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Observe closely the temperature of the air inside the balloon and
predict when the burner or vent will have to be used.
Experiment with the balloon's control.
Record the results of their experimentation and work out the most
efficient use of fuel.
The program, and the information and activities in this book
introduce children to a number of scientific principles. They will
learn:
The principle that hot air rises, the concept that a simple
operation (such as maintaining a balloon in flight) is determined
by the interaction of different variables.
The importance of applying scientific methods and skills to real
situations.
As well as helping your child to learn more about science, this
book describes the history of balloons and airships, the problems
met by man in developing lighter-than-air flight, and the uses
made of balloons today. It also encourages map reading skills and
shows children how to make their own balloons. All the way through
there are ideas for activities - you can help your children with
these, talk to them about what they have read - and play the games
with them.
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Lighter than air
THE STORY OF BALLOONS AND AIRSHIPS
The first flight
The first successful balloon was invented by two French brothers
called Montgolfier. They designed a large linen balloon with a
fire beneath to heat the air in the balloon. In 1783, watched by
the King of France and a large crowd, the brothers let their
balloon go. It had a sheep, a cock and a duck in the basket below.
The balloon flew well and the animals landed unharmed.
Next a young man called Pilâtre de Rozier experimented with the
balloon while it was still fixed to the ground by a long rope.
Then, on November 21st 1783, de Rozier and the Marquis d'Arlandes
made the first manned free flight. They were in the air for
twenty-five minutes, went more than 1,000 metres high and
travelled more than 10 kilometres.
Hydrogen balloons
Ten days later two more Frenchmen, Charles and Robert,
flew 50 kilometres in two hours and rose to a height of
3,000 metres. Their balloon was filled with a gas,
hydrogen. This is 14 times lighter than air and will
lift a balloon without being heated. Blanchard and
Jeffries flew across the English Channel in another
hydrogen balloon in 1785.
The first airship
Balloons could only go where the wind blew
them. Inventors tried hard to make a
balloon
that
could
be
steered
—
a
'dirigible'. In 1852 another Frenchman,
Henri Giffard, fitted a steam engine to
the basket below a gas bag 50 metres long.
He could steer his airship — if the wind
wasn't too strong! Airships didn't really get going until 1895
when a Brazilian, Alberto Santos-Dumont, fitted a petrol engine to
an airship.
The Zeppelins
The man who did most to develop airships
was a German called Count von Zeppelin.
He built much larger, more powerful
airships with rigid frames outside the
balloons. Airships were often called
'Zeppelins' after the Count. During the
First
World
War,
the
Germans
used
Zeppelins for bombing raids on London but

they were too slow and too easy to shoot down to do much harm.
This one was blown off course and crashed in a Norwegian fjord.
The great airship age
After the first World War, airships were
used for carrying passengers and cargo.
At this time aeroplanes were small, noisy
and uncomfortable but the huge airships
had space, quiet, and luxury for their
passengers. The Graf Zeppelin was built
in
1928
and
was
one
of
the
most
successful airships. She was 230 metres long and cruised at 120
kilometres per hour. She flew all over the world carrying
passengers and mail to places as far away as Japan and Brazil.
The end of the airships
A terrible airship disaster in 1936 stopped the
development of airships. Small 'blimps' (nonrigid airships) were used by the US Navy during
World War II for escorting convoys and spotting
enemy submarines. A few airships still fly
today. This one, flying over London, carries up
to ten passengers.
Activities
1

Ask the oldest people you know what they remember about
airships or Zeppelins. Ask them about barrage balloons too.

2

How big was the Graf Zeppelin compared with Concorde? Get two
other people to help you. Find a long straight clear space on
a pavement or in a park. One person can stand still to be the
tail marker. Now another person can take 62 very big steps
(each one as near a metre as possible), then stop. That's
where Concorde would reach to. Now the third person takes 230
metre steps — that's how long the Graf Zeppelin was.

THE HINDENBURG DISASTER
What happened
The largest airship ever to
carry people was built in
1935. She was called the
Hindenburg. She was more
than 240 metres long and
had a cruising speed of 136
kilometres per hour. She
could carry 70 passengers.
On
May
4th
1937,
the
Hindenburg took off from
Frankfurt in Germany to go
to the USA. She had already
made 17 flights across the
Atlantic.
At 7pm on May 6th, Captain
Max Pruss, the Hindenburg's commander, began to approach the
landing field at Lakehurst in the USA. At 7.25 the mooring lines
came down from the bow and the ship hung in the air, 20 metres
from the ground. The passengers stood by the big windows in the
airship, waving to their friends on the ground. Suddenly, without
warning, a fire broke out and lit the gas in the hull. Within
seconds, the stern hit the ground, the bow rose 150 metres into
the air and fell slowly, bouncing once, a mass of flames and
crumbling wreckage. Passengers and crew leapt from the wreckage
and a minute later the whole airship was in flames. Amazingly 62
people out of the 97 on board survived but 13 passengers and 22
crew died.
Why it happened
The
Hindenburg
disaster
happened because the hull
was filled with hydrogen
gas. When mixed with air,
hydrogen
burns
very
easily; one little spark
would have been enough to
set
the
whole
airship
alight. The designers knew
that
it
was
extremely
dangerous to use hydrogen
inside the airship. They
had planned to use a new
gas called helium which
was much safer. But helium
was only available in America and, because the Americans didn't
trust the Nazi government, they refused to sell any helium to
Germany. So the Germans had to use hydrogen in the Hindenburg.

The R101
The R101 was the biggest airship ever built in Britain. The
designers had a lot of problems with her and the first flight was
arranged before she had been properly tested. On October 4th,
1930, she set off on a flight to India and crashed in France,
killing 48 people. After the fire only the metal skeleton
remained.
Activities
1

A large library may have old newspapers (like the one
opposite). Ask the librarian to help you find a paper for May
7th 1937 (Hindenburg) or October 5th 1930 (R101) and read the
story of the disasters.

2

You could make your own newspaper
describing one of the disasters.

or

tape

recording

Balloons and Airships Today
After the disasters in the 1930's there were no more giant
airships. Aeroplanes took over. However, some people think
commercial airships might be used again one day. Although they are
slow, they can lift huge loads (much more than an aircraft can).
If they are filled with helium there is no fire risk and they have
many advantages. They don't make a noise or pollute the air. They
can stop and wait or go backwards and they could land in many
places where aeroplanes can't.
Sport
Ballooning has become a popular sport. Some people enjoy the
feeling of floating high above the ground in peace and quiet.
Other people enjoy the skill and excitement of competition flying
and racing.
Aerial photography
Balloons are sometimes used by people like the Ordnance Survey
(who make maps) to take photographs of the ground from the air.
Weather forecasting
Unmanned weather balloons are used to record
temperatures and air pressure high up in the
atmosphere. Some send their readings back by radio
signals, others are brought back to earth by radio
control. The readings from these balloons help with
weather forecasts.
Adventure
The big challenge for balloonists was to cross the
Atlantic. Sixteen attempts have been made and five
people
lost
their
lives
before
three
Americans
(Anderson, Abruzzo and Newman) crossed from America to
France in August 1978 in the Double Eagle II. They took
nearly six days to fly 3,120 miles.
Parachuting
The RAF use balloons for making parachute jumps. The
balloon provides a stable base to jump from. This is
important when learning to parachute.

Advertising
Many companies have hot-air balloons for advertising.
These come in some strange shapes: ice-cream cones,
spark plugs, jeans, light bulbs and even a busby
balloon. Goodyear has a helium filled airship which is
sometimes seen in this country.

Activities
1

Can you think of any other ways in which balloons could be
used? Talk about this with your family.

2

Design your own airship and compare it with a friend's ideas.
What would you use your airship for? Where would you fly to
in it? You could make up a brochure to persuade other people
to travel in your airship. What would be the most important
things to tell them?

3

Design a balloon which could be used to advertise something
and still fly.

How does a hot air balloon work?
When air is heated it rises. This scientific fact was first used
to fly a balloon in 1783 and ft is still used today, two hundred
years later.
Launching a hot air balloon
1

The balloon is made of silk and has a large hole at one end.
It is spread on the ground and partly filled with cold air
which is blown into the hole by a powerful fan.

2

When the balloon is partly full of air, a burner is lit to
heat the air inside the balloon. The balloonist has to make
sure that the flame does not burn the balloon itself.

3

As the air gets hot, it rises and slowly lifts the balloon
off the ground and into the air. A large balloon can take 15
minutes to fill. Once the balloon is in the air and high
enough, the balloonist turns off the burner. If the
balloonist wants to fly lower, he or she opens a vent which
lets some of the hot air escape.

Learning about your balloon
As a balloonist you have to be in control of your balloon all the
time. Because the temperature of the air inside the balloon is the
only thing which you have direct control over it has to be watched
very closely. If the air is too hot you will climb very quickly.
If the air is too cold you will fall through the air out of
control.
You can experiment with the balloon to find the temperature which
will give you the most control over your craft. This can be done
by recording the altitude of your balloon as your voyage
progresses. In a real balloon the altitude would be recorded with
an instrument called a barograph. A barograph makes a trace
(rather like the one below) on graph paper which is a record of
the altitude of the balloon during the course of a flight.

Once you have produced a trace for the balloon when the
temperature is 80°C you should now repeat the experiment at a
different temperature. Try 60°C, 70°C, and 90°C. Record these
traces on the same graph so that you can easily compare how the
balloon behaves at all these temperatures.
Activities
1

From your barograph traces you will see that for each
temperature the balloon the balloon will fly level at a
different altitude. Can you think why this should happen?
Hint: A hot air balloon is able to float in the atmosphere
because the hot air inside the balloon weighs less than the
surrounding cold air.
The higher into the air we go the thinner (less dense) the
air becomes. Can you see why we need a hotter balloon to
travel at a higher altitude?

2

The world altitude record for a hot air balloon, set in 1980,
is an incredible 16,861 metres. How much higher than Mount
Everest is this? What special equipment would you need to
take with you if you were going this high?

3

If you were able to climb at a steady rate of 2 metres per
second, all the way to 16,861 metres, how long would it take
to reach the record height?

4

Think about the balloons you know. Are the ordinary balloons
that you have at parties lighter than air?
What about the balloons you sometimes see at fairs (people
tie labels to them, before letting them go)? What are these
two different kinds of balloon filled with? Talk about this
with your family.

5

Cut a spiral from a piece of foil. Make a hole in the middle
with a needle or pin and tie a piece of thread through it.
Hold the spiral in the air. Now hold it over a radiator or
something hot (NOT over a flame of any kind). What happens?
Why?

Planning a flight

Before making a flight, balloonists find out the direction of the
wind and its speed. They then look at the map to work out where
they will be blown to. From the map they can work out which
hazards lie in their way. Mountains, church steeples, electricity
pylons and airports all have to be avoided. When they are in the
air, balloonists can look out for features on the map to find out
how far down wind they have drifted. Planning is also very
important when it comes to landing; not among houses, not over
water, not in a tree, and not in the field of farmer's crops. It
is always nice to land near a road so that the balloon can be
collected easily.

Activities
1

Look at the aerial photograph on this page and imagine that
this is the view downwind from your floating balloon. The
direction of your flight is marked on the map between A and
B. What can you see from the balloon that is marked on the
map? What other features will you pass over that you cannot
see yet?

2

The diagram at the top of the page is a cross section along
the direction of the flight, A to B. How high is the highest
land that you will cross?

3

Try to get of the Ordnance Survey map for the area around
your home. Where would you start and finish a balloon flight?
In which direction would the wind have to be blowing? What
else would you take with you on your flight?

Make your own balloon
This hot air balloon is beautiful and easy to make. A couple of
hours work with scissors and glue and your balloon will be ready
to fly.
You will need
48 sheets of tissue paper, about 76 cm by 50 cm (30" by 20").
Choose bright colours.
Scissors.
Glue.
A few clothes pegs.

1

Lay out four sheets of tissue paper end to end. Glue the
sheets together, allowing an overlap of between one and two
cm, to make a long panel.

2

Make twelve of these long panels. Fold each panel along its
own length. Stack the folded panels on top of each other. Use
the clothes pegs along the folded edge to keep all the sheets
together.

3

Copy the outline shown onto the top sheet. It does not matter
if your outline is not exactly the same as long as it is a
smooth curve. Carefully cut along the line cutting through
all the sheets at once.

4

Fold back the top sheet then
glue the edge of the second
sheet to the edge of the sheet
below. Glue all the sheets
together in pairs allowing
about one cm overlap.

5

6

Tuck all the glued sheets out
of the way and glue the top
sheet to the bottom sheet. You
can now open out your balloon
but keep a lookout for seams
becoming unstuck.

Use a short length of thin wire to stiffen the mouth of the
balloon. You are now ready to fly!
Flying the Balloon

Only try to fly your balloon when the weather is clear and very
still. The best source of hot air is a camping stove or blowlamp.
You will need an adult to help you keep the tissue away from the
heat source. Keep hold of the balloon until you can feel a strong
tug from the hot air trying to rise, — then - if the wind will not
carry it into trouble let go!
Since your balloon is more than two metres across it has to comply
with the Air Navigation Order of 1976 and may not fly in
controlled airspace. This includes space near major cities such as
London or Birmingham and within 5km of an airfield. Finally, never
be tempted to launch the balloon with any form of burner attached.
Happy flying!

Games for One or More People
1 Altitude ace
Balloonists have a game which tests their accuracy and skill at
flying. They have to stay at a fixed altitude for a certain
distance. They use a barograph to record their flight. This
produces a trace which is used by the judges to see who controlled
their balloon most accurately. The barograph is explained on page
9.
Select the 'Flying school' option and then see if you can follow
these flying instructions
fly at 1800 metres for 20 km; then
fly at 1400 metres for 20 km; then
fly at 1000 metres for 20 km.
When you have reached 1800 metres you can start to make your own
barograph trace. Stop the balloon every 5km (use
)and record
your altitude. Then press
to continue with your attempt to
become an altitude ace.
Plot a graph from the results, like this one below, so that you
can see how level you were able to keep your balloon.

Try the game again, and see if you can make your barograph trace
any closer to this graph. You might also like to make up other,
more difficult, tests of flying skill for yourself or your
friends.

2 Scavenger hunt
When you have mastered flying the balloon at high altitude, you
might like to see how good you are at low-level flying. Again
select the 'Flying School' option and this time see how many times
you can land before the Distance counter shows 75km. After the
counter shows 75km, press
to start again.
See if you or your friend can land more often than you did.
Remember that you can land on any piece of flat ground. But be
careful not to come in too quickly and not to land with the burner
on! If you do crash, take away 5 from your total number of
landings.
3 Hare and hounds
This game is for at least two people.
One person, the hare, goes first and selects Air cadet.
The hare then flies the balloon and lands wherever he likes.
The first hound then presses
(flying over
officer.

the

identical

to start again
landscape)

and

selects

Pilot

The hound has to try to land in exactly the same place as the
hare.
Hounds will have to watch out for hazards which may make landing
difficult. Try the game again, but this time the hare might want
to find a more difficult place to land. The hounds can also choose
Balloon ace instead of Pilot officer to make the game even harder.

Running the Program
Imagine you are going on a journey across the countryside in a hot
air balloon. You may control the balloon by using the burner and
the vent. Switch on the burner to heat the air in the balloon or
open the vent to let some of the hot air escape.
1 Choosing your balloon and game
After the introductory screen appears, press:
to continue.
Two screens will then appear which allow you to choose
balloon and select which game you want to play. Press
choose which you want and then press:

your
to

There are three different games you can play:
Flying School — A chance to learn how to fly the balloon.
Flying Test
— Are you good enough to pass the test and become a
Balloon Ace?
Live Mission — Travel across the countryside and see what
adventures you have.
2 Flying school
to switch the burner on
to switch the burner off
to open the vent
to close the vent
to stop the balloon
to continue
Remember that the more you use the burner, the more fuel you use
up. You can refuel if you land close to some gas cylinders. You
will see these on the screen like this.

You should always try to land on a flat piece of ground. Try to
come in as slowly as possible, and never land with your burner on.
This may cause the balloon to set light and explode! If you do
crash you can always press
to carry on.
3 Flying test
To pass your flying test you will need to complete three tasks.
Your tasks will appear at the bottom of the screen. Press:
to see the instrument panel
to see the instructions
In each task you will have to show the 'keen examiner' that you
are safe at the controls of a balloon! Should you pass your test
you will be awarded a rank. Now press:
and let your adventures begin.
4 Live mission
Before starting a mission, you must enter your rank. Press:
to select your rank and
to choose the rank shown.
When you are flying the balloon keep a look out for signals:
.
If you land by one of these signals, you will receive instructions
for a task. Below the message will be a symbol showing where you
must land to carry out the task. Look out for this symbol as you
fly. If you succeed, you will score points, but if you fly over
the landing place for your task, you will lose points. You will
also lose points if you fly past a signal without stopping to
investigate.
Hazards: Pilot Officers and Balloon Aces
hazards, which may cause them problems!
to see the instrument panel

look

to see the hazards

to see the instructions
5 Starting again and finishing
to start again with the same landscape

to start again with a new landscape
to finish

should

out

for

