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Cartesian Diver
Instructions
1. Check the ketchup sachet just floats in the glass of water

(it should slowly rise to the top of the water after you
drop it in). If it sinks, discard the sachet and start again. If
it floats too easily, add a paperclip, you may need several.

2. Drop the diver in the bottle.
3. Top up the bottle with water, so that it is completely full,

and put the lid on tightly
4. If you squeeze the sides of the bottle, the diver should

sink. When you let go, the diver should rise.

When you squeeze the bottle (and the diver sinks), the sachet
behaves as if it was in the earth gravity. When you let go, the
diver behaves as if it was on Mars, or in space in general.
During their training, astronauts spend a lot of time repeating
their tasks underwater in deep swimming pools. When you
are deep enough, objects behave as the diver in the bottle.
Underwater training gives a good (and relatively cheap)
impression of what people will experience when travelling
through space.

At the same speed of 7.5 km/s, how many seconds would
it take to cover the minimum distance between Earth and
Mars you found in the previous section (you should have
found approximately 45 million km)?

How many hours does this represent (there are 3600
seconds in an hour)? 

How many days does this represent?

Conclusion: can you fly from Earth to Mars using the
shortest distance path? Why?

What will you have to do instead?

On the shortest non direct path, travelling to Mars would
actually take about 230 days.

Epilogue

In this activity, you have used mathematics to investigate the
difficulties of manned interplanetary travel. It will be up to
the younger generations, including yours, to find out how
these challenges will be overcome.
Travelling through space is one of the greatest challenges in
the twenty first century. When he first set foot on the Moon,
Neil Armstrong said the famous words ‘one small step for
man, one giant leap for mankind’. What would you say if
you were the first person to set foot on Mars?
This document was prepared by Jean Charpin, Joanna
Mason, William Lee MACSI, University of Limerick (funded
by the Science Foundation Ireland mathematics initiative
grant 06/MI/005) and Michelle Starr, Miriam Liston NCE-
MSTL, University of Limerick, Ireland.

For more resources, visit our websites
www.macsi.ul.ie www.nce-mstl.ie

Effects of Gravity

Moving on Mars will feel very strange because the planet is
much smaller. This means the force that makes you fall back
to the ground is not as strong on Mars (3.9 m/s2) as it is on
Earth (9.8 m/s2). This force is called gravity. To give you an
idea of the effects of this difference in gravity, you can
conduct two different experiments.

Jump effect
A lower gravity means that you will be able to move much
more easily. For example, try to jump off the ground as
high as you can and measure this height as well as you
can. Write this distance down.
Now jump forward and measure the distance you are able
to cover
On Mars, these distances would be much larger. To
calculate this distance, you have to compensate for the
difference in gravity: you have to multiply the distance you
measured by 2.5, the ratio between gravity on Earth and
gravity on Mars.
Height you can jump on Mars
Distance you can jump on Mars

On Mars, every movement you make would be affected in
the same way. How would the dimension of your favourite
sport be affected e.g. what would be the length of a
football pitch or the height of a basketball hoop? 
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MAKE & DO ACTIVITY

As you have seen in the previous sections, the distance
between Earth and Mars is huge. The Solar system is mind
bogglingly large!
In this final exercise, you will construct a human solar system
to give you an idea of the scale

What you need for this activity:
n Ruler
n Ball of string (minimum 20 metres)

In the table below are the orbital radii of the planets in the
solar system and the speed at which they move around the
sun. To construct a human solar system that will fit in your
classroom, you will have to calculate the distance between
the person representing the sun and the person
representing the planet.
To fit your classroom, you should use a scale of 1cm for 1
million kilometres. Calculate the scaled radii corresponding
to this scale.
To the nearest whole number, how many times faster than
Jupiter are Mercury, Venus, Earth and Mars? Write this
number in the scaled speed column.

Planet Orbital Radius Planet Scaled Scaled  
speed radius speed

Mercury 58 million km 48 km/s

Venus 100 million km 35 km/s

Earth 150 million km 30 km/s

Mars 228 million km 24 km/s

Jupiter 778 million km 13 km/s 1

Saturn 1427 million km 10 km/s XXXXXXXX

Uranus 2870 million km 7 km/s XXXXXXXX

Neptune 4500 million km 5.5 km/s XXXXXXXX

Using the scaled measurements, cut lengths of string
corresponding to the scaled radius for the first 5 planets (or
more depending on how big your room is or if the weather is
nice, this exercise could be done outside).

Assign
n A person for each planet you are going to model
n A person to model the sun
n A person for counting

How it works
The person who is modelling the sun should stand in the
centre of the room holding one end of each of the lengths of
string. Each person modelling a planet should hold the other
end of the string. The counter should count “one, two, three,
four” and repeat out loud.
n Mercury should take one step on every number the

counter says,
n To simplify matters, Venus, Earth and Mars should take

one step on every odd number the counter says,
n Jupiter should take one step every time the counter

says “one”.

One step should correspond to the length of a person’s
foot. To simplify the simulation, Venus and Earth are
assumed to move at the same speed. Every time a person is
exactly between the sun and another planet, this person
should say ‘eclipse’.

Why are eclipses not as frequent as you find in this
simulation?

For the planets which you can not fit in the classroom,
whereabouts in the school will they be?

The Solar system


