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Introduction

The Aerospace Dimensions module, Spacecraft, is the sixth of six modules, which combined,-
make up Phases I and II of Civil Air Patrol’s Aerospace Education Program for cadets. Each 
module is meant to stand entirely on its own, so that each can be taught in any order. This 
enables new cadets coming into the program to study the same module, at the same time, with 
the other cadets. This builds a cohesiveness and cooperation among the cadets and encourages 
active group participation. This module is also appropriate for middle school students and can 
be used by teachers to supplement STEM-related subjects.
 Inquiry-based activities were included to enhance the text and provide concept applicabil-
ity. The activities were designed as group activities, but can be done individually, if desired. The 
activities for this module are located at the end of each chapter.
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Learning Outcomes

Important Terms

111UNMANNED SPACECRAFTUNMANNED SPACECRAFT

-	Defi	ne	satellite.
- Describe an orbit.
-	Defi	ne	apogee	and	perigee.
- Identify Sputnik.
-	Defi	ne	a	space	probe.
- Describe the related parts that make up a satellite system.
- Describe the global positioning system.
- Describe the X-37’s potential uses.

apogee - the highest point of an orbit of a natural or man-made satellite, OR the highest point in 
the path of any projectile (“gee” denotes Earth reference)
COMSAT	-	communications	satellite	(also	the	corporate	identifi	er	of	the	Communications	
Satellite Corporation)
GNSS - Global Navigation Satellite Systems, one of the terms used for navigational satellites
GOES - Geostationary Operational Environmental Satellite
GPS - Global Positioning System, a navigational system operated and maintained by the U.S. Air 
Force, and used by all areas of society throughout the world (also known as NAVSTAR)
ITSO - International Telecommunications Satellite Organization, the world’s largest commercial 
satellite communications provider; now called INTELSAT
LANDSAT	-	program	identifi	er	and	name	for	a	NASA	family	of	satellites	that	locates	natural	
resources and monitors conditions on the Earth’s surface
orbit - generally, a regular, repeating path that one object in space takes around another (although 
there are some exceptions)
perigee - the lowest point of an orbit (“gee” denotes Earth reference)
satellite	-	natural	or	artifi	cial	object	in	space	that	orbits	another	celestial	body
space probe	-	spacecraft	that	either	fl	y	by,	orbit,	or	land	on	a	celestial	body,	other	than	Earth
Sputnik	-	the	fi	rst	artifi	cial	satellite	of	the	Earth	(launched	by	the	Soviet	Union	in	1957)

Origin
 The word satellite comes from the French language meaning a 
guard	or	attendant.	In	1611,	the	German	astronomer,	Johannes	Ke-
pler,	applied	the	term	to	the	moons	of	Jupiter	—	the	guardians	of	the	
giant planet. In today’s world, most of us realize the impact satellites 
have	on	our	lives.	We	know	that	they	aff	ect	our	televisions	and	our	
telephones, and even help us in predicting the weather. They are a 
part of our daily lives. Today, astronomers still use the term satellite 
for natural objects in space. An example of a natural object in space 
is Earth’s moon. In fact, the Moon is Earth’s only natural satellite.

SATELLITES

Johannes Kepler
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	 In	1957,	the	So-
viet Union launched 
Sputnik,	the	first	
artificial	(man	made)	
satellite. Since then, 
astronomers have 
used the term satellite 
for either a natural or 
an	artificial	object	in	
space. We commonly 
call any object that 
orbits the Earth a 
satellite.

Artificial Satellites
 As mentioned earlier, the Earth has only one 
natural satellite, but as you can tell from the accompa-
nying	chart,there	are	thousands	of	artificial	satellites.	
Since	1957,	about	40	countries	have	launched	more	
than	24,000	artificial	satellites.	Today,	there	are	only	
about	3,000	usable	satellites	orbiting	Earth.	There	are	
approximately	5,000-6,000	other	man	made	objects	
still orbiting Earth, but they are unusable and con-
sidered space junk. Because satellites normally only 
stay	in	orbit	for	5-20	years,	the	rest	of	the	24,000	have	
fallen out of orbit and incinerated during reentry into 
Earth's atmosphere.
	 From	October	1957	to	April	1961,	all	satellites	
were unmanned.  A satellite that has the ability to 
navigate is often called a spacecraft.  A spacecraft can 
be either “manned” (carrying at least one crew-mem-
ber) or “unmanned” (carrying no crew-members).  
There are far more unmanned spacecraft launched than 
manned spacecraft.  Unmanned satellites/spacecraft 
perform a variety of missions, including communica-
tions, navigation, Earth observing, weather, and some 
even perform specialized military missions.
	 In	1958,	the	first	experimental	communication	
satellite (COMSAT), Score, relayed messages sent 
from the ground back down to Earth receiving stations.  
It also had the capability to store messages for later 
retransmission.	It	operated	for	only	13	days,	but	its	
accomplishment gave our nation an important success 
in	the	early	“space	race.”	In	1962,	Telstar	1	became	
the	first	commercial	satellite.	It	retransmitted	as	many	as	60	two-way	telephone	conversations	at	
one time. Today, the COMSAT business is huge and growing. National and international cor-
porations	are	financing	the	construction,	launch,	and	operation	of	several	types	of	COMSATs,	
including direct television and video conferencing.
 The International Telecommunications Satellite Organization (ITSO) is the world’s 
largest commercial satellite communications provider. Now called INTELSAT, it manages a 
constellation	of	communications	satellites	to	provide	international	broadcast	services.	In	1989,	
they	launched	a	satellite	that	accommodated	15,000	two-way

Telstar I

TDRSS (COMSAT)
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voice circuits and two television 
channels	simultaneously.	As	of	2020,	
INTELSAT	consists	of	50	satellites	
and	provides	services	to	more	than	200	
countries.
 Another COMSAT is the Track-
ing and Data Relay Satellite System 
(TDRSS). The TDRSS consists of 
eight active satellites and provides 
continuous full-time coverage for the 
International Space Station and other 
NASA low-Earth-orbiting spacecraft. 
This system relays data and commu-
nications between the satellites and 
Earth.
 NASA established a Deep Space 
Network (DSN) which consists of an 
international network of antennas that 
supports interplanetary missions and 
astronomy observations. There are 
three deep space communication facil-
ities	placed	approximately120	degrees	
apart, at Goldstone, California, Madrid, 

Spain, and Canberra, Australia. This allows them to provide continuous communications for 
interplanetary spacecraft.
 Communication satellites provide reliable and timely communications information around 

the world. The communications payload consists of the electron-
ics	and	controls	that	ensure	all	signals	are	received,	amplified,	and	
retransmitted error-free to the appropriate destination. Successful 
communication links require a direct line of sight with both the 
transmitting and receiving stations on Earth or other satellites. Com-
munication today normally involves an intermediate ground station 
rather than a direct satellite link.
	 By	the	late	1960s,	navigational	satellites	came	into	ex-
istence.	The	first	navigational	satellite,	Transit,	was	devel-
oped to provide Polaris missile submarines with the ability to 
fix	accurate	positions.	Global Navigation Satellite Systems 

Syncom IV Communications Satellite

Transit Navigational Satellite

Image of a GPS Satellite on orbit about the Earth

Mariner 10
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(GNSS) is the term now used for navigational satellites. GNSS allows 
receivers to determine location (latitude,longitude, and altitude) to within a 
few meters and provides precise time, as well as position. There are current-
ly	four	GNS	systems	in	operation—one	each	from	the	United	States,	Rus-
sia, China, and the European Union.
 Another category of satellites is the natural resources satellites. They 
locate natural resources and monitor other conditions on the Earth’s surface. 
This is the task of the LANDSAT series of satellites. Some of the missions 
of Landsats are: measure and record radiant energy, monitor agricultural 
conditions, aid urban planners in future development, and manage coastal 
resources.
 Another area where satellites have had a dramatic impact on our lives 
is	in	weather.	Weather	satellites	have	significantly	upgraded	the	capability	
and accuracy of weather information. This, in turn, gives us timely informa-
tion which we can use for making daily decisions. The pictures we see on 
television weather reports come from  a weather satellite system known as 
GOES (for Geostationary Operational Environmental Satellites). GOES 
gives us pictures of the Earth's surface, pictures of clouds, and information 
which helps with weather forecasting.
	 NASA	sent	the	first	weather	satellite,	Tiros	I,	into	space	on	April	1,	1960.	It	sent	

One of the many spacecraft used for the NAVSTAR Global Positioning System

GOES 8 weather 
satellite

atop an Atlas I rocket 
being

prepared for launch 
in 1994

LANDSAT: an Earth Observing Satellite LANDSAT 4 image of the Gulf Coast of southern 
Louisiana and Mississippi
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Early hurricane imagery from Tiros I

Artist’s rendition of one of the two Pioneer 
space probes leaving the solar system

Artist’s depiction of Mariner 2 in space

back an image of a hurricane that same day. Weath-
er satellites have come a long way since then. The 
weather satellites of today have tremendously added 
to the accuracy of weather forecasts. They provide 
the technology and information that have particularly 
helped with forecasting severe weather. Accurately 
predicting severe weather saves property and lives.
 Over the years, satellites have been used for obtaining 
scientific	information	in	an	effort	to	gain	a	better	under-
standing of space. Here are a few of the most important 
satellites and their missions. Explorer	was	the	first	and	
is the oldest US satellite series. Explorer	1	was	launched	
in1958.	It	discovered	the	Van	Allen	Radiation	Belts.	
Later that year, Explorer 3 provided more information 
about radiation in space and investigated the presence of 
micro	meteoroids.	In	1959,	Explorer	6	transmitted	the	
first	photograph	of	Earth	from	space.

 One group of satellites, the Orbiting Solar Observatory (OSO), provided continuous solar 
observations	for	most	of	the	1960s	and	1970s.	The	OSO	series	also	furthered	our	studies	of	
x-rays,gamma rays, and ultraviolet rays.
	 Spacecraft	that	either	fly	by,	orbit,	or	land	on	a	celestial	body,	other	than	Earth,	are	called	
space probes.	We’ve	had	several	probes	that	we	should	briefly	mention.	The	Rangers were the 
first	probes	to	take	close-up	pictures	of	the	Moon	in	preparation	for	the	Apollo	landings.	The	
Mariner	series	flew	by	Venus,	Mars,	and	Mercury	and	gave	us	pictures	of	the	clouds	of	Venus	
and the cratered surfaces of Mars and Mercury.
	 In	the	1970s,	the	Pioneer	probes	gave	us	pictures	of	Jupiter	and	Saturn.	In	1975,	the	
Viking series explored the environ-
ment of Mars. The Vikings analyzed 
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and photographed the 
surface of Mars with the 
primary emphasis on the 
search for life. In the late 
1970s,	Voyagers	1	and	2	
encountered	Jupiter	and	
Saturn, with Voyager 2 
continuing on to also vis-
it Uranus and Neptune.  
The Voyagers provided 
greatly improved pictures 
and data of these four 
planets.

 Satellites as a sys-
tem refers to a satellite 
(or satellites) and the 
related support elements 
functioning as a system. 
These systems are made up of people, the space environment which is orbited, subsystems that 
support the spacecraft in space, an Earth-bound and a space command and control system, and, 
finally,	a	means	to	get	the	spacecraft	to	orbit	—	a	launch	vehicle.
 There are many people involved in the design, manufacture, launch, and operation of any 
satellite.	Plus,	this	system	also	includes	the	customers.	As	users	of	the	information,	they	define	
the over all purpose and requirements for the satellites.

Satellites as a
System

Spacecraft

TThhee  SSaytsetlelitme  of 
Satellite Constellations

Pictures of Saturn and Jupiter provided by Voyager
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 The space environment is 
something we can’t control. It is 
extremely dangerous for both hu-
mans and satellites. For satellites, 
atmosphere is a concern because 
low Earth orbiting satellites must 
battle atmospheric drag. Radiation, 
charged	particles,	and	solar	flares	
are also potentially dangerous for 
satellites. Radiation is heat energy 
emitted from the sun that is both 
good and bad. The heat gives energy 
to the solar-powered satellites, but 
can bring harm to the satellite’s 
instrumentation over time. The 
same is true with charged particles 
and	solar		flares.	Over	time	these	
phenomena can harm the satellite’s protective 
shields and damage electrical equipment.
 Micrometeoroids and space debris can 
also	harm	satellites.	Some	20,000	tons	of	
natural materials make it into the Earth’s at-
mosphere every year. Most of it burns up, but 
some does hit the Earth. Man made debris or 
junk is also a threat. It is estimated there are 
over a billion tiny pieces of junk, such as sliv-
ers of metal and paint chips in space. These 
conditions can be detrimental.  For exam-
ple,	in	1983	a	paint	chip	of	.008	inch	hit	the	
Challenger orbiter and caused a crater twenty 
times	its	size	(.16	inch)	in	one	of	the	
windows located in the crew module.  
With	an	impact	speed	of	over	1,500	
mph, a paint chip has tremendous 
energy.	Efforts	are	continuously	
underway to minimize the amount of 
debris each launch into space leaves 
behind.
 The subsystems refer to the 
support that is given to the spacecraft 
in space. These include the struc-
ture, the propulsion system, attitude 
control, the power system, thermal 
control, and a command and control 
system.
	 The	first	aspect	that	ties	the	
subsystems together is the satellite’s 

Space Environment

Asteroids

Image of a propulsion system being
used for acceleration in deep space
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mission.	The	mission	defines	the	satellite’s	purpose,	what	services	will	be	provided,	why	it	is	
being	built,	and	how	it	should	be	designed.	The	first	step	of	the	design	is	to	determine	the	pay-
load requirements. The payload refers to the vehicle prior to it being placed in orbit.  Recall that 
the criteria for any object to be a satellite is that it must be in orbit.
 The structure of a satellite is like a building. It has a frame and windows, and it is insu-
lated to help control the temperature. It must be sturdy enough to survive the launch, yet light 
enough to get into orbit. It supplies the support for the other subsystems.
 The propulsion system provides the boost to get the payload into orbit. It takes an enor-
mous amount of power to get into the correct orbit. Some satellites are equipped with a post-
boost propulsion system that allows them to perform additional maneuvers once in orbit.
 Additionally, to make minor corrections in orientation, the attitude control system is used. 
It steers and controls where the satellite is pointed.
 Obviously, electrical power is another important subsystem. Often, the main source of 
electricity while the satellite is in orbit is the Sun. Sunlight is collected from the satellite’s solar 
cells and converted to electricity to power the satellite.
	 A	satellite	experiences	extreme	temperature	differences	while	in	orbit.	There	are	times		
during a satellite’s orbit when the Earth blocks the Sun. When this happens, the temperature drops 
dramatically. Many measures can be used to control the temperature, but the most common are 
insulation and heaters. Both of these help keep the temperature within safe limits. This tempera-
ture data is all part of the thermal control subsystem. Moreover, solar cells can only function in 
sunlight, so satellites are equipped with batteries that provide power during times of darkness.

The Satellite unfolds until its antennas and solar panels
stretch to dimensions larger than the size if a house.

A folded TDRS
Diagram depicting a TDRS tucked neatly into

the Cargo Bay of a Space Shuttle orbiter
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 An orbit is the movement or path a satellite takes around 
a celestial body. We commonly call any object that orbits the 
Earth a satellite. Studying the orbital motion of satellites helps 
us understand the capabilities and limitations of these satel-
lites.
 Greek	astronomer	Ptolemy	(A.D.	127-145)	gave	us	the	
first	theory	of	motion	of	celestial	bodies.	His	theory,the	geo-
centric theory, placed the Earth at the center of the universe. 
He	was	wrong,	but	it	was	the	first	organized	concept	of	the	
motion of celestial bodies. Celestial bodies are planets, stars, 
comets, and any other (non-man-made) large objects in space.
	 In	the	early	1500s,	Nicolaus	Copernicus	developed	a	
heliocentric theory of the universe. This theory placed the Sun 
at the center, and all the rest of the universe revolved around it. 
Copernicus was not entirely correct, because the universe does 
not revolve around the Sun as do the planets and other objects 
inside our solar system; however, at that particular point in 
history, the solar system was our universe, and he was exactly 
correct in placing the Sun in the center and having the planets 
revolve around it.  Our modern understanding of the universe 
did	not	come	until	the	year	1925.

Diagram of a satellite in orbit around the Earth

Copernicus

Telemetry

 The command and control function of a satellite is a communication system. The com-
mand portion is the signal from the ground station to the satellite. The commands sent to the 
satellite are in the form of computerized instructions. The satellite then sends a response back to 
the ground station. This is called telemetry and this is the information that tells a controller how 
the satellite is functioning.
 A most important part of the system is the launch, which gets the payload into orbit. The 
mission requirements determine the orbit needed to accomplish the mission. To meet these 
requirements, a payload must be launched from a particular site at a particular time. There is a 
launch “window” in which this can occur, but it is usually a short period of time. There may be 
only one or two launch windows per day. Think of the term launch window as a “window of 
opportunity” during which a launch may take place.

Orbits and Trajectories
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 These ancient astronomers 
determined that the motion of 
celestial bodies was not random. 
Kepler	(information	and	photo	
on	page	1)	studied	the	motion	
and measured the movement of 
planets.	In	the	1600s,	he	created	
rules of motion which we call 
Kepler's	laws.	All	celestial	bodies,	
including	artificial	satellites,	obey	
Kepler's	laws.	Kepler’s	First	Law	
states: The orbit of each planet 
is an ellipse,with the Sun at the 
focus.
 In an elliptical orbit, the 
satellite’s altitude and speed are 
not constant. The shape can range 
from being very elliptical to 
almost circular. During an orbit, 

the orbiting object reaches a high point and a low point. For an Earth-orbiting object, its highest 
point is called the apogee, and its lowest point is called its perigee. The terms “apogee” and 
“perigee” are typically reserved for Earth-referenced orbits.  The “gee” refers to geo, meaning 
Earth.  For orbits around the Earth’s moon, the terms apolune and perilune are used (the root 
word being lunar).  For solar orbits the terms would be aphelion and perihelion (the root word 
being helios, meaning Sun). 
	 Several	years	after	Kepler,	Sir	Isaac	Newton	developed	his	laws	of	motion.	Newton’s	
Laws of motion are very helpful to understanding the movement of satellites. These laws are 
discussed in detail in Module Four, Rockets. However, Newton’s First Law of Motion, called 
the law of inertia, helps to explain how a satellite stays in orbit and how it leaves an orbit. The 
first	law	states	that	an	object	at	rest	remains	at	rest	and	an	object	in	motion	remains	in	motion	
unless acted on by an unbalanced force. Another of Newton’s laws, the Law of Universal Gravi-
tation, explains the gravitational attraction or pull between bodies in space. The Earth’s gravita-
tional force is always toward the center of the planet. The Earth’s gravity is the dominant force 
affecting	the	motion	of	a	satellite	in	an	Earth	orbit.
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Gravity	gives	the	orbit	its	shape.	An	example	of	a	bullet	fired	from	a	gun	helps	to	explain	this.	
As the bullet is traveling in a straight line, gravity pulls the bullet toward the center of the Earth. 
The	combination	of	the	bullet’s	speed	and	gravity	creates	a	curved	flight	path. (See associated 
Activities One and Two at the end of the chapter.)

	 To	get	a	better	understanding	of	spacecraft	and	spaceflight,	one	must	first	have	a	basic	
knowledge of the environment in which this craft will operate. From an altitude of approximate-
ly	62	miles	above	the	surface	of	the	Earth	(the	internationally	accepted	altitude	at	which	space	
begins), space is extremely hostile. The pressure is near zero. One need not travel very far from 
the Sun to experience extreme cold.  The nighttime temperature on Mercury gets down to nearly 
-300°	F.
 If a spacecraft is going to operate 
in that kind of environment, without a 
“pilot” or “crew,” it will, for all purpos-
es, be a robot. If the vehicle is robotic, 
then it will typically be controlled with 
a combination of sophisticated computer 
programming along with some addition-
al help from a command center on Earth. 
The	spacecraft	can	be	scientific,techno-
logical, or military.
 To initiate a spacecraft mission,it 
must	first	be	launched	from	one	of	many	
sites	around	the	world.	If	the	flight	
plan is designated as “suborbital,” the 
spacecraft will re-enter the atmosphere 
and return for a landing on the Earth’s 
surface.	Our	first	two	astronauts,	Alan	
Shepard	and	Gus	Grissom	flew	suborbital	missions	
on	their	first	trips	into	space.		Additionally,	the	
world	famous	X-15	rocket	plane	made	a	number	of	
suborbital	space	flights.
 The vast majority of space missions are Earth 
orbital (like the GPS satellites). Space missions 
extending beyond Earth orbit are either cislunar or 
interplanetary.  The Apollo lunar missions were con-
sidered cislunar.  All of the space probes that have 
been	flown	to	the	planets	are	classified	as	interplan-
etary (which is also considered “deep space”).  Two 
space probes have actually left the solar system and 
are now in interstellar space (Voyagers	1	and	2).		
Three other space probes (Pioneers	10	and	11,	and	
New Horizons) are still in the solar system but will 
reach interstellar space in the coming years.
	 One	example	of	deep	space	exploration	recently	was	the	flight	to	Mercury	which	occurred	
in	January	of	2008.	NASA’s	MESSENGER spacecraft gave scientists an entirely new look at a 
distant planet once thought to have characteristics similar to those found on our moon. After a 

The Spacecraft as a Vehicle

The Hubble Space Telescope: a space vehicle that needs many
subsystems working together to keep it operating for years

MESSENGER spacecraft
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journey of more than 2 billion 
miles and three and a half years, 
MESSENGER went into orbit 
around Mercury, and provided 
scientists with a better under-
standing of our solar system. 
There is a phrase that states 
“form follows function.” This 
means that a form, living or inan-
imate, will have a certain shape 
if it is to function well in a given 
environment. A classic example 
is the shark. It is designed for 
high speed, high maneuverabil-
ity, and very low hydrodynamic 
(water) drag. Compare the shark 
to	a	fighter	plane,	such	as	the	
F-16.	The	aircraft	is	very	sleek,	has	large	control	surfaces	for	maneuverability,	and	has	low	
aerodynamic drag. Space, on the other hand, has only minute amounts molecules and the dy-
namic drag is very low. That is the reason most spacecraft are very unusual in shape. They can 
be disks, blocks, rectangular, cylindrical, etc. An example is the Helios spacecraft. It is capable 
of	flying	at	thousands	of	miles	per	hour,	yet	its	design	is	dictated	by	the	fact	that	it	will	not	en-
counter any detectable aerodynamic drag.

Image of the Helios spacecraft: designed to operate in an
environment with extremely low temperature,

extremely low pressure, and no aerodynamic drag

The F-16: designed to pass through the air with a very low aerodynamic drag

The Gray Nurse Shark as an
example of “form following function”
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	 In	the	late	1990s	NASA	planned	to	develop	a	manned	orbital	space	plane	to	compliment	
the Space Shuttle.  The X-37 project began as an unmanned technology demonstrator to develop 
such a vehicle.  The goal was to develop a small reusable space plane to primarily carry crew 
members to the International Space Station (ISS).  The Space Shuttle would then be used only 
for ISS assembly and large cargo deliveries.  The space plane was viewed as a safer and less 
expensive way to transport crew members to and from the ISS.  NASA abandoned the space 
plane development (and along with it, the X-37) due to shifting priorities as well as budgetary 
constraints.  At the time of cancellation, the U.S. Air Force and the Defense Research Projects 
Agency (DARPA) expressed interest in continuing the X-37 program and so it was transferred 
from NASA to those organizations.  The program continued through the construction of two 
flight-capable	vehicles	(redesignated	X-37B)	which	have	now	flown	five	successful	long	dura-
tion	missions	(up	to	779	days)	with	a	sixth	mission	in	operation	at	the	time	of	this	writing.
 The X-37 has now become American’s military space plane that can be used for space-
based	surveillance,	reconnaissance	and	other	classified	military	applications.

Mission Completed:  X-37 on a runway at Vandenberg AFB

A New Spacecraft For Research and Development
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	 On	April	7,	2006,	the	X-37	made	its	first	free-glide	flight.	During	landing,	an	anomaly	
caused	the	vehicle	to	run	off	the	runway	and	it	sustained	minor	damage.	Following	an	extended	
down time while the vehicle was repaired, the program moved from the Mojave Desert, Califor-
nia,	to	Air	Force	Plant	42	in	Palmdale,	California	for	the	remainder	of	the	atmospheric	flight	test	
program.
	 Officially,	the	Air	Force	version	is	designated	X-37B	Orbital	Test	Vehicle	(OTV).	The	
X-	37B	was	continued	in	development	by	the	Air	Force	Rapid	Capabilities	Office	and	includes	
partnerships with NASA and the Air Force Research Laboratory. Boeing is the prime contractor 
for	the	OTV	program.	The	first	orbital	flight	of	the	X-OTV-1	occurred	on	April	22,	2010	on	an	
Atlas	V	rocket	from	Launch	Complex	41	at	Cape	Canaveral	Air	Force	Station	in	Florida.	
 From Sputnik	1,	which	was	launched	on	October	4,	1957,	to	the	present,	unmanned	space-
flight	continues	to	be	an	important	element	of	space	exploration	and	the	defense	of	our	nation.	
Whether it be for pure science or military superiority, the limit has been raised to include the 
final	frontier	of	space.	Aerospace	education	now	involves	the	study	of	humanity’s	exploration	
of the unknown and the methods by which we, as a species have endeavored to understand our 
universe and our place within it. It is hard to imagine what life will be like a thousand or even 
a	hundred	years	from	now,	but	almost	daily	what	was	science	fiction	is	now	becoming	science	
fact.

Cutaway image of the X-37
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Purpose: This activity will demonstrate what it takes to achieve escape velocity, such as to 
leave the gravitational pull of the Earth to enter another area of space.

Materials: cardboard trough (shaped like an M ), two supports 
of equal size (books or blocks), piece of plexiglass (approx. 
8X10),	steel	ball	bearing,	and	two	strong	bar	magnets

Procedures: Be sure to study the diagram before you begin the 
activity to place the items in the correct positions. 
1.	Tilt	the	trough	slightly	upward	and	release	the	ball	bearing	
	 toward	the	fi	rst	magnet.	What	happens?	Does	the	steel	ball	
	 have	enough	escape	velocity	to	pull	free	of	the	fi	rst	magnet?	
2. To increase the speed of the steel ball, increase the upward 
 tilt of the trough even more and release the ball near the 
 upper end. What happens as the steel ball coasts through 
	 space,	and	approaches	the	second	magnet?

Summary: Escape velocity is commonly described as the speed needed to “break free” from a 
gravitational	fi	eld.	The	more	speed	that	is	applied	to	the	space	vehicle	(steel	ball)	in	this	activi-
ty,	the	greater	the	chance	of	escaping	the	gravitational	pull	of	Earth	(the	fi	rst	bar	magnet)	as	you	
coast through space (glass pane) and approach the Moon (the second bar magnet) with its own 
gravity	fi	eld.	High	velocity	is	needed	for	a	satellite	to	go	into	orbit	in	space.

111ACTIVITY SECTIONACTIVITY SECTION

Activity One - Escape Velocity

Activity Two - Why Do Satellites Stay in Orbit?
Purpose: This activity will demonstrate why satellites stay in orbit around the Earth.
Materials: a	large	thread	spool,	string,	fi	ve	metal	washers,	a	nylon	stocking,	and	a	small	rubber	ball
Procedures: 
1.	Cut	a	piece	of	nylon	to	put	around	the	rubber	ball.
2. Tie one end of a string around the nylon.
3. Put the other end of the string through the spool and attach the washers to it.
4.	Hold	the	spool	in	one	hand;	the	washers	in	the	other.
5.	Begin	to	whirl	the	ball	over	your	head.
6.	Gradually	let	go	of	the	washers.	As	you	increase	the	speed	of	the	ball,	the	washers	
 move closer to the spool. As you slow down, the washers begin to fall away from the spool.
7. While the ball is whirling, have someone cut the string between the washers and the spool. The 
	 ball	will	fl	y	away	from	the	spool	in	a	straight	line	due	to	its	inertia.	The	ball	is	held	in	orbit	around	the	
 spool by the string. This corresponds to the force of gravity on a satellite, which causes an inward 
pull.
Summary: The forward motion of the ball is its momentum. If the weight of the washers were 
not acting on the ball, the ball would continue in one direction. The swinging of the ball gives 
it its forward motion. When these two forces are equal, the ball remains in orbit, without falling 
into	or	fl	ying	away	from	the	Earth	(you).	When	the	gravity	(washers)	is	removed,	the	forces	
become	unbalanced	and	the	ball	will	fl	y	off		in	a	straight	line.
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Learning Outcomes

Important Terms

222MANNED SPACECRAFTMANNED SPACECRAFT

-	Identify	various	manned	space	fl	ight	projects	and	their	missions.
- Identify the American and Russian joint manned spacecraft mission.
- Describe the accomplishments of Alan Shepard and Neil Armstrong.
-	State	specifi	c	facts	about	the	Hubble	Space	Telescope.
- Discuss the overall mission of the International Space Station.
- Identify various space shuttle launches and their missions.
-	Describe	China’s	eff	ort	in	space.

Apollo	-	US	manned	spacefl	ight	project	that	put	American	astronauts	on	the	Moon	
Apollo-Soyuz -	manned	spacefl	ight	project	linking	American	and	Soviet	spacecraft	in	Earth	orbit	
Gemini	-	US	manned	spacefl	ight	project	that	helped	develop	the	technology	to	land	on	the	Moon
Mercury	-	US	fi	rst	manned	spacefl	ight	project	
Skylab	-	US	manned	spacefl	ight	project	that	put	a	laboratory	into	space	
Space Shuttle - US Space transportation System (STS) developed with the goal of reducing 
spacefl	ight	costs	with	reusable	components

	 The	Soviet	Union’s	space	fl	ight	programs	developed	along	the	same	lines	as	the	American	
programs	and	occurred	approximately	the	same	times.	However,	the	Soviets	had	several	fi	rsts	in	
the space race.
	 In	1957,	the	Soviets	orbited	the	world's	fi	rst	artifi	cial	
satellite, Sputnik. After that, the Soviets launched nine more 
Sputniks	in	about	3	1/2	years.	The	last	two	were	accom-
plished	in	preparation	for	their	fi	rst	manned	space	fl	ight.
	 The	Soviets	also	put	the	fi	rst	man	in	space,	Major	
Yuri	Gagarin,	in	April	1961.	Although	he	only	stayed	up	for	
one orbit, he described sights no human eyes had ever seen 
before.	Then	in	June	1963,	the	Soviets	put	the	fi	rst	woman,	
Valentina	Tereshkova,	into	space.	She	completed	48	orbits	
and was in space for three days before returning safely to 
Earth.
	 In	March	1965,	Russian	Cosmonaut,	Alexei	Leonov,	
became	the	fi	rst	person	to	“walk	in	space.”	He	spent	12	
minutes outside of his spacecraft. This occurred about two 
months before the Americans were able to accomplish a 
similar feat.
	 The	Soviets	launched	their	fi	rst	space	station,	Salyut	1,	
in	April	1971.	The	Soviets	sent	seven	Salyuts	into	space	to	
complete their space station missions. Salyut 7 fell back to 

FIRST IN SPACE

Yuri Gagarin, the fi rst human in space
Image courtesy European Space Agency
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	 The	United	States	launched	its	first	satellite	in	1958,	(four	months	AFTER	the	Soviet	
Union launched Sputnik—as	pointed	out	repeatedly	by	the	national	and	world	press);	however,	
in	just	over	three	short	years,	in	1961	it	was	ready	to	attempt	manned	spaceflight.	America’s	
first	manned	spaceflight	program	was	called	Project Mercury.	Mercury’s	mission	was	to	find	
out	if	a	human	could	survive	space	travel,	and	what,	if	any,	effects	would	space	travel	have	on	
the human body. 
 Project Mercury 
flew	six	manned	missions	
from	May	1961	to	May	
1963.	The	first	flight	in-
volved sending one astro-
naut	into	space.	This	first	
flight	was	suborbital	and	
lasted	for	only	15	min-
utes,	but	on	May	5,	1961,	
astronaut Alan Shepard 
became	the	first	American	
in space. Project Mercu-
ry’s	third	manned	flight	
was	also	its	first	orbital	
flight.

Earth	in	1991.
 The Soviets' next space station project 
was Mir, the Russian term for peace. Mir was 
launched	in	February	1986.	Mir was scheduled 
to	fall	to	Earth	in	1999.	However,	the	Russians	
boosted Mir so that it would stay in space longer. 
In	2001,	as	Mir’s rocket boosters lowered its or-
bit, it burned up entering the Earth’s atmosphere. 
Its	remains	ended	up	in	the	Pacific	Ocean.	This	
ended	a	15-year	2.2	billion	mile	journey	and	an	
historic chapter of the Russian space program.
 Mir had somewhat of an interesting history.  
It	was	built	in	the	Soviet	Union	and	its	first	ele-
ment	was	launched	by	the	USSR	in	1986.		The	
USSR	dissolved	in	1991,	at	which	time	the	new-
ly formed Russian Federation took control of the 
program.  Two of the cosmonauts on board went 
up as citizens of one country and came back as 
citizens of another!  Russia would have contin-
ued to operate Mir for many more years were it 
not for an agreement with the United States to 
become a major partner in a new program known as the International Space Station (ISS).  Both 
Mir and ISS are described in a later section of this book.

PROJECT MERCURY

The Soviet / Russian Space Station, Mir

Cutaway image of the Mercury capsule and launch 
escape system

Alan Shepard in
Mercury flight suit.
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	 Shortly	after	Alan	Shepard	made	his	historic	flight,	President	John	
Kennedy	announced	that	the	United	States	would	mount	a	fantastically	
ambitious	project	to	send	men	to	the	moon.		A	lot	of	practical	spaceflight	
experience would need to be gained before such a complex program could 
be undertaken. Enter Project Gemini.

	 There	were	a	total	of	10	Gemini	flights	between	1965	and	1966.	Gemini	was	America’s	
first	two-man	spacecraft,	and	during	one	of	the	missions,	astronaut	Ed	White	achieved	the	
first	US	“space	walk.”	Additionally,	Gemini	allowed	for	the	first	rendezvous	and	docking	of	a	
manned	spacecraft	with	another	satellite.	The	Gemini	flights	gathered	additional	information	
about	the	effect	of	spaceflight	on	the	human	body.	The	astronauts	studied	the	effects	of	weight-
lessness and were involved in an exercise program. At times, they removed their space suits 
and	relaxed	in	shirtsleeves.	Because	most	of	the	flights	lasted	for	several	days,	the	astronauts	
were able to establish routines for sleeping and eating. Enough information was gathered to 
convince	scientists	that	astronauts	could	safely	survive	a	fourteen-day	round-trip	flight	to	the	
Moon. Gemini bridged the gap between Mercury and the Apollo program.  Most importantly, 
were it not for Gemini, the Apollo program would have taken much longer to accomplish and in 
all	likelihood	would	not	have	achieved	President	Kennedy’s	goal	of	landing	on	the	moon	before	
the	end	of	the	1960s.

PROJECT GEMINI

During	this	flight,	astronaut	John	Glenn	became	the	first	American	to	
orbit the Earth. He remained 
in	orbit	for	four	hours	and	fifty	
five	minutes,	while	orbiting	the	
Earth	three	times.	On	the	final	
Mercury	flight,	astronaut	Gor-
don Cooper orbited the Earth 
22 times and stayed in space 
for	34	hours	and	20	minutes.	
Project Mercury accomplished 
its mission by proving human 
spaceflight	was	both	feasible	
and possible, and by answering 
basic questions about survival 
in the space environment.

Freedom 7 launching 
from Cape Canaveral

John Glenn entering his capsule, Friendship 7

The two-man Gemini spacecraft
Gemini IV’s astronaut Ed White
during a 20-minute space walk
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 After the Gemini missions were 
completed, Project Apollo took center 
stage in America’s space program. From 
the	early	1960s,	it	was	known	that	Apol-
lo’s mission would be to put American 
astronauts on the Moon. So, the Apollo 
flights	were	conducted	with	that	overall	
goal in mind. Two of the early Apollo 
flights	traveled	to	the	Moon,	orbited	it,	
and returned to Earth. It was not until 
Apollo	11	that	the	lunar	landing	mission	
was accomplished. Apollo	11	landed	on	
the	Moon,	and	on	July	20,	1969	at	10:56	
PM EDT, Neil Armstrong became the 
first	man	to	walk	on	the	Moon.
 A few minutes later, Edwin “Buzz” 

Aldrin	also	stepped	off	the	ladder	of	the	Lunar	Module	and	joined	Armstrong	on	the	Moon.	
Many	have	called	that	landing	the	greatest	scientific	and	engineering	accomplishment	in	his-
tory. After Apollo	11,	there	were	six	more	Apollo	flights	to	the	Moon.	Five	of	them	resulted	in	
successful Moon landings.
	 The	only	flight	of	the	six	that	didn’t	land	on	the	Moon	was	Apollo	13,	which	had	to	be	
aborted due to an explosion in the aft equipment section of the spacecraft known as the ser-

vice module. However, Apollo	13	did	make	a	
successful emergency landing back on Earth. 
In	December	1972,	Apollo	17	flew	the	final	
lunar landing mission of the program.  Navy 
Captain Eugene Cernan has the distinction of 
being the last person to have walked on the 
Moon.

PROJECT APOLLO

Buzz Aldrin standing next to the American 
flag on the lunar surface

Aldrin joins Armstrong on the Moon

Apollo 11 Astronauts Neil Armstrong, Michael 
Collins, Edwin “Buzz” Aldrin

Image courtesy NASA
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 	In	the	mid	1960s,	NASA	had	very	ambitious	plans	for	
continued lunar exploration after the initial landings were 
completed.  It even had plans for a large space station to 
be	placed	in	Earth	orbit	to	continue	the	study	of	the	effects	
of	long-duration	spaceflight	on	astronauts.		All	of	these	
planned missions and projects were collectively known as 
the Apollo Applications Program (AAP).  However, after 
the	initial	euphoria	of	landing	on	the	Moon	wore	off,	the	
U.S. Congress was in no mood to invest many more billions 
of dollars in what many thought of as wasteful spending.  
The only part of the AAP to survive the budget cuts was 
Project Skylab—America’s	first	Earth-orbiting	space	station.		
The	first	mission	of	the	program	was	to	launch	the	actual	
space	station—as	a	single	complete	unit	using	the	powerful	
Saturn V rocket.
 Skylab had about the same amount of room as a three-bedroom house. It also contained all 
of the food, water, and oxygen needed to support the entire mission. 
	 Three	different	crews	spent	time	in	the	lab.	The	first	crew	manned	Skylab	for	28	days.	The	
second	crew	spent	58	days	aboard	the	laboratory.	The	final	crew	spent	84	days	in	space.	The	
main lesson that came from Skylab was that people could live and work in space for at least 
three	months	with	no	ill	effects.

 After the Skylab	flights,	the	last	manned	
space launch before the Space Shuttle was the 
Apollo-Soyuz Test Project. This occurred in 
July	1975	and	involved	a	linkup	in	space	of	
American and Soviet manned spacecraft. This 
was a unique moment in history. These two su-
perpowers that had been involved in a well-pub-
licized	space	race	for	15	years,	met	and	shook	
hands in space. 
 The two crews docked together and spent 
two days moving between two spacecraft help-
ing	each	other	with	scientific	experiments.	The	
American crew was commanded by veteran 
Gemini	and	Apollo	astronaut	Tom	Stafford.		His	
fellow crew mates were space “rookies” Deke 
Slayton (the only one of the original astronauts 
who	did	not	get	to	fly	a	Mercury	mission	due	to	
a medical condition that was cleared up years 
later), and Vance Brand who would later go on 
to command three Space Shuttle missions in the 
1980s	and	90s.	Among	the	Soviet	crew	were	
Alexei	Leonov,	the	first	man	to	walk	in	space,	
and	Valeri	Kubasov,	who	would	be	flying	his	
first	space	mission.	
 This joint venture truly was an historic 
event. Apollo-Soyuz marked the end of an era. It marked the end of the expendable spacecraft. A 
new era was being ushered in, the era of the reusable space vehicle, the Space Shuttle.

PROJECT SKYLAB

PROJECT APOLLO-SOYUZ

Skylab

Artist’s cut-away view of the docked 
Apollo and Soyuz spacecraft

Apollo Service Module

Apollo Command
 Module

Apollo Docking
Module

Soyuz Orbital 
Module

Soyuz Descent Module
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 The United States Space Transportation System (STS), commonly known as the Space Shuttle 
Program,	served	as	this	country's	primary	launch	vehicle	for	30	years.	This	section	will	discuss	the	
accomplishments and challenges experienced by the program as well as the reasons and motivations 
for developing it. 
	 The	idea	of	a	reusable	spacecraft	is	a	concept	that	was	promoted	by	science	fiction	writers	de-
cades before it was even feasible to send humans into space.  More importantly, it was also the focus 
of attention of rocket scientists who were beginning to understand that a reusable, winged space ve-
hicle was possible.  The motivation to actually develop one gained popularity during the space race, 
when congressional leaders and ordinary citizens began to understand and began to complain about 
the	expense	of	throwing	away	a	rocket	after	just	one	flight.		Comparisons	were	made	to	the	illogic	of	
throwing away a car or airplane after using it just one time.  That thought process helped  transform 
an	idea	into	reality.		So,	in	1972	the	U.S.	Congress	approved	the	initial	funding	to	develop	a	reusable	
space transportation system for the United States.
	 From	1976	until	1981,	the	US	didn’t	have	any	astronauts	in	space,	but	that	changed	with	the	
Space	Shuttle.	In	April	1981,	the	first	Space Shuttle mission was launched. The Space Shuttle pro-
vided a system for transportation into space and a return back to Earth. This had been considered a 
major advantage of the shuttle since it can be used again and again.
 The Space Shuttle consisted of three main parts: the orbiter, the solid rocket boosters, and the 
external	tank.	The	orbiter	looks	like	an	airplane	and	is	about	the	same	size	as	a	DC-9	jet.	The	orbit-
er would carry the crew and the payload. The external tank (ET) actually contained two separate 
propellant tanks to feed liquid hydrogen and liquid oxygen to the three main engines mounted on the 
orbiter (which was attached to the ET in a “piggyback” fashion). The two solid rocket boosters were 
also	attached	to	the	ET	to	form	the	configuration	shown	in	the	accompanying	photograph.
	 When	the	shuttle	was	first	built	it	could	remain	in	space	for	no	more	than	ten	days.	Later	in	the	
program,	an	“extended	duration”	payload	module	was	added	on	certain	flights	to	permit	missions	
lasting	up	to	17	days.	In	order	to	return	to	Earth,	the	astronauts	would	fire	the	two	orbital	maneuver-

ing engines, which slow down the vehicle, causing 
it to reenter the Earth’s atmosphere. 
		 The	first	orbiter	constructed	was	the	desig-
nated	OV-101,	Enterprise, but it was only used for 
atmospheric	flight	tests.	It	was	not	designed	for	
going	into	space.	The	other	five	orbiters	have	all	
gone into space and have been used for a variety 
of missions. They were the Columbia, Challenger, 
Discovery, Atlantis, and Endeavour (with al-
pha-numeric	designations	of	OV-102,	OV-99,	OV-

SPACE SHUTTLE

The Roll out of the Space Shuttle Challenger
before it’s first launch in 1983

Dr. Sally Ride, first American woman in space, 
with the crew of the Challenger mission STS-7
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103,	OV-104,	and	OV-105	respectively	– OV standing 
for orbiter vehicle).
	 The	first	four	flights	of	the	program	were	test	
flights	and	flew	with	only	two	crew	members.	Much	
of the concern centered around how the vehicle would 
handle reentry into the Earth’s atmosphere and how 
its thermal protection system (TPS) would perform. 
The	fifth	mission,	STS-5	was	the	first	real	operational	
flight,	and	it	occurred	in	November	1982.	From	orbit,	
STS-5	launched	two	satellites.
 Over its thirty-year life span, the Space Shuttle 
was used in many ways to further our knowledge of 
space.	The	first	American	woman	in	space,	Dr.	Sally	
Ride, was aboard the Challenger	for	STS-7.	STS-9	
delivered	the	first	European	Space	Agency	Spacelab	
into space.
	 As	a	cooperative	effort	with	NASA,	the	Europe-
an Space Agency developed a modular system called 

Spacelab that could be installed in a 
shuttle orbiter’s payload bay.   Per-
haps the most important element of 
Spacelab was a pressurized module 
which greatly increased the usable 
space which astronauts could use once 
in	orbit.	Spacelab	was	used	on	over	20	
Space	Shuttle	missions	between	1983	
and	1998,	providing	an	environment	
dedicated	to	scientific	research	and	
hands-on experiments.

	 STS-41C	placed	the	Long	Duration	Exposure	
Facility (LDEF) into space to conduct experiments. A 
few years later, the LDEF was retrieved and the many 
experiments analyzed. 
	 On	January	28,	1986,	less	than	two	minutes	after	
liftoff,	the	Challenger,	on	mission	STS-51L	exploded.	
The entire crew of seven died. A leak in one of the sol-
id rocket boosters was the cause. After the Challenger 
accident, the shuttle program was suspended for over 
two years. After design changes were made, and safety 
procedures	and	precautions	taken,	on	September	29,	
1988	the	Space	Shuttle	flights	resumed.
	 In	April	1990,	the	shuttle	Discovery deployed the 
Hubble Space Telescope. The Hubble Telescope is 
operating	at	over	300	miles	above	the	Earth	and	is	free	
of any atmospheric interference. Therefore, the objects 
are seen much more clearly than from ground observa-
tions. As of this writing, the telescope has operated for 
over thirty years and is expected to function into the 
2030s.		Its	long	life	can	be	attributed	to	both	the	quality	
of its construction, as well as the periodic service calls 

that	have	been	performed	over	the	years	(the	final	one	being	in	2009).

Two astronauts repairing and servicing
the Hubble Space Telescope

Artist’s depiction of the Galileo space probe head-
ing to Jupiter after deployment from Atlantis

Cutaway view of Spacelab pressurized module in the 
payload bay of a Space Shuttle orbiter
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	 In	1989,	Atlantis,	with	mission	STS-34,	placed	the	Galileo probe into space. Atlantis actually 
deployed Galileo	in	Earth	orbit,	and	then	a	rocket	motor	attached	to	the	space	probe	fired	to	send	it	
on	its	way	to	Jupiter.	The	Galileo	probe	investigated	Jupiter	and	its	moons	until	2003.
	 In	July	1994,	Payload	Specialist	Chiaki	Mukai	became	the	first	Japanese	woman	to	fly	in	
space.	She	was	part	of	STS-65	that	performed	more	than	80	experiments	that	delved	into	life	
sciences,	space	biology,	human	physiology,	and	radiation	biology.	In	February	1995,	Air	Force	
Colonel	Eileen	Collins	became	the	first	female	shuttle	pilot.	Later	in	1995,	the	100th	US	human	
space	launch	occurred	when	STS-71	was	launched.	STS-71	also	marked	the	first	US	Space	
Shuttle and Russian Space Station Mir docking. 
	 In	1996,	five	space	agencies	(NASA;	European	Space	Agency;	French	Space	Agency;	
Canadian	Space	Agency;	and	Italian	Space	Agency)	and	research	scientists	from	10	countries	
worked	together	on	the	primary	payload	for	STS-78.	More	than	40	experiments	were	conducted	
on	microgravity	science,	human	physiology,	and	space	biology.	STS-78	flew	a	Spacelab	module	
and	was	the	first	to	conduct	comprehensive	sleep	studies	and	task	performance	in	microgravity.
 In	1998,	the	ninth	and	final	Space	Shuttle-Mir	docking	took	place,	and	then	later	in	1998,	
John	Glenn	returned	to	space.	John	Glenn	had	been	the	first	American	to	orbit	the	Earth	in	
1962,	and	after	a	successful	career	in	the	US	Senate,	he	became	the	oldest	human	to	venture	
into	space	when	he	was	part	of	the	crew	aboard	STS-95.	John	Glenn	was	77	years	old	when	he	
returned	to	space.	In	December	1998,	the	first	International	Space	Station	(ISS)	flight	occurred	
with	STS-88.	This	was	the	first	of	several	missions	to	construct	the	ISS	(which	is	discussed	in	
greater detail in the next chapter).
	 STS-93	was	launched	in	1999	and	commanded	by	Air	Force	Colonel	Eileen	Collins.	This	
was	the	first	Space	Shuttle	mission	to	be	commanded	by	a	woman.	She	was	the	first	woman	
pilot	and	eventually	the	first	woman	commander	in	the	Shuttle	program.
	 In	2001,	as	part	of	STS-102,	astronauts	Susan	Helms	and	Jim	Voss	conducted	the	longest	
spacewalk	in	history.	The	spacewalk	lasted	8	hours	and	56	minutes.	Then	in	2002,	Mission	Spe-
cialist	Jerry	Ross,	aboard	STS-110,	became	the	first	human	to	fly	in	space	seven	times.
	 On	February,	1,	2003,	STS-107	Columbia	and	its	seven-member	crew	were	lost	during	
re-entry over Texas. Damage was sustained during launch and this created a hole allowing hot 
gases	to	melt	the	wing	structure.	The	resulting	investigation	and	modifications	interrupted	shut-
tle	flight	operations	for	more	than	two	years.
	 In	May	2009,	the	STS-118	crew	included	Barbara	Morgan,	and	she	became	the	first	
teacher	to	fly	a	space	mission.	Morgan	had	been	the	backup	teacher	when	the	1986	Challenger 
disaster	occurred.	Also	in	2009,	STS-125	conducted	the	final	servicing	mission	for	the	Hubble	
Space	Telescope.	Hubble’s	lifespan	was	extended	to	at	least	2020	and	it	is	expected	to	continue	
functioning for several years beyond.
 A mission of particular interest to 
members	of	Civil	Air	Patrol	was	STS-133,	
piloted by Eric Boe, a former CAP Spaatz 
cadet and current CAP senior member. This 
was Eric Boe’s second mission aboard a 
Space	Shuttle.	It	marked	the	36th	shuttle	
mission	to	the	ISS,	the	133rd	shuttle	flight,	
and	the	final	flight	of	the	Discovery orbiter.
 The Space Shuttle was the workhorse 
of America’s space program for thirty years. 
It has carried many astronauts to successful 
missions and these missions have greatly 
increased our knowledge of the physiolog-
ical	effects	of	spaceflight	on	humans,	and	a	
better understanding of our planet, and the 
space environment. (See associated Activity Three at the end of the chapter.)

Eileen Collins STS 93 Mission Commander
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The Timeline of Manned Space Flight – 1961-2020*

**13	flights	by	X-15	pilots	reached	the	threshold	of	space	(50+	miles).	
***Dozens	of	American	astronauts	have	flown	on	Russian	rockets	both	during	and	after	the	Shuttle	program,	
and	those	flights	are	recorded	under	the	Russia	column.

MANNED SPACEFLIGHT – 
THE HUMAN ADVENTURE THROUGH THE DECADES

A CURRENT PICTURE
 As has been discussed, and as the chart above indicates, Russia and the United States have 
been	active	in	spaceflight	programs	since	the	1960s.	Since	the	inception	of	the	International	
Space Station program, the two countries have worked side by side achieving major accom-
plishments in the exploration of space. Many other countries have also been active in space, 
particularly	with	the	development	of	the	ISS.	Countries	such	as,	Canada,	Japan,	and	Brazil	and	
many others have contributed to the development of the ISS. But there is another country that 
hasn’t been part of the ISS, but is now very active in pursuing its own space program, and that 
country is China.
	 In	2003,	China	launched	its	first	manned	spacecraft,	
ShenZhou	5,	and	then	followed	that	with	two	more	manned	
space	missions	in	2005	and	2008.	China	has	also	developed	
a	spacecraft	docking	system.	As	of	2020,	China	was	review-
ing preliminary studies for a crewed lunar landing mission 
in	the	2030s,	as	well	as	the	possibility	of	building	an	outpost	
near the lunar south pole with international cooperation. So, 
China is aggressively catching up to Russia and the United 
States.
 Meanwhile, Russia’s current space priorities include developing new communications, 
navigation, and remote sensing spacecraft. Russia’s current space budget remains unchanged 
with	approximately	50%	spent	on	their	manned	space	program.	Russia	has	indicated	that	they	
are considering missions to the Moon and Mars. Russia is also working on new rocket launchers 
to support their missions.
	 With	the	ending	of	the	Space	Shuttle	program	in	2011,	NASA	gave	up	the	ability	of	
launching astronauts into space.  As a result, for nearly ten years, American astronauts head-
ed	to	the	ISS	have	had	to	catch	a	ride	on	Russian	Soyuz	spacecraft	(at	a	cost	of	$90,000,000	a	
person).  In order to extricate itself from its predicament, NASA initiated the Commercial Crew 

China’s first astronaut (taikonaut) Yang Liwei
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program	to	have	private	American	companies	design	and	build	spacecraft	to	its	specifications	
and	offer	them	up	for	NASA	to	use	to	take	astronauts	to	the	ISS.		The	development	of	the	Com-
mercial Crew spacecraft took longer than expected, which resulted in the ten-year gap in Amer-
ican-launched	missions	to	the	ISS.		In	2020	the	program	was	finally	able	to	launch	an	American	
crew	on	a	test	flight	to	the	ISS	using	a	Crew	Dragon	spacecraft	developed	by	Space	Exploration	
Technologies, Inc. (SpaceX).  The other company selected for Commercial Crew is Boeing, 
which	suffered	two	significant	setbacks	in	its	test	program.		There	was	a	parachute	failure	on	its	
abort	test,	and	its	unmanned	test	flight	to	the	ISS	was	cut	short	due	to	a	computer	malfunction	
which	prevented	rendezvous.		Boeing	is	targeting	2021	for	a	repeat	of	its	unmanned	test	flight	to	
be	followed	by	a	second	test	flight	with	a	crew	on	board.	(See associated
Activity Four at the end of the chapter.)
 Independent of the Commercial Crew program, NASA is pressing forward with a revised 
lunar exploration program.  It is using many elements of the canceled Constellation program, 
plus some new components.  The canceled Ares	V	launch	vehicle	has	been	modified	and	is	now	
called “SLS” (for Space Launch System).  The Orion spacecraft has been retained with minor 
modifications.		A	lunar	lander	is	in	development	but	its	design	has	not	been	finalized,	although	
it	was	announced	in	April	2020	that	a	joint	venture	between	four	major	aerospace	companies	
consisting of Blue Origin, Lockheed-Martin, Northrup-Grumman, and Draper Laboratory 
would be assigned the project.  And a brand new component known as the Lunar Gateway is 
planned which will act as a small space station in lunar orbit.  A new name has been chosen for 
the program and it will be known as Artemis (this name was deemed highly appropriate because 
the	Greek	name	Artemis	is	the	mythological	sister	of	Apollo,	the	name	of	America’s	first	lunar	
landing program).  The choice of a female name is further appropriate because it is planned that 
a	female	astronaut	will	be	on	the	first	Artemis	landing	crew.		If	these	plans	stay	on	track,	the	
decade	of	the	2020s	will	offer	some	very	exciting	events	in	human	space	exploration.
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Purpose: This activity creates a model of the Space Shuttle glider (orbiter) and allows experi-
mentation with how the shuttle glides in for a landing.

Materials: old	fi	le	folders	(1	makes	2	gliders),	glue	sticks	or	hot	glue,	scissors

Procedures:
1.	Copy	the	templates	shown	on	following	pages	on	color	copi-
er. 
2.	Glue	the	templates	to	heavy	paper	or	fi	le	folders.	
3. Using scissors, neatly cut out all parts. 
4.	Cut	13	V-shaped	notches	in	the	fuselage	to	create	tabs	
 along outside edge. 
5.	Fold	tabs	out.	
6.	Glue	or	tape	three	nose	weights	to	underside	of	your	glider.	
 Use fourth nose weight provided, if needed for extra trim 
 after assembly. 
7. Fold fuselage along middle line. 
8.	Starting	at	the	nose,	glue	or	tape	fuselage	to	deck	and	wing	assembly.	Match	tabs	on	fuselage	
 exactly to the ones printed on the deck and wing assembly. 
9.	To	close	the	nose,	glue	or	tape	the	two	halves	together	using	tabs	provided.	
10.	Fold	vertical	stabilizer	assembly.	
11.	Fold	out	tabs	A	and	B.	Except	for	tabs	A	and	B,	glue	or	tape	vertical	stabilizer	assembly	to	
 make one solid piece. 
12.	Attach,	with	glue	or	tape,	vertical	stabilizer	to	fuselage,	matching	tab	A	with	point	A	and	tab	
 B with point B.

Prefl ight Instructions: For best results, launch 
your shuttle glider with a gentle, level toss. 
Bend the Body Flap up slightly for greater lift.

Summary: The Space Shuttle glider is a scale 
model of the actual Space Shuttle orbiter in the 
Space Transportation System (STS). As the glider is 
put together, discussion can revolve around such 
terms as fuselage, tail and wing assembly, and 
vertical stabilizer assembly. These terms 
can be compared to airplane parts. The 
fuselage is the main body of the air-
craft that holds crew, passengers, and the 
cargo (called the payload). The actual shut-
tle’s	wing	span	is	78	ft.	The	shuttle’s	vertical	
tail	consists	of	a	structural	fi	n	surface,	the	rud-
der/speed brake surface, a tip, and a lower trailing 
edge. The rudder splits into two halves to serve as a 
speed	brake.	Like	the	fi	n	of	an	aircraft,	the	vertical	stabilizer	keeps	
the shuttle on course in the Earth’s atmosphere, and helps it to steer.

222ACTIVITY SECTIONACTIVITY SECTION

Activity Three - The Space Shuttle Glider

Space Shuttle Glider
Assembly Example
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Space Shuttle Glider Bottom
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Space Shuttle Glider
Fuselage Assembly

Line of fold

Fold Up
Tabs

Cut 13
Notches

Line of
Fold
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Deck and Wing
Assembly
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Vertical Stabilizer Assembly

Glider kit designed for NASA by
Kentron	Hawaii,	Ltd.
Artist: Roland O. Powell
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Purpose: This activity will help you understand the perspective of an astronaut as he/she views 
Earth from space.

Materials: 16"	Earth	globe	and	a	4"	Moon	globe

Procedures: 
1.	Using	the	summary	information	below,	calculate	
 the distance between the Earth and the Moon using 
	 a	model	where	the	Earth	is	16	inches	in	diameter	
	 and	the	Moon	is	4	inches	in	diameter.	(The	Earth	is	
	 30	Earth	diameters	from	the	Moon,	or	about	40	feet.)	
2.	Measure	the	distance	from	your	calculation.	Inflate	
	 a	16-inch	Earth	from	Space	globe.	
3. Have one person hold the Earth globe at the beginning 
 point of the distance measurement you made. 
4.	Have	another	person	hold	the	Moon	globe	at	the	ending	point	of	
 the distance measurement you made. 
5.	Standing	with	the	person	holding	the	Moon	globe,	you	can	
“look 
 back” at Earth and have an idea of the view of our planet from 
 space.

Summary:	The	distance	from	the	Earth	to	the	moon	is	240,000	miles	on	average,	because	the	
Moon is in an elliptical orbit around Earth. So, sometimes, it is closer to the Earth than other 
times.	The	circumference	of	the	Earth	is	25,000	miles.	Considering	the	size	of	the	Earth,	the	Moon	
is	about	9.5	Earth	circumferences	away	from	the	Moon.	In	relation	to	the	scaled	Earth	and	Moon	
in	this	activity,	that	means	if	the	circumference	of	the	16”	diameter	Earth	globe	is	50.24”	(C=πd),	
then	the	distance	from	the	Earth	globe	to	the	Moon	globe	should	be	9.5	x	50.24”	=	477.28”	or	
39.77	ft	(about	40	ft).

Activity Four - See How the Earth Looks to an Astronaut
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Learning Outcomes

Important Terms

333LIVING AND WORKING IN SPACELIVING AND WORKING IN SPACE

- Describe the International Space Station (ISS).
-	Explain	the	diff	erences	between	Mir and Skylab.
-	Describe	the	signifi	cance	of	Salyut	1.
- Describe the living and working conditions in space.
-	Describe	some	of	the	diff	erent	garments	that	have	been	used	in	human	spacefl	ight.
-	Defi	ne	and	give	examples	of	spin	off	s	from	the	space	program.
- Describe possible future space endeavors.

Mir	-	Russia’s	space	station	of	the	1980s	and	1990s
Salyut	-	Russia’s	fi	rst	space	station
Skylab	-	fi	rst	space	station	of	the	US
International Space Station (ISS)	-	a	true	international	cooperative	eff	ort	of	fi	fteen	nations	with	
Russia and the United States being the major contributors

  The idea of a permanent space station has been with us since the beginning of the space 
race.	The	benefi	t	of	having	a	way	station	en	route	to	the	Moon	or	the	planets	has	been	rec-
ognized	for	some	time.	For	scientifi	c	research,	and	even	military	reasons,	a	permanent	space	
station has been considered a necessity.
	 	 Russia	launched	the	fi	rst	space	station,	Salyut	1,	in	April	1971.	Russian	astronauts	docked	
and stayed on board for three weeks. Salyut	1	stayed	in	space	for	six	months,	then	burned	up	
when it reentered the Earth’s atmosphere.
  Russia continued 
to launch several space 
stations in the Salyut
series. Many of the mis-
sions resulted in Russian 
crews staying in space 
for	1-2	months.	Salyut	6	
and 7 both stayed in space 
about four years. The crew 
stayed aboard Salyut 7 for 
a	record	234	days.
  The success of the 
Salyut series led to the de-
velopment of the next gen-
eration of Russian space 
station, the Mir. Mir's fi	rst	
element was launched in 

SPACE STATIONS
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February	1986. When its assembly was completed, it had nearly four times the pressurized vol-
ume as Salyut,	allowing	for	much	more	scientific	equipment	and	living	space.
	 	 During	the	1970s	and	1980s,	the	Soviet	Union	had	clearly	jumped	ahead	of	the	U.S.	in	
the	field	of	space	station	development.		During	that	time	period,	they	had	launched	six	separate	
space stations to America’s one (Skylab).  NASA had long wanted to assemble a modular space 
station using the Space Shuttle’s cargo-carrying ability to bring up the modules.  America’s 
planned space station, “Freedom,” was encountering many problems with numerous redesigns 
and cost overruns.  The solution to the problem was to bring the former USSR (now Russia) as 
a major contributor of hardware. Russia agreed to the proposal, and as a result, it discontinued 
the Mir program and joined the International Space Station program.
	 	 The	first	US	space	station	was	Skylab.	As	mentioned	earlier,	it	was	launched	in	May	1973	
two	years	after	the	first	Salyut.	Three	different	crews	lived	in	Skylab.	The	last	crew	stayed	for	84	
days,	setting	a	spaceflight	endurance	record	which	lasted	four	years	until	the	Soviets	broke	it	in	
1978.	During	their	stays,	the	crews	conducted	many	experiments.	They	demonstrated	that	peo-
ple could live and work in space. No other crews visited Skylab, but it remained in space for six 
years	before	reentering	Earth’s	atmosphere	and	raining	debris	down	on	Australia—no	injuries	
were reported.
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  The ISS is an internationally developed research facility in low Earth orbit. After several 
years	of	planning	and	preparation,	the	first	element	of	the	ISS,	the	Zarya module, was launched 
by	Russia	in	November	of	1998.		The	very	next	month,	the	U.S.	carried	the	Unity module on a 
Space Shuttle mission that mated it to Zarya.  The third module to launch was another Russian 
module named Zvezda	in	July	2000.		This	module	provided	all	of	the	necessary	elements	to	pro-
vide for crew habitation, such as sleeping quarters, a toilet, kitchen, carbon dioxide scrubbers, 
dehumidifier,	oxygen	generators,	exercise	equipment,	plus	data,	voice	and	television	commu-
nications.	The	first	official	“expedition”	crew	arrived	in	November	2000	and	the	ISS	has	been	
continuously occupied ever since.  Crew occupancy time on the ISS has varied dramatically.  
During the decade-long assembly process, Space Shuttle crews would typically spend only a 
week or two.  The “expedition crews” (that is, the crews that are assigned to operate the station 
and conduct experiments) run typically six months in duration.  One of the main research goals 
of	the	ISS	is	to	study	the	effects	of	long-duration	spaceflight	on	the	human	body.	In	support	of	
this goal, some crews have spent nearly a year on the ISS.
	 	 It	is	the	largest	international	scientific	project	in	history	with	fifteen	countries	contributing	
to	this	massive	undertaking.	The	countries	involved	are:	USA,	Russia,	Japan,	Canada,	Brazil,	
and	11	European	countries.	
	 	 The	purpose	of	the	ISS	is	to	achieve	long-term	exploration	of	space	and	to	provide	benefits	
to	the	people	of	Earth.	Since	the	first	expedition	launched	in	2000,	hundreds	of	scientific	exper-
iments have been conducted on the ISS. Human research, microgravity, life sciences, physical 
sciences,	and	astronomy	are	a	few	of	the	fields	that	have	been	studied.	
  The ISS is the largest satellite in space and can easily be seen from Earth with the naked 
eye.	It	orbits	at	an	altitude	that	varies	from	173	miles	(278	km)	to	286	miles	(460	km)	at	an	
average	speed	of	17,227	miles	per	hour.	The	ISS	constantly	loses	altitude	due	to	atmospheric	
drag	but	is	boosted	several	times	a	year	to	regain	its	higher	altitudes.	It	completes	15.7	orbits	in	
a	24-hour	period.	You	can	track	the	ISS	to	determine	when	you	can	view	it	as	it	flies	overhead.	
Go to https://spotthestation.nasa.gov/sightings/ for sighting opportunities.

INTERNATIONAL SPACE STATION (ISS)

The International Space Station on orbit
 Image courtesy NASA
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	 	 What	is	it	like	inside	a	space	station?	Well,	first	
of all, microgravity or near weightlessness exists 
inside the ISS. We have probably all seen pictures of 
astronauts	floating	around	inside	of	space	stations.	
This is not really a problem. Astronauts have learned 
how to cope with near weightlessness. They can hold 
on to the walls, or they can wear special cleats, or 
they can even strap themselves in if necessary.
  The air inside the ISS is a mixture of oxygen 
and nitrogen at nearly the exact same ratio as on 
Earth. This works better than breathing pure oxygen. 
Also, the temperature is regulated so that the astro-
nauts are comfortable in t-shirts and shorts or sport 
shirts and pants. NASA refers to this condition as a 
“shirt sleeve” environment.
  On the Skylab, the crews had a dining room, a toilet area, and private sleeping compart-
ments. The astronauts could eat either hot or cold food. They would place their feet and legs in 
restraints and could actually sit and eat. As for sleeping, the astronauts had sleeping bags placed 
vertically on the walls. They could fasten themselves in and go to sleep.
  Living on the International Space Station (ISS) is similar to the previous space stations, 
but	also	different.	First	of	all,	the	food	has	gotten	better.	Astronauts	pick	their	menus	months	
ahead of time knowing how important their diet is in space. The ISS has a microwave and a 
refrigerator, so even though dehydrated food is still used, so is 
frozen food. Drinks and soups are still sipped through plastic 
bags and straws. Solid food is eaten with a knife and fork on 
trays	with	magnets	to	prevent	them	from	floating	away.
  Working is also a part of life inside a space station. As-
tronauts have their housekeeping chores to perform. Plus, they 
have their research and experiments to conduct. Physical activ-
ities	are	a	normal	daily	occurrence	on	the	flights.	So,	there	is	
plenty to keep the astronauts busy.
  Near weightlessness causes loss of bone and muscle mass, 
so exercise is very important to astronauts. To prevent this 
muscle loss, astronauts exercise daily. The ISS is equipped with 
two treadmills and a stationary bicycle. Astronauts must strap 
themselves	to	the	equipment	to	keep	from	floating	away.	After	spending	months	in	a	weightless	
environment, it can take several days before astronauts can walk without assistance after return-
ing to Earth.  Loss of bone mass can take the body years to fully regenerate.
  Sleeping in the ISS is similar to earlier space stations. Astronauts still sleep in wall-mount-
ed sleeping bags that zip them into the bag. They also have arm restraints to keep their arms 
from	floating	above	their	head	while	they	sleep.
	 	 Astronauts	spend	most	of	their	waking	moments	conducting	scientific	experiments	and	
observations. They are also involved in maintaining the ISS and repairing equipment, as neces-
sary.	Generally,	the	astronauts	work	for	10	hours	during	the	weekdays	and	5	hours	on	Saturday.	
The rest of the time they either relax or do catch-up activities. The ISS doesn’t have a shower, 
so the astronauts take sponge baths or clean themselves with washcloths and wet towels. Each 
astronaut has a personal hygiene kit with toothbrush, toothpaste and shampoo. (See associated 
Activities Five and Six at the end of the chapter.)

LIVING AND WORKING ON SPACE STATIONS

Near weightless in space

Foot Restraint System Used On Skylab
Image courtesy NASA
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  These last few paragraphs have discussed life inside a space station. Now, let’s spend a 
little time discussing life outside the space station. Many times a Space Shuttle mission would 
include repairing a satellite. This involved going outside of the vehicle. The general term used 
for going outside of a space vehicle is Extravehicular Activity.
	 	 Russian	Alexei	Leonov	accomplished	the	first	EVA	or	“spacewalk”	in	March	1965.	He	
was	outside	of	his	spacecraft	for	12	minutes.	Less	than	three	months	later,	Ed	White	was	the	
first	American	to	walk	in	space.	This	occurred	in	June	1965.	White	was	outside	the	spacecraft	
for	20	minutes	traveling	at	17,500	miles	per	hour.	Since	1965,	there	have	been	many	EVAs	in	
space.
  Several EVAs have been performed on the Hubble Space Telescope. These successful 
repairs and upgrades have extended the usable life of the telescope by many years.
  Spacewalks have become a very routine part of most of the ISS missions. Since Alexi 
Leonov	performed	the	world’s	first	spacewalk	in	1965,	there	have	been	over	700	performed,	
including	dozens	on	the	surface	of	the	Moon.	The	longest	two	occurred	in	2001	when	astronauts	
Susan	Helms	and	Jim	Voss	each	performed	a	spacewalk	that	lasted	8	hours	and	56	minutes.	
They	were	part	of	the	STS-102	Discovery crew and despite the numerous spacewalks that have 
occurred	since	2001,	this	record	still	stands.

EXTRAVEHICULAR ACTIVITIES (EVA)

Eating with food
strapped to lap

Astronaut Pete Conrad using the 
shower aboard Skylab

A shave Sally Ride in a sleep 
restraint

Eating with food
strapped to cabin 

ceiling

Exercising muscles to keep them
from wasting away in microgravity
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  Obviously, a subject that comes to mind when talking about spacewalks is space suits. 
Space suits have changed a lot over the years. Let’s take a look at the evolution of the space 
suit.
  The main purpose of a space suit is to maintain a survivable 
pressure for a human in the vacuum of space.  It is a generally 
understood concept that as altitude increases, atmospheric pressure 
decreases.  Any vehicle that travels into space has to deal with 
this	reality.		There	are	two	specific	ways	in	which	this	problem	is	
addressed:  pressurize the cabin which the crew member occupies, 
or	pressurize	a	suit	which	the	crew	member	wears—or	BOTH.		
All spacecraft ever designed to carry a crew have had pressurized 
cabins.		Not	all	astronaut	crews	have	flown	in	pressurized	suits,	
however.		Some	early	Soviet	missions	and	the	fifth	through	the	
twenty-fifth	Space	Shuttle	missions	did	not	fly	with	crew	pressure	
suits.  Additionally, if a crew member exits the 
spacecraft during a mission, he or she needs 
protection not only from the vacuum of space, 
but also from the extreme hot and cold of 
the space environment, the extremely bright 
sunlight, radiation, as well as meteoroid and 
micro-meteoroid impact.
     During the Mercury program, no astro-
naut ever left the pressurized spacecraft; there-
fore, the suits worn by those astronauts simply 
served as a backup in case cabin pressurization 
failed. 
     The Gemini program presented two new 
challenges:		long	duration	missions	(up	to	14	
days)	and	spacewalks.		The	14-day	mission	
had	the	crew	use	specially	designed	suits	that	could	be	removed	during	flight	to	provide	some	
additional comfort.  On missions that included spacewalks, there were design provisions to pro-
tect the astronaut during the time he was outside the spacecraft. 

SPACE SUITS

Astronaut performing EVA during 
a Space Shuttle mission

Astronaut James van Hoften next to the 
repaired Syncom IV satellite

Pressure suits worn by the seven
Mercury astronauts

Lightweight space suits
wore by Gemini 

astronauts

A more advanced suit 
for moon walking for the 

Apollo astronauts
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  For the Apollo program, walk-
ing on the Moon required several 
additional areas of consideration 
that previous astronaut crews did not 
have to worry about.  
  The Apollo moon suit was more 
advanced than any previous suit 
design. The astronauts carried their 
oxygen on their backs (as opposed to 
an umbilical connected to the space-
craft), and their communications 
system was much more sophisticated 
(allowing the two moon walkers to 
talk to each other, Mission Con-
trol in Houston, as well as the third 
astronaut orbiting the Moon in the 
Command Module). The suit also 
had a supply of drinking water and 
a collection point for going to the 
bathroom.
  These suits consisted of several 
layers of material, which protected 
the astronauts during EVAs. For instance, the Apollo suit protected the astronaut in temperatures 
of	over	250°	F,	while	also	protecting	against	harmful	radiation.
	 	 All	suits	from	Mercury	through	Apollo	were	made	specifically	for	the	individual	astronaut.	
That changed with the Space Shuttle. The shuttle suit, called the Extravehicular Mobility Unit 
(EMU), was much easier to put on and came in various sizes rather than being custom made. 
The shuttle suit was made of several parts that could accommodate a man or a woman. The 
main	parts	consisted	of	the	helmet,	a	hard	(rigid)	upper	torso	with	flexible	sleeves	for	the	arms	
(gloves were attached separately), and a soft lower torso which included legs and boots. It was 
also	reusable	and	expected	to	last	for	15	years.	Two	versions	of	the	EMU	were	produced	during	
the	Shuttle	Program.		The	first	version	was	used	through	2002,	and	a	more	improved	version	
was	used	from	1998	through	the	conclusion	of	the	Shuttle	Program	and	continues	to	be	used	on	
the ISS.
	 	 In	1984,	the	astronauts	used	the	Manned	Maneuvering	Unit	(MMU)	for	the	first	time.	This	
unit	fit	on	the	back	of	the	astronaut’s	space	suit	and	allowed	him	or	her	to	move	around	without	
being tied to the spacecraft. The MMU was used on three missions, all of which occurred in 
1984.	After	the	Challenger	tragedy	in	1986,	the	use	of	the	MMU	was	discontinued	due	to	safety	
concerns.	A	simplified	version	of	the	MMU,	the	Simplified	Aid	for	EVA	Rescue	(SAFER),	was	
first	flight-tested	during	STS-64	in	1994.	It	was	developed	for	use	in	case	a	tethered	astronaut	
performing as EVA became untethered.
	 	 			The	Space	Shuttle	suits	described	were	only	used	for	performing	EVAs.		A	different	type	
of	suit	was	used	for	launch	and	landing.		On	the	first	four	test	flights	(STS-1	through	4),	the	two	
crew	members	wore	pressure	suits	based	on	the	suits	worn	by	SR-71	crew	members.		These	
suits were designed to provide for the survival of a supersonic ejection on either launch or land-
ing.		When	the	test	flights	concluded,	the	seat	ejection	system	was	removed	and	all	crew	mem-
bers	wore	unpressurized	flight	suits.		After	the	1986	Challenger disaster, NASA reinstituted the 
use	of	pressure	suits	for	launch	and	landing.		An	improved	suit	was	introduced	in	1994	and	was	
used	through	the	conclusion	of	the	Space	Shuttle	program	in	2011.	

The Manned Maneuvering Unit
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  Due to our enduring fascination with space, indications are that space travel will continue 
into the foreseeable future. We have come a long way since Russia launched Sputnik	in	1957,	
and with each additional mission we seem to learn more and more. In many people’s minds, this 
increased	knowledge	justifies	a	persistent,	progressive	space	program.
	 	 For	the	30-year	period	from	1981	to	2011,	the	United	States’	Space	Transportation	System	
(STS), had been the primary mode of space transportation.
  As discussed earlier, NASA is now overseeing the development of the Commercial Crew 
program for transport to the ISS (relieving our dependence on Russia for the past decade).  The 
Artemis program is targeting a return to the Moon within the next few years.      
	 	 Looking	farther	ahead	to	the	mid	21st	century,	we	could	see	something	like	the	Spaceliner.	
The	concept	would	involve	a	completely	reusable	vehicle	capable	of	vertical	liftoff	and	hori-
zontal	landing.	Spaceliner	could	take	50	passengers	to	47-50	miles	above	Earth	and	then	glide	
back	at	hypersonic	speeds	of	more	than	15,000	mph.	This	would	enable	passengers	to	fly	from	
Europe	to	Australia	in	90	minutes.	If	development	moves	forward,	Spaceliner	could	be	flying	
passengers	by	2050.	This	project	hopes	to	revive	a	decades	old	idea	of	using	spaceflight	to	
greatly	reduce	air	travel	times.		Currently,	atmospheric	flight	is	limited	to	just	under	7,000	mph,	
and	commercial	passenger	flights	never	exceeded	Mach	2	on	the	Concord	SST.		A	speed	capa-
bility	of	Mach	20	is	what	makes	the	Spaceliner	so	appealing.	
  A novel possibility, and one that is growing in popularity, is commercial recreational space 
travel. Whereas Spaceliner’s purpose is commercial passenger transport, recreational space 
travel’s sole purpose is to give people the thrill and excitement of a trip into space. Two com-
panies, Virgin Galactic and Scaled Composites are working together to make commercial space 
travel	a	reality.	Scaled	Composites	is	the	company	that	in	2004	won	the	$10	million	X-Prize	for	
flying	to	an	altitude	of	62	miles	or	100	kilometers,	returning	safely	to	Earth,	and	then	repeat-
ing	the	flight	within	two	
weeks. The spacecraft 
was called SpaceShipOne. 
Now, the two companies 
are building a spacecraft 
called SpaceShipTwo 
that will take passen-
gers into space. Initially, 
tickets	were	offered	for	
$200,000,	however,	as	of	
2020,	the	price	had	gone	
up	to	$250,000	per	pas-
senger. The spacecraft is 
designed to seat six pas-
sengers and two pilots and 

  As you can see, space suits have come a long way. The improvements in the suits have 
allowed	the	astronauts	to	do	much	more	in	space,	and	do	it	more	efficiently.	To	see	NASA	ideas	
for future spacesuits, “Google” future spacesuits on the internet. You will be amazed at the fu-
ture technology planned to protect mankind in space. (See associated Activities Seven and Eight 
at the end of the chapter.)

SpaceShipTwo In Powered Flight
Image courtesy Virgin Galactic

THE FUTURE IN SPACE
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fly	to	about	68	miles,	or	110	kilometers.	The	passengers	will	experience	a	2	½	hour	flight	with	
several minutes of weightlessness. Already, people from all over the world are placing orders 
for the SpaceShipTwo.
	 	 The	Space	Age	officially	began	on	October	4,	1957	with	the	launch	of	Sputnik. In a very 
real sense, the world has now entered a new age of space (when all of the recent developments 
are taken into consideration).  One of the main driving factors of this “New Space Age” is the 
entrepreneurial motivation to advance space technology by individuals of great personal wealth.  
Three major players in this new age, SpaceX, Blue Origin, and Virgin Galactic, are all headed 
by	multi-billionaires	who	are	investing	significant	portions	of	their	personal	fortunes	to	build	
and	fly	their	own	launch	vehicles	and	spacecraft.		For	decades,	the	ONLY	two	players	in	that	
arena were NASA and its Soviet (now Russian) equivalent.  SpaceX is developing the Starship 
spacecraft and Falcon Super Heavy booster for Mars missions with a crew capacity of up to 
100	(this	is	not	a	misprint).		Blue	Origin	is	developing	a	new	family	of	rockets	called	New	
Shepard and New Glenn (named after the American astronauts).  New Shepard will take paying 
passengers	on	suborbital	flights,	and	New	Glenn	is	a	heavy	lift	launcher	that	will	take	payloads	
weighing	nearly	100,000	lbs.	to	low	Earth	orbit.		Blue	Origin	has	established	such	a	good	rep-
utation	that	it	already	has	five	paying	customers	for	multiple	flights	before	it	even	launched	its	
first	New	Glenn	rocket.		Virgin	Galactic	is	planning	a	SpaceShipThree which will have orbital 
capability.  Add to this, scores of other smaller companies that are creating innovations that 
could	see	widespread	use	in	spaceflight.		Just	one	example	is	Relativity	Space,	which	plans	to	
3D	print	an	entire	rocket	and	launch	it	from	Cape	Canaveral	in	2021.		The	first	Space	Age	was	
marked	by	a	single	event	that	occurred	on	a	specific	date.		History	may	record	the	New	Space	
Age	as	a	series	of	events	that	began	somewhere	in	the	second	decade	of	the	twenty-first	century	
when	entrepreneurial	innovation	began	to	transform	the	science	fictional	concepts	of	recreation-
al	spaceflight,	hypersonic	passenger	travel,	and	hundreds	of	people	traveling	to	Mars—into	
reality.  The New Space Age is here.
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  Our day-to-day lives have been touched by many space technologies. It has been recorded 
that	since	the	mid-seventies,	over	1,600	documented	NASA	inventions	have	benefited	our	quali-
ty of life and has provided Americans with a large number of jobs. 
	 	 Many	have	heard	that	Tang,	Velcro,	and	microcomputers	were	all	spinoffs	of	space	tech-
nology. Actually, this is not the case; however, there have been some achievements that are very 
commonplace in our daily lives. A few examples, put into an easy-to-understand form are:

SPINOFFS FROM THE SPACE PROGRAM –
Putting Space Technology To Work Back On Earth

TV Satellite Dish 
  NASA developed ways to correct errors in the signals coming from sat-
ellites. This technology is used to reduce noise (that is, interference to picture 
or sound) in TV signals coming from satellites.

Medical Imaging 
  NASA developed ways to process signals from spacecraft to pro-
duce clearer images. (See more on digital information and how space-
craft send images from space on the internet.) This technology also 
makes possible these photo-like images of the inside of the human body.

Vision Screening System 
  This uses techniques developed for processing space pictures to 
examine	eyes	of	children	and	find	out	quickly	if	they	have	any	vision	
problems. The child doesn’t have to say a word!

Ear Thermometer
   Instead of measuring temperature using a column of mercury (which 
expands as it heats up), this thermometer has a lens-like a camera and detects 
infrared energy, which we feel as heat. The warmer something is (like your 
body), the more infrared energy it puts out. This technology was originally 
developed to detect the birth of stars.

Fire Fighter Equipment 
	 	 Fire	fighters	wear	suits	made	of	fire-resistant	fabric	developed	for	
use in space suits.

Smoke Detector 
	 	 This	was	first	used	in	the	Earth	orbiting	space	station	called	Skylab 
(launched	back	in	1973)	to	help	detect	any	toxic	vapors.	It	is	now	used	in	
most	homes	and	other	buildings	to	warn	people	of	fire.

Sun Tiger Glasses 
  This comes from research done on materials to protect the eyes of 
welders working on spacecraft. Protective lenses were developed that 
block almost all the wavelengths of radiation that might harm the eyes, 
while letting through all the useful wavelengths that let us see.
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Automobile Design Tools 
  This is a computer program developed by NASA to analyze a 
spacecraft or airplane design and predict how parts will perform. It is 
now used to help design automobiles. This kind of software can save car 
makers a lot of money by letting them see how well a design will work 
even before they build a prototype.

Cordless Tools 
  Portable, self-contained power tools were originally developed to 
help Apollo astronauts drill for moon samples. This technology has led 
to the development of such tools as the cordless vacuum cleaner, power 
drill, shrub trimmers, and grass shears.

Aerodynamic Bicycle Wheel 
  A special bike wheel uses NASA research in airfoils (wings) and 
design software developed for the space program. The three spokes on 
the	wheel	act	like	wings,	making	the	bicycle	very	efficient	for	racing.	
Surprisingly, this technology has also helped in the design of more aero-
dynamic bicycle helmets.

Thermal Gloves and Boots 
  These gloves and boots have heating elements that run on recharge-
able batteries worn on the inside wrist of the gloves or embedded in 
the sole of the ski boot. This technology was adapted from a spacesuit 
designed for the Apollo astronauts.

Space Pens 
  The Fisher Space Pen was developed for use in space. Most pens de-
pend	on	gravity	to	make	the	ink	flow	into	the	ball	point.	For	this	space	pen,	
the ink cartridge contains pressured gas to push the ink toward the ball point. 
That means you can lie in bed and write upside down with this pen. Also, it 
uses a special ink that works in very hot and very cold environments.

The Most Famous Spinoff 
  Football helmets use a padding of Temper Foam, a shock absorbing 
material,	that	was	first	developed	for	use	in	aircraft	seats.	It	is	the	most	rec-
ognized	and	widely-used	NASA	spinoff.	Temper	Foam,	whose	origin	dates	
back	to	1966,	was	developed	to	absorb	shock	and	offer	improved	protection	

and comfort in NASA’s airplane seats. It has paid its dividends to Earth repeatedly, and in many 
different	ways.	It	has	padded	the	helmets	of	the	Dallas	Cowboys	throughout	the	1970s	and	1980s,	
protected bedridden patients from bedsores, and comforted the feet of thousands wearing stylish 
shoes that incorporate the cushioning material in their insoles.
  Four decades later, the world has come to realize that there are no bounds to Temper Foam’s 
benefits.	Though	the	rights	to	the	technology	have	been	shared	amongst	various	manufacturers,	the	
original product maker is still going strong, pushing Temper Foam into new arenas, including auto-
motives, amusement parks, prosthetics, sleep items, and modern art.
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Ski Boots 
  These ski boots use accordion-like folds, similar to the design of 
space	suits,	to	allow	the	boot	to	flex	without	distortion,	yet	still	give	sup-
port and control for precision skiing. 

Failsafe Flashlight 
	 	 This	flashlight	uses	NASA’s	concept	of	system	redundancy,	which	
means always having a backup for the parts of the spacecraft with the 
most	important	jobs.	This	flashlight	has	an	extra-bright	primary	bulb	and	
an independent backup system that has its own separate lithium battery 
(also a NASA developed technology) and its own bulb. 
Invisible Braces 
  These teeth-straightening braces use brackets that are made of a 
nearly invisible translucent (almost clear) ceramic material. This material 
is	a	spinoff	of	NASA’s	advanced	ceramic	research	to	develop	new,	tough-
er materials for spacecraft and aircraft. 

Edible Toothpaste 
  This is a special foamless toothpaste developed for the astronauts to 
use in space (where spitting is not a very good idea). 

Joystick Controllers 
	 	 Joystick	controllers	are	used	for	lots	of	things	now,	including	
computer games and vehicles for people with disabilities. These devic-
es evolved from research to develop a controller for the Apollo Lunar 
Rover, and from other NASA research into how humans actually operate 
(called	"human	factors").	

Advanced Plastics 
  Spacecraft and other electronics need very special, low-cost ma-
terials as the base for printed circuits (like those inside your computer). 
Some	of	these	"liquid	crystal	polymers"	have	turned	out	to	be	very	good,	
low-cost materials for making containers for foods and beverages. 

Spinoff	technology	has	had	a	large	impact	within	the	field	of	medicine.	
Thousands of lives have been saved with the development of procedures and machines such as: 
1.	A	NASA-developed	chemical	process	was	responsible	for	the	
 development of kidney dialysis machines. 
2.	The	need	to	find	imperfections	in	aerospace	structures	and	components,	such	as	castings,	rocket	
 motors, and nozzles, led to the development of a medical CAT scanner which searches the 
 human body for tumors or other abnormalities. CAT stands for Computer Tomography Scan. 
3. It is well known that the near weightlessness experienced while living in space can lead to 
 physical deterioration, cardiovascular problems, and muscle atrophy. A space exercise machine 
 led to the development of a physical therapy and athletic development machine used by foot
 ball teams, sports clinics, and medical rehabilitation centers. 
4.	A	hospital	food	service	system	employs	a	cook/chill	concept	for	serving	food.	The	system	
	 allows	staff	to	prepare	food	well	in	advance,	maintain	heat,	visual	appeal,	and	nutritional	
 value, while reducing operating costs. 
  Because of budget changes and the amount of funding available to space exploration, it is 
difficult	to	predict	what	the	future	will	be	in	aerospace	technology.	However,	we,	as	Americans,	
can	say	that	our	space	adventure	over	the	past	50	years	has	been	of	great	benefit	to	all	mankind.
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Purpose:	This	activity	will	use	the	scientifi	c	method	and	inquiry	to	experiment	with	the	concept	
of near weightlessness.

Materials: ping-pong ball, golf ball, plastic Dixie cup, round wooden bead or a metal nut, and a 
piece of string

Procedure:
1.	Cut	the	string	into	two	pieces,	one	long	and	one	short.	
2. Attach the longer piece to the rim of the plastic cup like 
 a pail handle. 
3. Attach the wooden bead or metal nut to one end of the 
 shorter piece by tying a knot at the end to hold the bead 
 on the string. 
4.	Start	with	the	ping-pong	ball	and	the	golf	ball.	Hold	
 one ball in each hand. From the same height and at the 
 same time, drop the two balls. Observe the results. 
5.	Set	the	plastic	cup	on	a	table.	
6.	Hold	the	string	with	the	bead	at	the	end	over	the	cup.	Let	go	of	the	string	and	observe.	What	
	 happens?	
7. Now carefully stand on a chair or stool. Hold the string handle of the cup. Hold the end of the 
 bead string in the same hand, with the string in the middle of the handle so the bead hangs over 
 the cup. 
8.	Hold	the	cup	and	the	ball	high	and	drop	them	together.	What	happens	this	time?	
9.	Discuss	as	a	group	what	was	expected	to	happen	and	what	actually	happened	for	each	action.

Summary:	Galileo	(1564-1642)	was	a	scientist	who	achieved	many	accomplishments	in	the	
fi	elds	of	astronomy	and	physics.	Galileo	was	the	person	who	discovered	that	all	objects	fall	at	
a constant rate of speed on Earth, no matter what their size or weight. Due to Galileo’s exper-
iments, today we have an accurate picture of how the near “weightlessness” in space works. 
Near weightlessness occurs when two objects (the bead and the cup) are free-falling in gravi-
ty.	But	what	keeps	the	Space	Shuttle	from	free	falling	to	the	Earth	like	the	cup	and	the	bead?	
A spacecraft can maintain its free fall for a very long period of time by traveling fast enough 
--	about	7.5	kilometers	(4.7	miles)	per	second	—	horizontally,	so	that	even	though	it	is	being	
pulled toward the center of the earth, its free-fall path is parallel to the earth’s curvature. In 
other words, the spacecraft continually falls all the way around the earth. This microgravity or 
sensation	of	weightlessness	refers	to	an	environment	in	which	the	local	eff	ects	of	gravity	have	
virtually been eliminated by free-fall.

Activity Five - Investigating Near Weightlessness
333ACTIVITY SECTIONACTIVITY SECTION
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Purpose: This activity will demonstrate how a spacesuit liquid cooling
system works to moderate body heat.

Materials: 2	empty	coffee	cans	with	plastic	snap-on	lids,	2	thermometers	(must	be	able	to	read	
a	full	range	of	temperatures	from	freezing	to	boiling),	black	spray	paint,	floodlight	and	light	fix-
ture,	plastic	aquarium	tubing	(6	meters),	masking	tape,	2	buckets,	ice,	water,	stopwatch	or	watch	
with a second hand, graph paper, and metal punch or drill

Procedure: 
1.	Spray	paint	the	outside	of	both	cans	black	and	permit	them	to	dry.	
2. Punch a hole in the center of each lid and insert a thermometer. 
3. Punch a second hole in one of the lids large enough to admit the aquarium tubing. Also punch a 
 hole in the side of that can near its base. 
4.	Form	a	spiral	coil	with	the	plastic	tubing	along	the	inside	wall	of	the	can	with	the	hole	punched	
 in its side. Be sure that the coil doesn’t touch the thermometer directly. Do not pinch the tube. 
 Extend the tube’s ends out of the can, one through the hole in the can and the other through the 
 hole in the lid. The upper end of tube should reach into the elevated water bucket and the other 
	 should	hang	down	from	the	side	of	the	can	toward	the	lower	bucket.5.	Set	up	the	floodlight	so	
 that it will shine on the sides of the two cans. Make sure the light is 
 equidistant from the two cans. 

Purpose: This activity will demonstrate how our senses help orient us in space and how motion 
causes disorientation.

Materials: swivel chair, blindfold, pencil, and a friend

Procedure: 
1.	Ask	a	friend	to	sit	in	a	swivel	chair	and	put	on	a	blindfold.	The	
 friend places arms out in front of the body, holding a pencil in an 
 upright position. 
2. Ask your friend to point the pencil in the direction of rotation as 
 you turn the chair. Slowly stop the chair. Then turn the chair in 
 the opposite direction. Watch the pencil. 
3. Stop the chair. Watch the pencil. In what direction did your 
	 friend	point	the	pencil	after	the	first	rotation?	When	the	chair	was	
	 stopped?	After	the	second	rotation?	Discuss	how	our	senses	help	
 orient us in space.

Summary: The results of this activity are that motion causes disorientation and sight is one 
of our senses that help us stay oriented. In space, there is a disorientation resulting from the 
conflict	between	the	signals	coming	from	the	vestibular	system	(consisting	of	the	semicircular	
canals and the special organs of the inner ear), which no longer correspond with the visual and 
other sensory information sent to the brain and the new spatial reality. The normal concepts 
of	"up"	and	"down"	no	longer	apply.	This	same	disorientation	is	demonstrated	in	the	activity	
because of the blindfold and the spinning of the chair.

Activity Seven - Keeping Cool

Activity Six - How Does Motion Cause Disorientation?
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Purpose: This activity simulates the mobility of a spacesuit arm.

Materials: 2 long balloons, 3 plastic bracelets or thick rubber bands

Procedures: 
1.	Inflate	one	balloon	fully	and	tie	it.	
2.	Inflate	the	second	balloon,	but	while	it	is	inflating,	slide	the	bracelets	
 or bands over the balloon so that the balloon looks like sausage links. 
3.	Compare	the	"bendability"	of	the	two	balloons.

Summary: Maintaining proper pressure inside a spacesuit is essential for survival. However, pres-
sure	produces	problems.	An	inflated	spacesuit	is	hard	to	bend.	Designers	have	learned	to	strategi-
cally place breaking points at appropriate places to make the suit bend more. In this activity, the 
rings serve as the breaking points. These rings create joints. Further spacesuit research has shown 
that built-in ribs, like a clothes dryer or vacuum cleaner hose, promote easier bending.

6.	Fill	one	bucket	with	ice	and	water.	Make	sure	there	is	
enough ice to chill the water thoroughly. 
7. Elevate the ice water bucket on a box or some books 
next to the can with the tubing. 
8.	Insert	the	long	end	of	the	aquarium	tubing	into	the	
bottom of the ice water bucket. Using your 
 mouth, suck air from the other end of the tube to start a 
siphoning action. Permit the water to 
 drain through the tubing that runs through the black can 
into	a	second	bucket	on	the	floor.	
9.	Immediately	turn	on	the	floodlight	so	that	both	cans	are	
equally heated. 
10.	Begin	recording	temperatures,	starting	with	an	initial	
reading of each thermometer just before 
	 the	light	is	turned	on	and	every	30	seconds	thereafter	
until the water runs out. 
11.	Plot	the	temperature	data	on	graph	paper,	using	a	solid	line	for	the	can	that	held	the	ice	
 water and a dashed line for the other can. Construct the graph so that the temperature data are 
 along the Y (vertical) axis and the time data along the X (horizontal) axis. 
12.	Compare	the	slope	of	the	plots	for	the	two	cans.

Summary: In spacesuit design, one of the challenges is to maintain a comfortable temperature 
inside the suit when the temperatures in space are so extreme. This activity demonstrates how 
chilled water can keep a metal can from heating up even when exposed to the strong light of a 
floodlight.	An	astronaut’s	body	heat,	released	from	exertion	during	extravehicular	activities,	can	
quickly build up inside a space suit, leading to heat exhaustion. Body heat is controlled by a liquid 
cooling garment made from stretchable spandex fabric and laced with small diameter plastic tubes 
that carry chilled water. The water is circulated around the body. Excess body heat is absorbed 
into the water and carried away to the suit’s backpack, where it runs along a porous metal plate 
that permits some of it to escape into outer space. The water instantly freezes on the outside of 
the plate and seals the pores. More water circulates along the back of the plate. Heat in the water 
is conducted through the metal to melt the ice directly into water vapor. During the process, the 
circulating water is chilled.

Activity Eight - Bending Under Pressure
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