
Buzz Aldrin and the American flag 
on the moon
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President George Bush, 14 January 2004

“America will return to the Moon as early as 2015 
and no later than 2020 and use it as a steppingstone 
for more ambitious missions. A series of robotic missions 
to the Moon, similar to the Spirit Rover that is sending
remarkable images back to Earth from Mars, will explore
the lunar surface beginning no later than 2008 to research
and prepare for future human exploration.”
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Col Guion S. Bluford Jr. was the first black astronaut, 
or person who flies aboard a spacecraft. In college, he was 
an Air Force ROTC cadet. After graduation in 1964, he trained
with the Air Force to be a pilot. By 1966 he was serving in
Vietnam. He flew 144 combat missions in an F-4C Phantom.

Born in Philadelphia in 1942, Bluford continued his education
after his tour of duty in Vietnam. He has a stack of academic
degrees to prove it. Among them is a doctoral degree (called
a Ph.D.) in aerospace engineering from the Air Force Institute
of Technology. He received that degree in 1978. In 1979 
he joined NASA’s astronaut program. He went into space 
four times as a mission specialist—someone who helps with
experiments or the technical aspects of running a spacecraft. 

In 1983 Bluford was a crew member on the space shuttle
Challenger. The crew performed scientific tests, such as
studying the effects of living in space.

In 1985 Bluford flew his second
mission aboard Challenger. 
The crew was the largest ever.
It had eight members. Also on 
board was a German-built Spacelab
that contained equipment for
scientific experiments. 

In 1991 Bluford climbed aboard 
the space shuttle Discovery for
another science-oriented mission. 
A year later he flew his fourth and
final operation, also on Discovery. 
During that 1992 mission the 
crew performed many tests for 
the US Department of Defense. 

Bluford spent 688 hours in space 
over the course of his four missions.
He left NASA in 1993.
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List some of 
Col Guion Bluford’s
accomplishments.

Quick Write

• the key steps 
in the US and Soviet
space programs

• the key steps 
in the development 
of spacecraft

• the significance of 
the phrase “One small
step for [a] man, one
giant leap for mankind”

• the key space shuttle
missions

• the purpose of 
the international 
space station
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COL GUION BLUFORD

Col Guion Bluford was 
the first black astronaut.

Courtesy of NASA



The Key Steps in the US 
and Soviet Space Programs

You read in the previous lesson that in 1957 the Soviets sent 
a dog named Laika into space on board Sputnik 2. Although
Laika did not survive her trip, she paved the way for humans
to enter space. At that time the Soviet Union and the United
States were engaged in a space race as well as a Cold War 
arms race. Each country wanted to be the first to put a man
into space.

The US Mercury, Gemini, and Apollo Programs

In 1958, in response to the Soviets’ Sputnik series, the 
United States created the National Aeronautics and Space
Administration (NASA). Also in 1958 the United States
launched its first unmanned spacecraft, Explorer I. 

After that, action picked up quickly. Between 1961 and 1972
the United States worked on three projects. All aimed to get 
a man into space and, ultimately, to the moon. 
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• astronaut
• mission specialist
• suborbital flight
• orbital flight
• lunar
• apogee
• perigee
• aquanaut
• cosmonaut
• module
• probe
• European 

Space Agency

Vocabulary B

ON 3 NOVEMBER 1957 THE SOVIETS LAUNCHED SSPPUUTTNNIIKK 22. 
ON BOARD WAS A DOG NAMED LAIKA. 
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Project Mercury

The first of the US manned programs was Project Mercury. Each mission included 
a single astronaut. NASA picked seven astronauts for the job: Scott Carpenter,
Gordon Cooper, John Glenn, Virgil Grissom, Walter Schirra, Alan Shepard, and
Donald Slayton. Shepard piloted the first voyage of the Mercury project on 5 May 
1961. He spent 15 minutes in suborbital flight. A suborbital flight is one that makes
less than one revolution around Earth. On 20 February 1962 Glenn made the first 
orbital flight—a full revolution around Earth. On 15 May 1963 Cooper made Project
Mercury’s sixth and final flight. He orbited Earth 22 times in 34 hours. 

Project Mercury proved that a man could be sent into space and that he could 
orbit Earth.

NASA began selecting the Mercury crews in January 1959. There were 508 candidates.
All were test pilots. NASA thought the rigors of being a test pilot mirrored the
challenges astronauts would face.

The candidates went through physical, psychological, and intelligence exams. 
The further into the process the candidates got, the tougher the tests became. 
By 1 April 1959 the NASA selection committee had made its choices. On 9 April
1959 NASA introduced the “Mercury Seven” to the public. 
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NASA PICKED SEVEN ASTRONAUTS FOR PROJECT MERCURY.

C
o

u
rt

es
y 

o
f 

N
A

SA



THE ORIGINAL SEVEN
MERCURY ASTRONAUTS

Here are some glimpses into the backgrounds 
of the original seven Mercury astronauts.

the US Naval Academy in 1944 and from the Naval 
Test Pilot School in 1951. In between, he served 
in World War II in the Pacific theater.

In 1961 Shepard became the first American 
in space. Each pilot in the Mercury program named 
his own spacecraft. Shepard named his Freedom VII.
(The “VII” was in honor of the seven Mercury
astronauts.) In 1971 Shepard flew to the moon on 
Apollo 14. He and another astronaut gathered 100
pounds of lunar materials to be studied by scientists 
on Earth. Lunar means relating to the moon.

Lt Col Virgil Grissom

Air Force Lt Col Virgil Grissom (1926–1967) 
flew 100 combat missions in an F-86 during 
the Korean War. In 1957 he became a test pilot. 

On 21 July 1961 Grissom piloted the second 
Mercury spacecraft, the Liberty Bell VII. 
This was a suborbital flight. On 23 March 1965 
he was command pilot on the first of the manned
Gemini flights. Sadly, on 27 January 1967 he 
and his two fellow crew members died during 
a preflight test of Apollo 1.
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ALAN SHEPARD PREPARES
FOR HIS 1961 MERCURY FLIGHT.
Courtesy of NASA

LT COL VIRGIL GRISSOM FLEW
THE LLIIBBEERRTTYY BBEELLLL VVIIII DURING
PROJECT MERCURY.
Courtesy of AP Photo
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Rear Adm Alan Shepard

Rear Adm Alan Shepard (1923–1998) graduated from 



Col John Glenn

Col John Glenn (born in 1921) was a US Marine
Corps pilot. He flew combat missions in 
World War II and Korea. After the Korean War,
he went to test-pilot school at the Naval Air
Test Center in Maryland. 

Glenn flew the third of the Mercury missions
on Friendship VII. On that 20 February 1962
flight, he became the first American to orbit 
Earth. He soared to an apogee, or maximum
altitude, of 162 miles. (The opposite of apogee 
is perigee, the lowest point of an orbit.) 
He orbited Earth at 17,500 miles per hour
(mph). In 1998 Glenn entered space a second
time at the age of 77 on the space shuttle
Discovery. This made him the oldest human
to enter space.

After leaving NASA Glenn became 
a US senator. He represented Ohio from 
1974 until 1999.

Cmdr Scott Carpenter

Cmdr Scott Carpenter (born in 1925) of the US Navy 
flew antisubmarine missions in Korea. After Korea, 
he received test pilot training. 

On 24 May 1962 Carpenter piloted the second orbital
Mercury flight, Aurora VII. He reached an apogee 
of 164 miles. 

Besides being an astronaut, Carpenter was an 
aquanaut. An aquanaut is a person who conducts 
work or research under water. Carpenter worked 
on the Navy’s Man-in-the-Sea Program in 1965. 
He lived in an underwater lab for 45 days. 
He was the first American to hold the titles 
of both astronaut and aquanaut.

CHAPTER 8 || Exploring Space322

CMDR SCOTT CARPENTER WAS
THE FIRST PERSON IN THE WORLD
TO HOLD THE TITLES OF ASTRONAUT
AND AQUANAUT.
Courtesy of NASA

JOHN GLENN CLIMBS ABROAD
FFRRIIEENNDDSSHHIIPP VVIIII..
Courtesy of NASA/
John F. Kennedy Space Center



Capt Walter Schirra

Capt Walter Schirra (born in 1923) graduated 
from the US Naval Academy in 1945 and from 
the US Navy Test Pilot School in 1958. He flew 
in all three early spacecraft programs.

Schirra took Sigma VII on six orbits of Earth 
on 3 October 1962 for Project Mercury. 
From 15 to 16 December 1965, on Gemini VI, 
he docked in space with Gemini VII. 
And on 11 October 1968 he
launched with a three-man 
crew on Apollo 7, one of several
prep flights for the Apollo 11
moon-landing mission.

Col L. Gordon Cooper 

Air Force Col L. Gordon Cooper (1927–2004) piloted the 
last of the Project Mercury missions. His 15 to 16 May 1963
flight on the Faith VII was the longest of the Mercury flights.
He remained in space more than 34 hours, and 
his spacecraft orbited Earth 22 times.

Cooper was command pilot on Gemini V. On 21 August 
1965 he and copilot Charles Conrad began an eight-day trip. 
They orbited Earth 120 times—more than 3 million miles. 

Cooper graduated from the Air Force Institute of
Technology in 1956 and from the Air Force Experimental
Test Flight School in 1957. He retired in 1970.

Maj Donald Slayton

Maj Donald Slayton (1924–1993) flew B-25s during World
War II. He flew 56 combat missions in the European
theater. Later the Air Force sent him on seven missions
over Japan. After the war, he tested fighters. 

Because of health problems, Slayton didn’t get to fly 
into space for Mercury. However, in 1972 NASA doctors
proclaimed him well enough to travel in space. Slayton
took part in the 1975 Apollo-Soyuz mission. This was 
a joint project of the United States and Soviet Union,
which you’ll read about later in this lesson. He remained
with NASA until 1982.
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CAPT DONALD SLAYTON
FLEW WITH THE 1975
AAPPOOLLLLOO--SSOOYYUUZZ MISSION.
Courtesy of Bettmann/Corbis

COL L. GORDON COOPER
TRAVELED MORE THAN 3
MILLION MILES ON GGEEMMIINNII VV.
Courtesy of Bettmann/Corbis

CAPT WALTER SCHIRRA
FLEW IN PROJECTS MERCURY,
GEMINI, AND APOLLO.
Courtesy of NASA



Project Gemini

Project Gemini’s main goal was to keep a man in space 
for two weeks. Two other goals were to dock with another
vehicle in space and to reenter Earth’s atmosphere smoothly. 

In 1965 and 1966 the project made 10 successful launches.
Two astronauts manned each mission. On the second 
Gemini mission, in June 1965, Ed White made the first 
space walk by an American. Tethered to the ship, he went
outside the spacecraft. His walk lasted 22 minutes.

CHAPTER 8 || Exploring Space324

ED WHITE MADE THE FIRST US SPACE WALK IN JUNE 1965.

GGEEMMIINNII IIVV LAUNCH

Gemini IV launched into
space on 3 June 1965.

Courtesy of NASA
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Project Apollo

Project Apollo’s purpose was to land 
a man on the moon. That memorable event
occurred on 20 July 1969. The flight was
Apollo 11. Five other Apollo flights reached
the moon—Apollo 12, 14, 15, 16, and 17. 

Two other Apollo missions were notable 
for different reasons. On 27 January 1967
Apollo 1 ended in tragedy during a preflight
test. The launch pad caught fire, and all three
astronauts on board died. In April 1970 the
mission of Apollo 13 was cut short because 
of an explosion on board. The spacecraft
made it safely home because of quick thinking
by the astronauts and NASA scientists at
mission-control headquarters.
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The Apollo 1 astronauts were Virgil
Grissom, Ed White, and Roger Chaffee.
On 27 January 1967 the men were
aboard the command module to
conduct a test for a planned February
launch. A fire broke out on the launch
pad, and all three men perished.

NASA delayed Apollo flights for nearly
two years. Its engineers reworked 
the module and the space suits to 
make them safer in a fire. As a result 
of this work, Apollo 7 soared into 
space with astronauts Walter Schirra,
Walt Cunningham, and Donn Eisele 
on 11 October 1968.

BUZZ ALDRIN ON THE MOON

As part of the Apollo 11 team 
in 1969, Buzz Aldrin was the 
second man to walk on the moon.

Courtesy of NASA

THE AAPPOOLLLLOO 11 CREW

Members of the Apollo 1 crew were (from left)
Ed White, Virgil Grissom, and Roger Chaffee.

Courtesy of NASA

The Apollo 1 Disaster and the Lessons Learned From It
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The Soviet Vostok, Voskhod, 
and Soyuz Programs

The satellites in the Sputnik program were unmanned.
In 1961 the Soviet Union introduced the first of its
manned space programs: Vostok. Two others followed:
Voskhod and Soyuz. All three programs marked
milestones in space travel. 

Vostok

During the early years the Soviet space program 
was slightly ahead of the US program. Just as the 
Soviet Union launched its unmanned Sputnik 1
before the United States got into space, the Soviets 
sent a man into space before the Americans did. 
On 12 April 1961 Yuri Gagarin, flying solo, became 
the first man in space. He was a cosmonaut, 
a Soviet, or Russian, astronaut. He flew on Vostok 1. 

The Soviet Union was also the first country 
to send a woman into space. In June 1963 
Valentina Tereshkova made 48 orbits around 
Earth in Vostok 6.

Voskhod

The Soviet Voskhod missions carried three 
cosmonauts each. Voskhod 1 launched in 1964. 
Voskhod 2 rocketed into space in March 1965. 
On 18 March 1965 cosmonaut Alexei Leonov 
became the first man to take a space walk. 

Soyuz

Like the astronauts on the Gemini missions, 
the Soviet Soyuz mission crews practiced docking 
in space. Docking required spacecraft with more 
than one module. A module is a unit of a spacecraft. 
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SOVIET SOYUZ LAUNCH

A Soviet Soyuz launches 
into space.
Courtesy of NASA/Corbis

COSMONAUT YURI GAGARIN

In April 1961 cosmonaut
Yuri Gagarin became 
the first man in space.
Courtesy of Bettmann/Corbis



The Soviet Union built a spacecraft with three modules. One module was 
for takeoff. The second was for performing scientific tests in space. The third
was for returning to Earth. The cosmonauts dumped the first two modules
into space when they were ready to head home. 

In April 1967 Soyuz 1 crashed and cosmonaut Vladimir Komarov died. 
But in January 1969 Soyuz 4 and Soyuz 5 docked in space. The crews practiced
moving from one spacecraft to the other. 

The Soviet Union next turned its attention to building a space station.

The Key Steps in the Development of Spacecraft

To understand the space missions, you need to know some basic terms. 
Three of the most important are rocket, missile, and launch vehicle. 

Put most simply, a rocket shoots into the air when fuel burns and releases
gases that propel it. A rocket tipped with a bomb is called a missile. 
A rocket tipped with a Project Gemini or other mission capsule is called 
a launch vehicle. 

Expendable and Reusable Launch Vehicles

There are two types of launch vehicles: expendable and reusable. 
An expendable launch vehicle is used just once. Examples are the Atlas, 
Delta, and Titan booster rockets. A reusable launch vehicle can be used 
again and again. The space shuttle, which you’ll read about later in this
lesson, is the sole example of a reusable launch vehicle. 

Key US and Soviet Launch Vehicles

The US and the Soviet space programs used the same models of rockets 
as their military programs did. 

US Launch Vehicles

The US Air Force used Atlas rockets as ballistic missiles until 1965. Atlas
rockets under NASA control shot the early Mercury spacecraft into orbit. 
The Air Force tipped its Titan II rockets with nuclear warheads beginning 
in 1964. NASA later tipped its Titan II rockets with Gemini capsules 
for manned orbital flight.
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FIGURE 1.1  

An assortment of US launch vehicles

The United States had developed another type of rocket booster, Thor, in the 1950s.
The first Thor boosters were designed as medium-range ballistic missiles to be 
fired from bases in Europe. But this program served peaceful purposes as well. 
Thor rockets, renamed Thor-Delta or Delta rockets, launched unmanned spacecraft. 

The reusable US space shuttles launch with two solid rocket boosters and an
external fuel tank. The rocket boosters can be reused, but the fuel tanks cannot.
Some 32 miles up, the boosters separate and deploy parachutes. They land in the
ocean, and ships pick them up. The fuel tank continues pushing the spacecraft 
into orbit. When the fuel is used up, the tank releases and disintegrates. Engines 
on the shuttle steer the ship in space and upon reentry into the Earth’s atmosphere.
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FIGURE 1.2 

These illustrations show the evolution of Soviet launch vehicles. Included are 
(from left) the rockets for Sputnik, Vostok, Voskhod, and Soyuz space vehicles.

Soviet Launch Vehicles

The Soviet space program borrowed the R-7 intercontinental ballistic missile 
(ICBM) from its military. The Soviets tipped their R-7s with their Vostok, Voskhod,
and Soyuz manned capsules, called upper stages. 

Engineers have improved the R-7 over the years, but its basic design is the same. 
It has four rocket boosters, referred to as the first stage. The four boosters attach 
to a large, central rocket dubbed the second stage. Minutes after launch, the four
boosters drop away. The second-stage rocket powers the spacecraft until the 
upper stage ignites. The engines of the upper stage then maneuver the spacecraft.
An updated version of the R-7 launches manned Soyuz flights into space to this day.
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Key US, Soviet, and Other Satellites

As you read in Chapter 6, Lesson 1, a satellite is an object that orbits a larger 
object in space. The moon is Earth’s satellite. Other planets, such as Jupiter 
and Saturn, also have satellites. 

Some satellites are man-made. Like natural satellites, these artificial satellites 
orbit Earth. They perform scientific tasks such as analyzing weather patterns. 
They are unmanned. 

US Satellites

The United States employs four kinds of satellites: communication, navigation,
observation, and scientific. 

Communication Satellites

One of the earliest US satellites was the Communication Satellite System. 
It orbited Earth for 13 days in 1958 and transmitted prerecorded messages. 
Another communications satellite was Telstar 1. In 1962 NASA launched Telstar
for the Bell Telephone Company. It could handle 60 phone calls at a time 
while orbiting Earth. 

Navigation Satellites

The US Air Force and Navy use navigation
satellites to help guide aircraft and
submarines. The US military relies on radio
signals sent by satellite. A major breakthrough
came in 1978, when the Air Force introduced
the NAVSTAR (NNaavvigation SSignal TTiming 
aand RRanging) Global Positioning System
(GPS). The system provides navigation and
timing information to both civilian and
military users worldwide. Twenty-four GPS
satellites orbit the Earth every 12 hours. 
The satellites act as precise reference points
and continuously broadcast position and 
date information. Five monitoring stations
and three antennas located throughout the
world track the satellites and send the data 
to a master control station. Each satellite
broadcasts its time and the time that it sent
the signal. A receiver then measures how 
long it took to receive the signal, thus
determining relative distance. Users with
hand-held receivers can precisely determine
position, speed, and time. 
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GPS DEVICE

A Soldier uses a GPS device that
receives signals from NAVSTAR.

Courtesy of Michael Ainsworth/
Dallas Morning News/Corbis



Observation Satellites

Observation satellites come in three varieties. Weather satellites study temperature,
humidity, and clouds. In 1960 the United States launched its first weather satellite,
Tiros 1. The military has its own weather-satellite system. It is called the Defense
Meteorological Satellite Program.

The second kind of observation satellite measures the heat and light that bounce 
off Earth’s surface. LANDSAT (llaanndd  ssaattellite) is the best known of these satellites.
They help farmers with their crops, for instance. 

The third type of observation satellite is the reconnaissance satellite. Its defense
purposes include spotting enemy missile launches or military preparation. 
The operational details of most of these satellites are military secrets. But the
Defense Support Program (DSP) satellite system is an exception. Publicizing 
the existence of this early warning system lets possible enemies know that 
the United States can detect their missile launches and nuclear tests. 

Scientific Satellites 

Some scientific satellites study outer space.
Included in this group is the groundbreaking
Explorer I, launched in 1958. It gathered data
on radiation. 

More famous today is the Hubble Space
Telescope, which takes clear, detailed photos
of objects in space. Other scientific satellites
study Earth. An example is the Earth Radiation
Budget Satellite, launched in 1984 to explore
radiation on Earth. 

A probe is a scientific satellite that studies 
a planet or another object in space other than
Earth. The earliest probes, called Rangers,
studied the moon. Other probes included 
the Pioneer, which took pictures of Jupiter 
in the 1970s, and the Vikings, launched 
in 1975 to study Mars. Voyagers 1 and 2,
launched in 1977, studied Jupiter and Saturn.
Another famous probe was Galileo, which
explored Jupiter. It launched in 1989. Cassini
flew into space in 1997 to study Saturn.
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HUBBLE SPACE TELESCOPE

The Hubble Space Telescope 
takes photos as it orbits Earth.

Courtesy of NASA



Soviet and Other Satellites

With the launch of Sputnik 1 and 2 in 1957, the Soviets
achieved the distinction of sending the first artificial
satellites into space. In 1959 the Soviets sent the first 
of the Luna probes to explore the moon. That year 
Luna 2 crashed into the moon as planned after making
scientific observations and Luna 3 took the first
photographs of the far side of the moon. 

In 1960 the Soviet Union sent the first of its Marsnik
probes to study Mars. Only one of 15 missions was 
a complete success. In 1961 the Soviet Venera probe 
flew by Venus. 

The US and the Soviets were not the only countries 
involved in space exploration. The European Space Agency
(ESA) sent up its first satellite in 1985 to study Halley’s
comet. The ESA is a group of 17 countries in Europe that pool
their funds and knowledge to explore space. The satellite
came within a few hundred miles of the comet. Japan also
participated in the probe of that comet with the launches
of Sakigake and Suisei. The Soviet Union’s Vega 1 and 
Vega 2 also flew by Halley’s comet in 1985.

The Significance of the Phrase 
“One Small Step for [a] Man, One Giant Leap for Mankind”

Projects Mercury and Gemini showed the world that NASA could send men into
space. NASA now knew how to design spacecraft that could orbit Earth and dock 
in space. Under NASA’s guidance, astronauts had walked in space and come home
safely. Next stop: the moon.

The First Moon Mission and the Astronauts Who Conducted It

Apollo 11 was the first spacecraft to land on the moon. The earlier Apollo flights
were tests. Some went all the way to the moon, but they didn’t land there. 

On 16 July 1969 astronauts Neil Armstrong, Edwin (Buzz) Aldrin, and Michael
Collins climbed into Apollo 11 and took off for the moon. The launch site was
Kennedy Space Center in Florida. On 20 July Armstrong and Aldrin landed on 
the moon in the lunar module Eagle. Collins stayed in orbit around the moon 
in the command module. Later, when the crew was ready to return to Earth, 
the two modules docked in space. 
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THE FAR SIDE OF THE MOON

In 1959 Luna 3 took 
the first photos of the 
far side of the moon. 

Courtesy of NASA



Armstrong was the first man to step 
on the moon. As he did so, he said,
“That’s one small step for [a] man, one
giant leap for mankind.” Aldrin then
stepped out of the Eagle. The men spent
a few hours photographing the lunar
surface, gathering rocks, and running
scientific tests. 

Hundreds of millions of people back 
on Earth watched on television as
Armstrong made that first step. When
Armstrong and Aldrin returned to space
they left behind a plaque that said,
“Here men from the planet Earth first
set foot on the moon. July 1969, A.D.
We came in peace for all mankind.”

With the Apollo 11 mission, the United
States won the space race. No other
country has landed men on the moon.
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SATURN 5 ROCKETS LAUNCHED
AAPPOOLLLLOO 1111 TO THE MOON.

AAPPOOLLLLOO 1111 ASTRONAUTS

The astronauts on Apollo 11 were 
(from left) Neil Armstrong, Michael Collins,
and Edwin “Buzz” Aldrin.

Courtesy of NASA

EDWIN ALDRIN IN EEAAGGLLEE

Neil Armstrong took this picture 
of fellow astronaut Edwin Aldrin 
in the lunar module Eagle.

Courtesy of NASA
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Neil Armstrong: First Man on the Moon
Neil Armstrong (born in 1930) earned his student pilot’s license before 
he got a license to drive a car. He was 16, and he loved to fly.

He was a Navy pilot during the Korean War. He flew 78 combat missions, 
taking off from the deck of an aircraft carrier. After the war, Armstrong earned 
his bachelor’s degree in 1955 and a master’s degree in aerospace engineering 
in 1970. He also filled a number of roles with a group that was the precursor 
to NASA. Among those roles was test pilot. He tested more than 200 types 
of aircraft, from fighters to helicopters.

Armstrong became an astronaut in 1962. He spent four years in training. 
Unlike many of the other astronauts, Armstrong was a civilian, even though 
he’d served with the Navy in Korea. His first space mission was with Project 
Gemini in 1966. Three years later he took his famous “leap for mankind” 
onto the moon.

Col Edwin Aldrin: Astronaut and Scholar
Col Edwin “Buzz” Aldrin (born in 1930) graduated from West Point in 1951. 
He became a pilot with the US Air Force. He flew 66 combat missions in Korea. 
He later got his doctoral degree in astronautics from the Massachusetts Institute 
of Technology (MIT). 

The first time Aldrin applied to be an astronaut, NASA turned him down. 
He tried again and joined NASA’s astronaut program in 1963. Because of his
advanced degree, he was well qualified to work on the technical aspects of docking
in space and walking on the moon. He was part of the Gemini XII mission in 1966,
where the crew practiced docking. As a crew member of Apollo 11 he was the
second man to walk on the moon. He later was commander of the test-pilot school 
at Edwards AFB in California, where the space shuttle was being tested. 

Lt Col Michael Collins: Alone in Lunar Orbit
Air Force Lt Col Michael Collins (born in 1930) graduated from West Point in 1952. 
He was a fighter pilot and a test pilot before he became an astronaut. He joined
NASA in 1963.

Collins had duties in both the Gemini and Apollo missions. On Gemini X in 1966, 
he was the third man in history to walk in space. For Apollo 11, he was lead pilot 
of the command module. He stayed in orbit around the moon while Neil Armstrong
and Edwin Aldrin walked on the moon. The command module and the Eagle
lunar module docked in space before the crew’s return to Earth. He attained 
the rank of major general before retiring from the Air Force in 1978. 
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Subsequent Moon Missions and What Each Contributed

Six Apollo missions followed Apollo 11. Five of them reached the moon: 
Apollo 12, 14, 15, 16, and 17.

Apollo 12 was aloft from 12 to 24 November 1969. The crew conducted experiments
and gathered samples. They also collected pieces of an unmanned US satellite 
called Surveyor 3 that landed on the moon in 1967. 

Astronauts with Apollo 14 (31 January to 9 February 1971) were the first to use 
a cart to carry rocks on the moon’s surface. The crew collected 94 pounds of samples.

Apollo 15 (26 July to 7 August 1971) had several firsts. The astronauts had better
space suits so they were able to stay on the moon nearly 67 hours. They also 
drove 17 miles on the moon’s surface in a lunar roving vehicle (LRV). They even
released a small satellite into lunar orbit.

During the Apollo 16 mission (16 to 27 April 1972), the astronauts explored a hilly
area on the moon’s surface. They stayed on the moon for 71 hours.

In the final moon mission, Apollo 17 (7 to 19 December 1972), one of the team
members was the first scientist to land on the moon. All the other astronauts 
who’d landed on the moon were pilots. 

The Apollo 13 Mission and the Effort to Rescue It

On 11 April 1970 Apollo 13 took off for the moon. On board were James Lovell, 
John Swigert, and Fred Haise. About two days after the launch, one of the people 
in charge of mission control in Florida said, “The spacecraft is in real good shape 
as far as we are concerned. We’re bored to tears down here.” 

He spoke too soon.

About 55 hours into the mission, one of Apollo 13’s oxygen tanks blew up. 
The explosion ruptured the ship’s second oxygen tank as well. It quickly became
clear that the mission would no longer be to get to the moon. The goal now was 
to get the crew back to Earth as soon as possible—and alive. 

The lack of oxygen affected the ship’s fuel cells, which were needed to get the
spacecraft back to Earth. Engineers at mission control had to think on their feet.
They realized the lunar module was a ready source of supplies. It had oxygen 
for the crew and for the fuel cells. And it had power that could be transferred 
to the command module to get the crew home.

Meanwhile, the crew faced other problems. Carbon dioxide (the gas people 
exhale) built up in the ship. Mission control had to find a way to purify the air. 
The controllers advised the astronauts how to build an air purifier from the 
limited materials they had on board.

Amazingly, despite all these obstacles, Apollo 13 landed safely on 17 April. 
The expertise of the crew and mission-control staff, combined with steady nerves,
pulled them through. 
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FIGURE 1.3 

NASA’s Skylab was about the size of a three-bedroom house. 
It launched in 1973.

Courtesy of NASA
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Skylab, Salyut, Apollo-Soyuz, 
Spacelab, and Mir
NASA, the Soviet Union, and the ESA each put
laboratories into space. Astronauts conducted
experiments in these orbiting
labs. But the astronauts
themselves were the main
targets of the tests. All the
space agencies wanted to 
learn about the impact that
being in space for long periods
would have on the health 
of human beings. 

In 1973 NASA launched its
first lab, Skylab. It was the 
size of a three-bedroom house.
Skylab was mostly made up 
of parts used during the 
Apollo project. In addition,

astronauts reached the lab in an Apollo spacecraft. 
Crews visited the lab three times. The first stay was 
28 days. The second was 58 days. The third visit lasted 
84 days. NASA concluded that three months in space
didn’t seem to adversely affect human health.

The Soviets had two space station programs: Salyut 
and Mir. They tried sending up Salyut 1 to space 
as early as 1971. Salyut met with success and failure. 
The crew aboard Salyut 1 died on their journey home
because of a problem with the spacecraft. But in 1984 
a crew broke a record when they remained in Salyut 7
for 234 days.

In 1975 the United States and Soviet Union teamed 
up for a space lab mission called Apollo-Soyuz. This
cooperation was remarkable because the Cold War was 
still in full swing. Both countries sent men into orbit 
in capsules, which then docked in space. US astronauts
and Soviet cosmonauts jointly conducted science tests 
for two days.
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A VIEW OF SSKKYYLLAABB FROM SPACE

Courtesy of MPI/Getty Images

MIR

The Soviets called their
second space lab Mir.
Courtesy of NASA/Getty Images

APOLLO-SOYUZ DOCKING MISSION

The United States and 
Soviet Union met in space 
through the Apollo-Soyuz
docking mission in 1975.

Courtesy of NASA



Europe also got in on the space lab business. Ten European countries built and
financed Spacelab. The United States built and financed the means of launching
Spacelab. The first mission launched in 1983; the last in 1997. Spacelab travels 
in the cargo hold of US space shuttles. It contains tools for tests in space. 

Mir entered space in 1986. The Soviets modified this lab by lightening the load 
of scientific equipment, which left more living room for the cosmonauts. Mir had
six docking stations. The United States sent astronauts on missions to Mir.

Key Space Shuttle Missions

The US space shuttle program began in 1981. As of 2007, it was still in operation
and had logged more than 100 missions. A mission lasts up to 30 days. The shuttles
are shaped like airplanes. Astronauts fly aboard these reusable spacecraft. 

There have been six shuttles: Enterprise, Columbia, Challenger, Discovery, Atlantis,
and Endeavour. Each shuttle consists of an orbiter, solid rocket boosters, and 
an external tank. Astronauts and cargo ride in the orbiter. The boosters and tank
launch the spacecraft into orbit.
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TEN EUROPEAN NATIONS BUILT SSPPAACCEELLAABB, 
WHICH FLEW ABOARD US SPACE SHUTTLE FLIGHTS FROM 1983 UNTIL 1997. 
This illustration shows the Spacelab pallet aboard the space shuttle Columbia.
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Mae Jemison: 
First African-American 
Woman in Space
Mae Jemison (born in 1956) was the first
African-American woman to enter space. NASA
admitted her to the astronaut program in 1987.
She was a civilian. She holds a Ph.D. degree 
in medicine. Jemison is fluent in four languages:
English, Japanese, Russian, and Swahili.

Jemison launched aboard the space shuttle
Endeavour in 1992. She worked on Spacelab
while in orbit, conducting life sciences and
materials experiments for a joint US–Japanese
project. In 1993 Jemison left NASA to begin 
her own company.

MAE JEMISON

Mae Jemison was the first
African-American woman 
to enter space.
Courtesy of NASA

Taylor Wang: 
Breaking Scientific Ground
Taylor Wang was born in China in 1940. 
He later became a US citizen. He was a 
payload specialist aboard Challenger in 1985.

Wang had a Ph.D. degree in physics. 
His job was to conduct scientific experiments
that required the weightlessness of space. 
He performed these tests in Spacelab 3, 
carried in the cargo hold of Challenger. 
The 1985 voyage was the first time tests 
were made in a Spacelab container.

Wang worked for Jet Propulsion Laboratory 
in California, rather than NASA. Because 
of his expertise in science, he was allowed 
to fly on the NASA mission.

TAYLOR WANG

Payload specialist Taylor Wang 
(floating upside down) repairs
Spacelab science equipment during 
a 1985 Challenger mission.

Courtesy of NASA
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Crew Positions on Space Shuttles

A space shuttle crew has four positions: commander, pilot, mission specialist, 
and payload specialist.

The commander is in charge of the mission. The commander oversees everything,
from the crew to the shuttle itself. The commander’s job is to make sure the
mission meets its goals and to ensure safety. The commander is always a pilot.

The pilot helps the commander with flying the shuttle as well as with launching 
or retrieving satellites. 

Mission specialists aid the commander and pilot with technical aspects of 
running the shuttle.

Payload specialists conduct scientific research. The equipment to run scientific 
trials is often referred to as the “payload.”

Col Eileen Collins: 
First Woman Space Shuttle Pilot 
and Commander
Col Eileen Collins (born in 1956) flew more than 
30 types of aircraft for the Air Force. She became 
the first woman pilot, and later commander, 
on space shuttle flights. 

Collins went on four space shuttle missions 
after joining NASA in 1990. In 1995 she served 
as pilot on a Discovery mission. During this flight
Discovery docked with the Russian space station 
Mir. In 1997 she flew as pilot aboard Atlantis. 
This flight also met up with Mir and transferred 
four tons of supplies to the station.

Collins commanded two flights. During 
a 1999 Columbia voyage, the crew deployed 
a special telescope. On a 2005 Discovery trip, 
the spacecraft docked with the International 
Space Station, which you’ll read about later 
in this lesson.

COL EILEEN COLLINS

Col Eileen Collins was the 
first woman commander 
of a space shuttle.
Courtesy of NASA
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Maj Gen Ronald Sega: 
From Mission Specialist 
to Under Secretary of the Air Force
It would take more than the fingers on two hands 
to count the roles Air Force Academy graduate 
Maj Gen Ronald Sega has filled in his career. 

Born in 1952, Sega started as an Air Force pilot, 
a flight instructor, and a physics professor at the 
Air Force Academy. With a Ph.D. degree in electrical
engineering, he taught physics for eight years. 
Then he joined NASA. He went on two shuttle
missions. In 1994 he flew aboard Discovery as a
mission specialist. That mission was the first shuttle
trip to include both US and Russian astronauts. In
1996, during Sega’s second mission, Atlantis docked 
with the Russian space station Mir. The commander 
for that missions was Col Kevin Chilton.

In 2005 Sega became under secretary of the Air
Force. In this position, he oversees the recruiting,
training, and equipping of approximately 700,000
Air Force personnel.

Maj William Pailes: 
Payload Specialist
Maj William Pailes (born in 1952) was 
a payload specialist aboard the space 
shuttle Atlantis in 1985. It was Atlantis’s 
first flight.

The payload was from the Department 
of Defense (DoD). Pailes’s task was 
to conduct experiments in space for DoD. 
The shuttle orbited Earth 98 times.

Before joining NASA, Pailes attended 
the US Air Force Academy. After graduation,
he trained as a rescue pilot. He retired 
as a colonel and became a senior aerospace
science instructor for the Air Force Junior
Reserve Officer Training Corps at TX-952,
Corsicana High School in Corsicana, Texas.

MAJ GEN RONALD SEGA

Maj Gen Ronald Sega flew 
two space shuttle missions 
with NASA and went on 
to become under secretary 
of the Air Force.
Courtesy of the US Air Force

MAJ WILLIAM PAILES

Maj William Pailes was a payload specialist
who worked on US DoD experiments
aboard the space shuttle Atlantis in 1985.
Courtesy of NASA
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Key Space Shuttle Missions and What They Accomplished

NASA began its shuttle missions cautiously. The Enterprise flew only test flights. 
It never entered space.

Columbia was the first vehicle to launch into space. Even so, its first four missions
were also test flights. NASA scientists studied the impact of reentry on the vehicle 
and its shields. The missions were dubbed STS-1 through STS-4. STS stands for 
“Space Transportation System.” 

When STS-5 was ready in November 1982, Columbia was set for a full-fledged 
mission. The crew released two satellites into orbit. 

The space shuttle Challenger carried the first American woman astronaut—
Sally Ride—into space during STS-7 in 1983. The first European Spacelab payload 
was aboard mission STS-9 in the Columbia in 1983. 

On STS-31 in 1990 Discovery launched the Hubble Space Telescope. The telescope 
takes much clearer photos of space than telescopes on Earth do because Hubble
doesn’t need to “see” through Earth’s atmosphere. Atlantis had its day in the 
spotlight when it deployed a space probe called Galileo to study Jupiter. 

Endeavour broke ground during its first voyage in May 1992. For the first time 
in space shuttle history, three astronauts walked in space at the same time. The 
longest space walk in history—eight hours—also took place during this mission. 
That record hadn’t been broken as of early 2007. 

Because Endeavour is the newest of the shuttles, it’s equipped with the latest features.
For instance, Endeavour is the first shuttle outfitted with a drag chute for landings.

THE SPACE SHUTTLE EENNDDEEAAVVOOUURR TOOK OFF IN MARCH 1995.
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Sally Ride: 
First American Woman in Space
In 1983 Sally Ride (born in 1951) became the first
American woman astronaut in space. She was 
a mission specialist.

NASA accepted Ride into the astronaut program 
in 1978. Unlike many of the other astronauts, 
Ride didn’t have a military background. But she
did have a Ph.D. degree in physics. As part of 
her training, she served on the support crews 
for two Columbia shuttle missions. 

Ride first flew into space in 1983 aboard the
Challenger. Her second trip was in 1984, again 
on the Challenger.

Col Sidney Gutierrez: 
First Hispanic Pilot 
and Commander
Col Sidney Gutierrez (born in 1951) was the 
first Hispanic to pilot and command space shuttle
missions. He graduated from the US Air Force
Academy in 1973 and from the Air Force Test Pilot
School in 1981.

NASA picked Gutierrez for its astronaut program
in 1984. He spent several years as a ground-support
crew member for shuttle missions. 

In 1991 it was Gutierrez’s turn to soar into space.
He was pilot for the Columbia. During this mission,
the crew ran tests to determine the effects of
weightlessness on people, animals, and plants.
Columbia was in space for nine days.

Gutierrez commanded his second mission in 
1994 aboard Endeavour. During this mission,
payload specialists studied Earth’s atmosphere.
Col Kevin Chilton was the pilot on this flight. 
Later that year Gutierrez retired from NASA 
and from the Air Force.

SALLY RIDE

Sally Ride was the first
American woman astronaut
to go on a space mission.
Courtesy of Bettmann/Corbis

COL SIDNEY GUTIERREZ

Col Sidney Gutierrez was 
the first Hispanic to command
a space shuttle mission.
Courtesy of NASA
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Col Ellison Onizuka: 
First Asian-American in Space
Col Ellison Onizuka (1946–1986) began his 
career in space as an Air Force ROTC cadet. 
After graduating from the University of Colorado
with a master’s degree in aerospace engineering,
he entered the Air Force. He became a test pilot.
In 1978 he began astronaut training with NASA. 

Like many other astronauts, Onizuka spent his early
years with NASA on the ground at mission control.
In 1985 he got his first chance to fly into space 
as a mission specialist. Discovery flight STS-51C
was the first to conduct tests for the Department 
of Defense. STS-51C held another first. Onizuka 
was the first Asian-American to enter space.

In 1986 Onizuka flew as part of a seven-member
crew on the Challenger. Less than two minutes
after takeoff, the shuttle exploded because of 
a leak in one of the rocket boosters. Onizuka was
killed with the rest of the crew. The Air Force
promoted him to colonel after his death.

While there have been more than 100 successful space shuttle missions, two 
ended tragically. On 28 January 1986 Challenger blew up 73 seconds after launch. 
The seven-member crew died. The problem, investigators found, was a leaky booster
rocket. NASA delayed future shuttle missions until 1988 as engineers made changes 
to prevent similar accidents. 

Then on 1 February 2003 Columbia fell apart while reentering Earth’s atmosphere.
All seven crew members perished. After studying a videotape of the launch,
investigators learned that foam from the external tank had struck protective panels
on the left wing during liftoff. This allowed superheated gases to break down the
wing structure, causing the shuttle to disintegrate. NASA delayed future shuttle
flights until 2005 to correct the causes of the failure.

The Challenger and Columbia Accidents

COL ELLISON ONIZUKA

Col Ellison Onizuka was 
the first Asian-American 
to fly a space shuttle mission. 
Courtesy of NASA
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Selected NASA Manned Space Flights
Date Project Spacecraft Astronaut(s) Notes

1961 Mercury Freedom VII First American 
in space

1961 Mercury Liberty Bell VII Second Mercury flight

1962 Mercury Friendship VII First American 
to orbit Earth

1962 Mercury Aurora VII First American to hold
titles of astronaut
and aquanaut

1962 Mercury Sigma VII Six orbits

1963 Mercury Faith VII Longest Mercury flight

1965 Gemini Gemini IV First American 
space walk

1969 Apollo Apollo 11 First man on the moon

1969 Apollo Apollo 12 Conducted
experiments and
gathered samples

1970 Apollo Apollo 13 Oxygen tanks blew
up; extraordinary
efforts brought
astronauts back safely

1971 Apollo Apollo 14 First to use a cart 
to carry rocks 
on moon’s surface

1971 Apollo Apollo 15 First use of lunar
roving vehicle

1972 Apollo Apollo 16 First study 
of lunar hills

1972 Apollo Apollo 17 First non-pilot scientist
to land on the moon

1975 Apollo- Apollo 18 First US–Soviet
docking in space

1981 STS Columbia First space shuttle 
test flight

continued on next page

Alan Shepard

Virgil Grissom

John Glenn

Scott Carpenter

Walter Schirra

L. Gordon Cooper

Ed White, James
McDivitt

Neil Armstrong, Edwin
Aldrin, Michael Collins

Charles Conrad, Richard
Gordon, Alan Bean

James Lovell, John
Swigert, Fred Haise

Alan Shepard, Stuart
Roosa, Edgar Mitchell

David Scott, James Irwin,
Alfred Worden

John Young, Thomas
Mattingly, Charles Duke

Eugene Cernan, Ronald
Evans, Harrison Schmitt

Thomas Stafford, Vance
Brand, Donald Slayton

John Young, Robert
Crippen
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Selected NASA Manned Space Flights, continued
Date Project Spacecraft Astronaut(s) Notes

1981 STS Columbia First full-fledged
shuttle flight; two
satellites released

1983 STS Challenger First American woman
in space

1983 STS Challenger First African-American
in space

1983 STS Columbia First Spacelab payload;
first European Space
Agency astronaut

1985 STS Discovery First Asian-American
in space

1985 STS Challenger First non-NASA
scientist to fly 
in the space shuttle

1985 STS Atlantis Maiden flight 
of Atlantis

1986 STS Challenger Shuttle explodes 
73 seconds after
launch; all crew
members died

1990 STS Discovery Hubble Space
Telescope launched

Joseph Engle, Richard
Truly

Robert Crippen, Frederick
Hauck, John Fabian, Sally
Ride, Norman Thagard

Richard Truly, Daniel
Branstein, Dale Gardner,
Guion Bluford, William
Thornton

John Young, Brewster
Shaw, Owen Garriott,
Robert Parker, Byron
Lichtenberg, Ulf Merbold

Thomas Mattingly, Loren
Shriver, Ellison Onizuka,
James Buchli, Gary
Payton

Robert Overmyer,
Frederick Gregory, Don
Lind, Norman Thagard,
William Thornton,
Lodewijk van den Berg,
Taylor Wang

Karol Bobko, Ronald
Grabe, David Hilmers,
Robert Stewart, William
Pailes

Francis Scobee, Michael
Smith, Judith Resnick,
Ellison Onizuka, Ronald
McNair, Gregory Jarvis,
Christa McAuliffe 

Loren Shriver, Charles
Bolden, Steven Hawley,
Bruce McCandless,
Kathryn Sullivan
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Selected NASA Manned Space Flights, continued
Date Project Spacecraft Astronaut(s) Notes

1991 STS Columbia First Hispanic 
shuttle pilot

1992 STS Endeavour First flight 
of Endeavour; 
first three-person
spacewalk

1992 STS Endeavour First African-American
woman in space

1993 STS Endeavour First military woman
to enter space

1994 STS Discovery First shuttle 
to include both 
US and Russian
astronauts

1995 STS Discovery First woman 
space-shuttle pilot

2003 STS Columbia Shuttle breaks 
up during reentry; 
all crew members
perished

Bryan O’Connor, Sidney
Gutierrez, James
Bagian, Tamara
Jernigan, M. Rhea
Seddon, F. Drew
Gaffney, Mille Hughes-
Fulford

Daniel Brandenstein,
Kevin Chilton, Pierre
Thuot, Kathryn
Thornton, Richard Heib,
Thomas Akers, Bruce
Melnick

Robert Gibson, Curtis
Brown, Mark Lee, 
N. Jan Davis, Jay Apt,
Mae Jemison, Mamoru
Mohri

John Casper, Donald
McMonagle, Mario
Runco, Gregory
Harbaugh, Susan Helms

Charles Bolden,
Kenneth Reightler, 
N. Jan Davis, Ronald
Sega, Franklin Chang-
Diaz, Sergei Krikalev

James D. Wetherbee,
Eileen Collins, Michael
Foale, Janice Voss,
Bernard Harris, Vladimir
Titov

Rick Husband, Laurel
Clark, Kalpana Chawla,
Ilan Ramon, Willie
McCool, Michael
Anderson, David Brown
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The Purpose of the International Space Station

The International Space Station (ISS) is the product 
of 16 countries: the United States, Russia, Canada,
Brazil, Belgium, Denmark, France, Germany, Italy,
Japan, the Netherlands, Norway, Spain, Sweden,
Switzerland, and the United Kingdom.

The ISS is the world’s first permanent space lab. 
It orbits 240 miles above Earth at 17,500 mph. 
Crews are an international mix. Most crews stay 
for six months. The first crew, named Expedition 1,
arrived in 2000 aboard a Russian Soyuz spacecraft. 

The ISS provides a means of studying the effects of
living in space on human bodies and minds. It’s also 
a platform for conducting science tests in a weightless
setting. These tests research medicines, technologies,
and industrial materials. According to NASA this “ability
to control the variable of gravity in experiments opens
up unimaginable research possibilities.”

Equally important, the ISS offers scientists a chance 
to work out the difficulties of living and traveling 
in space within a reasonable distance from Earth. 
It is paving the way for flights to Mars and beyond.

Brig Gen Susan Helms: 
First Military Woman in Space
Brig Gen Susan Helms (born in 1958) was an Air Force major
when she became the first military woman to enter space. 
She flew aboard the Endeavour in 1993.

Helms graduated in 1980 from the Air Force Academy, where she
majored in aeronautical engineering. After getting her master’s
degree in 1985, she taught at the academy before going for test-
pilot training. In 1990 NASA picked her for the astronaut program. 

Helms went on five missions. Besides her mission on Endeavour,
Helms’s other most notable voyage was to the International
Space Station, where she spent 163 days in 2001. She returned 
to the Air Force in 2002.

BRIG GEN SUSAN HELMS

Brig Gen Susan Helms
was the first military
woman to fly in space.
Courtesy of AP Photo/NASA

THE INTERNATIONAL SPACE STATION

The ISS orbits 240 miles above
Earth at 17,500 mph. 

Courtesy of Getty Images, Inc.
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CHECKPOINTS

Lesson 1 Review 
Using complete sentences, answer the following questions 
on a sheet of paper.

1. What organization did the United States form after the launch 
of the Soviet satellites Sputnik 1 and 2?

2. What are the names of the first three US manned space projects?

3. Who was the first astronaut that Project Mercury sent into space?

4. What was the goal of Project Apollo?

5. Name three expendable launch vehicles and one reusable 
launch vehicle.

6. What are the four kinds of satellites the United States employs?

7. What was the name of the first manned spacecraft that landed 
on the moon?

8. What are the four positions astronauts fill on the space shuttle?

9. Why did the space shuttle Challenger explode in 1986?

Applying Your Learning

10. What advantages are there to having many countries participate 
in the International Space Station? 

The International Parts That Make Up the ISS
The ISS is a work in progress. It grows as new pieces become ready. The construction
began in space in 1998 with the arrival of the Russian-built Zarya module.

Zarya and the Russian Zvezda service module provide astronauts’ and cosmonauts’ 
living quarters and life support. Russia also supplied Pirs, another docking station. 
The US components are the Destiny Laboratory for conducting science tests; the Quest
Airlock, a portal to and from the ISS for space walks; and the Unity connecting module.
Canada assembled Canadarm2, a robotic crane. Japan and Europe are working on 
more labs for space experiments.

As of 2006 the ISS weighed 471,000 pounds and had 15,000 cubic feet of living 
and working space. Solar panels generate power.

The history of humans’ exploration of space to date is one of experimentation, discovery,
and heroism. The future of air and space power promises an equal amount of each.
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