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Jupiter's moons

At least 28 moons orbit Jupiter.

Most are small rocky or icy bodies
barely visible with powerful telescopes.
The four shown here are the largest.
They are called the Galilean satellites
because they were first discovered by
the Italian astronomer Galileo Galilei
almost 400 years ago. Galileo used

a small handmade telescope to make
the discovery. You can see all four
satellites with a pair of modern
binoculars.

Recipe for life

Chemistry often provides a recipe

for life. But not everything is needed
for living chemistry. Some elements
are far more important than others.
Carbon is perhaps the most important
element of all. Carbon-based molecules
are called organic compounds. Some of
these molecules are essential for life.
Living things contain organic molecules.
Within organic molecules, carbon atoms
bind together to form a chain or ring.
Other atoms attach along the ring.
These atoms are most often hydrogen,

oxygen, nitrogen, or sulfur.
>
y .
» N
» ) .. » 5
" %%
of N » »
» » * ’ .

»



Tides

All material in the universe responds

to an attractive force called gravity.
Everything that feels gravity has mass.
Everything that has mass has gravity.
Mass pulls on the mass of other things.
Each one of us has gravity. In fact, each
one of us pulls the Earth towards us just
as the Earth pulls each one of us toward
itself. Of course, the Earth is much bigger,
so it usually wins this never-ending tug
of war. Planets and moons like Europa
orbit their parent bodies because mutual
gravity pulls them together, just the way
two ice skaters holding hands can spin
in atight circle.

Tides are also the result of
gravity. The gravitational
pull of any mass gets
weaker with distance.
The farther a space ship
goes into space away
from the Earth, the
weaker the Earth's gravity
will pull on that space ship.

The moon creates tides on the
Earth. Oceans nearest the moon
experience a slightly greater force of the
moon's pull when compared to oceans
on the opposite side of the Earth. The
Earth itself experiences an in-between
pull. High tides occur both where water
is closest to the moon and on the oppo-
site side of the Earth, where it is farthest
from the moon.

Lower tides occur at points in between
where the water has rushed away from
the shores. Can you explain why?

The same thing happens on Europa.
Because Europa is small and Jupiter is
massive, the effect might be dramatic.

If Europa is mostly frozen, scientists
calculate that its tides might be only

a few centimeters high-about the width
of your hand. However, if Europa has

a relatively thin ice layer and a deep
ocean, the tides could rise as high as
30 meters, the height of a six-story
building.
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the science team. The images continue to
Galileo made joint observations with the Cassini s
by Jupiter between November 2000 and February 2001 0on 1
to Saturn. This flyby marked the first time that two spacecraft have
ever explored a planet at the same time.

Galileo was launched in 1989. The spacecraft did not reach Jupiter’s
orbit until 1995. Galileo didn’t have enough energy to make a straight flight,
so it traveled in loops using the gravity of other planets. It got gravity
boosts from Venus, Earth, our moon, and even asteroids.

Although Galileo’s main mission was to study Jupiter and its moons,
the SSI took other important pictures all along the journey. From these
pictures, scientists learned that asteroids can have their own moons.
The original Galileo mission was scheduled to last until the end
of 1997. However, the spacecraft was still working fine at that
time, so scientists asked to extend the mission. Such request

are common on space missions, Greeley says.

“They are usually approved because the biggest investment

getting the spacecraft built and off the ground—has already been
made,” he explains. If nothing goes wrong, Galileo could continue
its mission for another two years. “When its mission is complete, Galile
will be programmed to make a death plunge into Jupiter,” says Greeley.

Why such a tragic death for this spacecraft? Greeley says NASA wants

to be extra careful not to transport Earth germs to other planets.

“It’s a very conservative approach. The spacecraft has flown very close
to Jupiter. The giant planet has very severe radiation. Anything on the
spacecraft has most likely already been radiated beyond concern,” he says.

The study of Jupiter will not stop after Galileo’s destruction. More missions
are already being planned. The Europa Orbiter is scheduled to launch in 2008
and will reach Jupiter in 2010. This spacecraft is being designed to look for
signs of a subsurface ocean on Europa using an instrument called a precise
altimeter. The device will measure the shape of Europa over time.

The measurements will offer clues about what the moon is like beneath the ice.

“Europa is pushed and pulled by the gravity forces of Jupiter’s other
satellites,” explains Greeley. “This affects the shape of the moon, just like
if you press on a balloon. The amount of change can tell us something
about the makeup of the planet. If the water is solid ice, it won’t give much.
Thin ice over liquid water will flex more. We can measure how much
the planet is distorted and determine if there’s liquid water there.”

Each bit of information helps Greeley and other scientists understand

Europa’s geology, chemistry, and history. Bit by bit, scientists are gathering
answers to the all-important question: Is Europa cooking up a recipe for life?




The cross-section below shows what¥ e
Europa might be like on the inside.
The bulges are exaggerated to show
the way tidal forces would stretch
the surface.
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We know there is
interesting chemistry
there. We can’t measure
the organic compounds
right now. But we do
know that comets
routinely slam into

the moons of Jupiter.
Comets do have
organic chemistry.
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Imagine you’re sitting in a classroom are you?

in Tempe, Arizona, and you need

to tell some students You couLD sAY thatyouare in the Southwest region of the

: : United States, but that is pretty vague. You could also say that you are
in Russia where S el approximately 33 degrees and 25 minutes north latitude, 111 degrees

HOW WOUld YOU and 55 minutes west longitude. That is a very specific way to describe
des Crlbe your location, but it’s hard to picture in your head.
OUf - .

? To provide a frame of reference, you might say that you are 2,142 miles
location

southwest of New York City, and 376 miles east of Los Angeles. You could
also say that you are in the Sonoran Desert, about 1,000 feet above sea level.
An easy solution would be to send your friends a map, which would

Maps tell stories, just like words. contain all this information and more.
Maps result from personal experiences,

like an ancient villager drawing an easy
route to a river or a modern teenager heavens. Most maps are smaller than what they represent. The difference

SIS W AORHHIC S in size between a map and the area being mapped is called scale.
Maps might also result from the experi-

ences of others. Mapmakers use other
people’s maps and stories to create 10,000 inches on the ground, the map has a scale of 1 to 10,000.

gi‘i’:’]t':?e'z tr;‘i;i‘r’nm:::L‘L‘;?taeuz(i’:;‘zg:"g The study of maps and mapmaking is called cartography. Cartography is
“as old as the hills,” says Robert Edsall, an ASU geographer who specializes
in cartography. “We've always mapped what's important to us,” says Edsall.
Over time, maps have tended to cover more and more area, just as human inter-
ests have expanded from the local area to the infinite scope of the universe.
What is important to you determines what kind of map you make.
There are two basic kinds of maps: thematic maps and reference maps.

m A Thematic maps show how something is distributed over an area.
] I I For example, ASU geologist Phil Christensen has created a map
t °
C o sm showing where the mineral hematite is located on Mars (see page 18).

This map will help scientists decide where exactly on the Red Planet to send

A map is a graphic representation of a particular area of Earth or the

Scale is shown as a ratio. For example, if one inch on the map represents

THE WORLD , AS MAPPED BY THE ROMANS CIRCA 100 B.C.

¥ # . future space missions. The other type of map is a reference map. Most road

=0 SPACE P S
P A &~ N. D" "y maps and atlas maps are reference maps. They help us to locate places. '
Re d u - But what is the best way to describe the location of places on Earth?
Rt 2 WA 'S . . . :

e T There are two ways of describing location: absolute and relative.

P et e il IO - el Relative location tells where you are in relation to something else.

4 - | ,r'd elIeS ona techmque called ' \|I For example, if you say, “My school is two miles south of my house,”

gﬁngulatlon § GPpumctriangulgtes you are giving a relative location. Another person could easily find your

e : r location by determining its
< j‘:@nce from a‘; least threeiatellltes school from your house, but they could not pinpoint it on a map of the city.

L | If' 'yo know how far you are fron]:? Absolute location tells where you are on the planet. This is measured using

Q
thre “f“°'"t5 youean . < coordinates called latitude and longitude. Latitude coordinates tell you how
always tell ﬂrecisely where you are <

&;'J:‘* GPS was developed by the US. = 5 far north or south you are. Longitude coordinates tell you how far east or west
r-"i; Department of Defense to locate ‘;l:' § you are. You can describe any spot on Earth with just these two measurements.
2 o ;°ld'e’5 ofrthe battlte;i:gs Y & Today, you can easily measure latitude and longitude using a GPS
; - Now, anyone can ge un N L. . . . . .
1: = Hikers o¥ten s theﬁn’ - .it, ;‘? :(global positioning system) device. This handheld device receives signals
pE Tl]ey also are being put into. < {from several of 24 satellites orbiting the Earth. It can tell you your exact
LT I’:"- cars and-cell phones. @ location within a few meters.
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ﬁﬂ’ 'U-;H'}fﬁr,ke-a e".(?on.3
.




BY DIANE BOUDREAU

How did people measure latitude and longitude before GPS was invented?

Latitude is actually determined by measuring the angle from the horizon
to the North Star. At any given latitude, the North Star is always in the same
place in the sky, no matter what time of day or year. How far it is from
the horizon depends on your latitude. If it’s directly overhead, you're
at the North Pole. If it’s right on the horizon, you're at the equator (the
imaginary line that circles the Earth at exactly zero degrees latitude).

Longitude was a lot more difficult to figure out. Believe it or not,
longitude was first measured using a clock!

We can measure distance with a timepiece because the Earth is divided
into different time zones. If it is noon in London, it is 7 a.m. in New York
and 4 a.m. in California. To measure longitude, a sailor would set a clock
in Greenwich, England, then sail out into the open sea. At exactly noon
(when the sun appeared directly to the south), he would look at his clock
and compare it to Greenwich time to see how far he’d traveled.

This method wasn'’t very precise back in the 1700s, because clocks
of that era weren’t very accurate. It wasn’t until a watchmaker named
John Harrison invented an extremely accurate watch that sailors could
measure longitude precisely.

Even with today’s advanced mapping technologies, many maps still

0 .h At theneq.uator (odeg‘es
the pole star is on the hori

contain errors. One reason is that most maps are still created by copying
and combining older maps. Unfortunately, an error in one map gets passed
along through all the ones that are copied from it. Sometimes, people will
go out and test the maps to be sure that they are accurate. This process
is called “ground truthing.”

Other maps contain errors that were put there on purpose. For example,
important military locations may be missing or shown in the wrong places

so that enemies cannot find them during a war. Camp David is a place in Maryland
Sometimes, mapmakers do not care about accuracy as long as their where the president of the United
States and his family can go to rest
maps are useful. and relax. You cannot find Camp David
South Pacific Islanders used to make maps out of sticks and shells tied on a map. This is an intentional error

together with rope. The shells represented islands, while the sticks showed that helps keep our president safe.

trade wind directions and ocean currents. The maps did not show the exact

shape or scale of the islands. But they were extremely useful in helping the
islanders sail from one island to another.

Even today, some maps are more useful than accurate. “Did you ever
see an AAA Triptik? The maps that give you driving directions from one city
to another?” asks Edsall. “They generally show highways as straight lines
when they are not. But they still help you get where you need to go.”

Even when accuracy is important to a mapmaker, maps are all inherently
distorted. This happens because a map is a projection—it shows three-
dimensional data on a flat, two-dimensional surface.




i, D MENCLATURE

that

AN BEINGS ARE INTERESTING CREATURES. We like to
e things. We attach names to everything that walks and
ows around us, flies above us, or crawls and swims below
1s. Even in ancient times, people named the stars, constel-
ations, and planets that they observed in the night sky.

All of the planets in our solar system, except for Earth,
are named after Roman or Greek gods. For example,
the planet Mars was named by the Romans after their god
of war. The god Mars was known to enjoy bloody warfare
and violence. The symbol for Mars, O, represents a shield
and a spear, weapons fit for the god of war.

When humans began observing the Red Planet with
telescopes in the 1800s, they viewed distinct areas and
features. When they started making maps of Mars,
it became necessary to name regions of the planet.

Imagine trying to flatten out the peel of an orange you've just eaten.
You can’t do it without tearing it, or stretching it, or squashing it.
You are trying to make a three-dimensional surface two-dimensional,
and to do this, you have to distort it somehow.

Maps distort information, too. Mapmakers choose what type of
projection to use based on how it stretches or squashes the Earth’s surface.
The most common projection is called the Mercator. It used to appear

GEOGRAPHY in most atlases. The Mercator projection shows the correct shapes of

AND
PLANETARY
EXPLORATION

countries, but their sizes are distorted. “Greenland looks huge—as big
as Africa—but in fact it is much smaller,” says Edsall.

The Peters projection, on the other hand, shows correct sizes, but
distorts the shapes of countries. “On this map Greenland looks much smaller.
MAPS ARE IMPORTANT But Africa looks more long and skinny than it really is. And the polar regions
PIECES OF INFORMATION. look squashed,” Edsall says.
THEY DESCRIBE THE PLACES Globes can show shape and size correctly because they are three-
WE LIVE, THE PLACES WE'VE dimensional. These days, geographers are working to find other ways to display
SEEN, AND THE PLACES 3D data with the help of computer modeling and graphics programs. “Some
WE’D LIKE TO VISIT. of the most cutting-edge stuff in cartography right now is representing lots
MAPS HELP US GET FROM of variables measured in three dimensions,” says Edsall. Even more difficult,
ONE PLACE TO ANOTHER- some geographers are working to show 3D data over both space and time!
HERE ON EARTH AND, IN ~ We've come a long way from sticks and shells, but the basic purpose
THE FUTURE, ON OTHER of maps remains the same—to help us find what we need in our town,
PLANETS AS WELL. %our country, or even on Mars.



(no-men-clay-chur): A system or way of naming things or places.
R utL E s F O R N AM I N G

FEATURES:

Large craters are named after deceased scientists
who have contributed to the study of Mars.

Gusev (Maturei M., 1826-1866, Russian astronomer)
Lowell (Percival, 1855-1916, American astronomer)

CRATERS:

Naming rules exist for most features
on planets, moons, and asteroids.
The following are the regulations
for craters:

An Italian astronomer named
Schiaparelli created some of the
first maps of Mars. He named
features using words from Small craters are named for villages and towns

of the world with populations less than 100,000.
Aspen (town in Colorado, USA), Bira (town in Russia),

MEeRCURY Craters are named after
famous deceased artists, musicians,
painters, or authors.

biblical and mythical geography.

Some of his names, such as
Argyre, Hellas, and Tempe,
are still used on maps and
globes of Mars.

In the 1970s, after the
Mariner spacecraft flew by
Mars, many new images were
returned to Earth. A special
group of people was formed
to decide on names for the newly
discovered features. This group
also set up rules for naming future
discoveries. All features on Mars have
two names. The first is a formal name
following the international rules that
have been established. The other is
a geologic name. The second name
tells us what type of geologic feature

Isil (town in Spain), Jama (town in Tunisia),
Kakori (town in India)

Large valleys are named for the word used

for Mars (or star) in various languages of the world.

Ares Vallis (word for Mars in Greek)
Mangala Valles (word for Mars in Sanskrit)
Marte Vallis (word for Mars in Spanish)
Mawrth Vallis (word for Mars in Welsh)
Nirgal Vallis (word for Mars in Babylonian)
Tiu Vallis (word for Mars in Old English)

Small valleys are named for classical
or modern names of rivers.

Indus Vallis (river in Pakistan)
Naktong Vallis (river in Korea)
Warrego Valles (river in Australia)

All other features retain the names given by
Schiaparelli or Antoniadi, Italian astronomers.
Amazonis Planitia (classical name)

Libya Mons (classical name)

Olympus Mons (classical name)

it is. Following are some examples of geologic names:

MONS: MOUNTAIN

CRATER: CIRCULAR DEPRESSION

DORSUM: RIDGE

PLANUM: PLATEAU OR HIGH PLAIN

FOSSA: DEPRESSION (HOLE)
VALLES: VALLEY

Olympus Mons is a mountain
formed by a volcano. It is named
after Mount Olympus in Greece.

Sometimes the name order is reversed. For example, in Valles Marineris,

the geologic name comes first. Valles Marineris is a valley named after

the Mariner spacecraft that first flew by Mars.

New missions to Mars typically result in the discovery and naming of new

features. The Mars Pathfinder landed in the Ares Vallis on Mars in July 1997.

Lots of rocks were named. The Mars Pathfinder team decided to have a little fun.

They named some of the interesting rocks at the landing site after cartoon

characters that the rocks resembled. The rocks became known as Casper,

Yogi Bear, Scooby Doo, and countless other wacky characters.

VENUS Large craters on are named
after famous women. Small craters

on Venus are given common female first
names.

EARTH’S MOON Large craters are named
after famous deceased scientists,
scholars, or artists. Small craters on

the moon are given common first names.

EuroPA Craters on this large moon of
Jupiter are given names of Celtic gods
and heroes.

GANYMEDE Craters on another Jovian
moon are named for gods and heroes
of the ancient Fertile Crescent people.

Craters on the asteroid IpA are named
for caverns and grottos of the world.

from Red Planet Connection, October 1998
Nomenclature information courtesy

U.S. Geological Survey and

International Astronomical Union

Anyone can submit a name
for a specific feature on Mars!

A committee of the International
Astronomical Union meets once
each year to consider appropriate
names. If you would like to suggest
a name for a feature on Mars,

send your suggestion to:

U.S. Geological Survey

Branch of Astrogeology, Room 409
2255 N. Gemini Drive

Flagstaff, AZ 86001

http://chainreaction.asu.edu/





