change its shape to accommodate near and distant objects. The lens
relaxes into its fattest shape when looking at near objects. To make the lens relax, muscles
tighten to pull the lens slightly forwards.
Stereoscopic vision
We have two eyes so we can judge distance. Each eye gives a slightly different angle on what
we are looking at. The brain fuses the two images into one, but we see it in three dimensions.
The world seems to have depth, instead of looking like a flat picture postcard. This is called
stereoscopic vision.
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@ Activity 7.

Stereoscopic photos

In the example below there are two views of a person and a Suzuki. One photo was snapped,
then the camera was moved about as far as your eyes are apart.
If you cross your eyes you will notice four people – two from your left eye and two from your
right. Make your eyes cross-eyed, so they move around. Make two of the people lie on top of
each other. Some people move a pencil between them and the page and focus on the pencil.
It’s better if you can do without. Hold the images in that position until the eye focuses to make
them sharp. Suddenly that middle picture – the middle of the three – will leap out at you in 3-D.

Try some more!
Moses and Mark in the Banana Patch. Cross your eyes and put one image on top of the
other. (Focus on a point closer to you than the page.)
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This plant is called ‘Salvia’. Notice the block wall in stereo, as well as the plant.

Animals that need to judge speed and distance of moving objects, such as predator species
(eagles, owls and big cats, for instance) have two eyes near the front of their heads. Prey
species such as rabbits and wading birds tend to have eyes on the sides of their heads. They see
a wide field of view that alerts them to danger.
Cats and many nocturnal and deep-sea animals have a reflective layer behind their retinas. Any
light getting through the retina will be reflected back and the retina gets a second go at receiving
it. That helps them see well in the dark. It also produces eyeshine.
The eyes of insects are compound eyes – they consist of anything from one to 28,000 individual
eyes called ommatidia. Each produces a tiny image of the world around them. So a fly cannot
see that your hand is moving closer to it until your hand is very close (because the images of
your hand are small) but as soon as your hand moves sideways, the fly sees thousands of hands
moving sideways and is alerted! It is called flicker vision.
Light does not bend as much when moving from water into the eye as it does when moving from
air into the eye, so the cornea and lens have to be stronger to see underwater. You will find that
fish eyes are more spherical than human eyes. Some deep-sea fish such as the flashlight fish
produce their own light the way phosphorescent plankton do in pouches under their eyes.
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Eye Problems

@ Exercise 7.

Parts of the eye

Label each of the parts of the eye by matching
the following names to the letters on the
diagram.
Cornea, lens, iris, ciliary body, conjunctiva,
tendon, retina, choroid, sclera, optic nerve.
The most common problem is conjunctivitis. The
conjunctiva is the skin over the top of the white of
the eye. Blood vessels, normally invisible, become
swollen with the infection and show up as red.
Conjunctivitis is treated with antibiotics. The viral
form is very contagious, so avoid sharing towels or
touching your eyes and then another person.
As people get older the proteins in the lens
degenerate, and the lens can no longer become as fat as it used to. This starts becoming
noticeable when you reach your 40s. It is called presbyopia, meaning ‘old sight’. To correct
this a person buys a pair of reading glasses to help them see near things.
In old age (typically) the lens can become white instead of clear.
This is called a cataract and a simple 20-minute surgery can replace
your natural lens with a plastic one. Some people suffer macular
degeneration. A black spot appears right where they want to look!
The cornea has a hard outside layer that resists scratching. However
it may get scratched from a foreign body. Contact with vegetable
matter can introduce a fungal infection. Corneal infections can lead
to loss of sight. If any object such as a thorn pierces the eye, never
pull it out! It is acting as a plug. If you remove it the contents of the
eye can come pouring out.
Glaucoma is problems with the optic nerve caused by too much
pressure in the eyeball. There is an acute one that comes on
suddenly – it is a medical emergency and the victim screams with
pain. More common is a sneaky slow form in which the victim
gradually loses peripheral (edge) vision. Usually they do not notice
it until suddenly they realize they have tunnel vision. There is no
pain to warn you it is happening, and it takes place over years.
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If chemicals get in the eye, wash the eye immediately. Put your eye under a
running tap and keep it open for 15 minutes. Your friend can cup their hands so
the water runs over their hands first, to make a more gentle flow. That is a long
time, but it is necessary. Alkali burns are worse than acids, because the cornea
can be penetrated by alkalis more easily.

@ Activity 8.

Checking your eyes!

1.

Check your focussing distance. How close can you bring a page to your eyes before the edges of the
letters start shaking and the image is blurred? The following is a table showing typical minimum
focussing distances for different ages:

2.

To find the blind spot: Put an x and a + on your page about 10-15cm apart.
Close your left eye and look at the mark on the left. Move the page closer or
further from your eye until the other mark disappears. (You could also close your
right eye and look at the mark on the right – but notice the other mark, which
disappears when its image falls on the blind spot.) The image of the mark you are
looking at falls on the macula.(central vision).

3.

Two ears give us directional hearing. Sit a partner in a chair and get them to
close their eyes. Click your fingers or make another noise in different places and
have that person point to where the sound is coming from. Notice the ones that
give most trouble are the sounds that come a place equally distant from both
ears.
Two eyes give us a sense of distance: Hold a pen in front of you. Touch the tip
with your finger. Now close one eye. Repeat. See how easy it is to miss the tip of
the pen when you are using only one eye.

Age Distance
10

7.5 cm

20

9 cm

30

11.5 cm

40

17.2 cm

50

52.5 cm

60

83.3 cm

4.

The iris opens and closes to let in more or less light. Get your partner to close their eyes
for at least 60 seconds. Then open their eyes to bright sunlight. You will see the pupil
(the black hole in the middle of the iris) contract to let less light in.

5.

Alternately close one eye and then the other. Notice how the view is slightly different in
the two eyes.

6.

Field of View: Stretch your arms out in front of you. Gradually spread your arms apart,
wiggling your fingers. How far apart (what angle) can your arms be and still let you see
your fingers wiggling? People with tunnel vision have a very narrow field of view. Look
through a pair of binoculars. How much of the world can you see? The higher the
power, the narrower the field of view.

7.

Visual perception depends on the mind as well as the eye: Look at the picture of the old
sea captain, then turn the page upside down. In the second picture some see a young
girl with her face turned away while others see an old woman.
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External muscles are attached to the eyeball as in
the following drawing. Sometimes the muscles do
not work well together or are unmatched in
strength. Then a person may be cross-eyed (eyes
face in) or wall-eyed (eyes face outwards). To
avoid the confusion of receiving two different
images, the brain shuts down one eye and pays no
attention to its image. This is called amblyopia. In
children it is important to correct this condition
before the age of 8 years. After about age 8 the
brain will never be able to reactivate the
disregarded eye. Amblyopia can have other causes, including one
eye needing glasses to make its image sharp. Cross-eyes and
wall-eyes can be corrected through surgery. The muscles can be
reattached to better positions on the eyeball.

— Activity 9.

External view of muscles of eye.

Alignment of eyes

Look at your partner. Ask them to look in the main extreme directions of sight (top left,
middle left, lower left, top right, middle right, bottom right). Look for any evidence of
crossed eyes. The two eyes should aim in the same direction. An ophthalmologist would
also test for muscle imbalance by covering one eye and seeing if the other eye jumps to a
more natural position while looking in each of the above directions.

Hue, Saturation and Brightness
Pea green, grass green, navy blue and sky blue are different hues. They are loosely called
different colours. However pink and red are not different colours, but different amounts of
colour. They are the same hue but have different amounts of saturation or chroma. Pink is red
mixed with white. Peppermint green is green mixed with white. Brightness is the amount of
black mixed in with a colour. For a colour television, it is how brightly the coloured dots on the
screen are glowing.
Property

Description

Concerning the Light…

Examples

Hue

Which colour

The frequency or mixture of
frequencies entering the eye

Red, yellow, orange, pea
green, aqua

Saturation or
Chroma

How rich or how
pale the colour is

How much white light is
entering the eye (all
frequencies) at the same time
as the colour.

Red↔Pink
Purple↔Mauve
Green↔Peppermint
green
Blue ↔ Pale blue
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Brightness

How bright or
dark

The total amount of light
entering the eye

Bright green ↔ dark
green

@ Activity 10. Watching colour
1. Adjust the brightness of a colour television. Change the hue (some television sets
allow this). Increase or decrease the amount of colour (this is saturation).
2. Look at a coloured object in bright sun and in shade (cover it with the shadow of
your hand. See its brightness change.
3. How many colours have distinct names in your Tok Ples? (The rainbow is said to
have 7 colours only by tradition. There are many colours that do not have special
names, though artists have more names for colours, such as umber and sienna and
Prussian blue.)

Electromagnetic Spectrum
Sound is physical vibrations. Light is made
up of vibrations of the electric and
magnetic fields. Some sounds cannot be
heard because they do not vibrate our
eardrum fast enough or they vibrate it too
fast for us to hear it. The ear can react to
frequencies of between 20 – 20,000 Hz.

Ultraviolet

Violet

Indigo

Blue

Green

Yellow

Orange

Red

Infrared

Wavelengt
h

400-460

460-475

475-490

490-565

565-575

575-600

600-800

nm

Average

430

467.5

482.5

527.5

570

587.5

700

nm

The red end of the rainbow is low energy (slow shaking, long wavelengths) and the blue end is
high energy (fast shaking, short wavelengths). You can remember this if you think of a bar of
iron getting hot in a furnace. First it glows dull red (low heat, low energy), then it might get to be
white hot when it starts giving out the higher energy colours too.
Some light cannot be seen because the cells in our retina (rods and cones) do not react to it.
These have less energy than red or more energy than violet. They are beyond the ends of the
rainbow. The ones with more energy then violet can burn our skin, rearrange molecules causing
mutations and upset cells causing cancers. Some energies can kill cells, and these are used to
sterilize food and kill cancer cells.
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Light from the sun contains ultraviolet that can burn a hole in our retinas. Luckily the sun’s light
does not contain x-rays, which are more energetic still. You should never look at the sun either
momentarily, through dark glass or through clouds. It does not excite the rods and cones; it
fries them.

Table. Forms of light, production (sources) and uses.
Name

How they are produced

Usefulness

Gamma Rays

Made when protons change
their energy levels in the
nucleus, in nuclear reactors and
in stars

Used in killing bacteria and fungus to prevent
decay of fruit and vegetables; sterilizing

X-Rays

Made by firing beams of
electrons at a tungsten
electrode in an X-ray machine

Used in medical imaging (taking x-ray
photographs)

Ultraviolet
(UV)

Made inside fluorescent tubes:
these then strike the coating on
the glass and make it glow
white; also present in sunlight

Cause sunburn or produce the dark pigment
called ‘melanin’ in the skin (black skin or
suntan); make some minerals glow certain
colours to identify them; disco lights

Visible Light

Made when orbiting electrons
change their energy levels

Lasers used in CDs, fibre-optic cable sends
telephone signals as light; seeing inside the
body (fibroscope); used by green plants

Infrared (IR)

Called ‘heat rays’. Present in
sunlight and given off by things
when they get hot.

‘seeing’ in the dark by the heat given off;
photography; medical imaging;
communications; remote controls for television,
radio and CDs.

Microwaves
and Radar

In microwave ovens they are Telecommunications (microwave relays);
produced by a device called a cooking (microwave ovens). Radar waves
‘magnetron’.
are microwaves.

Radio and TV
waves

Made by alternating electric
currents over 60Hz

AM and FM radio broadcasting including
short-wave radio; television
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X-rays penetrate soft tissue, but can be absorbed by bone and teeth. Where they do not get
through the film is not darkened.

Computers can improve x-ray images
(right).

Microwaves (radar) are
used in satellite
communications.

During a night walk in a forest I found a piece of rotten wood. To my surprise I saw a soft glow inside. As I write this, after
24 hours in darkness, the wood is still glowing. What causes this?
This type of glow is called bioluminescence. It is caused by a wood-rotting fungus and is similar to the light of glow worms,
fireflies and lantern fish. Many microorganisms luminesce, including the vegetative filaments of fungi. One of the most
common is the honey fungus toadstool (Armillaria mellea). It is a serious and destructive parasite of many trees and is
probably what you saw. The infested wood glow with a greenish light.
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Applications and occurrences of light
Fireflies
The light in fireflies is produced by bioluminescence. Similar cold light is produced by many
bacteria, protozoa, fungi, coelenterates, crustacea and fish. Glowworms are actually beetles of
the families Lampyridae and Elateridae.
A firefly’s light is fuelled by a substance called luciferin (from the Latin meaning light bearing).
Luciferin combines with oxygen with the help of an enzyme called luciferase, produced in the
insect’s body. The oxygen comes from the air through a system of microscopic breathing tubes.
The energy-bearing chemical adenosine triphosphate (ATP), also present in our own muscles,
is also essential. The glow itself results from a complex and delicate chemistry that is not yet
fully understood. No one knows how the glow is triggered or controlled.
Adult fireflies live only a few days. The adults of most species do not eat: their sole purpose is
to mate. The male Photinus pallens of Jamaica has two types of light: a flash repeated at
quarter to half-second intervals when the insect is not moving and a very bright flash produced
when in flight. The female does little flying. In some species she does none at all. She sits on a
blade of grass or branch and waits. If a flying male flashes nearby she responds with her own
light. By repeating, the male is able to locate and zoom in to the female.1
Flames
A flame is a region containing very hot atoms. At
high enough temperatures all atoms will emit
energy in the form of light as their electrons,
which have absorbed energy and jumped to
orbits further away from the nucleus, fall back
into their old orbit. Flame colour is related to
how far they fall. Sprinkle some salt in a flame.
The bright yellow comes from sodium atoms.
Sprinkle some copper sulphate in a flame. The
electrons jumping back in copper atoms give a
green light. Potassium atoms give a lilac coloured flame.
Fire is a chemical reaction between fuel and oxygen. It
produces enough heat to keep itself going. The flame is the
place where the chemical reaction is occurring. Solid fuels
(e.g. paper, candle wax) and liquid fuels (e.g. kerosene)
first vaporize into gas. The flame is where these fuel gases
join with the oxygen.

1

Paul A. Zahl, Wing-borne Lamps of the Summer Night, National Geographic, July 1962, pp53f

Energy and Waves

31

Physical Science

Light Bulbs and Fluorescent Tubes
Light bulbs are called incandescent bulbs to distinguish them
from fluorescent tubes. In incandescent bulbs electric current
flows through a thinly coiled tungsten wire called a filament.
The current heats the filament to about 3,000°C. The heat
excites the electrons in the tungsten, which jump out to higherenergy orbits. When they fall down to their natural orbits they
give off the energy as light waves.
The bulb is filled with a gas that does not support burning. If there were no gas at all the
filament would vaporize away. Most bulbs are filled with argon and a small amount of nitrogen.
Recently the rare gas krypton has been used instead of argon (some torch bulbs are labelled as
krypton bulbs) because krypton allows the filament to operate at a higher temperature, which
produces a brighter light.
A fluorescent light has a tube that is lined on the inside with a white powder that glows when
ultraviolet light hits it (a phosphor), sitting in a frame that contains a starter and a ballast. The
tube is filled with argon and a small amount of mercury vapour. The starter produces enough
voltage to force electricity through the gas. The ballast limits the amount of current that can flow
through the tube. Electricity travelling through the argon gas excites the mercury atoms, which
then emit visible and ultraviolet light. The light strikes the phosphor coating on the inside of the
tube, which glows white.
A fluorescent tube taking 40 watts of energy
produces as much light as a 150-watt incandescent
bulb. That is because more electrical energy is
turned into light and less into heat. An ordinary
incandescent bulb lasts from 750 to 1,000 hours.

Neon tubes are among the several
types of electric-discharge vapour
lamps. They can be bent to form
shapes and letters. The gas inside
glows different colours depending
on the pressure when electricity
flows through it. The world’s
largest neon sign is in Hong Kong.
It has 10.7km of neon tube and
advertises cigarettes.
Screw-in incandescent bulbs. The white one is called
pearl and has a phosphor coating inside.
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LEDs
LEDs are Light Emitting Diodes. The little red light telling you your
radio is on is an LED. Today LEDs can be made in any colour, but red,
green and yellow are the most common. They are made of gallium
arsenide phosphide2. Diodes are devices that let electricity pass through
them in only one direction. They operate on a small current of about 10
milliamps and are easily damaged by too much current. All diodes have
two halves made of slightly different material. When electrons jump across
the junction in an LED they lose some energy that is given off as light.
In the 1960s it was discovered how to make them produce laser light.
Lasers are a form of light in which all the light waves have their crests and troughs (highs and
lows) exactly in step with each other. The most common produce 900nm wavelength light
(what colour?) Laser light can be transmitted through fibre-optic cables and can carry
telephone and television signals with more information in them than radio frequencies traveling
through copper wires. There is a laser LED in every CD player and international
communications depend on them. They produce a very thin concentrated beam of light. Laser
drills will eventually make visits to the dentist painless because they can be controlled so
accurately and just hit the part of the tooth that needs to be vaporized away, not touching the
nerve. The Edmund Rice Ear and Eye clinic at the Goroka base hospital has a laser for eye
surgery.

2"Light-Emitting Diode (LED)," Microsoft® Encarta® Encyclopedia 2000. © 1993-1999
Microsoft Corporation. All rights reserved.
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Cameras
Chemicals in the film change when light falls on them. Processing them
makes them change into different coloured chemicals.
The lens at the front can be moved closer to or away from the film to
make a sharp image on the film. For close objects it has to be moved
further away from the film.
An opening called the aperture lets light into the camera. The size of
the aperture is measured in f-stops. f-16 is a very small hole, while f-4
is a large one for dim light conditions. The smaller the hole the more
your picture stays in focus whether photographing near or distant
things. With a large hole what you are focussing on is sharp but everything else is blurred. A
pinhole keeps everything in focus, but lets in very little light.
The shutter controls how long the hole stays open. A shutter speed of
1/60th second is very slow and you must steady your camera on a table
or tripod. 1/125th second is typical. Expensive cameras can be as fast
as 1/1000th second. The faster the speed the greater the ability to
freeze moving objects so their edges do not blur.
Fast shutter speeds let in less light, so a fast film is used such as ASA400 or ASA800. The
chemicals react quicker to light so they do not need as much time to record the image.
However, the grains in the film are larger and with big enlargements you might see the grainy
nature of the picture.

@ Activity 11. Pin hole cameras
1. Open the back of a camera without film and press the shutter. Notice the size of the
hole as light flashes through it. Change to cloudy setting and see the aperture is wider.
2. Make a pinhole camera by hammering a small hole in the bottom of an empty milk tin.
The longer the tin the bigger the image will be. Replace the lid with wax paper or
tracing paper. If the hole is made larger the image will be brighter but less sharp.
3. Cut a silhouette from paper. Paper clip it over a large leaf and leave the leaf in the
sun. Over a few days the green colour will disappear from the part of the leaf that is
under cover. The shape can be seen recorded in chlorophyll.
4. What tips can you offer for good photography?
How do small birds make so much noise? A Willie Wagtail can fill the garden with sound from the top of a
tree, yet I have never had a radio the size of a Willie Wagtail that I could hear without headphones.
Resonance is the major reason for the volume of a Willie Wagtail’s song compared to a small radio. A Willie
Wagtail’s song spans less than an octave. This allows the bird to use an adjustable resonator, the syrinx (a bird’s
vocal organ), which is re-tuned for each note. Resonators may be more than 100 times more efficient in producing
a single note than the radio’s loudspeaker which smoothly covers frequencies from about 250 to 4000 hertz (four
octaves). Loudspeakers with multiple resonance were used to amplify the weak sound of early radios with
unpleasant results. A whistle, which uses a resonant cavity to produce one note, is also very loud in proportion to
its size.
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Animal sight and other curious facts
Squid
Octopus

Twice as many light sensitive cells in
central vision as humans; optic nerve
joins to the back of the retina, not the
front

More sensitive vision than humans; no
blind spot

Pit Vipers (incl.
Rattlesnakes)

Two pits between the eyes and the nose
contain cells sensitive to infrared

Can see small animals in complete
darkness, by the heat of their bodies.

Colour Vision

Dogs, horses and sheep can distinguish
some colours, though not as well as
humans.
Primates, especially chimpanzees and
rhesus monkeys, have colour vision equal
to humans

Cats

Poorly developed colour vision

See the world mostly in black, white and
grey

Buzzard (hawks
are similar)

Central vision has about 1 million light
sensitive cells to the square millimetre –
five times as much as humans

Can see prey more easily on the ground;
very sharp vision

Bees

Can see ultraviolet

Can see special markings on flowers only
visible in UV light, guiding them to the
nectar. Can see the sun on a cloudy day to
help find directions. Red flowers appear
blue.

Cannot see red

Sandpipers
Pacific Golden
Plovers

Eyes on the sides of their heads

Can see danger from either side
Bob their heads up and down to see things
from different angles and get an idea of
distance.

Spiders

Most have eight simple eyes, called ocelli,
around the top of their head. Jumping and
wolf spiders have two larger ones

Can see in all directions at once; the two
large ones give jumping and wolf spiders a
better idea of distance, telling them how far
to jump.

Butterflies

Have compound eyes

See an image made up of a mosaic of many
little overlapping images.
Unable to focus sharply, but good at
seeing movement

(like other adult insects; dragonfly has
28,000; some ant species have only 9)
Warning
Colours

Poisonous animals often have brightly
coloured bodies. The South American
arrow-poison frog is red and black striped
and has enough poison to kill 2200 people.

Yellow and black together are warning
colours.

Fireflies

Up to 90% of the energy it uses for light is
turned into light; light bulbs are only 5.5%
efficient

The cold light produced chemically in
fireflies is the most efficient light known.

The tide was out one night as a friend and I were walking along a beach. As we walked, strange blue
lights lit up around our feet as we stepped on the sand. What was happening?
Light sources in the sand are probably bioluminescent dinoflagellates or possibly bioluminescent ostracods. They are not
diatoms, since no diatoms bioluminesce. Bioluminescent ostracods, sometimes called sea fireflies, are tiny crustaceans
about the size of tomato seeds that release a cloud of bioluminescence to attract mates as well as for defence.
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The ocelli of a
jumping spider.

South American arrow-poison frog
– bright warning colours

False ‘eyes’ on a moth’s
wings frighten away
predators.

Compound eyes on a
fly. Each eye is made up
of thousands of smaller
eyes.
Screech! Why do sounds like scratching a blackboard and scraping metal make some people shiver?
The danger warning sounds emitted by some of the great apes are of a similar frequency and tone to the
sound made by fingernails dragged on a blackboard, so possibly a primal instinct for danger is being
stimulated.
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Questions Children Might Ask Relating to Light and Colour
Why is the Sky Blue?
The reason we see objects is that light falls on them and the object
scatters the light. Some of that light comes into our eyes and we see it.
We see the sky because air molecules scatter sunlight. The blue end of
the spectrum has shorter wavelengths than the red end. Long
wavelengths “step over” small things like air molecules, but short
wavelengths are stopped by them and absorbed. The air molecules
don’t keep that energy; they send it out again in any direction. This is
scattering. This is the light we see.

Fog and cloud droplets, with diameters larger than the wavelengths of light, scatter all colours
equally and make the sky look white. The sky on Mars is pink and on Venus it is dark red.
Iron oxide particles in the Martian atmosphere scatter red light. The atmosphere on Venus is so
thick you cannot see the sun, but some red light penetrates.
Why is the Moon Sometimes Yellow?
Sometimes the moon looks yellow, especially when it rises or sets. When the moon is close to
the horizon, light coming from it has to travel through a lot more air than when the moon is higher
in the sky. Some blue light is scattered and the mix of colours arriving at our eyes has more of
the red half of the spectrum, averaging out at yellow.
Why are Sunsets Red?
Looking towards the sun when it is low on the horizon means the light
from the sun has to pass through a greater thickness of air than when it is
higher in the sky. The blue light has been scattered, and what reaches our
eyes is the red, orange and yellow.
Why Does the Moon Sometimes Look Very Big?
The moon sometimes looks very big when it is near the horizon. Measure
it with a ruler and do the same later, when the moon is higher and seems
smaller. Take a photo and compare it with a photo when the moon is high
in the sky. It is exactly the same size. It only seems to be larger. The
reason is that it is a trick of the mind – to do with perception. Objects that are far away appear
smaller than objects close to us. But in our minds we know they don’t get smaller just because
they are far away. A person walking away from us doesn’t shrink; they just look smaller. So
our mind makes an adjustment: That person who is so far away is really a lot bigger than they
appear. Those small trees are not really small; they are quite large. And that moon! It is
beyond those trees! So far away! It must be very big! So your mind gets the idea that it is a
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very big moon, compared with all the other things near by (the end of the road, the distant
trees). It will only get this idea when the moon is near other objects that give us a false clue as
to its real size.
Why Do Dead Leaves Turn Brown?
The green colour of leaves comes from the chemical chlorophyll, which is green. When
chlorophyll decomposes it changes its colour. Chlorophyll is a type of chemical called a
porphyrin, and porphyrins when they start breaking down can take on a range of colours,
largely reds, yellows, greens and browns. So it is the destruction of the chlorophyll that makes
leaves change their colour.
Some trees drop their leaves to save water during the dry season (much evaporation takes
place from the wide surfaces of leaves). Other leaves die because they get old. Before a leaf
falls, the tree or plant will remove any useful chemicals from it, moving them into its roots or
stems. One useful element is the magnesium that is in the middle of every chlorophyll molecule.
Why Is Blood Red?
Porphyrins are chemicals that are very important for living
things. Their molecules are big, symmetrical and square with
carbon on the outside and nitrogen facing a hole in the middle.
They have the special ability of being able to capture metal
atoms in the centre. The metal atom is what captures the
energy in chlorophyll. In chlorophyll, the metal atom is
magnesium. In blood, the blood pigment haem has atoms of
the metal iron in the middle. Vitamin B12 has cobalt and the
coenzyme F430 has nickel. The blood pigment of some
insects and sea creatures has copper in the middle. The metal
atom can absorb energy and depending on what atom it is it
will absorb different wavelengths and reject others. We see the scattered light that the chemical
rejects. In many cases there are chemical groups added to the outside of the porphyrin ring to
make it more or less soluble as needed.
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What Makes Rainbows?
When white light goes from air into
water or glass at an angle (not
head-on) it bends. This is
refraction. The colours do not all
bend the same amount. Red bends
least; blue and violet bend most.
This happens in each of the billion
raindrops hanging in the air after
rain. The separated colours reflect
off the back surface of each
raindrop, leave the raindrop and
return to the air. Sunlight strikes each raindrop from the same direction, so all the red light
comes out of all the drops in the same direction, all the orange light in a slightly different
direction, yellow a little further away and so on to violet. The colours therefore seem to come
from slightly different places in the sky.
Rainbows are always seen when there are water droplets in the air and the sun is behind you. A
rainbow around the moon is called a corona. The smaller the water droplets, the bigger the
rings. The more the droplets are the same size as each other, the more regular the rings. Typical
water droplets are 4-10 µm in diameter.
Reflection and refraction of light by ice crystals in the air can create bright haloes, arcs, spots
and pillars. An Arctic explorer once reported seeing nine Suns in the sky. People standing on a
mountain, with the sun on their backs, may cast shadows on the fog in the valley which can have
rainbow coloured edges. This is called a glory. The shadow of an aeroplane on clouds below
can sometimes show a glory.
Secondary rainbows have their colours in reverse order and are sometimes seen outside the
primary rainbow. They are caused by light being reflected twice inside each raindrop.
Rainbows seem to move with you. The violet end of a primary rainbow is always at an angle of
40.4° to the observer, and the red end is always 42.2°.

@ Activity 12. Refraction in water
Put water in a dish or tray. Rest a mirror against one wall of the dish or tray so that part
of it is under water. Shine a bright light (use the sun, or if inside, use a slide projector) on
the mirror section that is under water. A rainbow will be produced which can be viewed
when it lands on a white card used as a screen. Alternately use a glass prism.
Demonstrate refraction by putting a biro in a glass of water and viewing it from the side.
You will see the biro appears broken, caused by bending of the light rays. The light rays
coming from under the water appear to come from a different place to those above.
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Why Do CDs Show Rainbow Colours?
CDs, oil films, butterfly wings and peacock feathers separate
white light into its colours differently from prisms and raindrops.
The process is called diffraction. If you wiggle a stick up and
down in water, a series of waves will flow out in concentric
circles from the stick. When they meet an obstacle, such as a
block of wood in the water, the part of the wave that strikes the
very edge of the block sets up a new series of ripples from that point. These new waves fan out
from the edge, in effect turning the corner. The new waves – from the edge of the block –
interfere with the waves coming from the stick. In some places when a wave meets a wave you
will get a wave twice as tall; in others a crest meets a trough and the waves cancel each other
out.
CDs have concentric circles and the information (music or
computer data) is recorded on them as tiny pits in the surface
along these circles. Feathers and butterfly wings have
microscopic ridges that affect light in the same way.
Depending on the angle at which you look at them, light
reflecting off some ridges will reinforce light reflecting off
others. Then that colour will be strong. Light of other
wavelengths will be cancelled if troughs from some reflected
light meet with crests from others. The spacing of the ridges is comparable to the
wavelengths of visible light.
Soap bubble films and oily films on water are similar. Waves
reflected from the inner and outer film surfaces either reinforce
or cancel each other, depending on the wavelength of the light
and the distance between the surfaces. The distance between
the surfaces is the thickness of the film, so the thickness
determines what colours are seen.
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Electricity
We know electricity as a form of energy because we can use it to turn motors and do work. It
is a useful form of energy because we can move it through wires. This makes it easy to
transport from power stations to businesses and homes. It can be sent through space or around
the earth without wires. This is called ‘wireless’ or ‘radio’, because it radiates from an antenna.
Radiating electricity can carry music, speech, television pictures or the signals that allow
computers and fax machines to talk to each other.
The carriers of electricity are electrons. Electrons are particles that orbit the nucleus in atoms.
They have negative electric charge. The electric charge around them is a field like the field
around a magnet. Other electrons entering that field are pushed away. When you switch on the
power, electric energy travels through the wire at near the speed of light. Electrons move
through the wire more slowly, but the change in the electric field in the wire happens at the
speed of light.

Circuits
Electrons flow externally from the negative end of a battery to the positive end. The ends of a
battery are called terminals. Electricity that flows in one direction is called direct current, or
DC. The path from negative to positive, then through the battery to start its journey again, is
called a circuit. A circuit that is not complete because the wire is cut or a switch is off is called
an open circuit. When a circuit is complete it is called a closed circuit.
A normal circuit has the electricity doing some work as it travels through some device like a
motor, bulb, iron or TV. These devices impeded the flow of electricity and cause energy to be
expended. In other words the electricity does work. If the electricity can take a shortcut and
avoid doing any work it is called a short circuit. With no work to be done and nothing to
slow it down, the electricity races around the circuit in as big a flow as the battery or source can
provide. Very soon the battery becomes hot and uses up all its stored energy. A battery that
has lost all its stored energy is flat.
Electricity that flows back and forth many times a second can also be made to do work.
Household electricity has electricity going back and forth 50 times a second (hertz = Hz). That
is 100 changes of direction in a second. This is called alternating current or AC. PNG and
Australia use the British system of 50Hz; the United States uses 60Hz.

Fuses
Electricity flowing through wires produces a heating effect. Both AC and DC are equally good
at producing heat. (A band saw cuts wood – and heats it through friction – by cutting in one
direction, and a handsaw does the same by sawing back and forth.) If a wire carrying current
electricity gets hot enough it will start to glow and give out light. Incandescent bulbs have a
tungsten filament enclosed in a vacuum, which prevents burning of the filament when it gets very
hot. However, fuse wire is a special wire that is meant to burn away when it gets too hot. In
the event of very high current flowing due to some problem with a device, the fuse (of a given
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Bulbs in parallel. Electricity may go
through one bulb or through the other.

Bulbs in series. Electricity goes through one
bulb then through the other.

current rating) will burn out and protect the appliance. A better alternative to fuses is the
circuit breakers, which are switches with an electromagnet in them that opens or breaks the
circuit if the current becomes too high.

Cells and batteries
A cell consists of a chemical storage system for electrical energy. A single sell has one positive
and one negative terminal. When these are connected by a circuit, electrons will begin to flow
from the negative to the positive via the conducting circuit. When a number of cells are
connected in series, the device is called a battery. We commonly call the single cells batteries!
These are usually rated as 1.5 Volt.
Batteries push the electricity through a circuit. Batteries can be arranged in series or parallel, or
both. Series gives more push to the electricity (more voltage) while parallel connection lets the
batteries last longer (each battery does less work).

Bulbs
The two ends of the filament in a torch bulb are (i) the bump on the bottom and (ii) the brass or
steel sides. In a torch the brass bump contacts with the positive terminal of the cell and the side
(screw or bayonet) contacts with the negative terminal using brass strips.

1.5 volts

3 volts

1.5 volts, lasts longer
- more chemical energy.
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@ Activity 13. Batteries and bulbs in series and parallel
Classify the following arrangements as ‘series’, ‘parallel’, ‘both’, ‘no connection’ or ‘short
circuit’ (if the two ends of a battery are connected with a wire). For the batteries, work out
the overall voltage (each is 1.5v). For the bulbs, how bright would you expect each bulb to
be?
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Activity 14. Role play circuits
Stand around the walls of the room. Hold hands. Send a pulse, by sqeezing hands,
through the circuit as fast as you can. This is like electricity travelling through a wire.
The pulse travels at the speed of light.
Choose two students who can flex their muscles, showing they are strong batteries. Get
one to stand up. The class moves around the room as if electrons at medium speed. Have
both ‘batteries’ stand up. The current should be faster. Put a resistance in the circuit:
have students climb up a chair, over a desk, down onto another chair, then continue
around the room. Notice how the current is reduced everywhere in the circuit because of
the traffic jam at the resistance. With two batteries the current increases because
everyone is moving faster. Put a second desk obstacle in the path. This is like bulbs in
series. Put the desks beside each other and students can climb one or the other. This is
bulbs in parallel. Notice how the flow is now faster than if there were only one desk to
climb. Relate the current to the brightness of the bulb. Have a ‘bulb’ person pretend to
‘light up’ more when the current is faster. Stand the bulb person next to the desk,
because that is what the desk represents. There are limits to this comparison, but it helps
children in a class ‘see’ a flow of electricity in a concrete way, which is otherwise totally
abstract.

Static Electricity
Electrons have a property called charge. The kind of charge on electrons is negative.
It is easy to drag some electrons away from certain kinds of atoms, moving billions of them from
their atoms and putting them among the atoms of some other object. If you rub a plastic pen
through your hair electrons are pulled from the pen into your hair. This means the pen loses
some electrons and your hair is left with too many.3
Electrons then try to get back into the holes left in the pen. If a small piece of paper is held near
the pen, the electrons in the paper will try to fill the places left in the pen by the missing
electrons. As the electrons try to move to the pen they carry the paper with them.
If two plastic biros with missing electrons (positively charged) are brought near to each other,
hanging from cotton thread, they will push each other away. A pen with missing electrons has
no use for another pen with missing electrons. Charged hair will push away other charged hair.
Hair with too many electrons (negatively charged) has no use for more hair with too many
electrons. However the pen will attract the hair because opposite charges attract. The pen
needs electrons and the hair wants to give them away because it has too many.
Too many electrons in something gives it a negative charge. Too few leaves it with a positive
charge. A build-up of charge is called static electricity. It is electricity that stays in one place
(static means stationary).
3

A rare electrical joke: Two atoms were having a drink at the bar when one of them says, ‘Oh! I’ve just lost
an electron!’ The other atom says, ‘Are you sure?’ The first atom replies, ‘I’m positive!’
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@ Activity 15.

Electrostatics

1.

Observe how a charged pen will attract a thin stream of water from a tap.

2.

Try charging glass, amber, plastic, balloons, wood, a metal rod etc by rubbing. The
material you rub them against makes a difference. Try silk, nylon, hair/wool, plastic.
Which works best? There is a synthetic string that can be shredded to make grass
skirts. Pull it through wool and see it stick to a blackboard.

Current Electricity
If you are standing in a river and you can feel the water moving you might say there is a strong
current. The current is the movement of the water. When electricity moves it is called electric
current. The current is the flow.
Current
When people talk about how much electricity they mean how much current. In everyday
speech, ‘electricity’ and ‘current’ are the same. Too much current means too much electricity.
The right amount of current is the right amount of electricity. It is measured in Ampere (A).4
Pressure
Electrical pressure (or electromotive force= EMF) is the push that is forcing electrons through
the wires of an appliance, device or machine. It is called voltage (V). High voltages cause
sparks as it jumps from one conductor to another.
Power
Remember the power is how fast work was done, that is the rate of doing work. Electrical
power may be described in simple terms as how fast it can fill your tank when it powers your
water pump, or how much light is being put out from a bulb in a second. It is how fast the
electricity can do work for you.
Consider water coming out of a hose. It might be a big wide fire-engine-type hose, but if it has
no push to it (it just falls out of the hose) you will not put out too many fires or wash too many
walls. As well as having a lot of water moving, it has to have some water pressure to be useful.
In fact, a small water jet under great pressure might really cut! So the power in a jet of water
depends on two things: (i) how much water is flowing, and (ii) how much pressure it has behind
it.
Electrical power depends on a combination of current (Ampere) and the pressure at the place
where the electricity is being used (Volt).
Power is measured in the unit Watt (W) or kilowatt (kW).
4

One Amp is a flow of 6,240,000,000,000,000,000 (six and a quarter trillion) electrons past a given point every
second. Don’t try to count them.
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Energy
When Elcom charges you for how much electricity you have used they measure two things.
1. How much power (kW) you were “drawing” and
2. How long (hours) you were using that amount of power (out of their power station).
It is measured in kilowatt-hours (kWh) also known as Units for short. This is the amount of
energy you used.

Thunder storms
New Scientist was asked ‘Do giraffes standing on the plains of Africa ever get struck by
lightning?’ Jon Richfield, of Dennesig, South Africa, replied as follows: ‘Yes, and not only
giraffes. Game, stock, humans and trees all get struck with varying frequency and effect. Some
of the planet’s highest lightning strike frequencies have been recorded in parts of southern
Africa, and loss of stock or human life is not particularly unusual. Giraffes are good targets, but
there are not many of them and their remains are often quickly consumed by scavengers,
destroying evidence of the strike.
Even in the Bushveld, a low-lying area where thunderstorms are common, lightning is not a
leading cause of giraffe death. It is rumoured that llamas and their relatives in the Andes lie down
in storms, heads together, and that one bolt sometimes kills a whole herd.’
Jay Hyde of Johannesburg, South Africa, added: ‘Giraffes and other ungulates usually succumb
to lightning strikes because of a phenomenon known as ‘step potential’. A nearby strike raises
the ground’s electric potential at the point of strike, while some distance away the potential is
normal. This creates a potential gradient between the strike point and the areas with normal
potential that surround the strike point. If an animal, or human, is standing nearby with one foot
closer to the strike centre, this foot will be at a higher potential than the other foot. This
potential difference causes current to flow between the two legs, which can stop the heart.
Ungulates, having a greater distance between their feet, are subject to a higher step potential
and thus a higher current flow. Even worse, during storms animals tend to huddle together,
which creates even longer step potential loops. In such circumstances one strike can kill many
animals. This happened to a small group of elephants in the Kruger National Park in South
Africa earlier this year (2001), where seven were killed at once in a single strike. This dramatic
effect of step potential loops has given rise to the myth that animals tend to attract lightning,
which is patently untrue.
The problem of step potential is also why the recommended safe position to adopt during
lightning storms is to crouch down with your feet together to reduce the magnitude of the step
potential.
Owing to the random nature of lightning strikes, it is unlikely that lying down offers any
protection. Certainly, sheltering in a group offers no protection to either animals or humans. In
fact it will actually increase the danger because of the step potential phenomenon.
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@ Research

Thunderstorms

1. In a thunder storm the ground under the thundercloud can develop a voltage of
100,000,000 volts. The current in a lightning discharge is typically about 20,000 Ampere.
The air can heat suddenly to 30,000°C and the noise of the air exploding is called thunder.
Rumbles often follow the main thunderclap because the rest of the lightning discharge is
more distant. The vertical flash of lightning makes a thunderclap while rumbles come from
lightning flashing horizontally from one part of the cloud to another either closer to you or
further away.
Check an encyclopaedia to find out if the earth gets a positive or a negative charge.
What are fork and sheet lightning? What are ‘stepped leaders’ and do they go from
cloud to ground or ground to cloud? In which direction does the main discharge go?
What is a lightning rod? Does lightning strike planes?
2. Compile a table of power ratings of various machines. Check also voltages and
current ratings if present. Rated power input to tape recorders is often stamped into
the plastic case near the power socket. Check lights, television, pumps etc.

Magnetism
People of the Iron Age knew about natural magnetic rocks called lodestone. Pliny the Elder, a
Roman who wrote an nature encyclopedia containing 20000 facts and lived from 23 - 79AD,
wrote that the word magnet comes from a shepherd called Magnes who told people how
surprised he was to find the iron nails in his shoes sticking to lodestone rocks. The Roman poet
Lucretius (99 - 55BC) had another explanation: lodestone was first discovered in the ancient
land of Magnesia. The ore that lodestone is made of is a magnetic iron oxide called magnetite.
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Lodestone and bar magnets, if left to spin freely, line themselves up North - South. This is
because the whole Earth is magnetic. The end of a magnet that points north is called the

N

N

magnet’s North Pole. The end pointing south is the South Pole.

It is not possible to isolate a north pole and have one by itself. When a bar magnet is broken in
two, each half is a complete magnet with its own N and S poles.
Force Fields
Stand next to a line of objects. How far can you reach? The ones beyond your reach are
outside your sphere of influence. With a stick, you could reach further. By throwing a rock you
can extend your force field further. The space around a magnet in which iron or steel feels a pull
is called the magnetic force field. Strong magnets have strong force fields.

— Activity 16.
1.
2.

3.
4.

Magnets

Float a bar magnet on a plastic lid on water in a dish. See it line up N-S.
Note which end of the magnet must be its north pole.
Magnetize two steel sewing needles by pulling them across one end of a
par magnet. Don’t saw them back and forth. Pull them across the
magnet in one direction only Brush them across the magnet 50 times or
so. If you have no magnet, there is a powerful one at the back of every
loudspeaker. If you are desperate, open up your radio or tape recorder.
Push the needles through a long folded V of card. Sit the V upside down
on a nail or needle in a cork and watch it line up N-S.
Plot several lines of force around a magnet with a small plotting compass
and a sheet of paper.
Observe a north pole repelling another north pole and the attraction of a
north pole for a south pole by sprinkling iron filings over paper on top of
two magnets.
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Identical poles repel

Opposite poles attract

Field lines around a magnet.
The force surrounds the magnet
in 3 dimensions.
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Electromagnetism
Wires carrying electricity have a magnetic field surrounding them:

If the wire is coiled the magnetic field through it will be straight:

A large coil is also called a solenoid. A small coil is called an
inductor.

— Activity 17.

Solenoids

1. Observe a solenoid pull a large nail into its centre when the current is switched on
momentarily. This is the basis of the circuit breaker which automatically pulls a
switch off if too much current flows. (Examine
one.) The automatic switches in an automatic
washing machine work by solenoids opening
and closing valves and circuits to the motor.
2. See compass needles move when current is
switched on in a nearby wire.
3. See a wire move when current through it is
switched on and the wire is near the end of a
strong bar magnet. This works better if the wire
is hanging in a pool of mercury and the mercury is connected to the other end of
the battery.
4. Connect a solenoid to a galvanometer. Move a bar magnet quickly in and out of the
coil and see that a small current is created in the wire when the magnetic field of the
magnet cuts the wire. Notice that no current is made if the magnet does not move.
The field through the wire must change.
5. Magnetize scissors and metal objects by putting them in a solenoid and switching
the current on for a few seconds. Notice the objects that hold their magnetism best
are hard steel, not soft iron.
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Household electricity
Wall sockets in PNG provide approximately 240Volt AC (alternating current).
The active pin connects to the power station. The voltage is changing all the time (averaging
240V in PNG, Australia and the U.K., but 110V in the USA). The neutral connects the active
to ground after it goes through the appliance. The active wire is brown or red. The neutral wire
is blue or black. (Think of a brown snake that bites.)
An earth wire, if present, is there to conduct current to the ground if a live wire accidentally
touches the metal case of the device. The earth wire is connected to the metal case. Plasticcased devices such as radios and tape recorders do not have an earth connection; the plastic is
an insulator and will not become live if a wire inside touches it. Refrigerators etc having metal
cases are always earthed. The earth wire is green/yellow striped.
The rate at which AC current reverses its direction is called its frequency. PNG, Australia and
the U.K. use 50Hz; the USA uses 60Hz. 5 A frequency of 50Hz means the current reverses its
direction 100 times a second.
Neutral

Active

Neutral

Active

Earth
Wall Socket

2-pin Plug

Power transmission
A wire does not really like electricity travelling through it. It resists electrons. First it gets hot.
If you increase the current further, the wire will melt. Thick copper wires would help, but they
cost more and use a lot more copper. The further the electricity has to travel, the more energy
is wasted heating up the wire so there is not much left when it arrives at its destination. If only a
small current is sent through the wire, the wire will not get hot and you do not lose much energy
in the transmission. Then there is not enough current to do any work when it arrives. Increasing
the current means more energy is lost and may mean the wire burns out.
The best metal for power lines is aluminium. It is less dense and costs less than copper.
However aluminium is a weak metal and high voltage power lines have steel cores to give the
cables strength. Electricity is distributed locally at about 11,000 volts with low current so the
wires do not melt and reduced to 240 volts before it comes into our homes and colleges.

5

Some clocks use the AC frequency to keep time. Better ones and watches use a crystal. I was puzzled why
my bedside clock gained ten minutes each day when I visited Maprik, E.S.P., on practice teaching
supervision. It worked fine in Wewak. Guess which power station was not producing exactly 50Hz!
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In many parts of PNG the electricity supply is very unreliable due to a lack of generating
capacity and maintenance. It is common to have what are known as “brownouts”. These occur
when voltage of supply drops well below 240Volt. The lights dim and may even go out during a
brownout. Brownouts cause a lot of damage to appliances, especially those with motors and
transformers.

History of power transmission
In 1882, Thomas Alva Edison opened, in New York, the first electric power station. It supplied
electricity to 80 customers and could light 400 light bulbs. It used DC electricity. Unfortunately DC
cannot be transmitted through wires for no more than about 800 metres.
The Croatian, Nikola Tesla (1856-1943) developed AC electricity. He discovered that AC could
be transformed from big currents and low voltages to low currents and big voltages and vice versa.
AC can make light bulbs glow as well as DC, but at the time there were no motors that would turn
with AC. Tesla made the first one soon after he turned 27 years old while in Strasbourg, Germany.
Eventually AC replaced DC.

Nikola Tesla

Thomas Edison
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Major power generation stations in PNG

Yonki Hydro

5 x 15 Megawatt generators

Eastern Highlands
Province, 190km from
Lae, 20km from Kainantu;
2km upstream from
Ramu Power Station

Ru Creek Hydro

Alternator speed: 1500 revs/min

Ru Creek is a tributary of
the Dargi River, Kimbe
area

2 x 400 kW turbine units
Generation voltage: 415V
Transferred to Kimbe at 22000 volts
Output at full load: 400 kW/unit
Rouna Hydro

Rouna to Boroko: 2 lines at 66000 volts
Boroko to Konedobu: double circuit, 66000V line

Laloki River, Central
Province

Sirinumu Dam to Rouna #1: 33000 volt line
Rouna 1, 2, 3, 4: 5.5MW, 30MW, 12MW, 13.5MW
Sirinumu Dam (which is a “toe of the dam”
generator): 1.52MW

@ Exercise 8.

Power needs in PNG

1.

Using the table above calculate the generation capacity for each station.

2.

What is the total power generation capacity of PNG?

3.

Do you think PNG generates enough electricity to meet the needs? Discuss this in
groups.

4.

How could more power be generated on a large scale or village scale? Discuss the
options in terms of what might be more sustainable in PNG.

5.

How could power usage be reduced?

Safety with Electricity
Muscles contract when they receive electricity from the brain or spinal column. It comes through
the nerves, which are like the electrical wiring of the body. A live wire will send electricity into
your muscles, taking over from the brain. Depending on which muscles are made to contract,
you might be thrown backwards across the room or your hand might grip the wire and be
unable to let go.
The heart has a small area in which an electrical pulse begins, spreading out to the whole heart
muscle and making it contract. This place is called the sinus or sinoatrial node. More
commonly it is known as the heart’s pacemaker. It is located at the right atrium near the
superior vena cava. Electricity going through the heart can cause it to stop. That is why
Energy and Waves
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electricians working with high voltages work with one hand in their pockets. Electricity will flow
down the side of their body to ground rather than across their body.
An artificial pacemaker is powered by a lithium-iodine
battery and can last up to 10 years. It supplies the
electrical pulse if the hearts own beat slows beyond a
set limit. Pacemakers can be programmed by 2-way
radio signals that indicate how the battery is going and
if the device is functioning. They are very effective and
a quarter of a million are fitted annually worldwide.
The earth connection is to protect you if anything goes
wrong with the machine. The metal box the machine is in is connected to earth. If the active
wire should accidentally touch the metal box it would be “alive”. If you touched it, electricity
would flow through you to the ground. The earth connection provides an easy and welcome
path to ground without going through the human. If it is ever used, probably so much electricity
would flow that it would burn out a fuse in your house or throw the circuit breaker, stopping the
electricity.

Electric shock
Never try to pull a person away who is holding a live wire. Push them away with a broom or
stick, but do not touch them.
Never touch power points or switches with wet hands. Extension leads should be switched off
at the wall if not in use.
If the heart begins to fibrillate (tremble uselessly, guria), ambulance workers will supply a large
bolt of electricity and then the heart may start working normally, especially if helped with CPR –
cardiopulmonary resuscitation.
CPR is performed with the head tilted right back and the nose pinched. Five sharp hard pushes
to the chest are followed by a deep blow through the mouth. If there is only one operator, two
breaths are given every fifteen chest compressions.

@ Activity 18. Getting a shock
Stand in a circle around the classroom, joining hands. Fire up a Helmholtz induction
coil. Make the circuit. Students with heart problems should avoid this activity. The
small jolt everyone receives is safe because although the voltage is large (enough to push
the electricity through people) while the current is very small.
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Electrical Devices
Motor6

N

S

The coil is a magnet when electricity flows through it. The north pole of the coil is attracted to
the south pole of the magnet. If that were all that happened, the coil would turn a quarter circle
and stop there. However, there is a clever switch, called a commutator, attached to the coil.
The current goes one way through the coil, but half a turn later the current goes the other way
and the magnetism of the coil reverses.
Suddenly the north pole becomes a south pole and the south pole becomes a north pole. So
just when the coil thinks it is happy with its north pole close to its favourite south pole, the
current is reversed and there are two north poles together! Inertia keeps the coil turning just a
little, and the repulsion of north pole for north pole helps by pushing it onwards.
Then the south pole of the magnet attracts it. Just when it thinks it will be happy again, the
current reverses and it is pushed onwards again. The commutator tricks the coil into its endless
search for the right pole.

— Beakman’s Electric Motor
The plans can be modified if you do not have the rectangular ceramic magnet. Use a bar magnet
and point one of its poles at the coil as close as possible. Put it on the other side of the coil from
the battery, or raise the battery and coil assembly and put the magnet underneath pointing
upwards. The commutator is the bared insulation on one of the wires. Notice that the insulation
is only bared on one side of the wire.

6

Diagram from David Macaulay, How things work, Dorling Kinderley, London, 1994; diagrams of
Beakman’s electric motor from http://fly.hiwaay.net/~palmer/motor.html
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Current only flows when the bare part of the wire is touching the paper clip battery contact. The
coil is powered in pulses. The inertia of the coil carries it on through half a spin.

Materials:
Large battery

wide rubber band

2 large paper clips

rectangular ceramic magnet

heavy gauge magnet wire (the kind with red enamel
insulation, not plastic covered – the plastic would
melt with the sparking)

toilet paper tube

fine sandpaper

wooden base and perhaps a drop of glue.

Directions:
Making the coil: Starting about 8cm from the end of the wire, wrap it 7 times around the
toilet paper tube. Remove the tube. Cut the wire, leaving an 8cm tail opposite the original
starting point. Wrap the two tails around the coil so that the coil is held together and two
tails stick out from the coil. Balance is important, so make sure the two tails are the same
length. Completely sand off the insulation from one of the tails (leave the insulation in place
where the tail joins the coil). On the other tail, lay the coil down flat and lightly sand
off the insulation from the top half of the wire only. Again, leave the insulation on
where the wire meets the coil.
Attaching the paper clips : Bend the paper clips and attach to the two ends of the
battery with the wide rubber band:

Left tail

Right Tail
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Cassette Tape Recorder
The audio head is used for
recording and playback. A
separate erase head is
brought up to the tape
during recording – its
purpose is to confuse the
magnetism on the tape
before it reaches the audio
head where a new signal is
recorded.
During recording, a thin electromagnet in the audio head magnetizes the microscopic ferrite dust
particles on the tape as it passes by. During playback, the magnetized ferrite particles make the
same small currents in the coil of the electromagnet. Most of a tape recorder is an amplifier. If
a radio is included, the signal from the radio can be switched into the amplifier instead of the
signal from the audio head.
If the sound is not clear (listen for the s and t sounds) the head may need cleaning. Use a piece
of clean cotton cloth wet with methylated spirits. Water or spit is not recommended because it
encourages rust, but can be used in an emergency. Rub back and forth in the direction of tape
movement. (Up and down may move the head away from the signal on the tape.) As long as
brown oxide keeps appearing on the cloth there is more to be cleaned off. Always clean the
capstan and pinch roller too. They are what pulls the tape at a constant speed past the head. If
they become dirty the tape can stick to them and wrap itself around them. To clean them, hold
the cleaning cloth against them as they turn, with the recorder set to play but without a tape
inside. When the cloth starts to show black instead of brown you know you are taking off the
rubber and all the oxide has been removed. Old tapes can dirty up a head in less than a minute.
Never use cotton buds as they leave threads of cotton that can get caught up.
There is usually a way to adjust the vertical position of the head so it lines up exactly with the
signal on the tape. A small screwdriver is needed. If the head is off to the side of the line of the
signal on the tape, the sound will not be strong or clear.
If turning the volume or tone controls makes a scratchy, loud crackling sound through the
speakers, a little light penetrating oil (RP7 or WD40) sprayed into the control (the
potentiometer or slider) will make the control smooth again. This cannot be done without
opening the back.
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Video Cassette Recorder (VCR)
A videotape works in a similar way, except that there may be one or more video heads in a
spinning drum. The signal is recorded in diagonal tracks along the tape.

Video Drum

Section of Tape

Roller Guide Assembly
Head B

Head A

Full Erase Head
Audio-Control Head
Pinch Roller
Tension Arm
Capstan

Supply Reel

Brake
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In a loudspeaker, AC
currents in the coil
make the coil an
electromagnet. The
coil is attracted or
repelled by the
permanent magnet.
The moving coil is
attached to a
cardboard speaker
cone. Small cones
move quickly to high
frequencies
(tweeters), while big
cones move slowly
to low frequencies
(woofers).

@ Activity 19.

Loudspeakers

The housing around a speaker is very important: A cone moving
forwards produces a compression in front of it, but a rarefaction
behind it. If the sound from the back mixes with the sound from
the front the two sounds cancel.
1. Connect a loudspeaker to a battery momentarily. Hear
the click as the cone moves either in or out. Reverse
the battery connection. Notice the cone moves the
other way.
2. Open up a radio or tape recorder. Notice how the
sound volume decreases when the back is removed.

3. Put some rice on a speaker cone and watch them jump
around when sound comes through (especially bass sounds).
4. Connect a galvanometer and notice the needle deflect when you push the cone with
a finger.
5. Connect a speaker to a guitar amplifier and notice that it acts as a microphone
when you talk into it. (Cone movements generate AC currents in the coil.)
Television
The video signal comes
into the picture tube in
three parts: one for red,
one for green and one for
blue (RGB).
Electromagnets push the
beams across the screen,
then down a little, then
across the screen again,
down a little, and so on –
painting lines across the
screen in a scanning
pattern known as the
raster (nothing to do with
reggae). The beams are
aimed at microscopic
phosphor dots that are
arranged in triangles all
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over the screen. According to the strength of the electron beam, the coloured dots glow more
or less brightly. A shadow mask prevents the beams hitting any but the dot they are aimed at.
There are over a million phosphor dots on a screen.
If there is static charge on parts of the picture tube the beams may
miss their dots and cause others to glow instead. You might see one
corner of your screen with a red colour, or perhaps greenish or
purplish. Usually this problem will fix itself in time, but if not the
repairperson will degauss the picture tube. A magnet can be used to
demonstrate the problem, but this can be harmful to your TV set.
Extremely high deadly voltages may remain on the tube up to 24 hours
after it has been switched off. Never open a TV set.
The image takes a moment to disappear from the retina in the human eye. This is called
persistence of vision. If new pictures can be painted on the screen by the moving beams of
electrons before the old image disappears in our eye we see a changing picture instead of a
series of separated pictures. Our TV system is called PAL, which is used in England and
Western Europe and originated in Germany. The U.S.A uses NTSC. France and Eastern
Europe use SECAM. The PAL system paints the screen twice for each complete picture –
each time it paints every second line. This is called interlacing and reduces flicker by painting
50 half-images per second instead of 25 full images per second (which we would see flickering
slightly). 25 complete pictures are being received per second, each a little different from the one
before but joining with it to create the illusion of smooth movements and changes.
There are 625 lines per picture. High Definition Television (HDTV) will use 1250 lines per
picture, and the picture is wider than ordinary definition T.V. Digital Television has been in
use since late 1998 in the United Kingdom. It eliminates ghosting and snow and allows more
channels on the same frequency. Within ten years it will replace our current analogue television
signals. However digital signals do not travel as far as analogue and are easily blocked by
obstacles such as mountains. There is sudden disappearance of the signal once the limit of
broadcasting is reached.
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Communications
Radiating electrical energy through space
If AC current is alternating fast enough (over about 100Hz) energy will radiate from the wire
into space. The wire is then a transmitting antenna. The device that produces the high
frequency AC is an oscillator. Every radio receiver and every transmitter has one.
When electrons change direction they send a shake through the electric and magnetic fields
around the wire. It is the same as if you held the end of a rope and moved your arm up and
down. A shake would travel through the rope. If you move your arm extremely slowly there
will be no wave. In an antenna the electrons are like your arm moving up and down. The waves
travel away from the antenna at the speed of light.
When these waves strike another wire side-on they make electrons in that wire start moving.
Alternating current is started in the wire. This wire is a receiving antenna. Electrons change their
direction the same number of times per second as the alternating current in the transmitting
antenna.

@ Activity 20. Making and listening to radio signals
1.

Spark a battery near a radio. Listen for the sound of the radio waves that were
radiated along with the red light in the spark.

2.

Find the range of your ‘transmitter’. Does it transmit through paper? Through walls?
Will a bigger spark from more batteries increase the strength of your transmitted
signal?

Wave makes
receiving arm move

Transmitting arm

Currents
form in
the wire

Transmitting
antenna
Horizontal electromagnetic waves
Simple dipole
receiving antenna
Folded dipole: sensitive to a wider range of
frequencies than a simple dipole
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The length of an antenna is important. Long waves (low kilohertz) need long antennas. Short
waves (Megahertz) need short antennas. That is why walkie-talkies and mobile phones have
only a short antenna and UHF television antennas have shorter elements than VHF television
antennas.7
FM radio reception is improved with the whip antenna. This antenna does not help AM, which
require a long antenna. The best antenna for helping receive short wave radio broadcasts is the
longest, thickest wire you can find as high off the ground as you can get it. Long wires, like TV
antennas, are directional (you must point it in the right direction to get good reception).
Ordinary radios are so sensitive they can detect as few as a couple of hundred electrons (a few
millionths of a volt).
Television antennas most commonly have a series of rods called elements. Directors work
by capturing the incoming wave and re-transmitting it to the one behind it. That one captures a
stronger signal, then passes it on to the next, and so on until it reaches the driven element. That
rod is the one connected to the television. A reflector catches any signal that was missed and
re-transmits it to the driven element. The more directors, the greater the ability the antenna has
to capture weak signals. However, the more directors the more careful you have to be to have
the antenna pointing at the transmitting tower. An antenna with 12 directors increases the signal
strength 15 times.
Waves from transmitter

Reflector
Directors
Reflector

Driven Element

Driven Element

Directors

VHF Antenna

UHF Antenna

Very High Frequency

Ultra High Frequency

Ghosting is when a faint second image is seen on the television screen. It is caused by waves
being received after they are reflected from nearby objects such as buildings or large trees. This
second signal is weaker than the main, direct signal. It arrives at the antenna slightly after the
direct signal, so the ghost image appears slightly to the side of the main image. It is corrected by
moving the antenna slightly, or moving the antenna to a different place.

7

The length of the active element is about half the wavelength.
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The radio waves leaving a transmitting antenna can be classified as follows:

The D and E layers of the ionosphere disappear at night.
Then the only way to receive 10kHz to 1.5MHz is by
ground waves. You can expect the lower frequency (longer
waves) to travel furthest as ground waves: 10-250kHz travel
1600kms or more, 250kHz-3000kHz up to 1600kms, but
3MHz-30MHz ground waves will only travel up to
120kms.
F1 and F2 combine at night. This means at night radio
waves travel further because they are reflected higher up in
the atmosphere.
Radio/TV waves travel much further over water.
The local community radio station run by the Maori youth
in Murapara, a small town in the north island of New
Zealand, is called ERFM (Edmund Rice FM). It covers the
whole town on half a watt. They cannot reach homes in the
mountains nearby, but could transmit further if they had
their antenna higher above ground.
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Frequency designations
In the following table, kHz means kilohertz, or 1,000Hz. MHz means megahertz, or 1,000kHz.
GHz means gigahertz, or 1,000 MHz.
Frequency
3-30 kHz
30-300 kHz
300-3,000 kHz
3-30 MHz
30-300 MHz
300-3,000 MHz
3-30 GHz
30-300 GHz

Designation

Abbreviation

Very low frequency

Wavelength

VLF

100,000-10,000 m

Low frequency

LF

10,000-1,000 m

Medium frequency

MF

1,000-100 m

High frequency (short wave)

HF

100-10 m

Very high frequency

VHF

10-1 m

Ultrahigh frequency

UHF

1m - 10cm

Superhigh frequency

SHF

10-1 cm

Extremely high frequency

EHF

1 cm – 1 mm

@ Research
1.

What frequency ranges does your television receive?

2.

What frequency ranges does your radio receive (both AM, FM and one or more
shortwave bands)?

3.

Discuss how well your shortwave radio receives during the day and at night.

AM and FM
Voice frequencies (85-1100Hz) cannot be changed into electrical currents with a microphone,
amplified and radiated from an antenna. The energy would never leave the antenna. Radio
transmitters take a strong signal of suitable frequency and make changes to it so that the voice
or music information is coded onto the carrier. There are two ways to do this. The strength of
the carrier can go up and down as fast as the voice or music signal (AM, or amplitude
modulation) or the frequency of the carrier can change in time with the music or voice (FM, or
frequency modulation). A big change is from a loud sound, a small change is from a soft
sound. Many things can affect the strength of a signal. A lightning flash will send out radio
waves that add to the signal strength (you hear it as crackles or static). FM is less affected and
the reception is clearer.

@ Exercise 9.

AM and FM waves

Make up diagrams to illustrate (i) a carrier wave, (ii) a carrier whose amplitude (wave
height and depth) is varying, (iii) a carrier whose frequency is varying.
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Computers and Modems
The keyboard of a computer is an array of switches. The computer is constantly checking the
keyboard to see which key has been pressed. Pressing a key sends a morse-code-like
sequence of pulses of electricity to the computer. Instead of dots and dashes (dahs and dits,
long and short pulses) as in Morse code, the voltage is either goes high or drops to zero. All
keys generate a series of 8 bits, each of which is either a pulse of electricity or a pause where
there is no electricity. That can be represented as 11111111 for eight pulses, or 00000000 for
eight pauses. Four pauses followed by four bursts of electricity would be represented by
00001111. Holding down the shift key makes the keys send different patterns. The control
key will make them different again. They are included on a keyboard because if you had to
have a key for every combination of pulses you would need a keyboard with 256 keys! The
patterns sent by different keys are standard across all computers. The code is called the
American Standard Code for Information Interchange, or ASCII. When you list all the
combinations you can get with 8 bits you find there are 256 possibilities. The combinations can
be numbered from 0 (eight pauses) to 255 (eight bits of electricity). The code for the letter “A”
is number 65, and the pattern of electricity is 0100 0001.8 Here is a table for looking up ASCII
codes and finding the letter or symbol that corresponds to a pattern of bits of electricity:
ASCII Table
First→
Second
↓
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

8

6510=0100 00012
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0000

0001

Nul

Bell
Backspac
e
Tab
New line
escap
e
New page
return

100 0001 = 1 x 64 + 1 = 65

0010

001
1

010
0

010
1

011
0

0111

spac
e
!
"
#
$
%
&
'
(

0

@

P

`

p

1
2
3
4
5
6
7
8

A
B
C
D
E
F
G
H

Q
R
S
T
U
V
W
X

a
b
c
d
e
f
g
h

q
r
s
t
u
v
w
x

)
*
+

9
:
;

I
J
K

Y
Z
[

i
j
k

y
z
{

,
.
/

<
=
>
?

L
M
N
O

\
]
^
_

l
m
n
o

|
}
~
delet
e

The place values are: 128, 64, 32, 16, 8, 4, 2, 1
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For example, the letter “B” is 0100 0010. The electrical pattern for “PNG” is
010100000100111001000111 (separate into 8-bit “words”).

@ Exercise 10. ASCII
1. If “space” is 32 and “!” is 33, pencil in the decimal ASCII numbers beside each symbol
in the table. Then translate these code numbers into English:
80
97
112 117 97
32
78
101
117 105 110 101 97
32
105 115
101 32
103 114 101 97
116 101

2.

119
32
115

32
116
116

71
104
33

Translate the following using ASCII:

0101010001101000011010010111001100100000011000110110111101110101
0110110001100100001000000110001001100101001000000111000001100001
0111001001110100001000000110111101100110001000000110000101101110
0010000001100101011011010110000101101001011011000010000001101101
01100101011100110111001101100001011001110110010100101110

3.

Think of a word. Translate it into ASCII 1’s and 0’s. Dictate the 1’s and 0’s to your
partner; make a click with your tongue for “1” and say “aah” for “0”. Every eight
bits, wait until your partner has looked up the table and written down the letter.

Modems are devices that take the electrical pulses and pauses and change them into sound
frequencies, as if the computer were talking them through a telephone line. At the other end of
the telephone line is another modem, which converts them back into pulses of electricity again.
Modem stands for modulator-demodulator. Modems add a few codes of their own and
compress the message for speedier transmission. A sending modem will first establish contact
with the receiving modem (“Hello! Are you there?” “Yes, I’m here.” “I’m sending this at
14400 bits per second – are you receiving?” “Huh?” “Now I’m trying 9600 bps. Is that
okay?” “Huh?” “Now I’m trying 7200 bps. Are you receiving?” “Got it!” “Okay, here’s a
packet of information…did you get that?” “I missed a bit. Would you send that last packet
again?”) This process is called handshaking.
Fax machines (kwik piksa leta) operate in the same way, except the 1’s and 0’s are printed as
black dots and white dots by the receiving fax. The receiving fax may have come from a fax
machine (that scanned a paper document to get the 1’s and 0’s) or it may have come from a
computer (that translated a document in its memory into a picture, which it then coded into 1’s
and 0’s).
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The Internet is many millions of computers around the world able to talk to each other through
the ordinary telecommunications network. Your computer sends a request to the Internet
Provider computer in Port Moresby, and this computer requests a page from some other server
computer.
Email is a system of sending and receiving electronic mail through the Internet. The first emails
could not send pictures but they were faster than faxes because they sent the letter “A” as the
code number 65 in only eight bits. A fax machine would have to change the letter “A” into a
picture and send it as a pattern of black and white dots. This takes a lot more 1’s and 0’s.
Emails can now include pictures and “tags” to indicate colours, headings, italics etc. and “instant
addresses” the same way web pages do. The system of agreed-upon tags and markers is
called hypertext markup language (HTML).
In some parts of PNG the telephone system is good enough to handle speeds of up to 56000
bits per second. At OLSH Teachers’ College Kabaleo the best speed achieved to date is
9600 bps, which is as fast as a typical fax machine. (The Dove Travel fax machine can read
14400bps.)

Computers can communicate with other computers. Personal
computers, through the big computer owned by their service
provider (e.g. Global, Daltron, Datec) request pages from
Servers around the world. The data comes into their computers
(is downloaded) a page at a time. You have to pay for two
things: an account with your service provider (e.g. Global,
K44/month) and Telikom (4t/min at night, 6t/min during
daytime). (2001 prices). Most computers have a built-in modem.
Your service provider keeps incoming email for you in your
personal mailbox until you download it into your own computer
for reading.
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