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A SPAGE EXPLORATION GAME




MISSION OBJECTIVE

Choose a spaceship and sign on as your favorite crew member. Then
zoom around the orbital path from Earth toward Mars. Repair malfunctions
(breakdowns) by answering questions on science and technology. If all sys-
tems are “go” (your ship has no malfunctions), be the first to land on
Mars to win. It won't be easy: Mars is a moving target, orbiting swiftly on
its path!

PLAYERS: 2 to 6, ages 8 to adult

GAME CONTENTS

e Mars 2020 Game Board

e 6 Spaceship Playing Pieces

e 2 Jumbo Dice

e 1 Mars (red-colored marble)

e 8 Crew Member Cards

e 47 Mission Control Cards

e 275 Spaceport Repair Cards containing 550 questions
e Spaceport Repair Card Box

e Rule Booklet

Getting Ready to Play

1. THE QUESTIONS: Locate the Spaceport Repair Cards inside the
Spaceport Repair Card Box and place the appropriate card divider between
each of the five categores.

Primary Mission (science)
Technical (engineering)

Life Support (medical)
Propulsion (space flight)
General (all areas of science)

2. LEVELS OF PLAY:

Before starting play, each player chooses to play either level 1 (easier)
questions or level 2 (more difficult) questions according to his or her
knowledge of space science and technology. For a greater challenge, play-
ers can choose to answer questions in short answer format, without hear-
ing the three multiple choices.

3. CREW MEMBERS:

Locate the eight Crew Member Cards. There are two pilots (propulsion
specialists), two engineers (technical specialists), two scientists (primary
mission specialists), and two doctors (life support specialists). Players



each choose one crew member to portray during the mission by selecting
one of the Crew Member Cards. It is helpful to place each selected Crew
Member Card where it can be seen throughout the game as a reminder of
each player’s specialty.

4. MISSION CONTROL CARDS:
Locate and shuffle the Mission Control Cards. Place the deck facedown
on the game board.

5. MARS:
Place Mars (the red-colored marble) on any of the 11 red spaces (with
holes cut out) on the outer path.

6. ORDER OF PLAY:

Each player chooses a Spaceship playing piece and puts it on Earth near
the center of the board. The youngest player goes first. Play continues to
his or her left. You're now ready for lift-offl

Basic Play 0f The Game

Players attempt to be the first to reach Mars from Earth by racing counter-
clockwise along the orbital path. Rolling the dice prompts each move —
the white die controls the movement of your spaceship, the red die con-
trols the movement of Mars along the outermost orbit. Along the way, play-
ers may encounter malfunctions which can occur when the white die indi-
cates that they draw a Mission Control Card. Players with malfunctions
must remain in their current orbit (continuously looping around) until they
can repair their malfunction(s). One of the ways to fix malfunctions is to
land on a Spaceport and correctly answer space-related questions from
the Spaceport Repair Cards. Once a player is malfunction-free, he or she
may travel freely to the next orbit at the asteroid “jump off’ space. As a
strategy, players may stop at Spaceports and answer guestions even
though they have no malfunctions. Players then save the cards that were
answered correctly and “bank” them for future use as malfunctions occur.
You win if “all systems are go” and you are the first to land on Mars!



Rules for Playing

1. TO TAKE A TURN:
To zoom ahead, roll both dice. The red die controls the movement of
Mars; the white die controls the movement of your ship.

e RED DIE: A 1 or 2 roll means to move Mars ahead in its orbit either one
or two spaces. Always move Mars first and your ship second.

“Boost X 2" means that Mars moves two spaces and your ship moves
twice as far as the number showing on the white die. For example, if the
white die shows 3, move your ship 6 spaces.

o WHITE DIE: A 1, 2, or 3 roll tells how many spaces your ship can move.
(Remember to move Mars first.)

“Mission Control” means to move Mars as indicated on the red die and to
draw a Mission Control card instead of moving your ship (see rule 2). Even
if you'roll a “Boost X 27 on the red die and a “Mission Control,” you still
can't move.

2. MISSION CONTROL CARDS: .
Rolling “Mission Control” on the white die means that your Mission
Control team back on Earth has a message for you — either good or bad.
Draw the top Mission Control card and read it aloud. A draw from the
Mission Control deck will present one of the following messages:

* SPACEPORT FREE PASS: Each colored-coded orbital path on the board
has a Spaceport. On your current turn or on any future turn, use this card
to zoom directly to the Spacepcrt within your orbital path (or to either of
the two Spaceports if you are in Mars' orbital path). Directly after using
the Free Pass card, place it on the bottom of the Mission Control deck.

o BACK-UP FUEL SUPPLY: On your current turn or on any future turn, use
this card to take an extra turn. After using the card, place it on the bottom
of the Mission Control deck.

e GRAVITY ASSIST: This card allows you to advance to the next orbit.
Place your spaceship on the first space after the asteroid in the next orbit
— but only if you have no malfunctions. If you do have malfunctions,
move to the Spaceport in your orbit instead. Answer a question that can
fix your malfunction(s). If you are in Mars’ orbit, you can’t advance to a
higher orbit but you can move to the nearest Spaceport — if you want to.

o MALFUNCTION: Something is wrong with your ship! You need to fix it
because you can’t leave your current orbit if you have a malfunction. There
are two ways to fix a malfunction: by making an automatic repair or by
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Automatic Repairs

If a malfunction is in your field of expertise (e.g., you're a doctor and it's

a Life Support Malfunction), you're in luck. You can make an automatic
repair. As soon as you get a malfunction, simply put the Malfunction Card
on the bottom of the Mission Control deck and end your turn. Here are the
four experts and the automatic repairs that each one can make:

Pilot: Propulsion Repairs
Engineer: Technical Repairs
Scientist: Primary Mission Repairs
Doctor: Life Support Repairs

Using Spaceport Repair Cards To Fix Malfunctions

What if the malfunction is not in your field of expertise? To fix it, you need
to get to a Spaceport and correctly answer a matching Spaceport Repair
Card question (e.g., a Life Support Repair Card fixes a Life Support
Malfunction) or a General Repair Card question, which can fix all cate-
gories of malfunctions.

If you don't already have a matching Spaceport Repair Card, you'll have to
earn one. Keep the Malfunction Card in front of you. On your next turn, try
to travel to the Spaceport in your current orbital path and earn a
Spaceport Repair Card. (See rule 3.)

If you already have collected a usable Spaceport Repair Card (because
you chose to stop at a Spaceport and earn a Repair Card before you had
a malfunction), discard it and put the Malfunction Card on the bottom of
the Mission Control deck. Then end your turn.

3. SPACEPORTS:

Each color-coded orbital path has a Spaceport. (The outer path — the
orbit of Mars — has two Spaceports.) On any Spaceport, you can earn
Spaceport Repair Cards by answering questions correctly.

How do you get to a Spaceport? There are four ways. 1) Land on one
with an exact roll. 2) Stop on a Spaceport and give up any remaining
moves on the white die. 3) Use a Spaceport Free Pass — a bonus card
in the Mission Control deck. (See rule 2.) 4) If you start your turn on a
Spaceport, simply stay there instead of rolling the white die. (You must
still roll the red die and move Mars.)

While in Mars’ orbit, a player is not required to travel to the two
Spaceports located outside the orbit. If malfunctions occur, however, the
player may want to detour to a Spaceport for repairs unless an automatic
repair (a malfunction within the player's specialty) can be made or the
player can use previously earned Spaceport Repair Cards.



In any case, while you are on a Spaceport (and whether or not you have a
malfunction), you can use your turn to earn a Spaceport Repair Card as
follows:

e CHOOSE A CATEGORY. Four repair categories match the four types of
malfunctions. (Remember: You don’t need a Spaceport Repair Card for
your field of expertise. So pick one of the other categories.) A General
Repair Card can repair any and all of your current malfunctions. However,
the questions are harder. For example, if you have a Propulsion and a Life
Support malfunction, a correct answer to a General question will repair
both of them.

o ANSWER A QUESTION. The player on your left (or a designated reader)
draws a card in your chosen category. He or she reads the easier level 1
or harder level 2 question. (See “Getting Ready to Play,” page 1.) If your
answer is incorrect, the reader discards the card; your turn is over. If your
answer is correct, put the Spaceport Repair Card in front of you.

Note: Many answers include an explanation in italic type inside paren-
thesis. Don’t read this part when stating the multiple choices, unless
you want to give hints.

e USE IT, SAVE IT, OR LOSE IT. As soon as you earn a Spaceport Repair
Card, you can use it right away to repair a malfunction and then end your
turn. Simply discard the Spaceport Repair Card and put all matching
Malfunction Cards on the bottom of the Mission Control deck. For exam-
ple, a Propulsion Repair Card will fix all Propulsion Malfunctions. A General
Repair Card will fix all malfunctions of any kind.

If you don't have a matching malfunction, keep your Spaceport Repair
Card for a later turn. However, the longer you keep a card, the greater the
risk that another player will take it from you (see rule 5).

4. ASTEROIDS:

The asteroids on the board are the dividing points between orbital paths.
Each path is a different color. When your spaceship reaches an asteroid,
check to see if you have any Malfunction Cards. If you don’t have any
Malfunction Cards, your ship is “all systems go.” That means you can
proceed on course to the next highest orbital path — called an “orbital
insertion maneuver” in space lingo.

If you have a malfunction, you must loop back around and stay in

the same orbital path. Your goal is to reach the Spaceport in that path
and earn a matching Spaceport Repair Card as soon as possible (see
rule 3).

5. DOCKING WITH OTHERS:
If you land on a space that is occupied by another spacecraft and is not a



Spaceport, you can “dock with” the other ship. This means you can take
any one of the player’s cards. If the player has no desirable cards, you're
out of luck. Just shake hands and end your turn.

6. LAND ON MARS - WIN THE GAME!:

When you reach the outer ellipse, you are in the orbital path of Mars. If all
systems are go (no malfunctions), you can attempt a landing on Mars. It's
not easy! Mars is always in motion. But luckily, you don't need an exact
roll. You just need enough moves to reach Mars.

Another way to win is to let Mars catch up with you. In this case, Mars
must “land on” you with an exact roll of the red die. This could happen
on your turn or on someone else’s turn.

If you get a malfunction while in the outer orbit, you must repair the prob-
lem as usual before you can attempt a landing. If you need a Spaceport
Repair Card, take a detour to one of the two Spaceports. Since these
Spaceports are not on Mars' orbital path, you’ll have to make your repair
and return to Mars’ orbital path in order to win. If your have no maifunc-
tions, it is not necessary to travel to the Spaceports unless you choose
to stockpile Spaceport Repair Cards.

Strategy Tips

TAKE A CHANCE:

Some players may choose to speed ahead, using all the moves on the
white die to take the lead instead of stopping on Spaceports to collect
Spaceport Repair Cards. This is a risky strategy because malfunctions can
happen at any time. But with a little luck, players may get close to Mars
before encountering too many malfunctions. The more confident you are
that you can repair malfunctions by answering questions correctly, the
more risk you can afford to take.

PLAY IT SAFE:

A safer but slower strategy is to go to a Spaceport early in the game

and stockpile Spaceport Repair Cards. You can save up any humber of
Spaceport Repair Cards to use against future malfunctions. Remember,
however, that other players can steal unused cards by docking with you
(landing on your space). Also, you only earn Spaceport Repair Cards if
you answer questions correctly. Answering incorrectly is like losing a turn.

TIME YOUR LANDING:

If Mars is far away when you reach the outer orbit, you can hang out at a
Spaceport and wait for Mars to catch up to you. Answer questions and
stockpile Spaceport Repair Cards while you are on the Spaceport. Then
zoom back onto the orbital path when Mars draws near.



Game Variations

EASIER AND FASTER (NO QUESTIONS):

Non-readers or those looking for a fast game can zoom from Earth to
Mars without answering questions. You won't need the box of Spaceport
Repair Cards, but you do need the shuffled deck of Mission Control Cards.

To begin, each player chooses a Crew Member Card and places his or her
ship on Earth as usual. (See “Getting Ready to Play,” page 1.) To begin
each turn, roll both dice and move Mars (red die) and your ship

(white die).

“Mission Control” on the white die means to draw a Mission Control Card
instead of moving your ship. (Move Mars as usual.) If you draw a
Malfunction Card in your area of expertise (e.g., you draw a Life Support
Malfunction Card and your Crew Member Card says you are a doctor),
make an automatic repair, Simply put the Malfunction Card on the bottom
of the Mission Control deck and end your turn.

To fix any other malfunction, you have to get to a Spaceport. On your next
turn(s), roll the dice and try to get to the Spaceport in your orbital path. As
soon as you're on the Spaceport, discard any and all Malfunction Cards
and end your turn.

Once all systems are go (you have no malfunctions), roll the dice and
zoom off the Spaceport on your next turn. You might roll a “Mission
Control” while on a Spaceport. If you then draw a Malfunction Card, simply
discard the card and wait for your next turn.

To win, land on Mars or allow Mars to land on you as usual.

CHALLENGE QUESTION:

Once you land on Mars, you must answer a question in your field of
expertise in order to win the game. If you answer incorrectly, go to either
Spaceport in the outer orbit and attempt another landing on a future turn.

LONGER GAME:

For a longer game, players must land on Mars and then race back to
Earth! As soon as you land on Mars, go back to the nearest asteroid.
Then move backwards along the game track. All other rules still apply.
You can't move down to an orbital path closer to Earth unless all systems
are go.

EXTRA STRATEGY:

If you dock with another player, you can either take a Spaceport Repair
Card or send the player back to the nearest asteroid. Players can willingly
trade cards at any time. The actual trades are up to the players.



COOPERATIVE PLAY:
The goal is for all spaceships to land safely on Mars before Mars lands
on you!

Whenever you dock with (land directly on) another player who is not on a
Spaceport, you join spaceships. Two, three, or all four players can join
together in this way.

Each player still takes a turn, but players move their joined spaceships
together on the board. Both (or all) ships must be “all systems go” before
moving up to the next orbital path. Players can use their Spaceport Repair
Cards (or their areas of expertise) to repair either ship. For example, a
doctor and a pilot can repair any Life Support or Propulsion Malfunctions
that happen to either joined ship. Both players answer questions together.

If Mars lands on any ship during the game, everyone loses.

A Few Words About Mars

As you probably noticed, Mars 2020 isn’t exactly like a real mission to
Mars. We took a few liberties with the facts to make a fun, fast-paced
game. Here's where we set the record straight:

e THE CREW: No human will fly to Mars alone. The question is: How many
astronauts should go, and what should their specialties be? A proposal
called “Mars Direct” by Robert Zubrin (outlined in his book The Case for
Mars; Touchstone; 1997) calls for just four astronauts —two scientists and
two mechanics with field training in other disciplines. Other plans propose
a larger crew, perhaps including a pilot and a doctor. What do you think?

e THE ORBIT OF EARTH: Of course, Earth doesn’t stay in one place. Like
Mars, it orbits the sun in a continuous ellipse. If you play the “return to
Earth” variation, remember that Earth would normally be a moving target.

e THE ORBIT OF MARS: Mars doesn’t orhit in random fits and starts of

1 or 2 leaps. However, it does change speed. lts orbit is very elliptical
(elongated) for a planet, which takes it both farther from and closer to the
sun relative to its average distance. As Mars draws closer, it gradually
speeds up (following one of Kepler's laws of planetary motion). As Mars
gets farther away from the sun, it gradually slows down.

e THE TRAJECTORY (flight path): Mission planners take into account the
movements of both Earth and Mars when planning a trajectory. One pro-
posed trajectory begins as the planets are at conjunction- on opposite
sides of the sun with the sun directly between them. Another begins as
Mars is in opposition— both planets are on the same side of the sun;



Earth is between Mars and the sun. The first method takes longer for a
round-trip, but the second one requires more propellant. Space probes
can afford the long, loopy, low-fuel route; Mars astronauts would benefit
from less exposure to the dangers of space.

e THE LAUNCH WINDOW: In Mars 2020, pilots can leave Earth anytime.
That's not a great idea in the real world. The “launch window" is the ideal
time to leave. That’s when Mars and Earth are positioned relative to each
other so as to require less time and fuel to get from one planet to the
other. For a trip to Mars, the launch window opens every 26 months. (This
makes sense: A Martian year is roughly twice as long as an Earth year-
686 Earth days.)

To take advantage of these launch windows, NASA has planned missions
to Mars every 26 months, starting with the Pathfinder mission in 1297
through a proposed piloted mission in the early 21st century. In 2005, for
example, NASA hopes to send a robot to Mars to collect rocks and bring
them back to Earth. For updates, check the NASA web site: www.nasa.gov.

e THE LENGTH OF A JOURNEY: In Mars 2020, you can zip to Mars in
about 20 or 30 minutes. A real round-trip mission will take two or three
years. The outbound trip may be as short as 180 days, but astronauts
have to wait for an Earth launch window before they can return.

» ORBITAL INSERTION (getting into orbit): Even before a spaceship leaves
for Mars, it is traveling very, very fast—at the speed of Earth. Earth orbits
even faster than Mars does (because it's closer to the sun.) When the
ship finally reaches Mars, it will be traveling close to the speed of Mars —
close enough to be captured by the planet’s gravity. In short, Mars will
grab the ship as it draws near. A proper speed and angle of approach will
place the ship into an orbital path around the planet.

e SPACEPORTS: Spaceporis along the way to Mars would serve the same
functions as inns on a country road — safe stopping points to refuel and
repair vehicles and catch up on the news. Unfortunately, none exist yet.

If something goes wrong when astronauts are beyond the point of return-
ing to Earth, they will have to either fix it in flight or live (or die) with the
malfunction.

s The space station: Currently, a coalition of countries is building what
may become a stepping stone to space. Parts of the International Space
Station (ISS) have been built in the United States, Canada, Russia and
other countries. The parts are soon due to be flown into space and
assembled in orbit over a period of many years. The station will have a
continuous crew to conduct science experiments and manufacture space
products.



GLOSSARY OF SPACE WORDS

Acrophobia: Fear of heights.

Aerobraking: Dipping into the atmosphere to allow friction to slow the ship down.
Aerobraking saves on fuel.

Albedo: How much light reflects off an object — sunlight reflecting off a planet or
moon, for example. An albedo of O means a black surface reflects no light at
all. An albedo of 1 means a surface reflects all light. Venus has a high albedo
(.65) due to bright clouds, but dark, cloudless Mercury's albedo is just .11.

All systems go: No malfunctions (problems) on board.

Artificial gravity: A force that feels like gravitational pull (but isn't). Artificial gravity
can be created by rotating a spaceship in a wide circle with a wide radius, for
example,

Asteroid: A minor planet — a chunk of debris that's smaller than one of the nine
major planets. Ceres, the largest known asteroid, is about 780 kilometers
(485 miles) in diameter. Most known asteroids orbit the sun between Jupiter
and Mars.

Astrology: A non-scientific (and unproved) belief that celestial bodies supposedly
influence human events on Earth. Astrology gave rise to the scientific field of
astronomy.

Axis: An imaginary line that connects a planet’s poles. Planets spin on an axis.

Avionics: The electronic instruments involved in flight.

Bends: A painful (and sometimes fatal) condition caused when a human experi-
ences a sudden change in pressure. For example, divers who rise to the
surface too fast undergo a rapid change from high water pressure to lower
pressure. Astronauts who spacewalk change from a sea level air pressure
inside the cabin to a lower air pressure inside the spacesuit. The change in
pressure can cause the gas nitrogen to “bubble out” of the bloodstream like
carbon dioxide out of soda pop. To avoid the bends, astronauts stop breathing
nitrogen for several hours before a spacewalk.

Calcium: Important mineral for maintaining strong bones.

Caldera: The collapsed top of a volcano that forms a crater.

Caliche: Salt left behind after a sea has dried up.

Callisto: Heavily cratered Jupiter moon.

Carbon dioxide; Gas that makes up 95% of the Martian atmosphere.

Closed loop system: A nearly 100% recycling system that makes the same
resource (such as water) usable over and over.

Comet: Dirty, icy chunks traveling through space. Near a source of radiation such
as the sun, the ice turns to gas, forming a tail.

Commander: Leader of the mission.

Concave lens: Lens that is curved inward or “caved in.”

Convex lens: Lens that is curved outward, or bulges.

Constellation: Familiar pattern of stars in the sky, such as Orion the Hunter.
There are 88 official constellations.

Crater: A hole in the ground caused by a meteor (impact crater) or collapsing
volcano top (caldera).

Cryogenic: Having to do with supercold temperatures.

Dark matter: Outer space matter that is too dark to see. It includes varieties
called WIMPs and MACHOs.

Dehydrate: Remove water, Dehydrated food is often in powder form. Astronauts
rehydrate it — add water to it — before eating it.
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Deimos: The smaller, higher Martian moon.

Delta V: The symbol delta means “change” and a delta V is a change in velocity —
the speed or direction of an object. Each change costs precious fuel, so thrifty
trajectories (flight paths) have fewer delta V's.

Dock: Link with another ship so that astronauts or cargo can pass from one to
the other.

Electrolysis: Charging water with electricity to split the hydrogen and oxygen
atoms apart.

Ellipse: An oval that has special properties. An ellipse has two foci (focus points)
or, in the case of a circle (a perfect ellipse), one focus point at the center.

Europa: Icy Jovian moon.

Flyby: Flying closer to a planet, moon, or other object, often in order to gather data
or get a gravity assist (boost in speed).

Fuel Cell: Device that turns hydrogen and oxygen into water and electricity.

Galaxy: System of stars held together by gravity. Our galaxy is called
The Milky Way.

Galley: Kitchen.

Ganymede: Most massive Jupiter moon.

Glove boxes: Sealed experiment boxes that astronauts access by inserting their
hands into built-in gloves.

Gravity assist: Slingshotlike boost in speed contributed by the gravity of a planet
or other body.

Hydrogen: The simplest gas in the universe and first element on the periodic
table. The sun fuses hydrogen atoms to make helium, the second simplest
gas in the universe.

Hypothermia: Body temperature lowered to a dangerous level.

Ignition: Catching fire. Rocket fuel ignites, for example.

Inertia: The tendency of an object in motion to keep moving and an object at rest
to stay at rest unless acted on by a force.

Insulation: A barrier to heat. Insulation keeps body heat from escaping and also
keeps the sun’s intense heat from reaching the body.

lo: Volcanic Jupiter moon.

Iron oxide: Rust.

Irradiation: Exposing food to radiation to preserve.

Kepler’'s laws: Three physics laws that describe how planets orbit the sun. To
paraphrase: Planetary orbits are ellipses. A planet moves faster in the part of
the orbit that is closest to the sun. The larger the orbit, the longer it takes a
planet to go around the sun.

Launch window: The best time frame to leave for a destination in space.

Light year: The distance that light travels in one year: nearly 6 trillion miles.

Lithium Hydroxide: Chemical used to clean cabin air of carbon dioxide.

Maghnitude (apparent): How bright an object appears in the night sky. The lower
the magnitude, the brighter the object. The moon is about -12.5 in magnitude.
Sirius the Dog Star is a bright -1.5

Malfunction: Breakdown of equipment.

Meteor: A chunk of space rock (such as an asteroid) that enters the atmosphere
of a planet, moon, or other body. Some meteors burn up in Earth’s
atmosphere. A meteorite is a meteor that manages to reach the surface.

Microgravity: A more accurate term for “weightlessness,” or the much-reduced
effect of gravity's pull due to an object being in orbit. Gravity is still present

11 (it's what keeps spaceships and astronauts in orbit), but its effect is not felt.



Mission Specialist: Scientist or technician who carries out the primary mission —
conducting experiments, launching satellites, etc.

Modular: Made with interchangeable parts.

Momentum: The mass of an object multiplied by its velocity (speed and/or
direction).

Nanotechnology: The technology of making extremely small machines. Nano
means “one billionth.”

Nebulae: Giant clouds of gas and matter where many stars are born.

Newton: A metric unit of force; 1 newton of force can accelerate a mass of
1 kilogram 1 meter per second.

Nitinol: A strong, flexible alloy of titanium and nickel.

Nuclear thermal rocket (NTR): A possible replacement for chemical rockets. NTRs
use nuclear power to create heat that changes liquid into jets of steam.

Olympus Mons: Martian volcano almost three times higher than Mount Everest.

Orbit: Path of an object around a body (a moon around a planet, for example). A
stable (unchanging) orbit is elliptical in shape.

Phobos: Small Martian moon that orbits very close to the planet.

Photometer: Instrument that measures light intensity (brightness).

Plutonium: Radioactive element used in the propulsion system of unpiloted
spacecraft.

Pole: The end point of the axis of a spinning body. The North and South Poles are
at opposite ends of Earth's axis.

Prism: Polygonal-shaped glass rod used to bend light rays, often separating the
rays into the colors of the visible spectrum.

Propulsion: The system that makes the ship go, including the engines, thrusters,
and fuel.

Proxima Centauri: The nearest star beyond our sun.

Quarantine: Isolating people from contact for a period of time, usually to prevent
the spread of disease.

Rad: Unit of exposure to radiation. Several hundred rads experienced in one burst
can cause death.

Radiation: Electromagnetic energy (including visible light) that the sun emits in all
directions.

Regolith: The dirt layer of a planet or other body. On Earth it's called soil.

Satellite: An object that orbits a more massive object. Satellites can be natural
{such as moons) or artificial {(such as a communications satellite).

Simulator: Computer that mimics real conditions, such as a space mission. Pilots
and other workers use simulators to practice maneuvers safely and to test
their responses to simulated emergency situations.

“Snoopy Hat”: Communications equipment on a spacesulit.

Solar flare: Explosion on the sun’s surface that extends many million miles
into space.

Stages: Separate sections of a rocket engine. After each stage burns up its fuel,
it drops off. Less thrust is needed to boost the newly lightened rocket into
higher orbit.

Syzygy: The lining up of celestial bodies in space —Mercury, Venus, and Earth in a
line outward from the sun, for example.

Terraform: Change a planet’s environment—climate, flora and fauna, soil, air
quality to sustain life.

Thermostabilized: Food that has been cooked and canned.
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Thrust: A forward push supplied by an onboard source of power. A rocket engine
provides thrust to push a payload into orbit around Earth, for example.
Thrusters: Small gas jets that, when fired, propel the spaceship in the opposite
direction.

Titan: Saturn’s largest moon.

Transit: A celestial body crossing in front of a larger body, as Venus making a
transit of the sun when viewed from Earth.

Valles Marineris (Mariner Valleys): Huge Martian canyon named after Mariner
space probes. It would stretch coast to coast in the United States.

Weightlessness: See "microgravity.”

Zero gravity: The state of feeling no gravitational pull. A “g” or “gravity unit”
measures how much gravitational pull a body feels. The feeling of normal
gravitational pull on Earth is 1 g.

A Few Space Resources

FOR ADULTS

The Case for Mars, by Robert Zubrin, Touchstone, 1997. Clear, interesting propos-
al for a cheap and fast mission to Mars in the early 21st century.

Companion to the Cosmos, by John Gribbon, Little, Brown, 1996. Dictionary.

Destination Mars: In Art, Myth, and Science, by Martin Caidin and Jay Barbree,
Penguin, 1997. Highly illustrated introduction to the god, the planet, and the
humanities of Mars.

The Martian Chronicles, by Ray Bradbury, 1950. A science fiction classic.

Mining the Sky: Untold Riches from the Asteroids, Comets, and Planets, by John S.
Lewis, Addison-Wesley, 19986.

Red Mars, Green Mars, Blue Mars, a science fiction trilogy by Kim Stanley
Robinson. Realistic story of Mars colonization.

Return tfo the Red Planet, by Eric Burgess, Columbia University Press, 1990.
lllustrated report on the findings of Mars missions, past and future.

The Snows of Olympus, by Arthur C. Clarke, W.W. Norton, 1995. A realistic future
glimpse of Mars colonization.

FOR CHILDREN
Astronaut Hall of Fame
6225 Vectorspace Blvd.
Titusville, FL 32780

| Want to be an Astronaut, by Stephanie Maze, Maze Productions, 1997

| Wonder Why Stars Twinkle, by Carol Stott, Kingfisher Books, 1993. Answers a
iot of basic questions about how the world works.

Life on Mars, by David Getz, Holt, 1997. A hypothetical three-year expedition to
explore Mars encourages readers to think about possible discoveries as well as
necessary preparations.

Look Inside Cross-Sections: Space, Dorling Kindersley, 1994



The Magic School Bus Lost in the Solar System, by Joanna Cole, Scholastic,
1990. Ms. Fizzle's class takes a fieldtrip to the planetarium and ends up exploring
the solar system, thanks to their magic school bus.

Mars, by Michael George, Child’s Play, 1997. This short discussion of early obser-
vations and a summary of current knowledge is a good introduction for early ele-
mentary students.

Mars, by Steven L. Kepp, Bridgestone Books, 1998. This very brief introduction
talks about the planet’s surface, atmosphere, and what we know from exploration.

Millions of Miles to Mars: A Journey to the Red Planet, by Joseph W. Kelch, Julian
Messner, 1995.
Our Solar System, by Seymour Simon, Morrow Junior Books, 1992. Astonishing

photographs and a simple but thorough text make this a perfect introduction to
the planets for upper level elementary students.

The Planet Hunters: The Search of Other Worlds by Dennis Brindell Fradin,
McElderry Books, 1997. This fascinating history of astronomy includes biographi-
cal information, photographs, and other iliustrations.

Space Exploration, Eyewitness Book, by Carol Stott, Dorling Kindersley and Alfred
A. Knopf, 1997. Contains many facts and photographs about exploring space.
Space — The Official Planetarium Book, by Sue Becklake, Prima Publishing, 1994,
Filled with beautiful photographs and a lot of science about our solar system and
beyond.

Space Camp: The Great Adventure for NASA Hopefuls, by Anne Baird, Beech Tree,
1991.

Odyssey, Kids Discover (look for theme issues on “astronauts,” “the solar sys-
tem,” and “Mars”), and other science magazines for children.

Odyssey: Adventures in Science.

30 Grove Street, Suite C

Peterborough, NH 03458

Smithsonian Guides: Planets and Smithsonian Guides: Space Flight, Macmillan,
1995. Facts with lots of illustrations.

RELATED WEB SITES

www.nasa.gov NASA

www.jpl.nasa.gov Jet Propulsion Laboratory

www.nauts.com The Astronaut Connection

www.infinet.com/~iwasm International Women's Air & Space Museum

www.nasm.edu Smithsonian National Air & Space Museum

www.spacecamp.com U.S. Space Camp

www.AerospaceMuseum.org Aerospace Museum - San Diego

www.airspacemag.com Air & Space magazine

seds.Ipl.arizona.edu/nineplanets/nineplanets.html Contains a lot of information
on our Solar System.
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Game Developer: Lorraine Hopping Egan

For a free catalog of Aristoplay games or for the name of an Aristoplay retailer near
you, call 1-800-634-7738.

Parents, teachers, kids: visit our web site, www.aristoplay.com

o

5 with an Ap ity
3 K

_Aristoplaye

© 1998 by Arstoplay, Ltd. 450 S.Wagner Rd., Ann Arbor, MI 48103



