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Requirements

1. Tell the purpose of space exploration and include
the following:

a. Historical reasons
b. Immediate goals in terms of specific knowledge

c. Benefits related to Earth resources, technology, and
new products

d. International relations and cooperation

2. Design a collector’s card, with a picture on the front and
information on the back, about your favorite space pioneer.
Share your card and discuss four other space pioneers with
your counselor.

3. Build, launch, and recover a model rocket.* Make a second
launch to accomplish a specific objective. (Rocket must be
built to meet the safety code of the National Association of
Rocketry. See the “Model Rocketry” chapter.) Identify and
explain the following rocket parts.

Body tube

Engine mount

Fins

Igniter

Launch lug

Nose cone

Payload

Recovery system

Rocket engine

e

[

*If local laws prohibit Jaunching model rockets, do the following activity: Make
a model of a NASA rocket. Explain the functions of the parts. Give the history
of the rocket.

!
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. Discuss and demonstrate each of the following:
a. The law of action-reaction
b. How rocket engines work
¢. How satellites stay in orbit
d

. How satellite pictures of Earth and pictures of other
planets are made and transmitted

. Do TWO of the following:

a. Discuss with your counselor a robotic space exploration
mission and a historic crewed mission. Tell about each
mission’s major discoveries, its importance, and what
was learned from it about the planets, moons, or regions
of space explored.

b. Using magazine photographs, news clippings, and elec-
tronic articles {such as from the internet}, make a scrap-
book about a current planetary mission.

¢. Design a robotic mission to another planet, moon,
comet, or asteroid that will return samples of its surface
to Earth. Name the planet, moon, comet, or asteroid
vour spacecraft will visit. Show how your design will
cope with the conditions of the environments of the
planet, moon, comet, or asteroid.

. Describe the purpose, operation, and components of ONE of
the following:

a. Space shuttle or any other crewed orbital vehicle, whether
government-owned (U.S. or foreign) or commercial

b. International Space Station

. Design an inhabited base located within our solar system,
such as Titan, asteroids, or other locations that humans might
want to explore in person. Make drawings or a model of your
base. In your design, consider and plan for the following:

a. Source of energy

b. How it will be constructed

c. Life-support system

d. Purpose and function

. Discuss with your counselor two possible careers in space
exploration that interest you. Find out the qualifications,
education, and preparation required and discuss the major

responsibilities of those positions.
SPACE EXPLORATION






An sstronaut uses 3 camers whils working on the
Intemnational Space Station.
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Why Explore Space?

Space is mysterious. We explore space for many reasons, not
ieast because we don’t know what s out there, i Is vast, and
humans are full of curiosity. Each time we send explorers into
space, we learn something we didn’t know before. We discover
2 little more of what is there.

When you are on a hike, have yvou ever wondered what
lies around the next bend in the trail, or beyond the next ridge,
or down in the valley below? If so, then vou will understand
the thrill of sending a spacecraft to a world no human has
ever seen.

Historical Reasons

Space has beckoned us, from early observers such as the
Aztecs, Greeks, and Chinese; to 15th-century seafarers like
Chyristopher Columbus and 17th-century astronomers including
Galileo Galilei; to todav's Scouts. The stars and planets in the
sky have heiped us shape our beliefs, tell ime, guide our sail-
ing ships, make discoveries, invent devices, and learn about
our world.

‘When electricity, airplanes, rockets, and computers came
on the scene, some people realized it would be possible to put
machines and people into space. No longer would we be limited
to observing the wonders of space from the ground. Now we
could enter and explore this curious environment. The “final
frontier” could be opened.

However, it proved complicated and expensive to build a

rocket to put objects into orbit around the Earth. In the mid-20th
century, only two countries had the knowledge, workforce, and

money to do it—the Soviet Union and the United States, The
Soviet Union showed its might by launching 2 small sphere
into orbit. The Soviets” success with Spumnik 1 on Oct. 4, 1957,
began the “space race” between the two countries and launched
the Space Age.

WHY EXPLORE 5PACE?

Scientists found

in 2013 thata

rock sample col-
lected by Curiosity
contained sulfur,
nitrogen, hydro-
gen, oxygen,
phosphorus, and
carbon—elements
that mean ancient
Mars could have

supported fife,
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Apoilo 15 astronaut Jim Irwin sets up the first Lunar Roving
Vehicle on the Moon.

For more than 10 vears, the United States and the Soviet
Union competed by launching vehicles, animals, and people
into space. The United States achieved its goal of landing men
on the Moon by the end of the 1960s. Meanwhile, the Soviet
Union built space stations to have a permanent presence
in space. (See the chart called “Historic Crewed Spaceflight
Programs” for more details about these early missions.}

‘We learned many new things from space missions focusing
on science and education. Astronauts collected rocks from the
Moon and did medical and scientific experiments above Earth'’s
atmosphere. Robotic spacecrafl visited other planets. People
watched on television as an astronaut hit a golf ball on the Moon
and when a rover sniffed at 2 Martian rock. Space jooked like fun!

Current Benefits

Some business people looked bevond the fun and adventure of
space exploration. They saw space as a chance to make money
and satisfy society’s needs. The commercial satellite industry blos-
somed in the 1980s and into the 1990s, when constellations of
satellites began to provide increasingly affordable global coverage.
Today, our ability to place satellites in orbit gives us many
benefits. Seeing Earth's atmosphere from space, meteorologists
can forecast weather and warn people of dangerous storms
more accurately than ever before. Looking down on the land
and the ocean from space, we have found natural resources
and seen disturbing evidence of their careless destruction.
Communication satellites help tie the world’s population
together, carrying video, telephone, computer, and internet
data for individuals, schools, governments, and businesses.

SPACE EXPLORATION
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Historic Crewed Spaceflight Programs

Program Country  Years Major Accomplishments

; Vostok

Geminl

1967- (Russia

1| continues
to uge the .
Seyuz rocket)

197374 | FstUS. space station; thr
' | stayedfor 28 B9, and B«%éa

{Space
| Shuitle)
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Military satellites provide intelligence of vital interest to our
armed forces and national security. The global positioning system
{GPS} operated by the U.S. Department of Defense is an example
of a military application of a space technology that has benefited
peopie the world over. The next time you see an automobile’s
GPS unit giving precise directions to a destination, think of the
global network of technology underlying those directions.

‘We have new medicines and medical devices thanks to
the astronauls’ experiences and experiments in space, With the
construction of the International Space Station {see “Near-Earth
Space Habitats”}, we are learning how to build struciures in the
vacuum of space. In the future, such structures could serve as
manufacturing {acilities for “out of this world” products or as
hotels for thrill-seeking tourists.

NASA’s Technology Transfer and Commercialization Office
identifies those technologies developed by NASA or through
NASA-sponsored research and works with businesses to bring
products based on those technologies to the marketplace,

Humanity’s Future

Space is about the future. The people who work in space-related
projecis—engineers and sclentists, doctors and teachers,
corporations and enirepreneurs—are seeking to improve the
future of humanity. ’

Once we are able to carry people and cargo cheaply inlo
space, we could establish communities in space stations and
on the Moon and Mars. We could harpess the Sun’s energy by
using solar-powered satellites to provide clean, reliable slectric-
ity o everyone on Earth, eventually replacing polluting carbon-
based fuel sources. We could mine the Moon and asteroids for
valuable minerals and metals rarely found on Earth.

The far side of the Moon would be an excellent site for
astronomical observatories. Communities of people living and
working in space would cultivate new cultural activities and
arts. Micro- and low-gravity sports could provide exciting new
thrills for spectators. Having a growing and vibrant presence in
space also increases our ability 1o betier address the threat of
asteroid impact.

Earth is only so big and i has only so many resources—
resources that our ever-growing population is using up.
Spreading humanity among the stars is a magnificent dream.
After you read this pamphlet and earn the Space Exploration
merit badge, perhaps you will do or discover something that
could lead the way to the stars.

WHY EXPLORE SPace?

Any small
nickel-iron
asteroid contains
trillions of
dollars” worth of
valuable mstals.
For more about
asteroids, see the
Astronomy merit

badge pamphiet.
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Our Steps Into Space

were hurt and properh
ments. Then someone realized this “fire work™ could become
a weapon, and the fire arrow was invented.

The first recorded use of rockets in war was in the year
1232 when the Mongols laid siege to the Chinese City of
Kaifeng. The Chinese chased off the Mongols with a barrage
of fire arrows. After the battle, the Mongols developed their
own rockets. Some historians believe the Mongols introduced
gunpowder and rockets to Europe.

From the 15th through the 17th centuries, cannons replaced
rockets as military weapons. During the 18th century, rockets
made a comeback thanks to William Congreve, an English
inventor. His rockets helped the English win battles against
Denmark, France, and Prussia. Francis Scott Key immortalized
Congreve’s weapons
when he wrote of

From bottom to top: The development of the Chiness
“fire arrow”™
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as series, such as “Farmer in the Sky,” which was published
as “Satellite Scout” in Boys’ Life magazine. A large number
of space program supporters credit Heinlein with introducing
them to the topic.

Arthur C. Clarke

Arthur C. Clarke (1917-2008) wrote fiction and nonfiction
for more than 60 years. In 1936, he joined the British
Interplanetary Society, where he published their journal and
began to write science fiction stories. He served in the Royal
Air Force during World War II and tested radar systems. After
the war, he returned to school and received degrees in phys-
ics and mathematics. In 1945, he published a paper titled
“Extraterrestrial Relays” that laid down the principles of mod-
ern communications satellites in geostationary orbit, which is
sometimes referred to as the Clarke Orbit in his honor. Clarke’s
space-related works of fiction include the short story “The
Sentinel,” which was turned into the movie 2001: A Space
Odyssey (1968). His novels include Earthlight, Islands in the
Sky, The Sands of Mars, and The Fountains of Paradise.

SPACE EXPLORATION
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Dr. Gerard K. O'Neill (1927-1992) was born in Brooklyn, New
York. He served in the Navy during World War II and earned a
doctorate in physics at Columbia University. In 1954, he joined
the faculty of Princeton University as a physics professor, where
his work led to the invention of the colliding-beam storage ring
for particle accelerators. Dr. O’Neill envisioned the development
of space colonies constructed mainly of materials from the Moon
and asteroids—one of the earliest ideas for space industrializa-
tion. His book The High Frontier (1977) popularized the idea of
a giant space colony at the Earth-Moon L5 point and led to the
creation of the L5 Society, which was devoted to making space
colonization a reality. Dr. O’Neill contributed to the mass driver,
which would magnetically levitate and accelerate supplies from
the Moon and asteroids to the construction site he envisioned at
LS. The LS Society merged with Wernher Von Braun’s National
Space Institute in 1987 to form the National Space Society.

The Makers

After the Wright brothers ushered in the age of flight, several
rocket scientists laid the foundations for the Space Age.

Dr. Robert H. Goddard
(1882-1945), born in Worcester,
Massachusetts, is considered the
“father of modern rocketry.” In
1907, while a student at Worcester
Polytechnic Institute, he fired a
rocket engine in the basement of
the physics building, getting the
attention of school officials. Seven
years later, he patented his rocket
inventions. In 1920, he published
“A Method of Reaching Extreme
Altitudes,” in which he suggested
using rockets to carry weather
instruments aloft. Dr. Goddard
developed a rocket using liquid fuel
and launched a liquid-fueled rocket
that went faster than the speed

of sound. He developed the first
Dr. Robert H. Goddard standing next to the practical automatic steering device

rocket that would make the world’s first liquid  for rockets.
propellant rocket flight on March 16, 1926.
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Sergel Koroley [1987-1355) was bors in Zhitomis, Bussla He
§ cined the develo ’?i g Held of aviation as 2 teenager and later
tudied engineering. After reading the works of Tsiolkovsky, be
& m%é the Moscow Group for 3%.% dy of Beactive Motion in 19 §
nid hielped form the Rocket Research Institute In 1932, He was
as part of Joseph Stalin's great purg
ally gfs%?i "%?%:%}%5?; wers é%ié""ﬁéé?%f; to
War §i ?é ssian i §9§ §§§3§§§ Eég ?%g:‘g%si%f of devel-
rocket technology, and Komoley became a valuable men-
?ﬁg of the Soviet space program. During his fop-secret career, he
ié%%?iﬁé the launching of the first rocksts into orbit, é?} Vostok,
oskhod, Molni and Zond spacecrafl, and
§f§§a&s to the Moon, &iszs‘ and Venus. His death in é%%;; Wwas 3
crucial blow to the Soviet’s Moon program.

Dr. Wernher von Braun (1912-1977)
was born in Wirsitz, Germany.
Inspired by a race car driver when
he was 12, von Braun attached six
rockets to a coaster wagon and lit the
fuses. The wagon careened around
his backyard, emitting a fountain of
sparks. The commotion attracted the
police, who took him into custody.
Von Braun became interested in
s‘;éé{% exploration by reading the soi-
ce fiction of Verne and H.G. VWells
and recsived his doctorate in asrp-
space engineering in the early 1930
Familiar with Dr. Goddard's work, von
Braun designed and buil Cermanys
k2 %é%ség §§§§g i%i}?%é %g H At
realized §%§ ;gé;%?g‘g%? §§ D von
Braun’s work. He was biought o the
fow scientisis and with many V-
Paperciip, He lod the Army missile development program and
Iaunched the Srst 115 satellite, Byplorer 1. in 1958, His coown-
ing achievement was the development o %:%% Satern class of
%%Z%é%% that carrisd the Apolls astronants o the Moon,

M
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wings as a Marine aviator. Glenn flew combat missions in
World War 1 and Korea. He attended Navy test-pilof school
and became one of the original Mercury astronauts. He was
the first American to orbit Earth, in the Friendship 7 Mercury
capsule on Feh. 20, 1962, He served as senator from Ohio for
24 years. Glenn returned o space on a space shuttle mission in
1998, becoming {at age 77} the oldest person o fly in space.

Alan Shepard {1923-1998) was born in East Derry, New

Hampshire, and graduated from the Naval Academy. He flew S —
aircraft carriers during World War 1L Shepard later attended
test-pilot school and was selected as one of the original Suborbital means

Mercury 7 astronauts in 1959, He was the first American to

“nipt completing 3
iy in space, on a Mercury suborbital mission in May 1961, pietng

Shortly after his flight, an inner-ear problem grounded him. full orbit”
An operation corrected the problem, allowing Shepard 1o lead
the Apolio 14 lunar-landing mission. He hit a golf ball on the I—————

Moon that traveled 900 vards—a record that still stands.

Neil Armstrong {1930-2012) was bomn in Wapakoneta, Chio,
and earned his aerospace engineering degree from Purdue
University. After serving as a naval aviator, he went to work
for the government as an engineer, a test
pilot, and then as an astronaut. Armstrong
was selected as a Gemini astronaut and
commanded the Gemini § mission. Then
he went into the Apollo program. On July
20, 1969, as commander of Apollo 11,
Armstrong became the first man 1o set foot
on the Moon.

John W. Young {1930-2018} holds the dis-
tinction of being the only astronaut o fly
Gemind, Apollo, and space shuttle missions.
Born in San Francisco, he earned his degree
in aeronautical engineering from Georgla
Tech in 1952, joined the Navy, and became
a test pilot. He flew on the first Gemind
flight in 1965, commanded Gemini 0 in
1966, and was the command module pilot
of Apollo 10, orbiting the Moon alone while
his crewmates tested the lunar module In
1972, he landed on the Moon and drove
the Apollp 16 rover. Young commanded the
first space shuttle flight in 1981

Neil Armstrong
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Elon Musk

The Entrepreneurs

With space developmen! moving o the private secior, the
enireprensurs are moving info prominence.

Robert Bigelow {1945~ 1, a real estate developer, adapted
NASA’s technology relating to inflaiable habitats, which was
part of the development of the International Space Siation,

and applied it 1o the concept of orbital facilities that could be
ieased by private interests. Bigelow Aerospace launched its frst
spacecralt, Genesis 1, in 2006, followed by a larger Genesis i in
2007. Since then, thev have provided invaluable data on how
the inflatable spacecraft will behave in orbit. NASA is sched-
uled to test an inflatable module at the International Space
Station in 2015,

Peter Diamandis {1961~ ) is 3 serial entrepreneur who

has been involved in the creation of a number of important
elements in the broader space communily, including the
international Space University, Students for the Exploration
and Development of Space, and Zero-G Corp., which provides
micro-, lunar, and Martian gravity parabolas to customers. He
estahblished the X Prize Foundation, which offers mopetary
awards designed to spur innovation in space exploration and a
number of other fields.

Elon Musk {1971~ }, the cofounder of interpet transaction
company PayPal, formed Space Exploration Technologies
{SpaceX} in 2002 to build rockets that could inexpensively
carry payloads to low Earth orbit and geosyachronous orbit.
After vears of successful rocket launches, the company began
transporting cargo to the International
Space Station in Ociober 2012 in its
Dragon spacecraft.
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Model Rocketry

Model rocketry is a great way to learn about space exploration.
The rocket you build won't reach space, but the science and
technology that goes into your rocket is the same as NASA uses
in launching giant rockets.

Model rockets are made of paper, balsa wood, plastic,
glue, and paint. You build them with simple tools such as a
modeling knife, sandpaper, scissors, rulers, and paintbrushes.
Model rockets are powered by solid propellant rocket engines.
Depending on the size and design of the rocket and the power
of the engine, model rockets may fly only 50 feet high or up to
a half mile in altitude.

You can purchase model rocket kits and engines online,
through mail-order catalogs, and in toy and hobby shops. If
you can borrow a rocket launcher, you can buy everything you
need to complete requirement 3 for less than $20. If you buy
or build your own launcher, the total cost for this requirement
could be about $35 to $40.

Though some toy stores sell model rocket kits,
~_model rockets are anything but toys. ”Yhay are
powsrful, and through misuse mufd harmy amma%
people, or pﬁ}peﬁy By following th& eemmcnse se
- rules found | ater in this section, yau can launch
your rockets m compiete safety cwer and over. -

Building Your Rocket

if you have never built a model rocket before, it is best to

start with a simple kit. The kit will consist of a body tube, nose
cone, fins, engine mount, and parachute or some other recovery
system that will gently lower your rocket to the ground at the
end of its flight.

SPACE EXPLORATION
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Engines must be purchased separately from the rocket. Be
sure to buy the recommended engines for your kit. If you use
engines that are too powerful, you may lose your rocket on its

first flight.

Unless your rocket kit comes with preformed plastic fins,
you will need to cut fins from sheets of balsa wood included
in the kit. The instructions will tell you to sand the leading

Although you 'may be tempted to
tear open the kit and begin slap-
ping together the parts, take time
to read all of the instructions twice
before starting. Reading all of the
instructions first will-help you gath-
er the tools and supplies needed
for building your rocket.

24 SPACE EXPLORATION

and trailing edges of the fins to
ook like the edge of a knife, Sharp
edges on the fins help the rocket
slice cleanly through the air as

it flies upward, so you will want
to do a good job on this step.
Blunt fin edges cause turbulence
{rough air} that robs your rocket
of altitude.

Also do a good job painting
the fins, and sanding and painting
the nose cone if it, oo, is made of
balsa wood. Very smooth surfaces
reduce friction with the air.

Stability-Checking
Your Bocket

Check every rocket for stability
before flying it. Stability checks
before launch assure you that your
rocket will fly properly. Unstable
rockets tumble in the air and may
head back toward the launchpad at
high speed.

Stability checks are simple and
require only a long piece of string,
a piece of tape, and a few min-
utes of your time. To check a new
model rocket, prepare the rocket
for flight and insert a live engine.
Tie a slipknot around the body of
the rocket and slide it to the point
where the rocket is perfectly bal-
anced on the string.



Hold the string in one hand over your head, and begin to twirl
vour rocket as though vou were spinning a lariat. As the rocket
picks up speed, gradually play out the string until the rocket

is about 6 to 8 feet away. If you are not tall, you may want o
stand on a chair at this point.

H your rocket is stable, it will
travel around vou without um-
bling. The nose cone will point
into the air and the tail end will
foliow. I the tail end goes first or
if the rocket tumbles, vour rocket
may be dangerous to fly. You can
correct this situation by putting on
larger fins or adding weight to the
rocket’s nose with a lump of clay.

Launching Your Rocket

When your rocket is ready for

its first flight, you must choose a
proper launching site. Your launch-
ing site should be a large field that
is free of power and telephone lines,
trees, buildings, or any other
structures that might snag a return-
ing rocket. Choose a field away
from airports.

You will need a launchpad.
Perhaps you can borrow a launch-
pad from a local model-rocket club,
or join the members on a day when
they are launching rockets (To
find a local club, see the National
Association of Rocketry listing in
the resources section.} I not, you
can either buy a launchpad kit or
build vour own. A simple launch-
pad can be built from a block
of wood, a blast deflector made
from a flattened metal can, and a
straight rod. Rods made specifically
for rocket launchers are best and
inexpensive. Buy one where vou
get your rocket supplies.
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instructions for safe launching of your rocket will come with your rocket kit
Follow these instructions carefully.
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Your launch system should be electric. it must have a
; sészg you press %z §§§ %%ﬁ% g

=

your next iég?i ’?ﬁf} wires from your %g% {
§ éé:s:ﬁ*i Sfestin s*‘gzsé "z ;gs%%g §§ 3;; %é;%

T '§_§f§,

Accompiishing a Launch Objective

After vou have made vour first launch, make 2 second launch
with a specific objective in mind. You might try to spotland
the rocket within a 50-foot circle. That isn’t as easy as it
sounds. You must make allowances for wind drift and aim your
rocket accordingly.

Another objective might be {o carry a payload aloft and
recover it safely. Several rocket kits come with payload sections
for carrying hand-boiled eges or other cargo.

St é g‘gg?gg {%?%é;szg& wou %;% ggs to launch a small camera
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Minimum Site
Dimensions i1}

Equivalent Motor
Frpe

instalied Total
impuise {N-sec}

0.00-1.25
1.268-250
2.51-5.00
5.01-10.00
10.01-20.00
20.01-40.00
40.01-80.00
800118000
1830132000
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The engine mount is a small tube that is glued to the
inside of the body tube. The engine mount provides a sturdy
place for inserting the rocket engine.

Rm}cet ﬁns are the main stability device of the rocket.

*5; ?z that of feathers o

oads carried on > rocket . spacecraft
bound for other pianets scientific expenmems, ané astronauts.

Maodel rockets can be recoverad in many ways. Recovery
systems may be parachutes that are stored inside the body
tube and ejected automatically by the rocket engine near the
time the rocket ?f‘?s?%i%% §§i‘§ *’%5:;;2 m altitude. 3;*‘?3;?2?5 mi{i




MODEL ROCKETRY

Inside the engine are the solid propellants. The propellants have
oxygen built into their chemistry. This enables them to burn
even in outer space, where there is no outside oxygen. (Rocket
engines are different from jet engines. Jet engines must take in
air from the atmosphere to burn their fuel.}

Model rocket parts

NhGSEhCO?‘i_E FAYLOAD SECTION
(:'g\vc\:oatms; :‘ det:aer {holds instruments,
cameras, etc.
body fute) eras, etc.)
BODY TUBE SHOCK. CORD
{supports the {absorbs shock

nose cone and
fins and contains
engine and
recovery system)

when engine blasts
off nose cone)

WADDING

{protects parachute
from burning
during ejection}

PARACHUTE
{recovery system)

THRUST RING

i LAUNCH LUG
{kfrig: z;;dg;::e {straw that slips
fomamg) over launchpad rod)
ROCKET ENGINE
{use a STABILIZER FING
commercially {guide rocket
produced in flight)

engine only)
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A rocket must accelerate to more than 25,000 miles per hour to completely escape
Earth’s gravity and fly off into space.



The Way Things Work

Space exploration has been a reality since the late 1950s. Space-
age words such as rocket, satellite, and orbit have become part
of nearly evervone’s vocabulary. While many people use these
words, few really understand the important concepts behind
them, such as how a rocket works, how a satellite stays in
orbit, or how pictures taken of other planets arrive on Earth.

Physical Laws of Space Flight

In the 17th century, a great English mathematician and scientist
named Sir Isaac Newton developed the basics of modern phys-
ics. He formed the theories of gravitation when he was only 23
years old. Some 20 years later, he presented his three laws of
motion. These three laws explain how a rocket is able to work
and how satellites and spacecraft are able to get into orbit and
stay there.

SPACE EXPLORATION
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Conventional
rockets carry
propeilant, which
consists of both
fuel and oxidizer.
For a rocket o
work in space,

it must carry
oxygen or a
chemical that
contains the
OXygen necessary
for chemical

combustion.

Multiplying mass
by velocity gives
3 guantily called

momenium.

WORK

The First Law

Newton's first law is a simple statement of {act. To make an
object move, an unbalanced force must be exerted on that
object. An unbalanced force is important because forces that are
halanced cancel each other out. Imagine two football players
pushing against each other. If they exert equal force, they stay in
the same place, If one player exerts more force than the other,
the weaker player is pushed backward.

It is the same with a rocket. When a rocket is sitting on
the launchpad, gravity tries to pull the rocket downward. The
structure around the rocket holds the rocket up. Each exerts a
force that balances the other, and the rocket stays at rest on the
launchpad. When the rocket engine fires, the rocket exerts a
greater force than the pull of Earth’s gravity. It begins to climb
slowly upward. As the rocket gets higher and farther from
Earth’s surface, the atmospheric pressure thins out and the
rocket’s mass gets lighter as fuel is expended, changing the
balance of forces and allowing it to climb faster and faster.

Once in outer space, the rocket goes into orbit around
Earth and the engine stops firing. The rocket continues to move
because forces have again become balanced. Its forward motion
balances the pull of gravity. {See the section “How Satellites
Stay in Orbit.™} To bring the rocket back to Earth, those bal-
anced forces must again be unbalanced to allow gravity to
take over, This time, the rocket engine fires in the direction of
motion to start slowing the rocket. When this happens, gravity
brings the rocket back down into the atmosphere.

The Second Law

Newton's second law states that the forceon a body isegual to
the tme rate of change of momentum of that body, more com-
monly understood as “force eguals mass times acceleration.™ R
determines the amount of force {#hrust} a rocke? engine must
produce to leave the launchpad. Buraing rocket propeliants pro-
duce flames, smoke, and gas, which shoot out of the engine as
exhaust 1o produce the thrust

The amount of thrust depends on two things—mass and
acceleration. Mass is the total amount of matier contained in
the fire, smoke, and gas. The more matter flowing from the
engine, the greater the thrust produced. Accelerafion refers o
how fast the exhaust is expelled from the rocket engine. The
greater the acceleration, the greater the thrusi. A rocke! motor
achieves this with the “throat” of the nozzle, which constricis
the flow of mass and forces it 1o move faster. The higher the
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exhaust velocity, the more thrust a given quantity of propellant
can provide.

Putting mass and acceleration together gives the simple
formula F=rma. Keeping this formula in mind, a rocket designer
should try to make both the burned mass (m) and the accelera-
tion (a) as large as possible to get the maximum thrust (force,
F). This is complicated by the fact that as the engine burns fuel,

the vehicle gets lighter. If the thrust from the engine remains the

same, the acceleration continuously increases.

The Third Law

Newton’s third law is the most familiar to people. It is some-
times called the law of action-reaction. Imagine you are a
firefighter holding a fire hose. When the water is turned on, it
explodes out of the hose and douses the fire. The motion of the
water is an action. At the same time the water is thrown from
the hose, the hose produces a strong recoil (kick) on your body,
pushing you backward. This is a reaction. The reaction is in the
opposite direction from the action and is equal in its force.

How Rockets Are Propelled

Rockets are driven by engines that obey Newton’s three laws
of motion. While a rocket sits on the launchpad, it is in a state
of rest because all forces are balanced. When the rocket engine
fires, forces become unbalanced (first law). As exhaust rushes
downward out of the engine, an upward thrust is produced
because of action-reaction {third law). The strength of that
thrust is determined by the amount of matter expelled by the
engine and how fast the matter is expelled (second law).
Forcing the exhaust through a small opening called a nozzle
increases the speed of the exhaust, producing more thrust.
Imagine using a garden hose with a nozzle attachment. With
the nozzle wide open, the water streams out and lands a few

feet away. By shrinking the nozzle opening, you force the water

to move faster and it lands farther away. The greater the veloc-
ity, the greater the thrust. You can feel the thrust of the garden
hose if you hold it.

The same principle applies to rocket engines, which come
in many varieties based on the type of fuel used. Some types
of engines used on today’s spacecraft include solid propellant
engines, liquid propellant engines, hybrid engines, and ion
engines. Nuclear engines, solar sails, mass drivers, and other
kinds of “futuristic” engines are being studied or developed.

THE WAY THINGS WORK

The movement of
a balloon when air
is released from it
also demonstrates
the third law

of motion. In

the case of the
balloon, what is
the action? What

is the reaction?
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For more about
atoms, electrons,
and ions, see the
Electricity merit

badge pamphlet.

When you try to
push the same
poles of two
magnets together,
the magnets will
push each other
away-—action
and reaction.
An ion engine
uses this effect
to accelerate
ions and

produce thrust.

Chemical Rocket: Solid Propellant

The first rocket engines, invented in China hundreds of years
ago, used solid propellant. A solid propellant is a chemical
compound in powder form that will burn but not explode.
The powder is burned inside an enclosed tube, with the
exhaust forced out a nozzle at one end.

Solid propellant engines have three advantages: simplicity,
low cost, and safety. However, they have two disadvantages:
the engine can’t be stopped or restarted after the fuel begins to
burn, and thrust cannot be actively controlled during the burn.
Solid fuel rockets are used for short tasks, like shooting missiles
or boosting spacecraft off the launchpad. To have more control
over a rocket, liquid propellant engines must be used.

Chemical Rocket: Liquid Propellant

In this engine type, the fuel and oxidizer are liquids carried

in separate tanks. The fuel and oxidizer are pumped into a
combustion chamber where the fuel is burned. The exhaust is
forced out of the combustion chamber through a nozzle and
produces thrust. The nozzle can be tilted (gimbaled) to point
the thrust in different directions, creating an effective way to
steer the rocket.

Liquid hydrogen (fuel) and liquid oxygen (oxidizer) are
the most efficient liquid propellants for rockets. They must be
kept very, very cold, so the fuel tanks are carefully insulated.
These super-cold fluids also are used to cool the super-heated
parts of the engine, like the combustion chamber and the
nozzle, allowing them to be made of thin metal. Using the
liquids as a coolant system allows the weight of the rocket
to be reduced.

Chemical Rocket: Hybrid Propellant

Hybrid engines combine a solid fuel with a liquid oxidizer.
The solid fuel is contained within the combustion chamber.
The oxidizer is fed into the combustion chamber from an oxi-
dizer tank. The exhaust is forced through a nozzle, creating
thrust. Because the liquid oxidizer cannot mix with the solid
fuel by accident, such a rocket is very unlikely to explode.

lon Rocket Engines

lon rocket engines accelerate ions to produce thrust. Ions are
created by stripping electrons from atoms. The propellant,
usually xenon gas, is heated to extremely high temperature,
which causes the xenon atom to give up an electron.
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The positively charged lon Is passed over a positively charged
plate that repels and accelerates the lon from the thrust chamber
at extremely high speeds.

fon engines are the most efficlent rocket engines in use
today. They produce a low thrust, buf they operate for a long
time. This means they have a high thrust for the amount of fusl
used. An ion engine proved itself on the probe Deep Spare 1,
launched in 1998 and powered by a first-of-is-kind jon engine.
The European Space Agency’s SMART-1 probe to the Moon
and NASA’s Dawn mission to the asteroid belt also used ion
engines. {See “Planetary Exploration” in the next section.}

Currently, the most advanced plasma engine is the Variable
Specific Impulse Magnetoplasma Rocket {VASIMR), first con-
ceived in 1977 by astropaut Franklin Chang Diaz. The system
uses radio waves {0 create a plasma of hellum ions and elec-
trons generated by a helicon plasma injector and confined and
shaped by high-temperature superconducting magnets, which
create a magnetic field that guides and accelerates the plasma
through the rocket chamber, where i is further heated by radio
frequency waves to 1 million degrees. Small amounts of fuel
can create significant thrust, and a VASIMR motor has been
proposed as 2 means o continually reboost the orbit of the
International Space Station so that Proton rockets don’t have o
be sent periodically to do so.

How Satellites Stay in Orbit

Isaac Newton reasoned that it was the force of gravity—not iis
absence—that kept the Moon in orbit around Earth, Artificial
sateilites also operate under the same Newtonian laws.

To explain Newton's reasoning, think about what happens
when you throw a ball. Imagine you are standing in a big field
and throw a baseball as hard as you can. The ball might travel
100 feet before gravity pulls the ball down to the ground.

Now Imagine you are standing on Mount Eversst. You
throw the baseball and it travels parallel 1o Earth for some
distance before it {alls to Earth. Each time vou throw the hall,
you increase the thrust and the ball travels fanther, i vou could
throw the ball fast enough {and if vou ignore friction from the
atmospherel, the ball would {36l at exactly the same rate that
the curve of Earth {3lls away from the ball, This situation is
called free fail. The ball would continue traveling paraliel 10
Earth’s surface, achieving orbit. This is the basis for how satel
lites stay in orbit.

SPACE EXPLORATION
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Knowing where satellites and sgsgg stations are
going to be in their orbit has helpsed to popularize

o e s 5 5

the pastime of satellite spotting. Ses the resources
At higher section for positioning information.
alitudes, whers

the vacuum of
space is nearly
complete, there

is almost no drag
and a sateflite

can stay inorbil
for centuries, up
fo 100000 years at
geosynehronous

orbits,

This photo, taken from the shuttle’s aft [rear] Hlight deck windows,
shows an astronaut from the space shuttle Endeavowr trying to
capture the Intelsat Vil communications sateliite.

Al satellites ride on rockets 1o get into orbit. Satellites as
large as several tons make it safely into orbit on & regular basis.

Rockets travel straight up at first. This is the guickest way
to get the rocket through the thickest part of Earth's atmo-
sphere. Once above the atmosphers, the rocket control
mechanism brings the rocket to a course that is paraliel (o
Earth's surface while the rocket accelerates to the velocity
needed for that satellite o remain in orbit. This velocity is
determined by the weight of the satellite and the altitude of
the orbit 1o be achieved.
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Orbital velocity is the speed needed to reach a balance
between gravity's pull on the satellite and the satellite’s iner-
tial tendency to keep going. If too much velocity is imparted
to the satellite, it will escape from Earth and enter into a Sun-
centered {heliocentric} orbit. If too little velocity is imparted
to the satellite, gravity will pull it back to Earth. At the correct
speed, the satellite will be in perpetual free fall.

The higher the orbil, the
ionger the sateliite can
siay in orbit. At lower
altitudes, a sateliite
runs into traces of

Earth's atmosphere,

which creates drag.

The drag causes the

orhit to decay, or

decrease, until the
satellite falls back
into the atmosphere
and burns up.

The arrows represent baseballs thrown at different velocities.

Space Pictures

Space pictures have evolved along with the digital technology
of the compntey, internet, and cell phone. Early space pictures
were made on film, which had to be returned to Earth and pro-
cessed. Today, scientists use CCDs, or charge-coupled devicss,
to gather the information digitally. Early video was grainy and
barely usable,
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Images taken by spacecraft consist of many tiny squares called pixels. The picture of
Saturn, left, is made of hundreds of thousands of pixels, shown {greatly exaggerated}
at right.

As space probes ventured farther into space, scientisis
needed better ways to record, store, and transmit pictures.
Information scientists developed a coding system that treats
each picture frame as a grid with numbered squares. Each
square is a picture element—pixel, for shorl. Every pixel has
its own address of numbers in the grid that gives the pixel’s
row and column. For example, the address of the pizel in

row 1, column 01, is 01-01. The address of the pixel in row 16,
column 10, is 16-10. {See the illustration.}
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Tone Scale

‘White
Light Gray
Medium Gray

Dark Gray

Black

in this “smiley face”
example, pixel 01-01 is
white, and therefore is
coded as 01-01-01. Pixel
08-02 is black. it is coded
as DB6-02-05. Pixel 06-06 is
fight gray. it is coded

as 06-08-02.



THE WAY THINGS

When a space probe’s sensor views an obiect, it senses
the brighiness or shade of each pixel in the scene. Shades are
measured on a gray scale, which is a gauge of the shades of
gray from pure white 1o pure black.

Let’s assume we have a simple gray scale with only five
shades. Each shade is numbered. White is 01, light gray is 02,
and so on to solid black, 05. The sensor assigns each pixel the
number that corresponds fo the shade sensed.

These numbers are stored in 2 computer memeory and
then transmitied to the waiting scientists. The receiving
computer is programmed to arrange the pixels into a grid,
show the correct shade of gray for each picture element, and
reconstruct the picture row by row.

\ In early missions where the data transmission rate was
slow and computer memory limited, it might take several

\ minutes to display one picture frame. Mariner 4, when it
photographed Mars in 1965, made images 200 x 200 pixels in
size. Each complete image took nearly 9 hours to reach Earth.
In contrast, the Clementine lunar mission in 1994 returned

2 million images in 2!/2 months, averaging more than 1,000
images an hour. (These robot spacecraft are described in the
next section, “Planetary Exploration.™)
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Planetary Exploration

Long ago, the Greeks noticed bright, starlike objects moving
among the stars. These “wanderers” included the Sun, Moon,
Mercury, Venus, Mars, Jupiter, and Saturn. People thought all
these obijects circled Earth, which was thought to be at the cen-
ter of the universe.

In the 16th century, Nicolaus Copernicus determined that
Earth was a planet, oo, and that the six known planets went
around {orbited} the Sun while the Moon circled Earth. Then,
in 1610, Galileo Galilet turned 3 newly invented instrument—
the telescope—toward the heavens. He looked at Jupiter, and
what he saw astounded him.

Through the telescope, Jupiter was not a wandering point
of light, but 3 round disk with four smal starlets {moons}
circling it. Earth’s Moon was not a smooth shadowy ball, but
a sphere pockmarked with craters and laced with cracks and
ridges. Venus went through phases like the Moon, Saturn had
bumps on its sides {the rings}, and the Sun had spots on its
surface. The worlds of outer space were more exciting than
anyone had imagined.

Almost 350 years later, when people learned how to send
objects—spacecraft—into space, a new era of exploration began.

Scientific instruments and cameras could now be carried above

the filtering effects of Earth’s atmosphere, providing clearer
views of outer space than ever before. Spacecraft could go to
those faraway places Copernicus and Galileo barely knew.

Space Probes:Tools of the Space Age

A spacecraft is any vehicle that flies in ouler space, whether
of not it carries pepple. An unmanned spacecraft is technically
known as a space probe. Such probes have been used since
the late 1950s to explore other worlds, large and small, in our
solar system.

PLANETARY EXPLORATION

For more about
planats, moons,
and stars, see the
Astronomy merit

badge pamphiset.
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The space probe Voyager 2

More recently

it has become
possible for landers
1o relay their
communications
through an orbiter
around the same
planet that then
sends the data
toEarthata

fater time.

Aspaceprobeisa
clever arrangement of
mechanical and electronic
parts packed together inside
a sturdy, compact box or
shell that is launched aboard
a rocket. Once in space, the
box opens and the various
parts {components} begin to
operate. Each group of com-
ponents plays an important
role toward accomplishing
the mission—controlling the
spacecraft, taking measure-
ments of #s surroundings, or communicating with people on
Earth, thousands or millions of miles away.

Scientific instruments aboard a spacecrall delect and mea-
sure what's put there. Almost every probe carries one or more
cameras to capture images of the object # visits. Some probes
may have devices fo measure radiation, temperature, and
magnetic fields. Those that land on an alien surface may carry
a miniature weather station and a scoop fo sample the soil.
Other devices may be designed to detect certain chemical
elements or compounds, such as water.

A computer system stores commands that direct the other
components to function and to control the craft. The computer
also collects the information gathered by the instruments and
gets it ready for transmission to Earth. When it is time to send
the data to Earth, an antenna aims radio signals in the right
direction. Another antenna receives signals from Earth.

To do all these things, a spacecraft needs a power supply.
The probe may have solar cells to convert sunlight into elec-
tricity. Or it may have a nuclear-powered generator {o provide
electricity, especially if it is visiting a planet far from the Sun.
Because guter space is extremely cold, some power goes (0 a
heater that keeps the spacecraft at the right temperature for the
computer, instruments, and other components o operate.

After the probe has been launched into space, aliering s
direction becomes necessary during millions of miles of fravel
A set of small rockets {thrusters] is used 1o adiust the probe’s
course or “put on the brakes” if the probe must go info orbit
around a planet or land on an alien surface.
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The Soviet Union's
Zond 5was the
only spacecraft

o carry lving
creatures oiher
than humans as
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plants, and other
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Two months later, Pioneer 4 became the first U.S. probe to pass ] )
by the Moon, at a distance of 60,000 km, before also entering life-forms survived
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atienﬁm o other destmatmns m the solar sys-
tem, while lunar scientists worked through the
f’?i‘ﬁ?ﬁ{%ﬁ% amount gg data returned by Apolio.

This mosaic of the far sido of the
Hloon is composed of more than
15,000 images taken by the Lunar
Reconnaissance Orbiter Camera Do v

between November 2009 and pole with an experiment Eﬁ.ai e‘ieme:xmﬁm
February 2071. presence of hydmgen_ In 1998, Lunar Pmspamr

with evidence of water.
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NASA launched the Gravity Recovery and Interior
Laboratory (GRAIL) mission in 2011 to study the Moon’s
gravity fields and internal mass distribution. Under develop-
ment for future launch are LADEE, Luna-Glob, Chang’e-3,
Chandrayaan-2, and the first node of NASA’s International
Lunar Network (ILN).

Unveiling Venus and Mercury

Mysterious Venus, whose surface hides from Earth-based
telescopes under a shroud of clouds, was the first planet after
Earth to be examined by a robotic spacecraft. The United
States had Mariner 2, after orbiting the Sun for almost a year,
approach and fly by Venus in December 1962. The spacecraft
reported the planet was over 900 degrees Fahrenheit, hotter
than Mercury.

The Soviet Union was bolder with its Venera program,
whose 16 probes intensively explored Venus between 1961
and 1983. Venera was the first spacecraft to probe the planet’s
atmosphere, the first to land there, the first to photograph its
surface, the first to analyze the soil, and the first to map the
terrain. Starting with Venera 4 (1967), the spacecraft was two
probes: a carrier that stayed up high and a lander
that dropped toward the surface. But the dense
Venusian atmosphere crushed each lander before
it could land. Eventually, Venera 7 was built
strong enough to safely descend. It lasted for 23
minutes on the surface of Venus in 1970.

The United States then sent Mariner 10,
which achieved two goals. Three months after
launch in November 1973, the probe flew by
Venus and took many measurements of the
atmosphere. With assistance from Venus’ gravity
(like a slingshot), it sped onward to Mercury, the
Sun’s closest planet. Mariner 10, which photo- M " hed b
graphed about 40 percent of Mercury’s surface, ercury photograp! t4
has been the only probe to visit there until the mfiﬁgfgiﬁ;&g:ﬁg’g:aii? as
MESSENGER probe began flybys in 2008 and
started orbiting the planet in 2011.

In the 1980s, Vega 1, Vega 2, and Magellan visited Earth'’s
“sister” planet. The Vegas, identical 36-foot-long probes from
the Soviet Union, reached Venus in June 1985. They dropped
a landing capsule onto the surface, released a balloon into the
atmosphere, and then got slingshot by the planet to intercept
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Magellan
revealed the
presence of
large volcanoes,
lava plains, and
extremely long
lava channels.
it also discovered
deformed,
flattened
mountains.

We finally knew
what lurked
under Venus’
clouds: a

barren world.

Halley’s Comet. The balloon carried
instruments that measured atmo-
spheric temperature, pressure, and
wind speed. The lander took simi-
lar measurements and photographs,
and analyzed the chemical makeup
of the air and soil.

Magellan was the first plane-
tary spacecraft to be launched from
the space shuttle (in May 1989).
After entering a polar orbit around
Venus in August 1990, Magellan
spent more than four years map-
ping 98 percent of the hidden terrain using radar.

Scientists returned to Venus in 2006, when the ESA’s Venus
Express probe entered into a polar orbit around the planet. The
probe revealed a thinner atmosphere than expected as well as
evidence that the planet may still be geologically active.

NASA’s MESSENGER probe has made several close
approaches to Mercury, providing imagery to fill in the gaps left
by Mariner 10. In March 2011, it became the first spacecraft ever
to orbit Mercury, where it has been studying the composition
and structure of the crust, among other things. The ESA has the
BepiColumbo probe under development for launch in 2015 with
arrival at Mercury in 2022.

Magellan’s view of Venus

Missions to the Red Planet

At the end of the 19th century, astronomer Percival Lowell
focused a large telescope on Mars and reported seeing canals
on its surface. People’s imaginations soared, but scientists had
to wait until 1965 before a spacecraft flew to the Red Planet.
Pictures from Mariner 4 revealed a surface covered with craters,
similar to the Moon. The probe’s instruments found Mars had a
thin atmosphere of mostly carbon dioxide. Not a single canal or
other sign of life was spotted.

Mariner 9 was the first U.S. spacecraft to orbit another
planet, arriving at Mars in November 1971 to find a dust storm
enveloping the planet. The probe delayed taking pictures of the
surface for several months until the dust settled. After 349 days
in orbit, Mariner 9 had transmitted more than 7,000 images,
covering over 80 percent of the Martian surface. Notable fea-
tures were river beds, massive extinct volcanoes, and a series of
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surface of Mars and studies of the atmosphere and space envi-
ronment around the planet and its moons. It also carried the
Beagle 2 lander to study the surface, but contact was lost with
the lander after it separated from Mars Express.

In early 2004, the Mars Exploration Rovers {MER]) Spirit
and Opportunity arrived at Mars for a three-month mission to
“follow the water,” looking for environments that had water in
the past and might have been able to support life. Spirit proved
that some of the planet’s rocks were formed in the presence of
water in ancient Mars, and both rovers found nickel-iron mete-
orites there. Communication was lost with Spirit in 2010, but
Opportunity continued to return data for several more years.

sphere ané gv‘ t ceider and drier.
ars has a very weak magnetxc ﬁeiﬁ w
o space more easily.

Mars exploration continued in 2006
with the Mars Reconnaissance Orbiter
and in 2008 with the Phoenix Mars
Lander. The Mars Science Laboratory
named Curiosity was launched in August
2012 Us mission is to provide an inlen-
sive study of iis landing zone as wel as
serve as a weather station with a suite
of climate and meteorology instruments
te provide a richer knowledge of how
Mars® atmosphere and climate works
now, 30 we can betier predict how it
worked in the recent and distant past.

The Mars rover Curiosity
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While Pioneer 10
headed into
interstellar space
(leaving the solar
system in 1983,
Pioneer 11 flew
by Saturn in 1978,
the first probe
todoso it
photographed
and took
MEeasurements
of the planst, #s
fings, and soms
of its moons, too.

The spacecraft

lost power in 1995.

LTBATION

The Grand Tour: Exploring the QOuter Planetls

Jupiter and Saturn have mystified people for centuries, What is
that Great Red Spot? Why does Saturn have rings? How many
moons circle each planet? The Pioneer and Voyager missions
revealed those worlds to be more fascinating than expected.

Pioneer 10 was the first spacecraft to travel through the
asteroid belt. Some scientists
feared the craft might hit an
asteroid, but it reached Jupiter
safely in December 1973
Pipneer 0 took the first up-close
photpgraphs of Jupiier, which
showed the planet had colorful
swirling bands. Photos revealed
smaller white spois besides the
Great Red Spot, which isa
hurricane large enough fo cover
at least two Earths. The craft
also measured Jupiter’s sirong
magnetic field and radiation
belis. Pioneer 11 did the same, one year later.

The United States launched two Voyager ;@i}gs in 1977,

Voyager 1 reached Jupiter in March 1979. Voyager 2 arrived four
months later. Each probe photographed the planet and its four
largest moons—TIo, Europa, Ganymede, and Callisto—in detail.
Io has volcanoes and resembles a “pizza ball.” Europa has a
cracked, icy surface {and possibly a liquid ocean beneath the
ice}. The probes discovered that lightning crackles in Jupiter's
cloud tops, a thin ring surrounds the planet, and it has many
more moons than had been observed from Earth.

At Saturn in 1981, Vovager revealed the rings fo be more
complex and grand than expected. Dark spokes could be seen,
and small moons were found that guided the ring material.
Saturn’s largest moon, Titan, was also studied, though its atmo-
sphere was toc thick for cameras 1o see the surface.

While Vovager 1 headed out of the solar system, Vovager 2
tock advantage of a rare alignment of the outer planets. The
spacecrait continued on to Uranus {1986} and then Neptune
{1989}, achieving the “Grand Tour.” The craft detected faint
rings around both gas giants and discovered new moons.

A spacecraft named Galilep, launched from the space
shuttle in 1989, visited Jupiter in 1995, using gravity assist

Jupiter’s Great Red Spot

t from
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Venus and Earth. It released a small probe
that plunged into Jupiter's cloud layers and
measured temperature, pressure, chemical
composition, and other characteristics before
the planet’s dense atmosphere crushed it.

Its orbiter flew around Jupiter often and vis-
ited the major moons, collecting much data.
Galileo survived for eight years in the Jovian
system despite the harsh radiation.

The Cassini mission to Saturn was
launched in 1997, carrving ESA’s Huygens
probe along for the long journey. After
gravity-assist visits to Venus, Earth, and
Jupiter, the robotic probe arrived at Satumn
in Jupe 2004. Six months later it released
the Huygens probe for its descent to Titan.
The Cassini orbiter spent the next four years

Jupifer’s moon Io is one of the most

studying Titan and Saturn’s rings and other  voleanically active bodies in the
moons. IS operations were later extended, solar system.

first as the Cassini Eguinox Mission and then

as the Solstice Mission through 2017,

Galifec was the first spacecraft to photo- Cassini's view of Saturn and Titan,
graph an asteroid {Gaspra} up slose. It also Satum’s largest moon

discovered a tiny moon named Dactyl orbit-

ing the asteroid Ida, above,
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Giotto found that
the nucteus of
Halley's Comet
was about 9 miles
long and 6 miles
wide, Although
the comet lost
about 35 tons of
matter svery hour
as i neared the
Sun, it still has
enough material
o sunvive a few
hundred trins
through the

sofar system.

TLANETARY EXPLORATION

Wandering Through Space

Not every robot space probe visits a planet. Some head to much
smaller objects—comets and asteroids. When Halley's Comet
approached the Sun in 1986, some countries and space agencies
launched probes to meet it. From the Soviet Union, two Vega
spacecraft flew by the comet in March 1986 and took measure-
ments on their way to Venus. A few days later, Japan’s Sakigake
probe briefly passed by. Last and most daring was Giotto, a
probe sent by the European Space Agency.

Giotto traveled into the fuzzy
white “head” of Halley's Comet, a
cloud of gas and dust surrounding
the nucleus. More than 200 dust
particles per second struck the craft
One dust grain {about a third of an
gunce} knocked out communica-
tions with Earth for a short while,
but the 9-foot-long cvlinder-shaped
probe survived iis passage through
the comel. Giotio found that the
nucleus of the comet was about 9 miles long and 6 miles wide.

NASA launched NEAR Shoemaker in February 1996.

The craft’s name explained its objective: Near Earth Asteroid
Rendezvous. Ii reached the small, potato-shaped asteroid Eros
in February 2000 and became the first probe to orbit and land
on an asteroid.

Uranus

Ni ocemaker was named for Dr. \Eii\géﬁé »
Shoemaker, a famous geologist and astronomer
who studied how asteroids and comets may have
shaped the planets. He was co-discoverer of a
__comet (ShoemakerLe 9) that smashed

The spacecraft Deep Space 1 had no destination when it
launched in October 1998, Iis purpose was high-tech testing
in outer space. One device tested was an ion engine, first of
its kind, that performed better and longer than expected. Deep
Space 1's mission was extended 1o encounter a near-Earth
asteroid in 1999 and Comet Borrelly in 2001
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The Stardust probe’s primary mission for its was to col-
lect comet samples and return them to Earth for study. It flew
by the comet Wild 2 (pronounced Vilt) in 2004, and in 2006
returned a canister of aerogel containing bits of comet dust,
which included small amounts of stardust grains. The robotic
probe visited comet Tempel 1 in 2011 to build on the Deep
Impact dataset.

Staid&stftc'édii" c

NASA’s Deep Impact probe was designed to look inside a
comet. In mid-2005 it did so by hitting comet Tempel 1 with a
copper impactor and then examining the plume of debris from
that collision {including 250,000 tons of water). The probe visit-
ed comets Hartley 2, Garradd, and ISON before communication
was lost in September 2013,

ESA’s Rosetta probe is designed to provide long-term data
collection of a comet, 67P/Churyumov-Gerasimenko. Launched
in 2004, the probe arrived in 2014 after a series of gravity boost
planetary flybys of Earth and Mars. It then delivered a lander to
study the comet surface in detail.

Japan’s Hayabusa (“peregrine falcon”) probe was launched
in 2003 to rendezvous with and collect samples from asteroid
Itokawa, an asteroid so small that other objects tend to just set-
tle up against it without creating a crater. Using an ion engine,
it was able to catch up with and touch down on the asteroid to
collect samples from the surface. These samples were returned
to Earth by the spacecraft in
mid-2010.

NASA’s Dawn mission is
tasked with visiting the two
largest occupants of the aster-
oid belt: Vesta and Ceres. The
mission, launched in 2007,
reached the astercid Vesta in
2011 where it orbited for one

PLAMETARY EXPLORATION

The ecliptic
plane is the two-
dimensional plane
traced out by

the Earth's orbit
around the Sun,
its orbital plane.
Eclipses can only
happen when the
Moon is in this
plane, hence the
name. The other
planets in the
solar system have
orbital planes
whase inclinations
are very close

to Earth's

orbital plane.
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year while studying the size, shape, mass, gravitational fields,
surface and subsurface composition, interior structure, and the
nature and role of water in the asteroid. Dawn rendezvoused
with Ceres in 2015.

What About Our Sun?

Let’s not forget the largest and most important member of the
solar system. Several space probes have been sent into orbit to
study our Sun. Some of the Pioneer series did so in the 1960s.
Two Helios probes measured the solar wind in the mid-1970s.
The Solar Maximum Mission observed solar flares in the 1980s
and was repaired in space when a shuttle crew captured,
repaired, and released it in 1984.

SPACE EXPLORATION
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Ulysses, launched in October 1990, was the first spacecraft
to travel in an orbit nearly perpendicular (vertical) to the eclip-
tic plane. No human-made vehicle could produce the power
to break out of the ecliptic plane on its own, so Ulysses relied
on mighty Jupiter’s gravity to hurl it above that level. During
its 18-year mission, it was able to fly over the Sun’s north and
south poles, which had never been observed or measured in
scientific detail before.

SOHO is the Solar and Heliospheric Observatory. Launched
in December 1995, SOHO was sent to study the nature of the
Sun’s corona and inner structure, as well as detect the solar
wind. During its mission, SOHO discovered more than 50 Sun-
grazing comets and made movies of coronal mass ejections,
which produce dangerous radiation that can cause communica-
tion blackouts on Earth. SOHO continues to operate and is still
returning data after more than 20 years in space.

Launched in late 2001, NASA’s Genesis mission was
designed to collect particles of solar wind to return to Earth for
study. After taking up station at the Sun-Earth L1 point that
same vyear, it spent the next 28 months in collection mode using
collector arrays of different materials as well as a bulk collector.
The probe then used its ion engines to maneuver into a low-
energy trajectory that swung it by the Moon and back to Earth,
where it crashed into the Utah desert in 2004. Scientists were
able to recover some of the arrays
relatively intact and have been ana-
lyzing them since.

STEREQ, or Solar TErrestrial
RElations Observatory, was launched
in October 2006 to study coronal
mass ejections. It consists of two
observatories, one of which is ahead
of Earth in its orbit and the
other behind.

NASA launched the Solar
Dynamics Observatory (SDOJ in early
2010 to geostationary orbit, where it
collects data on our Sun with a focus
on the magnetic fields and how they
affect space weather.

8DO's view of the Sun in 2012

SPACE EXPLORATION 57



Distingushed Eagle Scout Mike Fossum, STS-124 mission specialist, took a seven-
hour space walk during a mission at the International Space Station in 2008,



Near-Earth
Space Habitats

People need food, water, air, clothing,
shelter, waste disposal, and some measure
of safety to live. Earth gives us these things,
but outer space does not {not even on
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A space station keeps air at the same pressure as on the
ground. §‘§’*§ lets the i}a‘i‘é}&ﬁ%’ §§§§ and work in regular clothes
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to ;pis:k‘u;inyf;orefhéya,

Salyut

The first space station to orbit Earth was named Salyut.

The Soviet Union launched seven Salyuts between 1971 and
1982. The earliest Salyut stations were designed only for tempo-
rary operations. Crews flew to the stations in Soyuz spacecraft
and were resupplied by unmanned Progress vehicles. Salyut 6
(1977-82) and Salyut 7 (1982-86) were designed for longer
missions. The longest mission was 237 days. The last crew left
Salyut 7 in 1986. The space station re-entered Earth’s atmo-
sphere in 1991, burning up over Argentina.

Skylab

The United States launched its first space station, Skylab, in
1973 atop a Saturn V rocket, the same type that sent astronauts
to the Moon. The third stage of the rocket was converted to pro-
vide living quarters, life support, and scientific instruments for
a crew of three. Apollo command modules carried astronauts to
and from Skylab.

Eleven days after Skylab was
launched, three astronauts docked
with it. They noticed one of two
large solar panels had torn away.
A second solar panel was jammed,
and part of the heat shield was
missing. The crew installed a
cover over the unshielded area
to cool the spacecraft. They freed
the jammed solar panel and
restored power to the craft. These

unplanned activities showed how  Skylab’s orbit decayed faster than expected
people could repair equipment because greater than expected activity on the

: Sun “puffed up” the top of Earth’s atmosphere,
and structures in space. slowing the station down. Skylab was destroyed
as it burned up in the atmosphere in 1979.
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In 1986, the Soviet Union launched the first module of Mir
{(meaning “peace”), the next generation of space stations. Unlike
crews lived on Salyut, the Mir space station could have modules attached to
each other. Eventually, Mir grew to be a set of six modules that
Skylab through totaled 107 feet long and 90 feet wide.
1974. They studied Mir was occupied for more than 12 of its 15 years in orbit.
It served as a home in space for 104 people representing 11
countries. One of the cosmonauts (Soviet/Russian astronauts),
of fluids and Dr. Valeri Polyakov, spent 438 days in space before returning to
Earth. Three other cosmonauts spent at least one year in space.

Three different

the properties

materials and the

medical effects

The End nf Mgr M;r had ifﬁ share of pmblems Gnr:a,

the crew had 1o put oxst a dangerous fire. Another

time, a resupply craft wii;ded with the station, seri-

complete absence ously damaging one module. Evemuai!y, f;c}mpenents

~ dessgned 1o last three years began to fail. The space
station was brought out of orbit in a controlled manner
‘and qrashad, into the Pacific Ocean in 2001.

of microgravity

(the nearly

of gravity). They
also observed
the stars, the
Sun, and Earth.
Their missions
proved people
could live
productively in
space over

long periods.
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The Space Shuttle

The most ambitious space vehicle to date is certainly the United
States’ space shuttle, in service from 1981 to 2011. This system
used solid-fuel rocket boosters and a large external tank for
liquid fuel in combination with an airplane-like vehicle, the
orbiter, to lift up to seven crew members and 25 tons of pay-
load into a low Earth orbit and remain there for as long as

two weeks. Because the orbiter, which carried the expensive
liquid-fuel rocket engines, could be refurbished and flown
again repeatedly, the shuttle is regarded as the first reusable
space launch system. It was used for launching satellites,
repairing them in space, and even returning them to Earth,
and served as a kind of temporary space station for performing
scientific experiments.

Combining all these capabilities into one vehicle, how-
ever, proved problematic. Originally conceived as a low-cost,
frequent space transportation system accessible to commercial
users, the shuttle proved much more expensive to operate
than anticipated. Furthermore, in the course of 130 flights,
two orbiters—Challenger in 1986 and Columbia in 2003—were
destroyed with the loss of all crew members. After the loss of
Challenger, the types of payloads flown on the shuttle were
restricted, limiting it primarily to purely scientific missions.

MNEAR-EARTH SPACE HABITATS

While the space
shuttle was
intended to be
a method of
transportation
between the
ground and
low Earth orbit,
it became the
only space
habitat for
astronauts
from its first
launch until
the mid-1990s.
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Metric Matters

The gk:sba& mtematxona standard far measurement in science and ,
engineering is the metric system To compete in global markets, as the
space industry does, you need to learn metric. This can, at first, lead to
confusion, as with the case of tons and tonnes. A ton in imperial units
is 2,000 peunds with each pound Wetghmg 16 ounces. The metric
version of the ounce is the gram, and of the pound is the kilogram

“{kilo = thousand}. One kil Qgram equals 2 2 pounds, and 1,000 kilo-
 grams is a tonne {often nated as metric tonne or mT), which works

outto 2,20{) pounds,: or 10 pement mqre than the ton. For this reason,
and as Mars Climate Orbiter highlighted, it'isye‘w important to be

«clear on what measurement system you are using.

International Space Station

NASA began planning a permanent space station in the late
1960s. In 1984, President Ronald Reagan revealed the plans for
Space Station Freedom, a cooperative effort among the United
States, Canada, Japan, and some European countries. But the
space station was redesigned yet again. In 1993, Russia and
Brazil joined the project, and the name was changed to the
International Space Station (ISS).

The ISS is an engineering marvel, a challenge to design,
construct, test, outfit, assemble, and operate. While it was
originally built to last at least 15 years in orbit, it was designed
with a safety factor of 2, meaning it could last 30 years.
Sixteen countries have contributed to its construction. More
than 100 major pieces have been assembled in orbit more than
200 miles above Earth.

in the 19903, the Umted States and Russxa bmugh’c U 3 astmnauts and

- ‘Russian wsmcnauts together to operate the Mir space station. Space
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shuttle Atlantis docked with Mir for the farst time in 1995. It was one
of nine trips to Mir to exchange crew members, bring supplies, and—
in this case—deliver a new module to the station. The two countries
gained valuable experience working together and laid the foundation
for the eventual construction and operation of the International

'Space Station.
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But why build another space station? Mir had gotten too
old. The United States, Russia, and other countries wanted a
larger, longer-lasting facility to do long-term research in space.
The space shuttle had supported some research, but flights had
been too few and too short. A bigger space
station also would provide better research
support services {such as data transmission}
than the shuttle could ever provide.

NEAR-EARTH SPACE HABITATS

The million-pound ISS is the largest
Purposes of the ISS construction project ever attempted

The International Space Station has several in space.

purposes. One of the most important is that

the ISS provides a constant presence in space. Since November
2000, there have been from two to 13 (when the space shuttle
orbiter was docked) astronauts and cosmonauts at a time living
in space on the ISS. Rather than spend a few weeks in space,
astronauts and scientists can stay for three to six months to
study the effects of weightlessness on the human body and to
do experiments in microgravity.

The research done aboard the ISS may lead to break-
throughs in medicine, engineering, and technology that will
have practical uses for humanity on Earth. The research could
create jobs and economic opportunities tomorrow and in the
decades to come. As an investment in the future, the ISS pro-
vides ways to do research that cannot be done on Earth. With
its view of 85 percent of Earth’s surface, the ISS can help us
observe and understand changes in the environment and our
impact on the planet. By exposing materials to the harsh envi-
ronment of space, we can learn how materials are affected in
order to better design future spacecraft.

SPACE EXPLORATION
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The ISS shows how countries can work
together for the peaceful use of space. We can
accomplish greater feats (like a crewed mission
to Mars) with cooperation rather than competi-
tion. Also, the lessons we learn from building
and operating the 1SS will prepare us for future
manned missions in space exploration.

Components of the ISS

./ The International Space Station is made of
cylinder-shaped modules and other large parts
that are built on the ground, then assembled
and maintained in space. The station was
designed to be expanded.

¢ The first piece, a control module named Zarya (“Sunrise”)},
came from Russia and was put into orbit by a Russian
rocket in November 1998. Zarya has docking ports for
additional modules and solar arrays for power.

e The second piece was Unity, which a space shuttle carried
into orbit in December 1998. As its name suggests, Unity
is a small module that allows six other modules to be
connected together.

¢ The ISS became a working space habitat when the third
piece, the service module Zvezda (“Star”) from Russia, was
attached to the station in July 2000. Zvezda provided living
quarters and life-support systems for the first few crews.

e Destiny, a U.S. laboratory, was delivered in February 2001.
Scientific research aboard the station could now begin.

More components have been added since, with 15 pres-
surized modules as well as a number of unpressurized compo-
nents making up the ISS. The central girder or truss, which is a
set of long beams fitted together, connects the modules and the
main solar power arrays. The truss provides a rigid framework
for the station.

Various countries are providing other pieces of the ISS.
The Space Station Remote Manipulator System, provided by
Canada, is a 58-foot-long robot arm that helps with assembly
and maintenance. The arm travels along the truss on a mov-
ing platform. Four solar arrays, which provide electrical power,
rotate on the truss to stay facing the Sun. Six large radiators
provide cooling in pressurized areas. From ltaly and Brazil
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outside of the space station like an inchworm.

have come cargo containers. The Quest airlock, from the
United States, allows crew members to conduct spacewalks.

An emergency crew return vehicle (a Soyuz spacecraft for
every three crew members) is always docked at the ISS while it
is inhabited. This assures the safe return of all crew members if
a hazardous situation (such as a fire or loss of pressure) occurs
on the space station and a quick departure must be made.

The construction of the ISS was largely completed in 2010,
resulting in about 1 million pounds of hardware in orbit assem-
bled during 33 space missions with more than 150 spacewalks
over a period of 13 years. The ISS will be operated through at
least 2020 and will be deorbited into the Pacific Ocean when
its operational life is complete. The ISS is the largest structure
ever built in space and has honed and perfected our skills at
assembly, maintenance, logistics, and international cooperation
on scientific and technical endeavors. The use of distributed
power and cooling systems, the repair of the solar arrays and
rotary joints, and the recycling of water and air for life support
are good examples of what we've learned that could help us as
we explore the solar system and establish homes in space.

SPACE EXPLORATION

Canada’s Space Station Remote Manipulator System can creep slowly along the
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The 1SS flies over
85 percent of
Earth’s surface
and 95 percent of
Earth’s population
and is as bright
as Venus. To find
out when the 1SS
is visible over
your location, see
the resources

section,
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Without gravity, ho

The ISS is
designed to be
maintained while
in orbit. Most
parts, inside or
outside, can be
disconnected,
replaced, and
reconnected {like
a light buib). This
makes it easier
for the crew to

make repairs.

t air does not rise. Aboard the
ISS, an oven has a fan that forces the hot air to
move around. Hot metal shelves conduct heat
directly to food containers.

Living and Working in
Microgravity

It isn’t easy to provide for
eating, drinking, sleeping,
cleaning, and personal hygiene
on the space station. Air, water,
materials, and the human body
act differently in space because
of microgravity. Equipment we
use on Earth would not work
the same way, or not work at
all, aboard the space station.

Food for ISS crews is nutri-
tious and compact, and tasty
most of the time. The food
must come in convenient packages for easy handling in weight-
lessness. Astronauts select their menus before going to the space
station, but their choices are limited. Fresh foods sometimes
arrive with new crew members, although they do not last long.
Water must be added to most items to make them edible.

Personal hygiene is a novel experience on the 1SS. A crew
member takes a shower using a hand sprayer and a washcloth.
Because loose water droplets floating around in weightlessness
can be a hazard for electrical equipment, the bather must catch
the sprayed water in a sponge or washcloth and then use the
wet cloth to clean themselves. In space, toothpaste is swallowed.
A special dry shampoo is rubbed into the hair with a towel
without needing to be rinsed. When shaving or cutting hair, a
vacuum tube is used to collect the hair and keep it out of equip-
ment and air filters.

Every few months, Russia launches a Progress resupply
rocket stocked with food, water, personal items, and spare parts.
The Progress spacecraft attaches to a Russian-made module. The
crew uses supplies from Progress and fills the craft with trash.
Eventually, the Progress undocks from the station and burns up
in the atmosphere, incinerating the trash it carries.

Robotic spacecraft from the European Space Agency, Japan,
and the United States can also be launched by expendable rock-
ets to resupply the ISS. Japan’s H-1I Transfer Vehicle (HTV} and
SpaceX’s Dragon cargo ship are reusable crafts that can return
scientific samples to Earth.
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will work mainly on science experiments. All of the crew take
part in medical experiments and station maintenance,
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Medical research aboard the 1SS
may lead to the development of drugs
that can stop bone loss. Besides
helping space travelers, such drugs
would benefit millions of older people.
Other studies in space might lead to
a treatment for cancer or find ways
to make purer forms of medicines.
Researchers are also working to
develop vaccines for Salmonella and
Staphylococcus aureus, which causes
antibiotic-resistant staph infections.

Scientists want I? better This photograph by cosmonaut Nikolai
understand how physical laws and Budarin of the ISS Expedition Six shows
chemical processes work in space. how strange space gardening can be,
Materials act differently, fluids flow  The air bubble trapped in this water drop

iffere a o ns diff 1 doesn’t rise because in space there is no
ghffer ?ﬂy’ nq fire bgr s dif er?\? Y buoyancy. The droplet rests on the leaf
ina n_ncrogravzty enwronment . EW  without bending the stalk or falling off
materials could be made in orbit because of zero-gravity.

from substances that will not stay

mixed on Earth due to their different densities. (See “All
Mixed Up.”) Studies of the process of burning could lead to
improvements in firefighting techniques and equipment or
help to strengthen pollution controls.
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The knowledge gained from experiments that are not
possible on Earth will benefit us all. The International Space
Station is the next step to satisfy humanity’s ancient yearning to
explore, learn, and achieve. From this outpost, we can continue
to explore the frontier of space.

The New Era of Space Transportation

With the retirement of the space shuttle in 2011, the only regular
crew transport to the ISS is via the Russian Soyuz crew vehicle.
In the United States, a number of companies are working hard
to provide the next generation of cargo and crew vehicles.
Having multiple launch vehicles available reduces the risk to the
space station crew.

The military was concerned about not having the abil-
ity to put satellites in orbit after cargo was restricted following
the Challenger accident. In the mid-1990s, it decided to work
with Boeing and Lockheed Martin to develop a pair of launch
vehicles, the Delta IV and Atlas V, respectively, that could lift
large assets into space. In the late 1990s, Beal Aerospace tried
to build inexpensive vehicles to launch commercial satellites
to geostationary orbit, and at one point fired the largest lig-
uid rocket motor developed in the United States since Apollo.
Government subsidies to commercial competitors drove the
company to close in 2001. Shortly thereafter, SpaceX began
development of the Merlin rocket motor and Falcon family of
launch vehicles, with the larger Falcon 9 rocket having its first
successful delivery of payload to orbit in 2010.

The delivery of crew is more complicated. NASA began
working with industry in 2004 to provide alternatives to the
shuttle program. Many proposals recommended use of the exist-
ing Atlas and Delta rockets. NASA later decided to develop its
own launch vehicle that used elements of the space shuttle.
This became the Ares rocket component of the Constellation
program to go to Mars by way of the Moon. Funding was cut in
2010, which left private efforts, already underway, as the only
potential near-term solution.

Originally an element of the canceled Constellation program, the Orion
Multi-Purpose Crew Vehicle is designed for crewed missions beyond
low Earth orbit.
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The 1SS’s robot arm captures the Dragon spacecraft as it approacheson a
resupply mission.

SpaceX designed its rocket {o launch the company’s Dragon
capsule, which will also have a crewed version. Ope design
feature of the Dragon capsule is that instead of using “tractor”
motors on the nose of the capsule, as with Apollo and Oron,
that drag the capsule away from an emergency situation, the
Dragon instead uses “pusher” motors in the base to push the cap-
sule away from a blossoming crisis. SpaceX launched Dragon in
October 2012 on the first commercial resupply mission to the ISS.

Boeing and Bigelow Aerospace have teamed up to develop
and provide the CST-100 capsule, designed to be launched on
Deilta, Atlas, and Falcon rockets, for launching astronauts into
fow Earth orbit.

The 1SS will be the primary destination for global space
activities. As more transport solutions are developed, especially
for crew, there will be increasing pressure for spacecraft in
other orbital inclinations 1o transport 1o those facilities.
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Planetary Bases and
Settlements in Space

Where would we build space bases and settlements? The Moon
and Mars are current candidates. Bases and settlements could
also be built on asteroids, on the moons of other planets, and
even in space itself {in orbit). At first, these bases would depend
on supplies from Earth, but they could eventually become
self-sufficient as we learn how to make use of the materials
found in space.

A base is normally supported and supplied by a govern-
ment, while a settlement would need a financial basis to sup-
port itself and its inhabitants. By creating self-sufficient settle-
ments away from Earth, our civilization can spread to other
worlds, and even bring life to them. Having a space-based civi-
lization in existence would also make it easier to recover from
a widespread disaster on Earth.

SPACE EXPLORATION
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Also to be
considered is
what value the
facility will create
so that people
would want to live
and work there,
Remaoving scrap
satellites from
geostationary
orbit, for example,
would help keep
functioning
satellites safe so
that broadeasts of
satellite TV

and radio can
continue

uninterrupted.

Free Space Facilities

Not every location of interest in space is on a planetary surface.
One example is the Earth-Moon L1 point (EML-1). Balanced
in one direction by the gravity of Earth and in the other by
centrifugal force and the gravity of the Moon, the L1 point lies
about 86 percent of the way to the Moon on an imaginary line
connecting the centers of Earth and the Moon.

A facility in a halo orbit around EML-1 (like the SOHO and
Genesis probes at the Sun-Earth L1 point) would benefit from a
number of advantages:

¢ It is accessible from any inclination of low Earth orbit, even
from the ISS.

* [t has access to any point on the lunar surface.

* 1t offers a “high-ground” view of space traffic out to geosta-
tionary orbit.

s It is the cheapest place, fuel-wise, to launch a mission fo an
asteroid or to Mars.

» Probes can be sent out on the interplanetary superhighways
and brought back periodically to be serviced and upgraded
like the Hubble Space Telescope.

Another location of interest is the Earth-Moon LS point,
trailing 60 degrees behind the Moon in its orbit. This was
the location proposed by Dr. Gerard O’Neill for large orbital
colonies that would provide homes for thousands of individuals
in a climate-controlled environment. This type of free space
facility requires much more space development; we will need
to perfect methods of economically bringing many hundreds
of thousands of tons of materials from one space location or
object to another before we can build large space colonies.

A facility at EML-1 offers the possibility of considering
materials from multiple sources. The core modules might be
I1SS-style or Bigelow inflatable modules, but radiation shield-
ing might be provided by slag from industrial processes on the
Moon. There might be an industrial facility there manufacturing
solar cells from asteroid materials to be used for solar-power
satellites in geostationary orbit or as a garage for nonfunction-
ing satellites retrieved from geostationary orbit.
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Asteroid Facilities

A natural extension of using astercids for the natural resources
they contain is to create facilities on or In the astercids. Such a
facility located in the asteroid belt would have access to virtually
unlimited resources. Locating a facility within an asteroid would
allow for great variability in design of interior spaces, and thick
layers of rock would mitigate the dangers from cosmic rays and
sclar flares, as would be the case in lunar lava tobes. In addi-
tion, engines could be mounted on the asteroid, allowing o be
directed to destinations of interest in the solar system.

Selection of a particular asterold would depend on s com-
position. It is one thing to mine platinum group metals fiom
a large rock; it is another o have the supplies pecessary for
life, mainly carbon, hydrogen, oxygen, and nitrogen, as well as
ample amounts of water. Consequently, any likely target will
be extensively examined by robotic probes to determine the
resources it would offer for a facility.

Visiting an astercid would be just the first step.

Moon Bases

The Moon is just 2 few days of travel from Earth. Earth-Moon
communication takes only a few seconds round-itip. We have
had experience with crewed operations on the Moon. The grav-
ity is only one-sixth of Earth’s, so landing on and lifting off
from the Moon’s surface does not take much fuel. All of these
are advantages.

There are also disadvaniages of establishing a hunar base.
The Moon doss not have an atmosphere. On is surface, people
would be unprotecied from space radiation and the impacis of
micrometeorites. The Moon rotates about once a month, creat-
ing a scorching hot day {+ 250 degrees F} that lasis two weeks,
followed by an intensely cold night {-250 degrees F} that also
lasts two weeks. No one knows how the low gravity might
affect the growth of children or the aging process if families
tived at the base. There are unlikely to be anv concentrated
bodies of mineral ore (o mine.

For these reasons, while Moon is not the best place to
start 3 colony, it is suitable for scientific research.
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H

Purposes of 3 Moon Base

A moon base would allow continued exploration of the Moon.
We can search for valuable materials, such as titanium,
belium-3, and rare earth elements. Bases near the notth or
south poles would receive sunlight almost all the fime o power
a base. Explorers working out of those bases might find polar
ice deposits in nearby areas that are always in darkpess.

We also might sef up ap astronomical observatory. A tele-
scope on the Moon's stable surface, looldng out through no
air, would have a superb view of the universe. A base on the
far side of the Moon would be valuable for radio astronomy,
because it would be shielded from almost all the radio "noise”
generated on Earth and in space by human activity.

Businesses might be able {o mine lunar material for a
profit. Common metals lke fron, aluminum, and ttanium
could be smelted from moon rocks to make building materials
and solar cells. Oxygen, taken out of the rocks, would provide
breathable air and rocket propellant. Someday a lunar hotel or
resort could be buil, followed by a hunar colony,

Living on the Moon

A moon base would have modules for Iaboratories and lving
quarters. The modules would be buried in lunar soll, except for
their enirances, o shisld the inhabitants from space radiation
and solar flares. The lunar soil would also insulate the base
from exireme temperatures.

The modules would have the same Hie-support functions a3
a space station, providing a breathable atmosphere, clean water,
food, power, and temperature control. Water would be recycled
as much as possible. Most food would be imported from Earth
hut could eventually be supplemented by a greenhouse module
A crew would either siay af the base or visit regularly 1o main-
tain and repair equipment and do scientific work.

At first, all of the modules would be built on Earth and
hauled to the Moon. Because this will be expensive, a moon
base will grow faster i lunar materials are used 1o build the
maodules. Once we develop the technology and capability o
mine, process, and ransport lunar ore, a seiilement on the
Moon will be highly desirable.
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Mars Bases

Mars has many advantages for & base or settiemient. Its
atmosphere {almost all carbon dioxide) would protect anyone
on the surface from micrometeorites and partly from Space
radiation. The atmosphers e thick enoush 16 produce wind and
chngs, and mavhe suppor! an ainplane However, the i lacks
oxygen and enough air pressurs for 3 person o survive Any
surfare water would bodl away very a8 Anvore expioning Man
will nieedt 1o wear 3 spacesul, jum Hieon the Moon, What looks
The gravity on Mars 5 about 38 porcent as shiong a8
Eanih’s, so humans and animals might be able o grow and
reproduce there normally. A day on Mars is only slightly longer
than on Earth, so 3 person could easily adapt to'a Martian day:
Mars has huge quantities of subsurface ice in‘many places,
and on the surface in the polar areas. There may be salt water
under the ice, which could be tapped by drilling. Elements,
such as sodium and chiorine, dissolved in the salty water could
b separated and used. Mars rocks would also confain usehnt
metals In fact, most of the materisls needed o balid s hase oy
eolony prohably oxist on Mars, but they must be found. Rockst
propeliants can be made using the carbon diogide aimosphers
and water on Mars, greatly reducing the cost o missions 1o Mans
But Mars has s disadvaniages, oo The planst lacis a
notable magnetosphers, which helps protect Eanth fiom solar
wind particles. Additionally, Mars is much farther away than
the Moon. With current technology, it would take five 1o six
months for a crew to réach Mars” orbit from Earth. With better
techmology, using nuclear-powered ion rockets, the crew’s trip
might be cut 10 two months: Cargo-only vehicles could be'sent
as “slow boais” touse Isss energy, falingas ongas a year o

fer orbit would likely hove 1o/siay there for shout two yesrs

A
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Building a Mars Base
Before starting to build a base on Mars; we will need to send

robot rovers o locate several promising sites. Then humans
will survey those sites o find the best location. An orbiting

%

base would be ssiahlished in a low Mars orbit, complete with
these vehicles could be reusable fust e airplanes

‘hat would be 3 gond place for 3 base? A location nesr
the equator for warmth, i possible We wounld also want a

site with aooess 1o ice of water, and St might bedloser io

thie poles. Resources available from the rocks nearby wouid be
important. If we could use the water on Mars, by digging ice
out of the ground, we wotild not need fo bring it from Earth,
making it miich cheaper to build and maintain a base.

Alow-lying location would provide the best protection from
space radiation. However, just as on the Moot all permanent
sxposure Temporary habiiats could be on the surface, bu they
wonid have o withsiand the raging dust stonms on Mars Al
habitat modniss would be Inculaied againg the cold. Methads
wonld need o be perfected to get vid of Mars dust on space-

Just ke on the Moon, the Sirst componenis to bulld the
base would coms from Earth. Bulldozers and backhoes could
be used to dig holes and bury the habitat modules. To dig for
water or o look for life, heavy drilling equipment would be
designed to operate under Mars conditions. All habitat modules
would be insulated against the cold.

The base would need energy for heat and to run its ‘equip-
day. but 3 small nuclear reacior wouald be idesl for power
around the dock Blectriclty fom the reacior could be used 1o
synrarhon dlogide (homthe airt and water or e {from the
conid be used disectly to ke breathablealr Hmight alsn be
possibie 1o ship & smiall soeller and manulacluring plant o
Gabitat modules The water found thers might make ¥ possible
to use other kinds of construction materials, such as Jocally
produced concrefe,
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Living on Mars

The oxygen and hydrogen from Mars  water could be used as
rocket g;s&i:seﬁsms for flights back into Mars orbit and 1o power
“over-the-road” vehicles. Vehicles for tiaveling on the surface of
Mars could include rovers large enoiigh for several people, and
buggies that spacesuited crew members could ridel The crew
would stay busy maintaining the base, conducting research,
and prospecting for better supplies of water and minerals. They
g{};ﬁé explore and learn abois the fopography, geology, and

v of %%5?;1 Heoent ;}%3%? §§ at ?éfi%;‘é%% iz %é*% ;‘ﬁ?{%ﬁ%{%ﬁ%
g}é%f:g% i gé §§§§§§ cisof 5%5 %&i’ﬁ? é%é%ii{ b ;géé
o f %é Hfe

§§§ for the oew would come from Bart of first

Bat eventually food could be grows locally) Mars has snough
sunlight for %g;%i o grow in pressurized %‘5@?%%%;3%§ Bt
keeping thern warn would take much energy. By the time we
e ready 1o go o Mars, we may %%}%i; hiow o make some
fooud synthenically, without using plants at/all

Tofindoutif
Mars has {or had}
indigenous fife;
we cannot con-
resson, precay-
sonsarsisken
when Busiding
spacs vehicies
satheycanyas
few microbes

a5 possibls,




The Future of Space
Exploration and Space
Development

by counisl heor

dehate on what role the ULS govern-

era of space exploration. The private
decisions by companies and the public
ornies by governiments will determine
technical and complicated, many are
ciical or shoul cosis and benefilg
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e THE FUTURE OF SPACE EXPLORATION AND SPACE DEVELOPMENT

Here are some of the issues under discussion:

¢. What should the next major goal of the U.S. crewed space
program be: Go back to the Moon; go to Mars, visit an aster-
oid, focus on space development projects such as creating
space energy resources for use on Earth, focus on research
on the space station, focus on'reducing launch costs, conduct
more robotic missions, or have multiple goals?

+ What are the reasons for going to each destination or works
ing on each goal?

. Should the government build another crew-carrying vehicle
itself; or rely on one or more private vehicles that can be
used without requiring much; if any, development cost from
the government?

* Should we build a “heavy lift vehicle” that can place objects
larger than 75 tons in low Earth orbit; or try 1o rely on smaller
rockets and assemble larger vehicles in orbit as was done with
the space station?

+ i we build-a “heavy lift vehicle,” should it be based on paris
from the shuttle or a brand new design, be expendable or
reusable, be budlt and operated by the government or by a
private company?

* What is the best way to build reusable space launchers to
reduce launch costs?

* How much should the U.S. space program rely on coopera-
tion with other countries?

* How much money can the government spend on the space
program each year?

s How much should be spent on robotic exploration, and how
much on the crewed program?

* What kind of vehicle should be built for crews to operate in
deep space away from low Earth orbii?
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Space development represents a step beyond space explora-
tion—which is basically finding out what is there—and the use
of the resources in space. Many asteroids have large amounts
of very valuable platinum group metals in them, which we may
mine someday. The Moon has large amounts of oxygen, silicon,
aluminum, and titanium in s soil

Away from Earth, even as close asinthe orbit used by
communications satellites; the Sun shines virlually all the ime
and is 30 percent stronger than on the ground. This makes it
a very good location for solar panels, which would get about
five to 10 times more energy per day than they would on Earth.
This concept is called space solar power, but the energy is used
on Earth.

Space development also means building infrastructure in
space for humans to use, just like building roads and power sta-
tions on Earth. Part of this involves equipment that would make
it easier, cheaper, and safer to move péople and cargo from
Earth to space and to different locations inspace. The space
station itself is-an example of infrastructure. Other
examiples include propellant depots 1o accomulate large
(uiantities of propeliants for deep space missions and
reusable space tugs 1o move cargo between orbits instead
of using expendable rocket stages.

The Greatest Adventure

Earlier we asked: Why explore space? We have covered several
possible answers to that question, but they can all be summed
up like this: Because it is human to do so. People have always
explored the environment around them. As we have observed,
experimented, and taken risks, we have learned how to better
protect and maintain our environment and improve our way
of jife.
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Careers in Space
Exploration

A cateer in space exploration makes you think of being-an
astronaut. Since 57 percent of the present and former astronauts
were:Scouts, you have a good head start. But astronautics is
only one occupation among the many. that will be needed to
explore and settle our solar system and beyond. Marny positions
at:NASA, at educational facilities; and in private businesses
involve space exploration and research.

Getting Ready

To prepare for a space career, you must study math and science.
Take all the high-school math you can—algebra; geometry,
trigonometry, and calculus. Also take biology, chemistry,
physics, and computer science.

You must be able to write and speak clearly. Being
bilingual and having good people skills are vital in this age
of the International Space Station. Study English and at least
one foreign language. You will also need social studies includ-
ing history, geography, international studies, art, drama, and
music. All-of these will widen your world and make you a
better communicator.

To get into college, you will need good grades and high
scores-on standard exams such as the SAT (Scholastic Aptitude
Test) or ACT (American College Test). In college, choose a
technical or science major—physics, chemistry, biology, geology,
mathematics, engineering, computer science, or premedicine.
Round out your education with humanities courses such as
languages, history, economics; art; and public speaking.

CAREERS IN SPACE EXPLORATION

The Mercury,
Gemini, and
Apollo programs
in the 1960s
harnessed the
talents of more
than 250,000
employees

at NASA,
universities,
and various

companies.
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If you'want to be
a pilot astronaut,
a'military
background is
helpful. If you
wantto be a
mission specialist
astronaut, a
scientific

or medical
background is
helpful. Most
importantly;
follow the

path where your

interests lie,

Where Is the Work?

Other than at-NASA; you might work at a university as a prin-
cipal investigator for an experiment on the International Space
Station or on a grant from NASA's Astrobiology Institute to
search for life on Mars or under Europa’s icy:surface. You might
be a science teacher or someone who-trains astronauts. You
might be a medical researcher who studies the effects of space-
flight or-a doctor who keeps astronauts healthy.

You might provide independent services to NASA,
as Mike Malin did. He developed the camera on the
Mars Global Surveyor, which has given us the best
map, to date, of the surface features on Mars.

Additionally, small private companies are developing new
technologies: for spaceflight. Some strive to build rockets that
will send tourists into space at affordable prices. You might
decide to work for a company that is building a spacecraft to
fly to-another planet. Or you might form your own business
to provide access to space for your own reasons. To-do‘any
of these occupations, you will need-a college degree in
engineering or business, or both.
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A Sampling of Careers

Requirement 8 asks you to find out the qualifications, education,
and preparation required for two possible space careers, and

to discuss the major responsibilities of those positions. Here’s

a closer look at-some space careers, and a list of careers you
might explore on your own.

Aerospace engineering and operations technicians work
with systems used to test, launch, or track aircraft and space
vehicles. Like all engineering technicians, those who specialize
in aerospace apply science, math, and engineering principles to
solve technical problems. They may assist engineers and scien-
tists with research; by building or setting up equipment, prepar-
ing and conducting experiments, collecting data, and calculat-
ing the results. Engineering technicians need creativity to help
with design work, often using computer-aided design (CAD)
software or-making prototypes of newly designed equipment.
They must be able to work with their hands to build and repair
small; detailed items without making errors.

Most positions: for engineering technicians require at least
a two-year associate degree in engineering technology. Training
is available at technical institutes, community colleges, and
vocational-technical schools and in the armed forces.
Engineering technicians often work as part ¢of a team of
engineers and other specialists.

Aerospace engineers design, develop, and test aircraft,
spacecraft, and missiles. They develop new technologies for
space exploration; often specializing in areas such as structural
design, propulsion systems, navigation and control, instrumen-
tation, and communications. Aerospace engineers who work
with spacecraft are also called astronautical engineers.

A bachelor’s degree in engineering is required for almost
all entry-level engineering positions. Most engineers earn their
degrees inelectrical, electronics, mechanical; or civil engineer-
ing. Many aerospace engineers are trained in mechanical engi-
neering. Engineering students typically spend their first two
years of college studying math, basic sciences, introductory
engineering, humanities, and social sciences. Courses in their
last two years are mostly in engineering, usually concentrat-
ing in one branch. The last two years ‘of an aerospace program
might include courses in fluid mechanics, heat transfer, applied
aerodynamics, flight vehicle design, trajectory.dynamics, and
aerospace propulsion systems.

SPACE EXPLORATION
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Research associates may take part in experiments. or help
analyze data for research projects such as mapping the planets
and their moons. This work generally requires.a master’s
degree, which takes two to three years of study beyond a
bachelor’s degree.

Space scientists must have at least a Ph.D. degree, which
usually takes four to six years of study beyond a bachelor’s
degree. Scientists work with existing projects and are also
expected- to use their creativity to develop future missions.
Space scientists need a broad base of knowledge. A scientist
whose major field is chemistry, for instance, also needs a good
grounding in physics, mathematics, and engineering.

No matter what your speﬁ%a%ty, you must be abigta
communicate and work well with others as part of
a team. You must be good at solving problems. E
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Space-related careers in the Tuture will be varied am
indescribable intoday’s terms!’ Some sccupations could 1ake
your into space; others could help someorie else get there. We
stand on the shore of a great sea and can only imagine what
lies beyond the horizon: Perhaps your career will allow you to
find out!
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Organizations and Websites

American Institute of Aeronautics
and Astronautics

Telephone: 800-639-2422

Website: www.aiaa.org

European Space Agency
Websiter http://www.esa.int

“Europe’s gateway 1o space” has 22
member countries, including France,
Germany, and the United Kingdom.

Galileo Legacy Site
Website: htipr//solarsystem.nasa.gov/
galileo

Goddard Space Flight Center
Website: www.nasa.gov/goddard

The center is “home 10 the nation’s
largest organization of combined scien-
tists, engineers, and technologists that
build spacecraft, instruments, and new
technology to study Earth, the Sun, our
solar system, and the universe.”

NASA Image Galleries
Website: www.nasa.gov/
multimedia/imagegallerv/

The NASA image galleries boast a col-
lection of more than a thousand images
“of significant historical interest”

Jet Propuision Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109
Telephone: 818-354-4321
Wehsite: www.iplnasa.gov

The JPL is considered NASA's leading
“center for robotic exploration of the
solar system.”

SPACE EXPLORATION RESOURCES

Johnson Space Center

Space Center Houston

2101 NASA Parkway

Houston, TX 77058

Telephone: 281-483-5111

JSC website: www.nasa.gov/
centers/johnson/home/index.html
SCH website: www.spacecenter.org

Kennedy Space Center

Telephone: 321-867-5000

‘Websiie: www.nasa.gov/centers/ken-
nedy/home/index html

Marshall Space Flight Center
‘Website: www.nasa.gov/centers/mar-
shall/home/index hitml

National Aeronautics and Space
Administration

Telephone: 202-358-0001

Website: www.nasa.gov

NASA’s website has a bounty of infor-
mation about space exploration for
students of all ages.

Opportunities at NASA:
wWww.nasa.gov/careers

Astronaut Selection Program:
hiip://astronautsnasa.gov

SkyWaich appiet to track satellite sight-
ings including the Infernational Space
Station: hitps://spotthestation.nasa.
gov/sightings/

Spinoffs: hitp://spinoffnasa gov

National Association of Rocketry
Toll-free telephone: 800-262-4872
Website: www.narorg

The world’s oldest and largest sport
rockelry organization. Visit the website
to find the club nearest you.

National Space Society

Telephone: 202-424-2899

Website: https://space.nss.org
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SPACE EXPLORATION RESOURCES

Planetary Society
Telephone: 626-793-5100
Website: www.planetary.org

Smithsonian National Air and
Space Museum

Independence Avenue at Sixth Street, SW
Washington, DC 20560

Telephone: 202-633-1000

Website: hitps://airandspacesiedn

Technology Student Association
Toll-free telephone; 888-860-9010
Website: www.isaweblorg

TSA provides programs for middle
and high school students interested
in the technology.
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Things Work.”
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Carol Johnson, physicist; space
advocate, and aerospace systems
engineer. She wrote the sections
about the space shuttle and the ISS;
and contributed to the overall editing
and reviewing of the manuscript.

Curtis Kling, a software systems
engineer, is the club’s newsletter
editor. He 'wrote the section on the
unmanned planetary mission.

Kenneth Murphy, president of the
National Space Socisty of North
Texas, provided a thorough review
of the entire pamphiet for the 2013
revised edition:

Terry O'Hanlon, an electrical
technician for Raytheon and a space
advocacy writer, focused his energies
on the chapter called “Careers in
Space Exploration.”

Abigail Plemimons, a space scien-
tist, contributed to the chapter called
“The Way Things Work.”

Mark Plemmons, 2 physicist in the
semiconductor business, contributed
to the chapter called “The Way
Things Work.”

John Strickland Jr, senior ana-
tyst 11 for the Texas Department of
Transportation {Information Systems
Division). He wrote the sections
about space habitats on the Moon
and Mars and aiso contributed to'the
section on why we éxplore space.



Mationial Associstion of Rocketry: for his
input on the “Model Rocketry” chapter
‘We appreciate Chris Martin, associate
professor of physics at Oberlin College,
Oberlin, Ohio, for his thorough review
of the pamphlst.

‘The Boy Scouts of America is grateful
to-the men and women serving on the
National Merit Badge Subcommittee for
the improvements made in updating
this pamphiet.
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MERIT BADGE LIBRARY

Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea
Scouts in meeting merit badge requirements, these pamphlets are of general interest
and are made available by many schools and public libraries. The latest revision
date of each pamphlet might not correspond with the copyright date shown below,
because this list is corrected only once a year, in January. Any number of merit badge
pamphiets may be revised throughout the year; others are simply reprinted until a2
revision becomes necessary.

i a Scout has already started working on a merii badge when a new sdition for that
pamphiet is introduced, they may continue o use the same merit badge pamphlet fo
earn the badge and fulfil] the requirements therein. In other words, the Scout nesd not
starf over again with the fiew pamphlet and possibly revised requirements.

Merit Badge Pamphiet  Year | Merit Badge Pamphiet . Year | Merit Badge Pamphiet  Year
American Businsss 2N | Fardly i 2015 Plant Sclence 2018
Aemerican Culres 213 Formn Machanics Z017 1 Plumbing o2
American Heritage 2013 | Fingerprinting 2014 | Pottery 2008
Arnerican Labor 2018 | Fire Safety 2018 | Programming 2019
Animal Science 20141 Fust Aid 2018 | Public Health 2017
Animation 2015 1 Fish and Wildiile Public Speaking 2013
2077 Mansgement 2014 Pulp and Paper 2018
2019 | Fishing 2013 | Radio 2017
Architecture and Fiy-Fishing 2014 Ralroading 2018
Landscape Architecture - 2014} Forestry 2018 1 Reading 2013
2013 1 Game Design 2019 | Reptile and
Astronomy 2018} Gardening 2013 Amphibian Study 2018
Athletics 2019} Genealogy 2013 | Rifie Shooting 2012
Automotive Maintenance - 2017 | Geocaching 2019 | Robaotics 2016
Aviation 2014} Geology 2018 | Rowing 2018
Backpacking 2016} Golf 2019 | Safety 2016
Basketry 2017 | Graphic Arts 2013 | Salesmanship 2013
Bird Study 2019 | Hiking 2016 | Scholarship 2014
Bugling {sse Music} Home Fepairs 2012 | Boouting Horltage 2019
Camping F318 | Horsemanship 20131 Souba Diving 2ES
Canosing 2% Indian Lore 2008 | Sculpturs 2013
Chemisiry 218 | Insect Shaly 2718 | Sesech andd Fesoue s
Chass IS | venting 2018 | Shotgun Shooting 23
Citizenshipin Joursslism 2018 1 Sins, Sionals, aned Codes 2015
the Community 2085 | Fovsking 2318 | Shating 2015
Ciizonshic in the Notion 2018 | Lansiscars Archilectus Srali-Boat Saifing 2018
Citizenship in the Word 2015 (see Archifecture] S Sports 2018
Climbing - 2019 | Law 2019 | Soil and Water
Coin Collecting 2017 | Leatherwork 2017 Conservation 2019
Collections 213 Lifssaving 2019 | Space Exploration 2018
Comimunication 20131 Mammal Study 2014 ] Sports 2012
Composite Materials 2012 ] Medicing 212 Siamp Collecting 2013
Cooking 2014 | Metalwork 2012 1 Surveying 2004
Crime Prevention 2012 1 Mining in Socisty 2014 | Sustainability 2013
i 2017 1 Model Design and Buiiding 2010 | Swimming 2018
Dentistry 2016 | Motorboating 2019 § Textile 2014
Digital Technology 2014 | Movisrmaking 2013 { Theater 2019
Disabilities Awareness . 2018 | Music and Bugling 2013 | Traffic Safety 2018
Dog Care 2016 | Nature 2014 Truck Transportation 2013
Drafting 2013 Nuchear Science 2019 | Veterinary Medicine 2015
Elsctricity 20131 Oceanography 2012 | Water Sports 2018
Electronics 2014 | Orienteering 2016 ] Weather 2018
Emargency Preparadness 2078 | Painting 2016 | Weiding 2018
Energy 2014 1 Persongl Fitnass 2018 | Whitewsler 2018
Enginooring 2016 | Personal Management 2018 | Wilderness Swvival s
Erdreprencurship 213 1 Pals 2013 | Wood Carving 2018
Environmental Science 2015 | Photography 2018 | Woodwork 2019
Exploration 2018 1 Pignsering 2018
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