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Make a cold planet!

Brrr! Cold Planets!
MARS: A PLACE THAT GOT COLD
AND STAYED THAT WAY

N

o matter how much warmth you and I feel
on a sunny day, our planet, like all planets,
is moving through extreme cold—the icy
blackness of space. Any heat that a planet soaks up
is, sooner or later, given off back into space. Try this
on a winter morning: observe the roofs of houses
and cars. They are often frosty. That’s because they
face up into the night sky. Most of the heat that
radiates off a car or house roof goes up and out—off
the Earth. The heat just keeps on going through
billions of kilometers of cold, dark space. So, any
part of a planet that faces into space is cooling off.
THE SMALLER, THE COLDER

Mars and Earth were made from enormous
clouds of dust drifting through the cosmos.
Dust particles, just like anything else with mass
(including you and me), have gravity. Gravity
crushed dust together to form our planet. When
something gets compressed like that, heat builds
up. Try deflating your bike tire and then pumping
it back up. The pump gets warm; that’s from your
smooshing air molecules together. The same thing
happens with planets, especially as the heavier
elements sink to the center. A planet might start
out well over 10,000 degrees Celsius (18,000

degrees Fahrenheit) inside. Along with the heating
caused by gravity, Earth is kept warm today by
radioactivity, just like the heat produced in a nuclear
reactor. By studying radioactive rocks in Earth’s
crust and in meteorites, we’ve discovered that
Earth and Mars are about 4.6 billion years old.
COLD ENOUGH, AND YOU RUN OUT OF GASES

Billions of years ago, the two planets were both hot
inside; one has cooled off a great deal more than the
other. Try the experiment on the next page. It may
be that Mars has cooled off so much that it
has no churning iron inside, like Earth
has. That may have left Mars with
almost no magnetic field. Without
the magnetic field, particles that
come streaming off the Sun
(the solar wind) would be
able to scrape the ancient
Martian atmosphere
right off the planet. On
Earth, the magnetic
field deflects the solar
wind particles, and our
atmosphere remains with
us. Ahhh …When it comes
to these two planets,
bigger means warmer.

DID YOU KNOW THAT…

Mars Got Cold and
into the middle of the ball, not into your palm.)

 If you have two thermometers, you can poke

Make your lumps of
clay good and big!

You can see why Mars is quite a bit cooler inside than our
Earth; our planet still has a hot core. With a cooler core, Mars
may have lost its magnetic field. Here’s what you need:
 A lump of clay (about half a kilo, or a pound)
 A cook’s thermometer or, better yet,
two cook’s thermometers
 A little bit of space in your family’s
freezer (for about an hour)

Put them in the freezer,
then check them every
few minutes. Graph the
temperature versus
time. The small ball cools
faster, just like Mars...

HERE’S WHAT YOU DO:

 Separate your clay into two lumps, one with half the
diameter of the other. (The diameter is the distance
across a circle or ball, measured through the middle.)
 Roll each lump into a ball.
Imagine that the larger ball represents our Earth
and the smaller ball represents the planet Mars.
Earth is 12,756 kilometers (7,926 miles) in diameter at
the equator. Mars is 6,792 kilometers (4,220 miles).
The diameter of Mars is about 53% the
diameter of Earth, so making one ball 50%
the diameter of the other is pretty close.
 Measure the temperature inside each clay planet.
 You can poke a single thermometer into each ball, one
at a time. (Be careful—get the tip of the thermometer

These thermometers are
in degrees Fahrenheit,
an old feature of
living in the U.S.

Have more fun learning about space at planetary.org/kids
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one into each clay planet. If you have only
one, push it into one of your planets.
 Put both clay planets, thermometer and
all, in the freezer for an hour or so.
Take both planets out and measure their temperatures
again. (If you have just one thermometer, record
that temperature, then take it out right away and
gently push it into your second planet to record that
temperature.) The smaller planet cools off faster, often
a lot faster. (When I do it with clay I bought at an office
supply store, the clay Mars ends up about 10 degrees
Celsius, or 18 degrees Fahrenheit, colder than the clay
Earth. You may get a somewhat different result.)
You can think of it this way: if planets were boxes or
cubes instead of balls or spheres (mathematically perfect
balls), a box half as big in each dimension (length, width,
and height) as another box would hold 1/2 x 1/2 x 1/2 = 1/8 as

DID YOU KNOW THAT…

You would have to fly round trip between Tokyo and Los Angeles over
1 million times to go as far as Voyager 1 has traveled already?

Stayed That Way!
much stuff as the bigger one. You can add up the area on
the outside of the boxes. A box has six sides; if it’s a perfect
cube, the sides are all squares, equal in size. If each side
is one square unit (could be a square centimeter, a square
meter, a square inch, or a square foot), the box would have
a surface area of 6 square units. The smaller one would
have 6 x 1/2 x 1/2 = 6/4 = 3/2 = 1 1/2 square units, 1/4 the surface
area of the bigger box. (The exact same ratio comes
through for spheres, but the equations are a little trickier.)
So if Mars were made of the same stuff as the Earth,

it would have 1/2 x 1/2 = 1/4 the area but 1/2 x 1/2 x 1/2 = 1/8 the
volume and mass. Relative to Earth’s, the ratio of surface
area to mass is twice as large. Heat would flow off it
twice as fast as from Earth. Actually, because Mars is
made of slightly less dense rocky stuff than Earth, Mars
ended up about 1/10 as massive. Even though it has less
surface area from which heat can escape, the Red Planet
has much less heat-holding mass to start with. So, heat
from the Earth and Mars flows off into the icy blackness
of space just like the heat in your clay model planets.

Help Voyager 1 Escape!

“Our special PLANETARY
SOCIETY KIDS insert in each
issue of our magazine is
shareable! I want everyone—
young and old—to know and
appreciate our place in space!”
BILL NYE, CEO

Voyager 1 made news recently when it found a new region
of space (check it out at HTTP://1.USA.GOV/VOYAGERHIGHWAY).
Can you help Voyager 1 leave Earth?

LEARN!

Get your parents signed up to receive The Planetary Report!
The whole family can learn about space science together.

DID YOU KNOW THAT…
 Ganymede is the largest moon in the solar system?
 At 5,265 kilometers (3,272 miles) across,

it’s bigger than Mercury? (Mercury is only
4,879 kilometers, or 3,032 miles.)

 But Ganymede has half as much
mass as Mercury?

Images: globe: NASA/JPL/Ted Stryk; globe layers; Doug Ellison; geology photo: NASA/JPL/Emily Lakdawalla

 This is because Ganymede—like most giant
planet moons—is made mostly of water
ice? (Mercury is all rock and metal.)

 Ganymede is the only moon in the solar

system that makes its own magnetic field?

 This means that part of Ganymede’s
iron core is liquid, just like Earth’s?

 It also has a layer of liquid water
under its surface ice?

 The European Space Agency is

going to send a spacecraft to orbit
Ganymede? It will arrive in 2032.

Ganymede
from Galileo

LEFT Ganymede is layered.
Its upper layers are mostly
water. A liquid water ocean
layer lies between two ice layers.
Below the ice is rock. In the center
is a partly liquid iron core.

As big as a planet and just as complex
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LEFT Ganymede has complex
geology. The heavily cratered stuff
is the oldest material. It was split in
half by the grooved terrain of Erech
Sulcus. Later, both the old, cratered
stuff and Erech Sulcus were split
by another set of grooves, named
Sippar Sulcus. Erech Sulcus is about
70 kilometers (44 miles) wide.
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