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

a. Historical reasons 

b. Immediate goals in terms of specific knowledge 

c. Benefits reiated 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.) ldentify and 
explain the following rocket parts. 

a. Body tube 
b. Engine mount 
c. Fins 
d. Igniter 
e. Launch Ing 
f. Nose cone 
g. Payload 
h. Recovery system 
i. Rocket engine 

*ff local laws prohibit launching mode] rockets, do the following activity: Make 
a model of a NASA rocket. Explain the functions of the parts. Give the histoiy 
of the rocket, 
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4. Discuss and demonstrate each of the following: 
a. The Iaw of action-reaction 
b. How rocket engines work 
c. How satellites stay in orbit 
d. How satellite pictures of Earth and pictures of other 

planets are made and transmitted 

5. Do TWO of the following: 
a. Discuss with your counselor a robotic space exploration 

mission and a historic crewed mission. Teil about each 
mission's major discoveries, its importance, and what 
was Iearned from lt about the planets, moons, or regions 
of space explored. 

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

c. 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 
your spacecraft will visit. Show how your design will 
cope with the conditions of the environments of the 
planet, moon, comet, or asteroid. 

6. 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 

7. 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 

8. 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. 
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Spare Es mysterious. We expiore spare for many reasons, not 
least berause we don't know what 15 out there, lt Es vast, and 
humans are toll of ruriosity. Each time we send expiorers into 
spare, wo learn something wo didn'e know before. We disrover 
a linie more of what Es there. 

When you are on a hike, have you ever wondered what 
lies areund the next bend in the trail, er beyond ehe next ridge, 
or down in ehe vailey below? If so, ehen you will understand 
ehe thrill of sending a spareeraft Co a world no human has 
ever seen. 

Spare has beckoned us, frorn early observers such as the 
Azters, Greeks, and Chinese; Co I5th-reiitrv seafarers like 
Christopher Columbus and I7th-rentt: asenomers inrluding 
Galileo Galilei; to today's Srouts. The s:a:s and planees in the 
sky have helped es shape ocr beliefs, teil .ime, guide our saih 
ing ships, make discoveries, invent devires, and learn about 
ocr world. 

When eec -lcitv, airplanes, rockets, and computers came 
on the srene, some people realized lt would be possible Co put 
marhines ad people into spare. No longer would we be liinited 
Co observing the wonders of spare from ehe ground. Now wo 
rould enter and expiore this curious environment. The "final 
frontier" could be opened. 

Ilowever, it proved complirated and expensive to build a 
rocket Co put objerts into orbit around the Earth. In the rnid-20th 
century, only two rountries had the knowledge, worklorce, and 
money to do it—the SovieC Union and the United States, The 
Soviet Union shswed its mighe by launching a small sphere 
inta erbe. The Soviets' surcess wiCh Sputnik 1 on Oct. 4, 1957, 
began the "spare rare" between the [wo rountries and Iaunrhed 
the Spare Age. 

Scientists tound 

in2Ol3thata 

rock sample col-

lected by Curiosity 

contained sultur,  

nitrogen, hydro-

gen, oxygen, 

phosphorus, and 

carbon—elements 

tn at rnean ancient 

[3rs could have 

supported ute. 



Apollo 15astmnautJni lr:r-- p the.rstLtrRoving 
Vehiele an the Moon. 

For more than 13 ea;s, the United States and the Soviet 
Union competed by launching vehicies, animals, and people 
into spare. The United States achieved its goal of landing men 
cm the Moon by the end of the 1960s, Meanvhiie, the Soviet 
Union bulle spare stations to have a permanent presenre 
in spare. (See the chart called Historir Crewed Spareflight 
Programs for more details about these early missions.) 

We iearned manv new things fmm spare missions forusing 
on srienre and eduration. Astronauts colierted rocks from the 
vloon ancl did medi:h ar scientifir experiments above Earth's 
atmosphere. Rohotic 	uerraft visited other pianets. People 
watrhecl on televisic : :s an astronaut bit a golf ball mi the Moon 
and when a rover sniffed at a Martian rock, Spare looked like fun! 

Current Benefits 
Some business people looked bevond the fun and adventure of 
spare exploration. Thev saw spare as a rhanre to make money 
and satisfv societv's needs. The rommerrial satellite industrv bios-
somed in the 1980s and into the 1990s, when ronstellations of 
satellites began to provide inrreasingly affordable global roverage. 

Today, our abilitv to plare satellites in orbit gives us man\' 
benefits. Seeing Earth's atmosphere irom spare, meteorologists 
ran forerast weather and warn people of dangerous storms 
more arruratelv than ever hefore. Looking down on the land 
and the orean from spare, we have found natural resourres 
and seen disturbing evidenre of their rareless destrurtion. 
Communiration satellites heip tie the world's population 
together, rarrving video, telephone, romputel; and internet 
data tot individuals, srhools, governmems, and businesses. 



'rogram Country 

'Ostok USSR > 1961-63 Fkst nnne 	sncefngnt 	ur Gagarin in 

Vostok 1, 1961); first woman in space 
(ValentinaTereshkova in Vostok 6, 1963) 

Mercury U.S. 1961-63 First U.S. manned suborbital flight (Alan Shepard 
in Freedom Z 1961); first U.S. manned orbital 
flight (John Glenn in Friendship Z  1962) 

Voskhod USSR 1964-65 First "spacewalk" or extravehicular actity 

(Alexei Leonov in Voskhod2, March 196, 

Gemini U.S. 1965-66 First U.S. extravehicular activity (Edward White in 

Gemini 4, June 1965); first docking of two space- 
craft in orbit (Nelil Armstrong and David Scott in 

Gemini 8 with unmanned Agena rocket, 1966) 

Soyuz USSR 1967- (Russia First extravehicular transfer of crew members from 

continues one spacecraft to another (Yevgeny Khrunov and 

to use the Aleksei Yeliseyev from Soyuz 5 to Soyuz 4, 19M) 
Soyuz rocket) 

Apollo U.S. 1969-72 First manned orbit of the Moon (Frank Borman, 

Jomes Lovell, and William Anders in Apollo 8, 
1968); first manned lunar landing (Neil Armstrong 
and Buzz Aldrin in Apollo 11, 1969); five other 
successful manned lunar landings (Apollos 12 
and 14-17 1969-72) 

Salyut USSR 1971-86 First space Station; first extensive photography 
of Earth from space; record-breaking endurance 
flight of 237 days (aboard Salyut Z 1984-1985) 

Skylab U.S. 1973-74 First U.S. space Station; three American crews 
stayed tor 28, 59, and 84 days, the last setting a 
U.S. space-endurance record; first pictures of solar 
activity taken above Earth's atmosphere (175,000 
pictures of the Sun made from Skylab) 

Apollo-Soyuz U.S.- 1975 First international docking in space (Thomas 

USSR Stafford, Deke Slayton, andVance Brand in Apollo 
18;Alexei Leonov and Valery Kubasov in Soyuz 19, 
July 1975) 

Space U.S. 1981-2011 First reusable vehicle; first U.S. wonan in space 

Transportation (SaIly Ride, STS-7); first untethered sssk 

System (Bruce McCandless, STS -418) 
(Space 
Shuttle) 
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Agncufture • Educaton & workforce • Scence & technoogy .Transportaton 
Heatth & medicrne • Energy & naturei reseurces • Environmentat & public works 

MALE CHANGE PREMCTY" 

ALARM 

New materials, products, and technologies coming from the space 

program are called "spinoffs" Spinoffs from the space exploits of 

the National Aeronautics and Space Administration (NASA) include 
portable coolers, scratch-resistant lenses, self-righting life rafts, 
water treatment systems, virtual reality simulators, smoke detectors, 

cordiess tools, firefighter suits made of flame-retardant materials, 

"cool suits" to lower a patient's body temperature, programmable 

pacemakers, and voice-controlled wheelchairs. For more on NASA's 

spinoffs, visit spi noffs.nasa.gov  (with your parent's permission). 
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sa:eiies 	:enigence 	 i 	r 
armed forces and national serurity. The global posieloning system 
(GPS) operated by ehe U.S. Department of Defense is an example Any small 
of a military application of a space terhnology that has benefited nickeliron people ehe world over. The next time you see an automobile's 
GPS unit giving precise dirertions Co a destination, think of ehe asteroid cona ns 
global network of technology underlying those directions. of We have ne-,w medicines and medical devires thanks to 
ehe astronauts' experiences anti experiments in space. Wieh ehe dollars' worth of 
ronstrurtion of the International Spare Station (see "Near-Eanh valuable motals Spare Habitats"), we are learning how to build strurtures in the 
vacuurn of spare. In the future, such strurtures could serve as For more about 
rnanufacturing facilities for "out of this world" produres or as asteroids, see the hotels tor ehrill-seeking tounsts. 

NASA's Terhnologv Transfer anti Commerrialization Office Asononiymerit 
identifies those eerhnologies developed by NASA or through 

. badge pamphlet NASA-sponsored research anti works with busmnesses Co bnng 
produres based on those terhnologies Co ehe inarketplare. 

Humanityts Future 
Spare is about ehe future. The people who work in spare-relaeed 
proierts—engineers anti scientises, dortors anti tearhers, 
rorporaeions anti entrepreneurs—are seeking Co improve ehe 
future of humanity. 

Onre we are ahle to carrv people and rargo rheapiy into 
spare, we rould establish communities in spare stations and 
00 the Moon anti Mars. We rould harness ehe Sun's energv bv 
using solar-powered satellites to provide rlean, reliable elertrir-
ity Co evervone on Earth, eventuallv replaring polluting rarbon-
baseti fuel sourres. We could mine the Moon anti asteroids for 
valuahle minerals and metals rarelv found on Earth. 

The far stde of ehe Moon would be an exrellent site for 
astronorniral observatories. Communities of people living anti 
working in spare would cultivate new ruitural artivities and 
arts. Mirro- and low-gravity sports rould provide exriting new 
thrills for spertators. Having a gmwing anti vibrant presenre in 
spare also inrreases our ability to heiter address the threae of 
asteroid impart. 

Earth is only so big anti lt has only so many resources-
resourres that our ever-growing population is using up. 
Spreading humanit" 'v'"g ehe stars is a magnifirene dream. 
After you read this ampl lee and earn the Spare Exploration 
merit badge, perha:.. rii1 do or disrover something that 
rould lead ehe wav : T stars. 
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In iih-cennv China, ;nven;ors an shjars evepd gun 
p:wier. One Chinese schcar packei a r:be wh gunwder 
ani seaief off ane end. Xhn the u:;xwder was gnired. rhe 
:uhe shot 	va:d ard 	ietices :r won]d e;rlde. Pep1e 
were h and prcpev was des::oved- dunng th€'se exp-
rnents. Then s're ne reaIize this i:e wcrk' cod beconie 
a weaan,ash he h re arrow was vened. 

The fir-st recc:ded uze of :ockezs in war was in the vear 
:52 when the Mncs iaid s:ee zo the Chfnese C:v af 

i::en. The Ch:nese chasei of rhe Mngas „,;h a barrage 
arrcws .fter he hatzie, :he \tonc1s devel:ped he: 

own ::cke:s. S'rne sc'raris believe 2  Mcngzs imroduced 
and ro:ke:s to Eu:or'e. 

Frem :he ih :hroigh :he rh centnries. cannons reniacei 
:o:kes as nIan weapns. Durhig die Sh certurv,  
niade a 	zhanks to V:am Cengreve. an  Enghsh 
inventci H:s rcces heed die EroEsh win baides against 
Denniari. F:ance. and Prussa. Francis Sccn: Kev hncorta1ized 
Cn:eves weans 
when 'ne wrcte 
"die rcci.ets' red  

gare' during 
die Bdush a:lacn  

cn Fort  

di BaIt:m:e 

.le
Haftar d::rmg 
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The Vsonaries 
Atc 	r':ke 	 : ;v2r.a fe;v 

9i andLI1h er ie 
rarsctac c± 

Rv: 	r:rdu:e nev 
ee d:eaie: ed a new i:r 	c—s 	- 	- 
e:re he:r ;de c ::ave: 	:evn E3rd 

ac;ua; he azh:evabe. 

JuesVeme - :SS-; 	n -  Fra:e He ve;:1. 

rev vcs te ;vrte ce:e 

he a:e ps:e. 
:r:ect :aeccr; exeae 	rcve 	1et'e 	t 

ere:ur Eaecicv. Thi ji: 	:Len 
and thei :ani in e he Picc Ozean, whe;e a 
vee eccn er :he ev and capne. Ver:;e :nd 

scrv III .-ears 	fre :he An?: 	s,:ns ies \er:;e 
dered he fan.her ei e de:n :ez 

(-tantinTsioIkovsky 	 a 	eache: 
tit v;v:ce scence 	i snne 

ta ea:ured re3-w:rG 	a an :ern:c 
ue ; :'ze a5:&n ung jd nr eEan tc nc;ver :nzkeis1r 
ara 	ine need f3r spaceu r preten re- pe 

pace He JS ::ed:ei ;vnn 	ne±e 	t: ;vrk 
:e mazerna::cs ei !he rn:ke eq tizn I hat ser:e 

:e :unia:n 'i spacefght. and een 	ee a t:nve: 
Ear :z e a::cnarv '::. 	 led 

nace eevat:r rdav. H€ 	:;.ed ic: h:s 	te 
Ean 	te crade ei na 	nz :'ne d:e:;:: av :n 

Cr3Le :c'rever. 

RobetA. Heintein i9-SS ser;ed & 	S. nav 
:edern :crafarrer. 	USS Lexg:n 

De : neatn reac::s. he :edred 	:;e Yan 1934 and 
n scence icdn wdtn 	crn:rg we eared 

dean i cerce 	 H 
f: 	d rlbe a 	rae anar cnv and 

anet: 	 vear 	 niar zul 

lan 	i 	CIng 	le r 	e:e 
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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. Ciarke 

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 Il 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 
sornetimes referred to as the Clarke Orbit in his honor. Ciarke'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 	15 



Dr. Robert H. Goddard standing next to the 
rocket that would make the woild's first liquid 
propellant rocket flight on March 16, 1926. 

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 
L5. The L5 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 bis 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 Erst 
practical automatic steering device 
for rockets. 
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Sergei Koroiev 1907-1965 was born in Zhnornir. Ra. 
oined the developing field of aviation as a teenager and laser 

sr.uded engineering. After reading the works of Tsiolkovskv. he 
forrned the Mosc;v Grouv for Studv of Reactive Motion in 1931 
and helped form the Rocket Research  insütute in 1931 He was 
sern re a gulag in 1938 as pan of Joseph Stalins great purges 
Bv 1942. manv rechnicallv adept prisoners werg recruited to 
con:ribute ro the war eifert. including Korolev. At the end of 
\VDrId 1r 11. Russiart leaders realized --he mperrance of deve 
oping rocket rechnologv. and Koroiev becarne a vaivable mem-
her ei the Soviet rnace prograrn. Dcing bis top-secret career, he 
directed the launching ei the 66s: rockets into orbit. the \bsrok. 
\hskhod. Molniva now Sovuz. and Zond spacecraft, and 
prnbes to the Moon. Mars, and Venus. His dearh in 1966 was a 
cnicial blow to the Soviets Meon prograrn. 

Dr. Wernher von Braun J912-19 7 . 
was born in Wrrsitz, Germanv. 
ftspired hv a race car driver when 
he was 12. von Braun atrached si 
rockets to a coasrer wagen and ii 
fuses The wagen areened around 
his backvard, ernirring a founra:n ei 
sparks. The commorion attracted ihe 
pohz-e, who rook hirn into cusrodv. 
Von Braun became interesred in 
space exploration bv reading the sci-
ence fimion ei Vorne asid H.G. Wells 
and received his dnctorate in aero-
spare engineering in the eariv 1911i 
Familiar wirh Dr. Goddards work. 
Braun designed and built Gerniar:: 
1--2 missile during World War 11. 
the end oi the war. the U.S. Armv 
realized the irnpor.ance of Dr. vo: 
Brauns werk. He was brought 10 

Unired Stares with more than SOC 
bw scientisrs and vith manv V-2 :i: - 0r VVernbervun Braur 

siles and componenrs under Operario: 
Paperclip. He led the Arrnv missile developmenr program and 
launched the first U.S. sareilite, &piore. in 1958. His crewn-
ing achievernent was the deveboprnent ei the Saturn dass ei 
rockers that carried the ApoIo astronauts to the Moon. 
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Steve Squy -° 	- 56--- ;vas rsed in x2i 

a rf 	asr 	iv ai CreIi L;er 
l:ge 	i bJ:es in he 	a: 	He eei 

iTC Tr;ger ahe e:e :en anli 	02 :e 
agej::. Mariz and :he R:ar 

He 	rre::F: ;::cica 	est:ier f:': he 	evi: \1:r 
Explrt'n Rver 	a weil as cr the e 
Express. \ia:s Re rissance Orhiter. ani ( 

team : C3ssiL He p±lishei R:: 
Op 

The Doers 
The ioers were ibrs who rec3me astr:;ts 

;vere -hose vh w.ked :r tEe -' 
spa:e shutte. 

U.S. Sen. JohnGenn 192l- c2 1  3 	-leS: 	sbc 
r Canhrde. Oh;.- - 	;ved Eis ae::space engi: 
iegee. iied he N 	aur 

"The urge to expiore 
the unknown is part of 
human nature. . . . lt 
enriches ourspirits and 
reminils us of die great 
potential for achieve- 
ment within us all- The 
drive to develop the next 
frontier also has been a 
fundamental part of the 
hetitage of die people of 
the United States." 

John Glenn 
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a','arme anatoL G: 	 ::sons L; 
World War II and Korea. He ateended Navn test-pilot school 
and became one of 11 --c31 lercurv astronauts. He v,'as 
the first American to otiii 	in the Frierzdski7 7 
capsule on Feb. 20, 1962. He - ed as senator frc: ChJ for 
24 vears. Glenn retumed Co spare on a space shuc mission in 
1998, becomrng (at age 77) ehe oldest person to f lv in spare. 

Aan Shepard (1923-1998) was born in East Derii, Xew 
Hampshire, and graduated from the Naval Academy. He flew 
aircraft carners during World War II. Shepard later attended 
lest-pilot school and was selected as one of the original 
'Clcrcurv 7 astronauts in 1959. He was the first American es 
0v in space, on a Mercury suborhital mission in Mav 1961. 
Shorely after his flight, an inner-ear problem groundecl hirn. 
An operation corrected ehe problem, allowing Shepard Co lead 
ehe Apollo 14 lunar-landing mission. He hit a golf ball on the 
Moon that traveled 900 yards—a rerord that still stands. 

Neit Amistrong (1930-2012) was born in Wapakoneta, Ohio, 
and earned his aerospace engineering degree from Purdue 
University. After serving as a naval aviator, he went to wc: 
tor ehe government as an engineer, a test 
pilot, and ehen as an astronaut. Arrnstrong 
was selected as a Gemini astronaut and 	: 
commanded ehe Gerninz 8 mission. Then 
he v. ent into the Apollo program On Juh 
20 1969 as commander 01 Apollo 11 
Arrnstrong became ehe firse man to -,er foc 
on the Moon. 

St, 'tiitalmeans 

"not :mpettn9 a 

full orbit" 

John W.Young (1930-2018) holds the dci-
tinction of being ehe only astronaut es fiy 
Gemini. Apollo, and spare shutele missions. 
Born in San Francisco, he earned his degree 
in aeronautical engineering from Georgia 
Tech in 1952, ioined the Navy, and became 
a test pilot. He flew on the first Gemini 
fligbe in 1965, commanded Gernmi 10 in 
1966, and was ehe command module pils 
of Apollo 10, orbiting the Moon alone wh7 
bis crewmates tested ehe lunar module. In 
192, he landed on the Moon and drove 
the Apollo 16 rover. Young commanded ehe 
first spare shuttle fhghe in 1981. 

Neul Armstrong 



The Entrepreneurs 
With spare development moving es ehe private sertor, ehe 
entrepreneurs are moving into prominenre. 

Robert Bigelow (1945-), a real eseate developer, adapted 
NASA's terhnology,  relating Co infiatable habitats, which was 
part of the development of the International Spare Station, 
amTl applied lt Co the roncept of orbital facilities that could be 
leased by private interests. Bigelow Aerospace launched its first 
sparerraft, Genesis 1, in 2006, followed bv a larger Genesis 11 in 
2007. Since then, they have provided invaluable data on how 
the infiatable sparecraft will behave in orbit. NASA is srhed 
uled 10 test an infiatable module at the International Spare 
Station in 2015. 

Peter Diamands (1961-) is a serial entrepreneur who 
has been involved in ehe rreation of a number of important 
elements in the broader spare rommunitv, inrluding ehe 
International Spare University, Students for ehe Exploration 
and Development of Spare, and Zero-G Corp., which provides 
mirro, lunar, and Martian gravity parabolas to custorners. He 
eseahlished the X Prize Foundation, whirh offers monetary 
awards designed Co spur innovation in spare exploration and a 
numbpr of other flelds. 

Elon tiusk 97 	he cofounder 01 internet transaction  
ro Da: 

 
PayPal, formedSpare Exploration Teh o oees 

SpaieX 	2002 Co build rockets that could inc p s e, 
' o '- 	rm' TrtF1 orhit and geosnchr 	us orbil,  

c. si 	' rm ket launches, the m an be n 
po g argo to ehe International  

* 	 are Station in October 2012i its 
Dragon spacecraft.  

Elo i Musk 
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Create a Collector's Card 
For requirement 2, ereate a noNectors oard of vour favorPe space 

DonPer You can cooy or dravv the person s face, incIlude. aporopriate 

nographca normaton Gve detahs of INs persons contrbuton to 

soaoethght rcudng dates, mssoos, ane other a000mosnments 
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ammmumimi 
Mode! 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 ehem 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, mode! rockets may fly only 50 feet high er up Co 
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. 

Thou9h some toy stores seil mode; rocket kits, 
modei rockets are anything but toys.They are 
powerful, and through misuse couid harm animals, 
people, or property. By following the commonsense 
rules found later in this section, you can launch 
your rockets in complete safety over and over. 

Building Vour Rocket 

lt you have never built a model rocket before, lt is best to 
start wiCh a simple kit. The MC 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. 
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Engines most be purchased separately from the rocket. Be 
sure to buy the recommended engines for your kit. lf you use 
engines that are too powerful, you may lose your rocket on its 
first fiight. 

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 teIl you to sand the leading 

and trailing edges of the fins to 
look like the edge of a knife. Sharp 
edges Ofl the fins heip 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 
(roh 	tht roh  vnnr rocket 

1 
Check every rocket for stability 
before flying it. Stability checks 
before launch assure you that your 
rocket will fly properly. Unstable 
rockets turnble in the air and may 
head back toward the Iaunchpad at 
high speed. 

Stability checks are simple and 
require only a long piece of string, 
a piece of tape, and a few mm- 
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 lt to the point 
where the rocket is perfectly bal-
anced on the string. 

of altitude. 
Also do a good Job painting 

the fins, and sanding and painting 
the nose cone if lt, too, is made of 
balsa wood. Very smooth surfaces 
reduce friction with the air. 

Stability-Checking 
Vour Rocket 

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. 
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Hold ehe siii';ig m ci 	iand Ovef enr neaü, änd begin to twirl 
your rock-et as thaugh vou were spinning a lariat. As the rocket 
picks up speed, gradualiv piav out the stri:' 	ehe rock-et 
is abaut 6 ca 8 feet awav. Ii vau are nc: 	: 	to 
stand an a chair at this point. 

if yaur rocket is stable, it will 
travel araund yau without tum 
blirig. The nase cone will point 
Ines the alt and the tail end will 
follaw. lt the tail end goes Erst er 

the rocket tumbles. vour rocket 
av he dangeraus ca fiv. Vau can 

carrece thes situation by putting art 
langer Ems ar adding v 	ht ca the 
racket's nase cvith 	of ciav. 

LaunchingYour RocTKe 
When vour rocket es rc-:: fc: 
its Erst flicht, vau mus: :eocse a 
proper launching site. Your launch-
ing site shauld be a large held tha 
is free of power and telephane 1cm 
trees, buildings, or any other 
structures that might snag a returr 
ing rocket. Choose a held awav 
franc airports. 

Yau will need a launchpad. 
Perhaps yau cnn barraw a launch 
pad from a lacal madelracket clu: 
c: jaen the members an a dav wh - 
thev are launching rackets (TO 
find a lacal club, see ehe National 
Association of Rackeer listeng in 
ehe resources sectian.) if not, you 
cnn either buy a launchpad kit er 
build yaur awn. A simple launch-
pad cnn be built fram a block 
of waod, a blast deflectar made 
from a flaeeened meinl cnn, and a 
straight rad. Rads made specifical' 
tor rocket launchers are best and 
inexpensive. Buy ane where yau 
get vaur rocket supplies. 
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ot aU cities and towns permit mode! 
es. Check with your local fire depar- 
:i find out bout local regutations govh- - - 

cket taundiesYou mav ve to trave.:  1,G a 
--ea to flnd a Iaunch site r vou mav choce: 

mpIetethe alte 	 ::. 

ur launch system shouhi be eetric. lt nnst ha 
swit± that dost--, onv when VOti Dress h and then onens 
auteniaticaliv. lt also shoud have a master switch, o: vou 
shoud he able :c disconnect the hatteries whiie veu sei ip 

vour ne: fiight. The wires i:orn vour bat:ehes about 6 volts 
sho.ild extend about 15 eet to small alligator dins a, he 
ends. These dips will be a:tached to the wire-s of ihe igniter ,  

Never send up animals in your rock-
ets 1- -ss-  

>~cco ,-r f-,I ~ shing a Launch Oblective 

Af:e: von have made 	inch. make a second iaunch 
w:h a spedtc obiechve in minW You might try o spot-and 
the rocket withni a 5O-oot circie. That isn: as easv as ii 

scunds. You must niake aHowances or wind 1rh: and aim vour 
rocket accordinnv. 

Another obiecive might he ro carrv a paoad --oft and 
:ecover ir saeiv. Several nicker kits corne with riavload sedilons 
x ca:rving hard-bok€ : cgs or othe: cargo 

Stik anozher obiective woud be zo launch a small camera 
on vajr rocke: zo take a picture ei the lau:ich size kram 
hgh arinrde. Seda.v desgned carneras are availahle or 
mode 
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Mode! Rocket Safety Code* 
1. Materials. 1 will use only lightweight, nonmetal parts tor the nos 

body, and fins of my rocket. 

2. Motors. 1 will use only certified, commercially made model rocket 

motors, and will not tamper with these motors or use them tor any 

purposes except those recommended by the manufacturer. 

3. Ignition System. 1 will launch my rockets with an electrical launch 

system and eleetrical motor igniters. My launch system will have 

a satety interlock in series with the launch switch, and will use a 

launch switch that returns to the "oft" position when released. 

4. Misfhes. ff my rocket does not launch when 1 press the button of my 

electrical launch system, 1 will remove the launcher's safety inter-

lock or disconnect its battery, and will wait 60 seconds alter the last 

taunch attempt before allowing anyone to approach the rocket. 

5. Launch Safety. 1 will use a countdown before launch, and will 

ensure that everyone is paying attention and is a safe distance of at 

least 15 feet away when l launch rockets with D motors or smaller, 

and 30 feet when 1 launch larger rockets. lf 1 am uncertain about 

the safety or stability of an untested rocket, 1 will check the stability 

before flight and will fly lt only alter warning spectators and clear-

ing them away to a safe distance. When condueting a simultaneous 

launch of more than 10 rockets 1 will observe a safe distance of 1.5 

times the maximum expected altitude of any launched rocket. 

6. Launche, l will launch my rocket from a launch rad, tower, or rail that 

is pointed to within 30 degrees of the vertical to ensure that the rocket 

flies nearly straight up, and 1 will use a blast deflector to prevent the 

motor's exhaust from hitting the ground.To prevent accidental eye 

injury, 1 will place launchers so that the end of the launch rad is above 

eye level or will cap the end of the rad when it is not in use. 

2 Size. My model rocket will not weigh more than 1,500 grams 

(53 ounces) at liftoff and will not contain more than 125 grams 

(4.4 ounces) of propellant or 320 N-sec (71.9 pound-seconds) of 

total impulse. 
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8. Flight Safety 1 will not launch my rocket at target 	to douc 

or near airplanes, and will not put any flammable or explosit 

payload in my rocket. 

9. Launch Site. 1 will laurtch my rocket outdoors, in an open are 
least as large as shown in the accompanying table, and in s 

weather conditions with wind speeds no greater than 20 mih 

hour. 1 will ensure that there is no dry grass dose to the laur 

pod, and that the launch site does not present risk of grar 's 

10. Recovery System. l will usa a reeovery system such as a es 
or parachute in my rocket so that it returns safely and unosse: 

and can be flown again. and 1 will use only flame-resistar: c 
fireproof recovery system wadding in my racket 

11. Recovery Safety. 1 will not attempt to recover my rocket fr c 

power lines, taU trees, or other dangerous places. 

Launch Site Dimensions 

Rei,ision of August 2012 

'Appwed bv the Naina1 Astdaton of Rocker' (5 
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NOSE CONE 
(smooths the air 
ftow around the 

body tube) 

SOPY TUSE 
(supports the 

nose cone and 
fins and contains 

engine and 
recovery system) 

FARACHUTE 
(recovery system) 

THRUSTRNG 
(keeps engine 

from stiding 
forward) 

ROCKET ENGINE 
(use a 

commercially 
produced 

engine onty) 

EAYLOAP 5EC11ON 
(holds instruments 
cameras, etc.) 

SHOCK CORP 
(absorbs shock 
when engine blasts 
off nose cone) 

WAPPNG 
(pratects parachute 
from buming 
during ejection) 

LAUNCH LUG 
(straw that Slips 
over Iaunchpad rod) 

STASLZERFNS 
(guide rocket 
in flight) 

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 rio 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 

RY 

SPACE EXPLORA11ON 	31 



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



IMOMAM 
Space exploration has been a reality since the late 1950s, Space 
age words such as rocket, sateflite, and orbit have becorne part 
St nearly everyone's vocahulary. While many people use these 
words, few realiv understand the impartant concepts behind 
them, such as how a rocket works, how a satellite stays  in 
ocbti, or how pictures taken of other planets arrire on Earth. 

PIlysical Laws ct Spaße Fht 
frt he 17th centum, agrete Fnglish rnahemaeidan and scientist 
named Sir lsaac Newton developed Ilse bascs of modern phys-
ics. He formed the theories of gravitation when he was snly 23 
years old. Some 20 years later, he presented his three laws of 
moflon. These three laws expialn how,  a rocket is ahle to work 
and how satellites and spacecraft are able es get into orbit and 
stav there. 

Newton's Three Laws of Motion 
An oDect n mat;niri tenas to sta' n rnoton, 
and an ohect et rest teds to cccv er regt, 
unisss mc obect is aoted ucon dv an outsde 
unbaanoea forc. 

2. Farce equas mass emes auceeraton. 

3. Fo r eer\ aceon ther, e 	an equa. and 
ooposte reac.ton, 

THese rhree avs o mmmc he'p mcm ess,er 
t(J unctestana nOt roceets samhh.cs ane 
saacecra r'.orH 
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The First Law 
Newton's firs: Iaw is a simple statement of fact, To make an 

Conventional abject move, an unbalanced farce must be exerted an that 
rorkets carry obiect. An unbalanced farce is important hecause forces that are 

halanced cancel each ather aut. Emagine twa faatball plavers 
prope ant, 

	

sta 	in pushing against each ather. If Eher exert equal farce, thev 	v 
rom sts of both the same place. lt ane plaver exerts marc farce than the ather, 

Ehe weaker plaver is pushed backward. 
fuel and OXidiZer lt is Ehe same with a rocket. \Vhen a rocket is sittmg an 
Für a rocket to the launchpad, gravity tries to pull the rocket dawuward. The 

structure araund Ehe rock-et holds the rocket up. Each exerts a 
Wark fl spare, farce that balances the other, and Ehe rocket stavs at rest an the 
e must carry Iaunchpad When the rocket engine fires, the rocket exerts a 

greater farce than Ehe pull of Earth's gravity. lt begins to chnib 
oxygen er a slowiv upward. As the rocket gets higher and farther from 
chem ral that Earth's surface, the atmospheric pressure thins out and the 

racket's mass gets lighter as fuel is expended. changing the 
contarns Ehe balance of farces and allawing lt to climh faster and faster. 
axygen necessary Once in auter space, the recket goes inta arhit araund 

für chenucal 
Earth and the engine staps firing. The rocket cantinues to mave 
because farces have again become balanced. Its farward matian 

cambustion balances the pull of gravity. (See the section "Haw Satellites 
Stay in Orbit.") To bring the rocket back to Earth, those bal- 

_______________ anced farces musE again be unbalanced to aiiow gravity to 
take aver. This time, Ehe rocket engine fires in the directian of 
matian to start slawing Ehe rocket, When this happens, gravity 
brings Ehe rocket :::rck down inta Ehe atneasphere 

The Second Lnr 
Newtan's second a': states that the farce an a bads' is equal to 
the time rate of ciange af mamentum of that bad; marc cam- 
manly understaad as "farce equals mass timm acceleratian." lt 
determines the amaunt of farce (thrusr) a rocket engine musE 
produce to leave Ehe launchpad. Burning rocket prapeilants pro- 
duce flames, smoke, and gas, which shaat out of Ehe engine as 
exhaust to praduce Ehe thrust. 

Mu tiplyng mass The amaunt of thrust depends an twa things—mass and 

by Vetac 	9VeS acceleraeian Mass is tue total amaunt of matter cantained in 
the fire, smoke, and gas. The marc matter liawing fram Ehe 

a quanttty ealied engine. the greater Ehe thrust praduced. Acceleratron refers to 
ha' fast the exhaust is expelled fram Ehe rocket engme. The 

‚nornenwm greaeer the accelerauan, the greater the thrust. A rocket matar 
achieves this with the 'Ehraat" of Ehe nozzie, which canstricts 
the flaw of mass and farces it to mave faster. The higher Ehe 
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Ii 

exhaust velocity, the more thrust a given quantity of propellant 
can provide. 

Putting mass and acceleration together gives the simple 
formula F= ma. Keeping this formula in mmd, 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. 

iyirn7ir 
Newton's third law is the most familiar to people. lt is some 
times called the lau) of action-reaction. Imagine you are a 
firefighter holding a fire hose. When the water is turned on, it 
expiodes 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. 

EI 

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 Iaw). 

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 movement of 

a baltoon when air 

is released from lt 

also demanstrates 

thethirdlaw 

of motion. In 

the case ofthe 

balloon, what is 

the action? What 

is the reaction? 
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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, 
bw 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 Iaunchpad. To have more control 

For more about 	over a rocket, liquid propellant engines must be used. 

atoms, electrons, 	Chemical Rocket: Liquid Propellant 

and ions see the In this engine type, the fuel and oxidizer are liquids carried 
in separate tanks. The fuel and oxidizer are pumped into a 

Electricity merit combustion chamber where the fuel is burned. The exhaust is 

badge pamphlet 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. 

When you try to Liquid hydrogen (fuel) and liquid oxygen (oxidizer) are 
the most efficient liquid propellants for rockets. They must be 

push the same kept very, very cold, so the fuel tanks are carefully insulated. 

poles of two These super-cold fluids also are used to cool the super-heated 
parts of the engine, like the combustion chamber and the 

magnets together, nozzle, allowing them to be made of thin metal. Using the 

the magnets will liquids as a coolant system albows the weight of the rocket 
to be reduced. 

push each other 
Chemical Rocket: Hybrid Propellant 

away—action 
Hybrid engines combine a solid fuel with a liquid oxidizer. 

and reaction. The solid fuel is contained within the combustion chamber. 

An ion engine The oxidizer is fed into the combustion chamber from an oxi- 
dizer tank. The exhaust is forced through a nozzle, creating 

uses this effect thrust. Because the liquid oxidizer cannot mix with the solid 

to accelerate fuel by accident, such a rocket is very unlikely to expiode. 

ions and Ion Rocket Engines 

pro uce t rust. d 	h 
Ion rocket engines accelerate ions to produce thrust. Tons 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 positive; riarged ion is passed rvr: a p:ve1y cha:ed 
plate that repels and arrelerates ehe ion from the thrust chamber 
at estremeiv high speeds. 

Ion engines are ehe most effirient roch-et engines in use 
todav. Thev produre a bw thrust, but they operate for a long 
time. This means they have a high thrust for the amount of fuel 
used. An ion engine proved itself on the probe Deep Spare 1, 
launched in 199$ and powered by a first-ofiis-kind ion engine. 
The European Spare Agenry's SMART-1 probe Co the Moon 
and NASA's Dawn mission Co ehe asteroid belt also used ion 
engines. (See 'Planetarv> Exploration" in ehe nexe sertion.) 

Currentiv, the most advanred plasma engine is ehe Variable 
Specifir Impulse Magneeoplasma Rocker (VASIMR), first rom 
reived in 1977 by astronaut Franklin Chang Diaz, The System 
uses radio waves to rreate a plasma of helium ions and dem 
trons generated by,  a heliron plasma iniector and confined and 
shaped by high-temperature supercondurting magnets, which 
rreate a magnetir field that guides and accelerates the plasma 
through the rocket rhamber, where it is further heated by radio 
frequency waves to 1 million degrees. Small amounts of fuel 
ran create significant thrust, and a VASIMR motor has been 
proposed as a means to continually reboost ehe orbit of the 
International Spare Station so that Proton rorkets don't have Co 
be sers periodirally Co do so. 

How Satellites Stay in Otbt 

Isaac Nev::n :easoned that CC ws:he forre of gravity—not its 
absenre—thar kept inc Moon in orbit around Earth. Artificial 
satellites also operate under the same Newtonian laws. 

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

Now imagine you are standing on Mount Everest. You 
throw the baseball and it traveis parallel to Earth im some 
distanre before it falls Co Earth. Earh time vou throw the ball, 
vou inrrease the thrust and ehe ball travels farther. If vou rouid 
throw the ball fast enough (and if you ignore frirtion from ehe 
atmosphere), ehe ball would fall at exartly ehe same rate that 
the rurve of Earth falls awav from the ball. This situation is 
ralled free fall. The ball would rontinue traveling parallel to 
Earth's surfare, achieving orbit. This is the basis for how satin-
lites stav in orbit. 
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At higher 

altitudes, where 

ehe vacuum of 

space is neari 

comptete, thee 

is akuost no d -: 

andasat 

canstay[ t 

tor centuries, up 

to 100,1J 	rs at 

geos7 hronous 

orbits. 

Knowing where sateflites and space stations are 
going to be in their orbit has helped to popularize 
the pastime of satellite spotting. See the resources 
section for positioning information. 

This ::iu 	 he shuttle% aft (rear) flight deck windows, 
Shows ar 	 rom the space shttIe Endeavourtrying to 
capture t 	n - 	. 1 communications satellite. 

All satemtes nue on rorkets to get into orhit. Satellites as 
Iarge as several tons make ii sa(elv into orhit on a regular basis. 

Rockets travel straight up at first. This is the quickest way 
to get the rocket through the thickest part of Earth's anno 
sphere. Once above the atmosphere, the rocket control 
mechanism brings the rocket to a course that is parallel to 
Earth's surface while the rocket accelerates to the velocity 
needed tor that satellite to remain in orbit. This velocitv is 
determined hy the weigiet of the satellite and the altitude of 
the orhit to be achieved. 
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• t'elocitv 	1:e eed needeJ Co reach a 
between gravitvs p11!1 on ehe satellite and the satellite's iner 
tial tendency to keep going. II too much velocity is imparted 
to the satellite, II will escape from Earth and enter into a Suri-
ceneered (heliocentric) orbit. If too little velocity, is imparted 
to ehe satellite, gravitv will pull it back to Earth. At the correct 

-------------- 

Beause of os oonsant stete of e eryohmg fairg 
toqener at ehe same soeed. the sacetite ard 

evorvtrng eboaro seems ';eghtiess Tht S 

ahy,  astrooa.tis ccr float rsde :he nteratona 
Saace Stahur 

•ere 	.‚the 
ei he  
iv in orbit. At lower 
dtitudes, a satellite 
runs into trares of 
Earth's atmosphere, 
which rreaees drag. 
The drag causes the 
orbit Co decav, or 
decrease, until ehe 

aChte falls back 
ito die atmosphere 
d burns up. 

The arrows represene baseballs thrown at different velocities. 

Space Pictures 
Sce.cctures have evolved along with the digital technology 

computer, internet, and ccl! phone. Eariv space pirtures 
were made on film, which bad Co be returned to Earth and pro-
cessed. Today, scientists use CCDs, or charge-coupled devices, 
Co gather the Information digitally. Early video was grainv and 
bareiv usable. 



Tone Scale 

01 White 

02 LjuhtGray 

03 w dmGray 

04 0 	Gray 

05 8 

In this "smiley face" 
example,, pixel 01-01 is 
white, and therefore ix 
coded es 01-01-01. Pixel 
06-02 is black, lt is coded 
es 06-02-05. Pixel 06-06 is 
light gray. lt is coded 
es 06-06-02. 

Images taken by spaceoraft consist of niany tiny sqeares called pixeIsThe pieture of 
Saturn, Ieft, is made of hundreds of thousands of pixels, shown (greatly exaggerated) 
at right. 

As space probes ventured farther into space, scientists 
needed heiter wavs 10 record, store, and transmit pictures 
Information scientisis developed a codrng System that treats 
each picture frame as a grid vith nurnbered squares. Each 
square is a picture element—pixel, for short. Every pixel has 
115 own address of numhers in the grid that gives the pixel's 
row and column. For example, the address of the pixel in 
row 01, column 01. is 01-01. The address of the pixel in row 14, 
column 10, is 16-10, (See the Illustration.) 
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•': an ob'ec:, 
the brightness or shade of each pixel in the scene. Shades are 
rneasured cm a grav scale, which is a gauge of the shades of 
grav from pure White to pure black. 

Let's assume we have a simple gray scale wiCh oniv Live 
shades. Each shade is numbered. White is 01, light gray is 02, 
and so on to solid black, 05, The sensor assigus each pixel die 
number that corresponds Co the shade sensed. 

These numbers are stored in a computer memorv and 
then transmitted Co die waiting scientists. The receiving 
Computer is prograrnmed Co arrange the pixels into a gdd, 
show,  the correct shade of gray tor each picture element, and 
reconstruct ehe picture row bv row, 

In earlv missions where the data transmission rate was 
slow,  and computer memorv limited, it might take several 
minutes Co display oi 	icture frame. Mariner 4, when lt 
photographe 	n 1165, made images 200 x 200 pixels in 
slze. Each co,; 	ime look nearlv 9 hours Co mach Earth, 
In contrast, the L entirre lunas mission in 1994 returned 
2 million images 	/2 months, averaging more man 1,000 
im: a' 	rase robo 	e dudbed in ehe 
ne,,: see - 	‚ "Pl 	arv Exul 

A farmer n Karsas ta<es nart 	a mcqram that 
a.es hirn sareh]te magery cl bis farm. He car see 
mmstare c,-ntent and ciecide vhen to oiox a,-,d 
seed ns cmos As the cos oroe', Ne amt ich if 
nse±ccas or erthzrrs mc rctluredThe Immer 
rar teh ‚' ren us \heat s npe ane can Ne 
edThs s s' cn cl rnn, eamoies cl rrovr scace 
Cctures ran irtpce everyoa 	fe 
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ZUM 
Long ago, the Greeks noticed bnght, starlike obiects moving 
arnong the stars. These wanderers" included the Sun, Moon, 
Mercurv, Venus, Mars, Jupiter, and Saturn. People thought all 
these objects circled Earth, which was thought to be at the ren-
ter of the universe. 

In the 15th centurv, Nicolaus Copernirus deterrnined that 
Earth was a planet, too, and that the six known planets went 
around (orbited) the Sun while the Moon circled Eanh. Then, 
in 1610, Galileo Galilei turned a newly inrented instrument-
the telescope—toward the heavens. He looked at Jupiter, and 
what he saw astounded hirn. 

Through the telesrope, Jupiter was not a wandering point 
of Iight, but a round disk with four srnall starlets (rnoons) 
circling it. Earth's Moon was not a smooth shadowv ball, hut 
a sphere pockmarked vith craters and laced with cracks and 
ridges. Venus wem through phases hke the Moon, Saturn bad 
bumps on its sides (the rings), and the Sun bad spots on its 
surface. The worids of outer spare wem rnore exciting than 
anvone had imagined. 

Almost 350 vears later, when pe:1'e  learned how 10 send 
obiects—spacecraft---into spare, a neu c:a of exploration began. 
Scientific instruments and carneras rould now be canied above 
the filtering effects of Earth's atrnosphere, providing clearer 
views of outer spare than ever before. Spacecraft rould go to 
those :'- rawav places Copemicus and Galileo barely knew. 

Space Probes:Tools of ehe Space Age 
A spticaraft is any vehicle that fhes in outer space, whether 
or not lt rarries people. An unmanned spacerraft is terhnicallv 
known as a spare probe. Such probes have been used sinre 
the laie 1950s to expiore orner worlds, large and srnall, in our 
solar System. 

For more aboue 

planes, moons, 

ar•1 str's. see the 

Astroriomy merit 

badge pamphlet. 



The space probe Voyager 2 

More recently 

rt has become 

psssb e for landers 

Co relaytheir 

commu n ic ations 

through an orbiter 

around the same 

planet that then 

sends the data 

es Earth ata 

aterfme. 

;aceprobe 
ciever arrangement of 

echanical and electronic 
:irts pacled together inside 

sturdv, compact box er 
siell that is launched aboard 
a rocket. Once in space, the 
box opens and the various 
parts (components) begin to 
cnerate. Each group of com-
ponents piavs an important 
.:le toward accomplishing 

the mission—controlling the 
spacecraft. taking measure- 

ments of its surrsundings, er communicating vith people on 
Earth, thousands er millions of miles avav. 

Scientific instruments aboard a spacecraft detect and mea-
sure whats out there. Almost everv probe carries one or more 
cameras to capture images of the obiect it visits. Some prohes 
rnav have devices to measure radiation. temperature, and 
magnetic fields. Those that land on an allen surface may carrv 
a miniature veather station and a scoop to sarnple the soll. 
Other devices mav he designed 10 detect certain chemical 
elements or compounds, such as vater. 

A computer system stores commands that direct the other 
components to function and to control the craft. The computer 

collects the information gathered bv the instruments and 
mdv for transmission to Earth. \Vhen lt is time 10 send 
a to Earth, an antenna aims radio signals in the rtght 

e 	i Another antenna receives signals from Earth. 
To da all these things, a spacecraft needs a power supplv. 

The probe rnav have solar celis to convert sunlight into dcc-
tricitv. Or lt mav have a nuclear-powered generator to provide 
electricitv, especiailv if lt is visiting a planet far from the Sun. 
Because outer s -  - 	xtremelv cold, same power goes to a 
heater that kee- 	acecraft at the right temperature for the 
computer, instrr 	and other components na operate. 

After the probe flas been iaunched into space. altering its 
direction hecomes necessarv during millions of miles of travel. 
A sei of small rockets (thrusters) is used to adiust the prohes 
course er put an the brakes' if the probe must go into orhit 
araund a planet or land an an allen surface 
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Another means of changing direction or speec 
takes advantage of a large planet's gravity-

siingshot" effeet, known as gravity assist. With 
careful aim, a probe can be pulled toward the plans: 
whipped around, and then accelerated away in tt 
desired direetion. Spacecraft use the gravityassis: 
method to travel quickly to their destination while 
conserving precious fuel 

Robotic Missions to the Moon 
Martv at emp:s were made before the firs: probe flew pa-ri the 
Moon. On !a.  4 1 	he Sovier 	1 imoactor flew within 
125O0 km of ehe :oon cetore entering an orbir around the Sun. 
Two months later, P meer becarne 	 to uass 
bv the Moon. at a distance of 641000 hrn. bebte also entering 
a hellocemric c-rl-ir. The Soviets achieved additional innar 
firsrs with the first hard landen Lnce. which ]anded in Palus 
Putredinis in September ob the same vear, and Ltme 3 a month 
laren which provided the first im--ges ob the lunar bar side. As a 
conseuuence. all ob -,hemost easiiv phorographed feantres bear 
Russian names. 

After a number ob ldiiures on bo:h sides over the nexi 
live vears, the 	3. and 5 missions returned more 
titan 	increastnglv cioseup images on their wav to 
inipacring ehe Moons surface in 1914 and 1965. In mid-19&$. 
NASA achieved the first controhed landing on - -he MOQt1 with 

1. Four rnore Survevor missions foliowed to research 
the lunar surbace in antldpation ob theApollo landings. Five 
Lunar Orbher spacecraft also niapped the iunar surbace to pro-
vide grearer detail ort potential landing shes. 

The Sovier Union continued ro expiore the Moon into the 
mid-19'Os. Zond spacecraft fietv iiround the Moon. rook oho-
roraplls. and re:urned ro Earth wirb their pavicad. The Soviet 
Moon prograrn aLso inciuded several successful sample renarn 
missions and a pair ob remo:e-driven rovers caiied Ltnekhod 

moon walker, which covered 10.5 hrn and 3 hrn of -he 
Iunarsurfaceoveraperodocvethanavear. 

The Soviet Utiionh 

Zbnd5was the 

ily spacecraft 

carryhvina 

eatures other 

:an humansas 

rasthe Moon.A 

payload ofturtles 

rneaiworms, 

pants, and other 

hfe-forms swvived 

:e trip and 

Dlashed dt.. - 

lheln( 

irrSets - :r-  368. 
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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 Soviel 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 soii, 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. lt Iasted 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 look many measurements of the 
atmosphere. With assistance from Venus' gravity 
(like a slingshot), it sped onward to Mercury, the 
Sun's ciosest planet. Mariner 10, which photo- 
graphed about 40 percent of Mercury's surface, 	Mercury photograph...d by 
has been the only probe to visrt 	 MESSENGER in October 2008 as there until the 	the spacecraft left the planet. 
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 Soviel Union, reached Venus in June 1985. They dropped 
a landing capsule onto the surface, released a bailoon into the 
atmosphere, and then got slingshot by the planet to intercept 
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Halley's Comet. The bailoon carried 
instruments that rneasured atmo-
spheric temperature, pressure, and 

%! 	 wind speed. The lander took simi- 
'& lar measurements and photographs, 

and analyzed the chemical makeup 
of the air and soll. 

Magellan was the first plane-
tary spacecraft to be iaunched from 
the space shuttle (in May 1989). 
After entering a polar orbit around 

Magellan's view of Venus 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 weil as 
evidence that the planet may still be geoiogicaliy active. 

NASA's MESSENGER probe has made severai dose 
approaches to Mercury, providing imagery to 011 in the gaps ieft 
by Mariner 10. In March 2011, lt 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 iaunch in 2015 witb 
arrival at Mercury in 2022. 

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 

Magellan 

revealed the 

presence of 

arge volcanoos, 

lava plains, and 

extremely long 

lava channels. 

lt also discovered 

deformed, 

flattened 

mountabs. 

We finally knew 

what lurked 

under Venus' 

clouds: a 

barren world. 

48 	SPACE EXPLORATION 



rns :rat st:etched more than 2. 	 1he nroh 
Id evdence a wnd erosion. watet eroson, wea:fler :ronts. 
ds, ar.d og—bn no ie. 	 Mars g ant 
Ti:e Sovie Umon turned i:s at:en:ton na Mars in the 190s. 	was  cagwon
nr.g whh :he rs . probe, wh;ch successfr.2lv arrived 

November 191. a few weeks a fier 	 'er9 TheI 	naniedVaes 
s;acecrat reieased a iander that des:ended lrio the raging dos: 	Marinens In hone 
stom and rashed. Ho;veve the arbhe: took p togranhs and 
snaded the mosphere and srtfa e\ :rs . whch 	 ofthe Marper 

ca na Mrs .2, ha bettet JCK Tne vehirle landed saieiv md 	spacecraft.Tbe 
:raiined ',he frs -  teevisien pirtures o the Martian surface 

canon s hirse ar m seconis. :aen cammuncar;on ::am the :aner was Jost 
ecans were excited when wa Viking missions reached limes 55 iieep as 

Mar' 	16. Fach caft had rtvc parts. an  orbher md a landen 	hie Grund snyon 
:Z 	andeo an Juiv 24j, 96, wh;e iu2 settted on the 

other s:de of :he rane: six weeks later. While sack orbiter :ook 	One of Mars 
detaked photos and commumcated wnh Earth. each landet 	extinct vocanoes 
s:ocd ca ehres 1e-2s wirh arge circular ootpads md eerformed 
its du:ies. A came:a taok hie first ck'se-up :mage of ehe Martian 	Olympus Mons, is 
sufa:e—a footpad md a hunch of rocks. Peope were 	iliCk 15 mies high, the 
bv Mars—i:s red bouiders, red sei!. md inkish skv 

Eich Vhdreg ander extended a :or arm mio :he so!!. 	argest m tne 
sccrned up sanipies. and drcmped ehem mcc tieres chemica. 	Solar system 
!aboca:ories. The labs 
:eseed ehe sc.2 ra  
chem:cas :hae m:gn: 	 - 
corne fram a mcr:scco:c 

- 	 - 	 ThP rp t55O 
argan:srm 1 he resuts ot 
all theseexperimseuswe 	 - 
incanciosive. ehe scieneis- 	4$ 1 

.‚dueto 
oecedeci. meamn 
was stii much cc 	 s presence ei 
anu t \I?r in oxtdee, wluch 

de wat 
:he nesa spacecrah na 	 ‚„ 	 s rust. 
ar' e -.a& 	nd g n 	 ks prk 
Ju.v.t. 1997.Thecraa 	- 	 . 
borinced cnto ehe Martian  
sorface. its fak from space 	 dUst •. somit 
cushicned hv mnfkued mirbags. Ti 	ai 	ied as a tetra- 
hedrcn—four eriangular sides—so that tvhen -opped bounc- 	IIY tn wmo 

ing. ehe three sides seanding up woud -.aL o 	ike a fiowen 

- 
- OH 	49 



:e: Pyve:ed hv a sar tne n 

e r3ve: ::e i\vn :am' an raee cs 
earet rk fr ne c:n:meszc 	 :i ard 

de:erme 	1xsor. Ther -,he : 	 1 xhe: rock. 

1a: a: 5ga1. a:un :ne anjer. Th 	s 	: 

	

:: 	3 	 :per. - 

T 3 j3V. 

A Mars 	;va5 	E 
es:abhhng a nearv xar :::. 

:- g3n mappng he tem m 

• 	misr. 1atI in:. 2 X. 

Missions to Mars show how difficult space exploration can be and, i 
particular, what a challene it is to send spacecraft to Mars. Several 
missions to the Red Planet have faileci The Soviet Union had trouble 
with every one of its Mars-bound pro bes—Mars 2-7, Phobos 1-2. and 

Mars '96.The United States experienced a huge loss when its Mars 
Qbservercraft, carrying many science instruments, vanished in space 
in 1993. To prepare tor orbit, the craft tumed off its transmitter while 
pressurizing its fuel tanks. Something went wrong, and the spacecraft 
was never recovered. 
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su: - .c e ci Marc r::d stiiies of 	:::Tsphere 	space er!- 
ronment around ehe planet and its moons. lt also carried ehe 
Beagle 2 lander Co study the surface, but contact was lost vith 
the lander after lt separated korn Mars Express. 

In earlv 2004, the Mars Exploration Rovers (MER) Spirit 
and Opporrunitv arrived at Mars for a three-month mission Co 
'foiiow the vater, looking for environrnents that had water in 
the past and rnight have been ahle Co 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- 
ories there 	 « Inzt vOrh  

Spacecraft have made a number of discoveries about Klars: 

• The entire north polar area of Mars may be a gigantic irr cact hasin, 

• Mars has climate cycies similar to Earth's. 

• Mars has methane in the atmosphere, which coukl be prcduceci ty 

underground bacteria or geological events. 

• Mars has millions of cubic miles ofwaterfrozen in its pc2iar cans an d 

in its crust near the poles. Early Mars probably had a huge ecean 

fihled with icebergs and pack ice that covered its north pchr area. 

Liquid water on the surface became rare as the planet los atmo-

sphere and got colder and drier. 

• Mars has a very weak magnetic field, which altows some of its air to 

leak into space more easily. 

continue 	6 
wflh die Mars Recorinaiance Orbi 
and in 2008 with the Phoenix Mars 
Lwider. The Mars Science Laboratorc 
named Curiosirv was Iaunched in August 
2012. Its mission is to provide an inten- 
sive studv of its landing zone as weil as 
serve as a weather Station with a suite 
of cilmate and meteoroiogv instrument 
Co provide a richer knowledge of how 
Mars' atmosphere and climate works 
now, so we can better predict how it 
worked in die recent and distant past. 

The 	s rover Cunosity 
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The Grand Tour Explonng the Outer Planets 
- Jupiter and Saturn have mvstified pec:. for centuries. \Vhat is 

W e P oneer 10 in  ehat Great Red Spot '  Whv does Saturn have rings -'  How many 
headed into moons circle each planet' The Pioneer and \bvager missions 

nterstearspace 
reveaied those vorlds to be more fascinatin 	ehan excected. 

Pioneer 10 was the nrst spa 
(eav ng the solar asteroid beil. Some scientists 

System feared ehe craft might hit an 
asteroid, but it reached Jupil 

Poneerllfew safeiv in Decemher 1973. 

by Saturn rn 1979, Porzeer 10 took ehe first upc 	r 
phoeographs of Jupiter, whic.  

ehe first probe showed the planet bad coloi 

10 do so swirling bands. Photos revec 
smaller white spots hesides 

photographed Great Red Spot, which is a 

and took hurricane large enough to cc 
ne least ewo Earths. The craf 

measurements also measured Jupiter 's stroL 	 Rad Spot 
ofthe Planet, its magneeic fieid and radiation  

• 
rings, and some 

beles. Pioneer 11 did ehe same, eec vear later. 
The Umted States launched two \oyager prohes ne 1977, 

of its moons, 108. Vovager. reached Jupiter in March 1979. Vovager 2 arrived four 

llee spacecra - 
months laien Each probe photographed ehe planet and its four 
largest moons—lo, Europa, Ganvmede, and Callisto—in detail, 

lost power 	S5. lo has volcanoes and resemhies a "pizza ball. 	Europa has a 
cracked, ccv surface (and possibiv a liquid ocean heneath the 
Ice). The probes discovered ehat lighening crackles in Jupiters 
clud tops, a thin ring surrounds the planet, and ii has manv 
more moons than had heen observed from Earth 

At Saturn in 1981, Vovager reveaied the rings Co he more 
compiex and grand than expected. Dark spokes could he seen, 
and small moons were bund thae guided the ring material. 
Saturn's largest moon, Titan, was also studied, though its atmo 
sphere was too ehick for cameras to see ehe surface. 

While Voya,ger 1 headed out of the solar system. tbeager 2 
look advantage of a rare alignment of Ehe outer planets. The 
spacecraft contrnued on to Uranus (1986 and ehen Neptune 
(1959), achieving Ehe -Grand Tour' The craft detected faint 
rings around both gas giants and discovered ne-,v rnoons. 

A spacecraft narned Galileo, launched from the space 
shuttle in 1989. visited Jupiter in 1995, using gravity assisI frorn 



arth. lt released a srU p:be 
that plunged into Jupiter's cloud lavers and 
measured temperature, pressure, chemical 
composition, and other characteristics before 
the planet's dense atrnosphere crushed lt. 
Its orbiter flew around Jupiter often and vis 

the major moons, colleceing much data. 
G.. Ieo survived for eight vears in the Jovian 

despite the harsh radiation, 
t nssini mission to Saturn was 

ihed in 1997, carrying ESA's Huygerts 
probe along for the long journey. After 
gravitv-assise visils to Venus, Earth, and 
Jupiter, the robotic probe arrived at Saturn 
in June 2004. Six months later it released 
ehe Huvgens probe for its descent to Titan. 
The Cassini orbiter spent the next four years 
studying Titan and Saturn's rings and other 
moons. Its Operations were later extended, 
first 	:.e C 	 : a: 	::en 
as the Solstice Mission througn 2017. 

Jupiter's moon fr 	ne of te most 
vohanica**y activ hooies m the 
solar System, 

Galileo wasChe first spacecraft to photo- 
	Cassinis view ' Svjm andTitan, 

graph an asteroid (Gasprai up dose. lt also 
	

Saturn"s largest moon 
discovered a tiny moon na med Dactyl orbit- 
Ing ehe asteroid Ida, above. 
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G,otto bund that 

the nur eus 81 

Halley's Comet 

..esabot9 miles 

:a"d6mes 

.•;oe :ough 

e romet lost 

a out 35 tons of 

matter every hour 

es lt neared the 

Sun, it still has 

enough material  

to survive a few 

hundred trips 

through the 

solar System, 

WanderingThrough Space 

Not ever -  :.bot spare probe visits a planet. Some head 10 much 
smaller objects—romets and asteroids. When Haileyis Comet 
appmached the Sun in 1986, some rountries and space agenrees 
laurirhed probes 10 meet lt. From iRe Soviel Union, iwo Vega 
spacecraft tlew by the comet in March 1986 and took me, 
ments on their wav 10 Venus. A few davs later, Japan 5 
probe brieflv passed by Last and mos 'd'rg 'as Cr::. a 
probe sent bv the European Spare Ag2:i:v. 

Giotro traveled into the fuzz: 
white head" of Hallev's Comet, 
cloud of gas and dust surroundirc, 
the nucleus. More than 200 dust 
particies per second struck the rrvi 
One dust grain (about a third of an 
ounce) knorked out communira-
tions with Earth for a shori while. 
but the 9-foot-long cviinder-s:: 
probe survived its Passage 
the romet Giotto found that 
nucleus 01 the comet was about 	Je. 

NASA launched NEAR Shoeiiia  
The craft's name explaiaed its obiect;: t 	Ev::: Asteroid 
Rendezvous, lt reached the smali, potato-s:' 	:: 'roed Eros 

bruarv 2000 arid herame iRe fir 	obe::: 	: and rd 
an asteroid. 

NEAR Shoemaker was named for Dr. Eugene 
Shoemaker, a famous geologist and astronomer 
who studied how asteroids and comets may have 
shaped the planets. He was co-discoverer of a 
comet (Shoemaker-Levy No. 9) that smashed 
spectacularly into Jupiter in 1994. 

The spacerraft DeeJ. - 	1 no destination when lt 
launrhed in Ociober 1998, its purpose was high-tech lesung 
in outer spare. One device tesued was an ion engine, first of 
its kind, tRat performed hetter and longer than expected. Deep 

Spare 1 's mission was extended 10 encounter a near-Earth 
asteroid in 1999 and Comet Borrellv in 2001. 
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The Stardust probe's primary mission for its was to col-
lect comet samples and return them Co Earth for study. lt flew 
by ehe 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. 

For Stardustto collect the comet particies without 
damaging them, NASA made use of a unique high-
tech material called aeroge!which is 99 percent 
air. Aerogels are now put to a variety of uses, from 
hyperefficient winter coats to thermal insulation in 
the construction trade. 

NASA's Deep Impact probe was designed to look inside a 
comet. In mid-2005 lt did so by hitting comet Tempel 1 wiCh 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. Lt 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 Co just set-
tle up against lt without creating a crater, lJsing an ion erne, 
lt was able to catch up with and touch down on the asteroid to 
collect samples from the surfice. These 'im;es were retiriec 
to Earth by the spacecraft in 
mid-2010.  

NASA 's Daten mission is 
tasked wiCh visiting the two  
largest occupants of the aster- - 
oid belt: Vesta and Ceres. The 	 . . - 
mission, launched in 2007, 
reached the asteroid Vesta in 
2011 where lt orbited for one 

The acliptic 

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 

planetsinthe 

solar system have 

orbital planes 

whose inclinations 

are very dose 

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 rendezvousecl 
with Ceres in 2015. 

WhatAbout 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 1 980s 
and was repaired in space when a shuttle crew captured, 
repaired, and released it in 1984. 

The corona is the outermost and thinnest part 
of the Sun's atmosphere. lt is sometimes visible 
during a solar eclipse.The solar wind is a stream of 
charged particies coming from the cororla. 

56 	SPACE EXPLORATION 



SDO's viev of the Sun in 2012 

Ulysses, launched in October 1990, was the first spacecraft 
to travei in an orbit nearly perpendicular (vertical) to the eclip-
tic plane. No human-macle vehicie could produce the power 
to break out of the ecliptic plane on its own, 50 Ulysses reiied 
on mighty Jupiter's gravity 10 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 weil as detect the solar 
wind. During its mission, SOHO discovered more than 50 Sun-
grazing cornets and made movies of coronal mass ejections, 
which produce dangerous radiation that can cause communica-
tion blackouts 011 Earth. SOHO continues 10 operate and is still 
returning data after more than 20 years in space. 

Launched in laIe 2001, NASA's Genesis mission was 
designed to collect particies of solar wind 10 return 10 Earth for 
study. After taking up station at the Sun-Earth LI point that 
same year, it spent the next 28 months in collection mode using 
collector arrays of different materials as weil as a bulk collector. 
The probe then used its ion engines 10 maneuver into a low-
energy trajectory that swung lt by the Moon and back to Earth, 
where lt 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. 

STEREO, or Solar TErrestrial 
RElations Observatory, was launched 
in October 2006 10 study coronal 
mass ejections. lt consists of two 
observatories, one of which is ahead 
of Earth in its orbit and the 
other behind. 

NASA launched the Solar 
Dynamics Observatory (SDO) in early 
2010 10 geostationary orbit, where it 
collects data on our Sun with a focus 
on the magnetic fields and how they 
affect space weather. 
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Distinguished Lage Scout Mike Fossum, STS-124 mission spocIai&t took a seven 

houi space walk (1(111119 a mission al the International Space Station in 2008 
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People need food. waten mir, dothing. 
shelter. ;vasre disposal, and some measure 
of satetv to hve. Earth gives us these thin 
hut ouzer suace does not not even or 
other pIanets. Th&e is ne air to b: -e,3 
in seace. Sace is eitber tee coid 0710.a 

hot fee humans. Radiation fronuhe Sun and 
cosmic ravs can harm a nerson. There are 
snah and iate obects—nasuraI mete:uoids 
er artiiciai pieces ei nxkets. paint chips. and 
otter space iunk —thar travel fast enough 
to maise hoies in metai sheets er soacesuits. 
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evercthing essentiai for a comfi:rtabie hie 

e shieding peenie horn the dangers ei 
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1 1:aceships :soch as :he space shurtIe 
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and spare siahons that go or have gone 
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the rossihflity ci an inhabiied base ca the 
Moca or Mars. (The founh kind of spare 
habisat—deen-space structures—wifl not 
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Features of a Near-Earth Habitat 

• F,2 r 

‚c:g.wate 	 - 

On a large space station, water ana air can oe recycled and some 
food grown to reduce the amount that must be transported. Chemic& 
"scrubbers" remove carbon doxide and return clean air to the habitat 

Water is recycled from the moisture collected from the air and from 

wastewater (including urine). 
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Fuel cells use hydrogen and oxygen to make electricity, also producing 
water. On the space shuttle, wastewater was dumped overboard, while 
on the International Space Station, water from fuel cells is saved and 

used for drinking. 
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Radiator panels that stick out into space work like the radiator in a Gar. 

A liquid passes through the hot area and absorbs heat.The bot fluid 

fiows through the panels, where the heat is given off into space.Ths 

process cools the liquid, which is then pumped back to the hotter area 

to pick up more heat. 

Safyut 
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 vehicies. Salyut 6 
(1977-82) and Sa.lyut 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 an the 

and structures in space. 	 Sun 'puffed up" the top of Earth's atmosphere, 
siowing the station down. Skylab was destroyed 
as it bumed up in the atmosphere in 1979. 
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Three different 

crews lived on 

Skylab through 

1974. They studied 

the properties 

of fluids and 

materials and the 

medical effects 

of microgravity 

(the nearly 

complete absence 

of gravity). They 

also observed 

the stars,the 

Sun, and Earth. 

Their missions 

proved people 

could live 

productively in 

space over 

long periods. 

Mir 
In 1986, the Soviet Union launched the first module of Mir 
(meaning "peace"), the next generation of space stations. Unlike 
Salyut, the Mir space station could have modules attached to 
each other. Eventually, Mir grew to be a set of six modules that 
totaled 107 feet long and 90 feet wide. 

Mir was occupied tor more than 12 of its 15 years in orbit, 
lt served as a home in space for 104 people representing 11 
countries. One of the cosmonauts (Soviet/Russian astronauts), 
Dr. Valeri Polyakov, spent 438 days in space before returning to 
Earth. Three other cosmonauts spent at least one year in space. 

The End of Mir. Mir had its share of problems. Once, 
the crew had to put out a dangerous fire. Another 
time, a resupply craft collided with the station, seri-
ously damaging one module. Eventually, components 
designed to last three years began to faiLThe space 
Station was brought out of orbit in a controlled manner 
and crashed into the Pacific Ocean in 2001. 

This photo of the space shutt!e Atlantis docked with Mir was 
taken by the Mir-19 crew on July 4, 1995, es they undocked 
the Soyuz spacecraft from Mir tor a brief fly-around. 
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The Space Shuttle 
The most arnbitious space vehicle to date is certainly the United Whi?e the space 
States' space shuttle, in service from 1981 to 2011 This System 
used solidfuel rocket boosters and a large external tank tor shuttle was 

liquid fuel in combination with an airplane-like vehicle, the intended to be 
orbiter, to lift up to seven crew members and 25 tons of pay- 
bad into a bw Earth orbit and remain there for as bong a method of 

two weeks. Because the orbiter, which carried the expensive transportation 
liquid-fuel rocket engines, could be refurbished and flown 

etween t e b 	h again repeatedly, the shuttle is regarded as the first reusable 
space launch System. lt was used for launching satellites, ground and 
repairing them in space, and even returning them to Earth, bw Earth orbit 
and served as a kind of temporary space station for performing 
scientific experiments. it became the 

Combining all these capabilities into one vehicle, how- onby space 
ever, proved problematic. Originally conceived as a Iow-cost, 
frequent space transportation system accessible to commercial habtat for 
users, the shuttle proved much more expensive to operate astronauts 
than anticipated. Furthermore, in the course of 130 flights, 
two orbiters—Chall enger in 1986 and Columbia in 2003—were from its first 

destroyed with the loss of all crew members. After the loss of baunch untib 
Challenger, the types of payloads flown on the shuttle were 
restricted, limiting it primarily to purely scientific missions. the mdi990s. 

Fun Facts About the 
Space Shuttle  

In 81/2  minutes, the space 	 ' 
shuttle accelerates at launeh 
from zero to 17,400 miles 
per hour, almost nine times 
as fast as a rifle builet. 

• If the main engines pumped water instead of fueL they would dram 

an average-sized swimming Pool in 25 seconds. 

• The solid rocket boosters consume more than 10 tons of fuel each 

second at launch. 

• The orbiter has more than 21/2 mmllmon parts, mncftidmng 230 mUes 

of wire. 
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Metric Matters 
The global international standard tor 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 pounds, with each pound weighing 16 ounces.The metric 

version of the ounce is the gram, and of the pound is the kilogram 
(kilo =thousand). One kilogram equals 2.2 pounds, and 1,000 kilo-

grams is a tonne (often noted as metric tonne or mT), which works 
out to 2,200 pounds, or 10 percent more than the ton. For this reason, 

and as Mars Climate Orbiter highlighted, it is very important to be 

clear on what measurement system you are using. 

tri 
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, lt 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 1990s, the United States and Russia brought U.S. astronauts and 

Russian cosmonauts together to operate the Mir space station. Space 

shuttle Atlantis docked with Mir for the first time in 1995. lt was one 

of nine trips to Mir to exchange crew members, bring supplles, and-

in this case—deliver a new module to the station.The two countries 
gained valuable experience working together and laid the foundation 

tor 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. 

The 16 partner countries providng 
equiprnent and support for the 
International Space Station are the 
Unted Stetes, Russa, Canada, 
Japan, Brazh, Begiurn, Denmark, 
France, Germany, I taly, the 
Netherlands, Norway, Spain. 
Sweden, Svvitzedand, and the 
United Kingdom. 

The milhonpound ISS is the largest 
Purposes of the ISS 	 construetion 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 effeces of weightlessness on the human body and to 
do experiments in microgravity. 

The research done aboard ehe 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 ehe 
decades to come. As an investment in the future, the 155 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 Co the harsh envi-
ronment of space, we can learn how materials are affected in 
order to better design future spacecraft. 
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The ISS shows how countries can work 
together tor 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 ISS 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. 

• The second piece was tJnity, which a space shuttle carried 
into orbit in December 1998. As its name suggests, Unity 
is a small module that aliows 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. 

• 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 weil as a number of unpressurized compo-
nents making up the ISS. The central girder er 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 
tor the station. 

Various countries are providing other pieces of the ISS. 
The Space Station Reniote Manipulator System, provided by 
Canada, is a 58-foot-long robot arm that heips 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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Canada% Space Station Remote Manipulator System can creep slowly along the 
outside of the space station like an inchworm. 

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

An emergency crew return vehicle (a Soyuz spacecraft for The 188 flies over 
every three crew members) is always docked at ehe ISS while it 85 percent of 
is inhabited. This assures the safe return of all crew members if 
a hazardous situation (such as a fire or loss of pressure) occurs Earth's surface 
on ehe space station and a quick departure muse be made. ancl 95 percent of 

The construction of ehe ISS was largely compleeed in 2010, 
resulting in about 1 million pounds of hardware in orbit assem- Earth s populatton 

bled during 33 space missions with more ehan 150 spacewalks and is as bright 
over a period of 13 years. The ISS will be operated through at 
least 2020 and will be deorbited into the Pacific Ocean when as Venus. To find 

ies operaeional life is complete. The ISS is ehe largest seructure out when the 188 
ever built in space and has honed and perfected our skills at 

s usble over assembly, mamtenance, logistics, and international cooperaeion 
on scieneific and technical endeavors. The use of distributed your location, see 
power and cooling systems, ehe repair of ehe solar arrays and nie resources 
rotary joints, and ehe recycling of waeer and air for life support 
are good examples of what we've Iearned ehat could help us as section, 
we e ;llore ehe solar syseem and eseablish homes in space. 

An airlock is a email room with one door to the pressurized ares and 
another door Co the outside (vacuum). A control panel aliows a crew 
member to release the air out to space, after which the door to the 
outsde can be opened and a space-suited crew member can exil the 
station on a spacewalk.When the space walk is finished, crew mem-
bers reenter ehe aftlock and another control pumps air back into ehe 
airlock until ihe pressure is equal with the interior of ehe space station 
after which they can re enter the station. 

SPACE EXPLORAIiON 	67 



Living andWorking in  
Microgravity 

- 	lt 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 

le- J 
use on Earth would not work 
the same way, or not work at 

Without gravity, hot air does not rise. Aboard the 	all, aboard the space station. 
ISS, an oven has a fan that forces the hot air to Food for ISS crews is nutri- move around. Hot metal shelves conduet heat 
directly to food containers. 	 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 

The ISS is station, bot their choices are Iimited. Fresh foods sometimes 

designed to be arrive with new crew members, although they do not last long. 
Water must be added to most items to make them edible, 

maintained while Personal hygiene is a novel experience on the ISS. A crew 

in orbit. Most member takes a shower using a hand sprayer and a washcloth. 
Because loose water droplets floating around in weightlessness 

parts, inside or can be a hazard for electrical equipment, the bather must catch 

outside, can be the sprayed water in a sponge or washcloth and then use the 
wet cloth to clean themselves. In space, toothpaste is swallowed. 

disconnected, A special dry shampoo is rubbed into the hair with a towel 
replaced, and without needing to be rinsed. When shaving or cutting hair, a 

vacuum tube is used to collece the hair and keep ii out of equip- 
reconnected (like ment and air filters. 
a light buib). This Every few months, Russia launches a Progress resupply 

makes it easier 
rocket stocked with food, water, personal items, and spare parts. 
The Progress spacecraft attaches to a Russian-made module. The 

for the crew to crew uses supplies from Progress and fills the craft with trash. 

niake repairs. 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 155. Japan's H-II Transfer Vehicle (HTV) and 
SpaceX's Dragon cargo ship are reusable crafts that can return 
scientific samples to Earth. 
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rate dfrm the spacecraft. 

Astronauts wear spacesuits made with 14 layers of*c. Gaing irom 
the inside out, there's nylon tricot, spandex, a lacing Iöasec tubes, 
urethanecoated nylon, polyester fiber, ripstop nylon, seve r. layers of 
polyester film, and an outer layer made of fibers that are lighter and 
tougher than steeL. 

Those same stronger-than-steet fibers, called aramidflbers, are 
used to make bulletproof vests for police officers and flameproof 
suits for flreflghters. One of the best-known aramids has the trade 
name Keviar. 
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The first crew, known as Expedition One, boarded the station in 

November 2000. American Commander BiH Shepherd and Russians 

Yuri Gidzenko and Sergei Krikalev stayed for four months. They were 

replaced by Expedition Two, which had a Russian commander and two 

Americans, including the first woman on the station, Susan Helms. 
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Medical research aboard the 155 
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 

This photograph by cosmonaut Nikolal 
Budarin of the ISS Expedition Six shows 
how strange space gardening can be. 
The air bubble trapped in this water drop 
doesn't rise because in space there is no 
buoyancy. The droplet rests on the leaf 
without bending the stalk or falling off 
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. 

Flames in microgravity look different from those 

we see. On Earth, a flame is shaped like a teardrop 

and yellow in color. On the ISS, it would be round 

and blue. 

All Mixed Up. lmagine you are trying to mix molten 
lead and molten aluminum.The large difference 

in densities will cause them to separate in Earth's 
gravity before the metals can cool into solid metal. 

In weightlessness, however, the two could mix 

to form a new material (an alloy). Perhaps a new 
material that was similarly made could be used to 
build future spacecraft. 

a treatment for cancer or find ways 
to make purer forms of medicines. 	 t. 
Researchers are also working to  
develop vaccines for Sairnonella and 
Staphylococcus aureus, which causes 
antibioticresistant staph infections. 

Scientists want to better 
understand how physical laws and 
chemical processes work in space. 
Materials act differently, fluids flow 
differently, and fire burns differently 
in a microgravity environment. New 
materials could be made in orbit 

() 
	

) 

4 
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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 
expiore, learn, and achieve. From this outpost, we can continue 
to expiore the frontier of space. 

11ff1  
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 vehicies 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 
vehicies, the Delta IV and Atlas V, respectively, that could lift 
large assets into space. In the late 1990s, Beal Aerospace tried 
to build inexpensive vehicies to launch commercial satellites 
to geostationary orbit, and at one point fired the largest liq-
uid rocket motor developed in the United States since Apollo. 
Government subsidies to cornmercial competitors drove the 
company to dose 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 industiy 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 &ement of the canceled Constellation program, the Orion 
Multi-Purpose CrewVehicle is designed for crewed missions beyond 
bw Earth orbit. 
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The SSs robot arm taptures the Dragon spaceoratt ss lt apprcaehas on a 
resupply mission. 

SpaceX designed its rocket Co launch the company's Dragon 
capsule, which will also have a crewed version. One design 
feature of the Dragon capsule is that instead of using "tractor" 
motors an ehe riose of the capsule, as with Apollo and Orion, 
that drag the capsule awav from an emergency situation, the 
Dragon instead uses "pusher' motors in the base ca push the cap-
sule awav from a blossoming crisis. SpaceX Iaunched Dragon in 
October 2012 on the first commercial resupplv mission Co the ISS. 

Boeing and Bigelow Aerospace have eeamed up to develop 
and provide ehe CST-100 capsule. designed Co be launched on 
Delta, Atlas, and Faicon rockets, for launching astronauts into 
bw Earth orbit. 

The ISS will be ehe primarv destination for global space 
activities. As more transport solutions are developed, especiallv 
tor crew, there will be increasing pressure for spacecraft in 
other orbital inclinations to transport Co ehose facilities. 
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Where would we build space bases and settlemeats? 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 itseif (in orbit). At first, these bases would depend 
on supplies from Earth, but they could eventually become 
self-sufficient as we Iearn 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 ehem. Having a space-based civi-
lization in existence would also make it easier to recover from 
a widespread disaster on Earth. 

SPACE EXPLORATION 	75 



Free Space Fadilities 

Also to be Not every location of interest in space is on a planetary surface. 
One example is the Earth-Moon Ll point (EML1). Balanced 

consdered is in one direction by the gravity of Earth and in the other by 
what value the centrifugal force and the gravity of the Moon, the LI point lies 

about 86 percent of the way to the Moon on an imaginary line 
facihty will create connecting the centers of Earth and ehe Moon. 
so that people A facility in a halo orbit around EML-1 (like the SOHO and 

would wantto live Genesis probes at the Sun-Earth LI point) would benefit from a 
number of advantages: 

and work there. • lt is accessible from any inclination of bw Earth orbit, even 
Removing scrap from the ISS, 

satellites from • lt has access to any point on the lunar surface. 
lt offers a "highground" view of space traffic out to geosta- geostationary tionary orbit. 

orbit, tor example, • lt is the cheapest place, fuel-wise, to Iaunch a mission to an 
would heip keep asteroid or to Mars. 

functioning • Probes can be sent out on ehe interplanetary superhighways 
and brought back periodically to be serviced and upgraded 

sateihtes safe SO like the Hubble Space Telescope. 
that broadcasts of Another location of interest is the Earth-Moon L5 point, 

satellite rv trailing 68 degrees behind the Moon in its orbit. This was 
the bocation proposed by Dr. Gerard O'Neill for large orbital 

and radio can colonies that would provide homes for thousands of individuals 
continue in a climate-controlled environment. This type of free space 

facility requires much more space development; we will need 
uninterrupted. 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 
ISS-style or Bigelow infiatable 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 asteroids for ehe natural resources 
they contain is es create facilities on or in ehe asteroids. Such a 
faciiitv !ocated in ehe asteroid be!t would have access Co virtua!ly 
unlimited resources. Locating a facility within an asteroid would 
allow for great variabiitv in design of interior spaces, and thick 
lavers of rock would mitigate the dangers from cosmic rays and 
solar flares, as would be ehe case in lunar lava tubes. In addh 
tion, engines could be mounted on the asteroid, allowing ii Co be 
directed Co destinations of !nterest in ehe solar system. 

Selection of a particular asteroid woui lepend on its com-
position. lt es one ehing es mine platinum grc.p :netals from 
a !arge rock; lt is another to have the sm ecessanj for 
life, mainiv carbon, hydrogen, oxygen, and nitrogen, as weil as 
ample amounts of water. Consequently, any likely target will 
be extensiveiv exaneined by mbotic probes to determine ehe 
resources it would offer for a facilitv. 

Visiting an asteroid would be just the first step. 

The Moon is just a few days of travel from Ea:h. Earth-Moon 
communication ea:-es only a few seconds rot::.d-tip. We have 
had experience 	rr,:ed operations mi the 2:3on.  The grav- 
ity is only one-sudi of Earth's, so !anding on and lifting oft 
from ehe Moons su;iace does not take much fuel. All of these 
am advantages. 

There are also disadvantages of estabhshing a !unar base. 
The Moon does not have an atmosphere. On its surface, people 
wou!d be unproeected from space radiation and the impacts of 
micrometeorites. The Moon rotates abaut once a month, creat-
ing a scorching list dav (-- 250 degrees F) that lasts two weeks, 
followed by an intensely cold nigbe (-250 degrees F) that also 
Iasts two weeks. No one knows how ehe bw gravitv enight 
affect the growth of children or the aging process if families 
lived at the base. There are unlike!y Co be any concentrated 
bodies of mineral ore Co mine. 

For these reasons, while Moon is not ehe best piace Co 
start a colony, it es suitable for scientiflc research. 

1 	 ______ 



Putposes of a Moon Base 
A moon base wouid ailow continued exploration of the Moon. 
We can search tor valuable materials, such as titanium, 
heiium$, and rare earth elements. Bases near the north or 
souh poles 'ould receive sunhght almost all the time to power 
a br. Ex.:: rs working out of those bases might find polar 
ice 	in nearbv areas that are aiwavs in darkness. 

vve a: TTight 	up an astronomical observatory. A tele- 
scope loon :ahle surface, looking out through no 
ait would have a superb view of the universe. A base on the 
far stde of the Moon would be valuable tor radio astronomy, 
because lt wouid be shieided horn almost all the radio noise" 
generaeed on Earth and in space bv human activitv. 

Businesses might be ahle to mine lunar material für a 
profit. Common rnetais like iron, aluminurn, and titanium 
could he smeited from moon rocks to make building materials 
and solar celis. Oxvgen, taken out of the rocks, would provide 
breathahle air and rocket propellant. Sornedav a lunar hotel or 
resort could be huilt, followed by a lunar colony. 

Living on the Moon 
A moon hase would have modules for laboratories and living 
quarters. Tlee modules would be buried in lunar soil, except tor 
their entrances, to shield the inhabitants frorn space radiation 
and solar tiares. The lunar soil would also insulate the base 
frorn extreme temperatures. 

The modules vould have the same life-support functions as 
a space station, providing a breathahle atrnosphere, clean vater, 
food, power, and temperature controk Water would be reccled 
as much as possihle. Most food wouid be imported from Earth 
bot could eventualiv be supplemented bv a greenhouse module. 
A crew would either stav at die base or visit regularly to main-
tain and repair equipment and do scientific work. 

At tirst, all of the modules vould he built on Earth and 
hauled to the Moon. Because this will be expensive, a moon 
base will grow faster lt lunar materials are used to buiid the 
modules. Once we develop the technology and capability to 
mine, process, and transport lunar ore, a setilernent mi the 
Moon will be highly desirable. 

78 	SPACE EXPLORATOJ 



Mars Bases 
!'is man,.-  advanc Fr 	-r-  

:...:e almost all :::::.:::::. wo:i pro1:: .:::ne 
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......... 	suonorl an airplane HnvP''er, th ?irlcj 
ox.:ianden:.:............ 	_ 	::.sjr 	::lv 

............:::neexpio:..: '.:rs 

	

ro v.::: 	 fle loon 	.: 
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The gravil :.. '-':. s about 38 percent as strong 
Eanh. : human :: :::imals might .. ...able 	grow 
reprodL: there nc::i; A dav on .M 	:s or.1: slight: .nger 
than on Earth, so a person could easilv adapt so a  

-ars has huge : :antities c zibsu:::.:e ice in man: ... 
face .: :!.s s 	::as. ieie mav bo riater 

ed bv dlling. E1;::ents. 
such as s:ium and cli::::: 	.:ss ::I in the 	vater could 

sep:::ed and used. Mars rocks would also contain useful 
etals. 	iact. most of the materials needed so build a hase or 

coionv pro.....:Lv exist c::.-::s. but Ehe.  :::.:s: 	:: ----- 
prc:Hants car. 	. 	..: ..s:: --. die carbon diox:t  
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reacri Mars. 

Anv crew : :c takes a trip so Mars using a traditional trans 
fer orb.: .:ould likeiv have 10 stav there for about T -.:: vears. 

SAGE EXPLOAnON 	79 



Buiiding a Mars Base 
Before startin.g to bc..:: a base c:: '.lars. we will rieed to send 
robot r:e:t to i:::.tte several promit.:c sires. Then .:1::ans 
will z27ve y these .::: 	.:id the best 1ocati:: . ...7 

be s:t: 	: 2 10W Mrs orc:;. e;t;pe;e with 
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also wanta 
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-  
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would need tobe perfe::e.7 :: se: :::1 ::e;s±:::::: pace-
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base .;c cor:: ±:::: 	 :ee:z.: nd b:±ee.:eild 
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The base v::::ld need :.:::. Ir hem and so nun ir: equin- 
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rearto: .=::uld ±e :deal tor powe: 
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or rurning locai marenei: .:to metal •::± :: 	:: 	ew 
modules. The warer iocc± there miel: ::.:.:e .: : -sible 

so use c:±cr kinds ei consrrucrion 	t ich es lo:e11: 
produced conerere. 
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Living on Mars 

Tl 	. 	 :gen fror 	.'.ars water couM be used as 
rocket pro: 	.: 	far flights hack 	::bit and wpower To find out 4 

:-!he-road 	vehicles.Vehices :......r3ve:ng an ...........ace of Mars has (or had 
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- 	
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ri  

WO-:. Z corn 	....‚.:: ... Earth at drst, when buildng 
But ess:.: .............. 	- 1 	! d ce grow 	icav. Mars has rugh 
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space vehc es 
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are readv to go to xlars, we rr.z 	know how to make same 
iood svnthe:icaulv. without us; $lams at all. few rncrobes 

as possibe 

Build a Space Habitat 
For requirement 7, you are to design a space hdü,- 

tat. You can find material for this project around ths  
house and in your family's recycling bin. A liflle 
thought and Ingenulty can make a potato-chp tube 	. 	. 
into a lunar rover. Soda straws become the axles; 
bottle caps become the wheels. Aluminum toll can 
be wrapped around the tube, and a glue gun helps put lt all togethe-
A three-liter soda bottle and similar imagination can make a habitati: 
module, a colony, or a space base. A cereal box can become a hang 

bay for ground and space operations. 
As you plan this project, ask yourself Wh 

r A 

	

	is the base's intended use? How have you prc- 
vided for crew quarters, power, breathable air, 

r 

	

	 radiation protection, food, water, and transpor- 
tation?Your design must satisfy all these needs. 
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The Future of Space 
Exploration and Space 
Development 
As tflrs parapfliet pornts out. Space IDOW tflO UtUC. 
Becuse 
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Here are some of the issues under discussion: 

• \Vhat should the next malor gaal of the U.S. crewed space 
program be: Go back to the oan, go to Mars, visit an aster-
oid, foc.:s jn space development pro 	such as creating 
space eoe: v resaurces for use an E.aoi;, iccus an research 
an the 	s:o, focus an reducing launch costs, conduct 
more rohotic missions, or have multiple goals? 

•.':hat are the reasons for gaing to each destination or work-
rg on each goal? 

• Should the gavernment build another crew-carrving vehicle 
itseif, or rely an one or more private vehicies thotne 
used without requiring much, if anv, development cost from 
the government? 

• Should we build a "heavv lift vehicle" that can p!ce ebiecis 
]arger than 75 tons in bw E. -:: arhit, or trw to ro': smaller 
rockets and assemble larger vehicies in orbit as was done with 
the space station? 

• If we huild a "heavy lift vehicle." shauld it be I'ased an parts 
fror- :he shuttle ar a bron new:osign, be expooc -ahle or 
reusable, be built and operated by the goverrtment or bv a 
private companv? 

• Wht s the best wav tc h'iId reusabbe space launchers to 
redoe launch costs? 

• Ho' much should the U.S. space program rely an coopera-
tion with other cauntries? 

• Hov much money can the government spend an the space 
proerrn each year? 

• Hoi': - uch should be spent an robotic exploration, and haw 
much an the crewed program? 

• What kind of vehicle shauld be built for crews to operate in 
deep space awav fram bw Earth orbit? 

[. 
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Space deve!orment repreents a step bevoncl space exok. 
tion—which : ',i.calIv fin...::c 	'hat is there—:. -.: 
of the resources in spacc. .tanv aste;.::s 	..: 	amounts 
of ven7 :.e . atinu::: roup mc:s :. . -.i, which we nlav 
mine sc::: 	Mo 	as large .:::.:.: ::•f oxvgen, silicon, 
alumint.: 	nium in 05 soll. 

mi 
... .........................: - it 

a verv good location for solar panel-. '.;: :i woulcl :.. 
to 10 ti: 	:cc:e:c: 	 :'T.T  

s concei.': .  
011 

.- .............. ....................‚ 	. 	... 	... Lt LJ. .ui ......................... flL.  

on Earth. 	. 	::::::..lves equ .-..::: that wouid r.-'e 
0 easier, cheaper, and s:: ..: :nove pec:ic 	.1 cargo from 
F.t11 tc. scc 	: 	c:?: -.r Iocat::' 	:cs. The space 
s:..ion .:..: 	 .' :jfras:: ... .......... 
examples inclu: . :::c11ant depots to accumuiate large 

for deep sp 
alove crgo b ..cc. .:: :'.nstead 

of using 'xIalaie rocket 

The Greatest Adventure 
we asket '.Yhv expiore 	.. 

ued 'oe alls'.'.' 	st,' 	ti'::. 	.;. 1C. 	•. as 	.. 
like this  

explored th . 	nt around them. As we have ohserved, 
bettet 

	

:.: .. ...... .T .. 	..: war 
a:life. 

Exploring space helps us better understand and protect our home 
planet. As we begin our move into the universe, we look back at our 
home world and see how srnall, yet how beautiful, lt is. Boundaries 
of states and nations are invisible. lt becomes obvious that Earth itself 
is a great spaceship on an unending journey and that all of us are 
astronauts. Space exploration is the greatest adventure of all. 
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Careers in Space 
Exploration 
A career in space exploration makes you think of belog an 
astronaut. Since 57 percent of the present and forrner aseronauts 
were Scouts, you have a good head start. But astronautics is 
only one occupation among the many that will he needed to 
expiore and settle our solar svsteni and beyond .Many 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-sciiool math you can—algebra, geometry, 
trigonometry, and caiculus. Also take biology, chemistry, 
phvsics, and computer science. 

You muse be ahle to write and speak clearly. Being 
bilingual and having good people skills are vital in this age 
of the International Space Station. Study Euglish and at least 
one foreign language. bu will also need sodal studies includ-
ing hiseory. geogiaphy, international stuclies, 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 niaIo—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. 

The Mercury, 

l3emini, and 

Apollo programs 

inthe 1960s 

harnessed the 

talents of more 

than 250,000 

employees 

at NASA, 

universities, 

and various 

companies. 
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lt you want to be 

a pilot astronaut, 

a military 

background is 

helptul. If you 

wantto be a 

mission specialist 

astronaut, a 

scientific 

or medical 

background is 

helpful. Most 

importantly, 

follow the 

path where your 

interests lie. 

0c 

. 	11 

Where Is theWork? 
Other than at NASA, you rnight 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 
searcil for life on Mars or under Europa's icy surface. You might 
be a science teacher or someone who tr1ins astronauts. You 
might be a medical researcher who studies the effects of space-
flight or a doctor whu kceps asironauts heaithy. 

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, sniall priv1c conpanies are developing ne'.' 
technologies für spaceflight. $ome 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 forrn 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 hoth. 
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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 cioser nok 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 cngineering principles to 
solve teclincai problems. They may assisi engineers anti scien-
tists with researcb, by huilding or setting up equipment, prepar-
ing and conducting experiments, cuilecting data, anti caiculat-
ing the results. Engineering technicJ„2iiz need creattvity tu help 
with design werk. often using conip iter-'tided design (CAD) 
software or making prototypes of newiy designed equipment. 
They irtust be ahle to work with ther hands to build and repair 
small, detailed items without making errors. 

Most positions for engineering technicians require at least 
a two-vear associate degree in engineering technotogv. Training 
is available at technical institutes, community colleges, and 
vocational-teclinical 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, anti rissiles. They develop new technolugies 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 hachelor's degree in engineering is required for almost 
all entry-level engineering positions. Most engineers earn their 
degrees in electricai, eiectronics, mechanical, or ci•'il 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, usualiv concentrat-
ing in one branch. The last two years of an aerospace program 
rnight include courses in fluid mechanics, heat transfer, appiied 
aerodynamics, flight vehicle design, trajectory dynamics, and 
aerospace propulsion systems. 
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Research associates may take part in experiments or help 
analyze data for reserch proiects such as mapping the phnets 
and their moons. This work generaily requires a master's 
dcgree, which takes two to three years of study beyond a 
bachelor's dcgree. 

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 
expecteci to use their creativity to devclop future missions. 
Space sciejitists need a broad base of knowlecige. A scientist 
whose major field is chemistry, for instance, also needs a good 
grounding in physics, mathematics, and engineeririg. 

No matter what your specialty, you must be able to 

communicate ancl work well with others as part of 

a team.You must be good at solving problems. 
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Sce-relaEd crper n th ftiwre will he varie 

OCCUF::..MIS 

Id heip ::one eise ---et there. Ve 
sta:.:. .ithe sli::: .: rea ad can oniv imagine what 
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Con&der these careers: 
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Space Exploration Resources 
lnfc: - '::......  .. .. .- in sace:-;::.s::.:;:: 

changes constantv. Each new msson 
makes 0ire ar.d shows tha 

.......:..:s33were1.:::Tect. 
\Vhen 	.ack tip informatLI: ibou 
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Organizations and Websites 

American Institute of Aeronautics 
and Astronautics 
Te!erhene 800-639-2422 

:le: '.vww.aiaa.org 

European Space Agency 
Website: http:/„/w\ ,v„\7.esa.int 

"Europe's gc:cwav to space" has 22 
rcmber cüniries, includir.t Fra'ace, 
Gc:mar': and the lJnited  

Galileo Legacy Site 
‚\chsite: http ://sola: : stem.nasa.gov/ 
gaiileo 

Goddard Space Flight Center 
gc:c.ard 

The center is "home to the nation's 
largest organization of combined scien- 
::s:s. enginee. 	:cchnct:s :hat 
h::ild soacec -a. .: 	 :men:s, an;-new 

Earth, the Sun, our 
solar system, and the universe." 

NASA Image Galleries 
1Vebs:e: v.vw.ca.gov  
mui:;::edia 

The NASA image gafleries boast a col-
lectc:. of more :han a "isand irnages 
"of sgaificant sorica rierest." 

Jet Propulsion Laboratory 
4800 0a4 Grove Drive 
7aadena, CA 91109 
eephce: 818-54-4321 

.:c-bsitc: :ww, 	aasa.gov  

The JPL is considered N:\  SA's leading 
"center for robotic exploration of the 
solar system." 

Johnson Space Center 
Space Ce::ter Houston 
2l(11  NASA Park'vay 
Hc;s:on, TX 753 
Telephone: 281-483-5111 
JSC '.vc .s:te: www.nasa.gov/ 
cc:-  c:s. . :'.hnson/home ::Jex.htm1 
SCI '::c-b:te: www. acecenter.org  

Kennedy Space Center 
Telephone: 321-86-EG00 
Website: www.nasa . cov/centers/ken-
nedy/home/index. html 

Marshall Space Flight Center 
Website: cjv/centers/mar-
shai1/home/index,ml 

National Aeronautics and Space 
Administration 
Telephone: 202-358-0001 
Wesc ......v'?.nasa.gov 

NSA 	. ebste has a bourv of infor- 
ma:c: aout space explor.:n for 
students of all ages. 

Opportunities at NASA: 
www. nasa .gov  'ca reers 

As.a Selec::cn Program: 
ht:;..as:cona..s. -iasa.gov  

Sk':\atch appiet to track satellite sight-
ings including the :::ernational Space 
Stacc: !t:s //spouilestation.nasa. 
go': 

Spinoffs: http://spinoff.nasa.gov  

National Association of Rocketry 
Toll-free telephone: 800-262-4872 
Website: v:v:w.nar.org 

The '.'cc's oldest and argest St'Drt 
rocc 1:-: arganization. Vz:: 	:v?bsite 
to find the club nearest von. 

National Space Society 
Telephc•ic: 202-424-2399 
Websi:c: 1ttps:  
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Planetary Society 

Telephone: 626-793-5100 
Website: w'; ..'; .planetarv.or' 

Smithsonian National Air and 
Space Museum 
lnd-:dence A - ue at Sixth Street, SW 

:igton, DC 20560 
2P2-E-000 

:space.si.edu 

Technology Student Association 
1hF:ce teleph::.c: 885.[.3-9010 
\Ve:': ww.tsaweb.org  

TS/,  
anc 
in the technologv. 
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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 Terit  badge requirements. these pamphlets are of general interest 
and are made a.aiable by rra 	schools and public libraries. The latest revision 
date 01 eaci pamphlet m 	ccrespond with the copyright date shown below, 

ecause tns list is correctea 	once a year, in January. Any number of merit badge 
:ta'iphlets may be revised tho .ghout the year; others are simply reprinted until a 

becomesnecassary. 
a Scout has alread started working on a merit badge when a new edition for that 

ta1phlet is introcced, they rra;• contfr..e to usa :•'e same merit hadge pamphlet to 
e.-r -) badge arc jlfill the req..emets rhere:.'. c:'- er words, :.e Scout need not 
start over again with the new pamphlet and possibly revised requirements. 
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