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Apollo Program

Date: May 28, 1964, to December 19, 1972
Type of program: Lunar exploration, piloted spaceflight

The Apollo lunar mission was an American bid for international leadership in space exploration, to be dem-
onstrated by landing astronauts on the Moon and returning them safely to Earth during the 1960’s. After eight 
years of development, the project achieved success with the return of Apollo 11 on July 24, 1969. Apollo also 
had Cold War political significance, heralding the technological superiority of the United States, and effec-
tively ending the Space Race with the Soviet Union.
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Summary of the Program
Piloted flights to the Moon, either to land or merely 
circumnavigate it, appeared in early plans for the 
American space program. In July, 1960, the Na-
tional Aeronautics and Space Administration 
(NASA) convened its first NASA Industry Program 
Plans Conference, during which long-range Apollo 
program goals were outlined to aerospace industry 
executives. The plans included circumlunar flights 
and (sometime after 1970) a piloted lunar landing. 
In February, 1961, a Manned Lunar Landing Task 
Group, chaired by George M. Low, director of 
Manned Spaceflight programs, reported that a pi-
loted lunar landing could be accomplished by the 
end of the 1960’s. Almost simultaneously, NASA 
announced the contract award for a study of naviga-
tion and guidance systems required for a lunar mis-
sion; a few months later, it contracted studies on the 
spacecraft for such a mission.

The decisive stimulus, however, came in April, 
1961, when the Union of Soviet Socialist Republics 
(USSR) placed Yuri A. Gagarin into Earth’s orbit. 
This Soviet achievement was widely perceived as a 
threat to American security and technological pre-
eminence in the world—a propaganda stroke to be 
countered by some dramatic demonstration of the 
United States’ capability. On May 25, 1961, a scant 
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ten days after America’s first piloted 
suborbital flight, President John F. 
Kennedy went before Congress to call 
for the United States to land humans 
on the Moon and return them safely to 
Earth “before this decade is out.” The 
Space Race was on.

Inasmuch as NASA had yet to send 
a Mercury astronaut into Earth orbit, 
Kennedy’s challenge was a formidable 
one. Neither the spacecraft nor launch 
vehicles and facilities for a lunar 
landing existed, nor did operational 
techniques for conducting it. Studies 
already under way were intensified 
following Kennedy’s national chal-
lenge, and, by the end of 1961, the 
basic requirements for the launch ve-
hicle and launch facilities had been 
outlined. Although the final design for 
a lunar spacecraft could not yet be 
specified, a contract for its design and development 
was awarded late in 1961.

A key Apollo program decision was made in 
July, 1962, when, after more than a year of studying 
alternatives, NASA Administrator James E. Webb 
announced that lunar orbit rendezvous (LOR) had 
been chosen as the primary operational mode for 
the program rather than a direct ascent (DA) ap-
proach or Earth orbit rendezvous (EOR) method. 
LOR required a single large, three-stage rocket (the 
Saturn V) to launch two spacecraft: one, the Com-
mand and Service Module (CSM), to carry a three-
person crew into orbit around the Moon and back; 
and another, the Lunar Module (LM), in which two 
astronauts would land on the Moon while the third 
tended the Moon-orbiting CSM. After a brief trip 
outside their lander to collect samples and emplace 
instruments, the lunar explorers would lift off in the 
LM’s upper stage to return to lunar orbit, rendez-
vous and dock with the CSM, and then head back to 
Earth. This goal appeared operationally complex 
and difficult, but studies indicated that it was 

superior to other methods in terms of development 
time, cost, and simplicity of management. How-
ever, it required the greatest degree of astronaut pi-
loting skills of the three options (DA, EOR, and 
LOR) under consideration before LOR was offi-
cially determined to be the best way to reach the 
Moon’s surface prior to 1970.

Following this LOR decision, NASA awarded 
contracts for the CSM, LM, and Saturn V rocket. In 
September, 1961, the Manned Spacecraft Center 
was established to manage development and pre-
flight testing of the spacecraft, train astronauts, and 
conduct flight operations. Construction began on a 
6.7-square-kilometer site some 35 kilometers south-
east of Houston, Texas, the following year; this 
Space Center began operations in 1964. To launch 
Saturn V, NASA built its own Launch Complex 
(later named Kennedy Space Center) on Merritt Is-
land, adjacent to the Air Force Missile Test Center 
at Cape Canaveral, Florida. New facilities included 
two launch pads plus a huge Vehicle Assembly 
Building (VAB) in which as many as four Saturn 
V’s could be assembled simultaneously in a 

President John F. Kennedy in his historic message to a joint session of the 
Congress, on May 25, 1961 declared, “...I believe this nation should 
commit itself to achieving the goal, before this decade is out, of landing a 
man on the Moon and returning him safely to the Earth.” (NASA)
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protected environment. Two diesel/electric-pow-
ered transporters were designed and built to move 
completed Apollo-Saturn vehicles from the VAB to 
the launch pad. The new site was activated in 
mid-1966.

While spacecraft and launch vehicles were being 
developed, other anticipated problems were ad-
dressed in parallel projects. Project Gemini investi-
gated the operational problems of rendezvous in 
orbit, established that humans could function nor-
mally for up to fourteen days in weightlessness, 
qualified many spacecraft systems, and provided 
training for crews and flight controllers. To test 
Apollo’s launch escape system, which could pull 
the spacecraft away from the Saturn rocket in case 
of a malfunction in the first few minutes of ascent, a 
solid-fueled rocket called Little Joe 2 was built and 
a test program was started at the White Sands Mis-
sile Range in southern New Mexico. The two-stage 
Saturn I and its more powerful version, the Saturn 
IB, were brought to operational status, to be used 
for Earth-orbital tests of the Apollo CSM. In late 
1963, the Lunar Orbiter project was established to 
obtain high-resolution photographs of possible 
lunar-landing sites, and the Surveyor Program (a ro-
botic lunar lander intended to gather scientific data) 
was called upon to provide information on the phys-
ical characteristics of the Moon’s surface, data re-
quired for designing the LM’s landing gear.

Starting in 1962, NASA solicited advice from 
prominent American scientists in planning a sci-
ence program for Apollo. Summer conferences in 
1962 and 1965 outlined major objectives, defining 
three general types of scientific work: observations 
made by the astronauts, collection of samples for 
detailed study in the laboratory, and emplacement 
of lunar surface instruments to return data to Earth 
over a long period of time. A third conference in 
1967 defined an extensive program of piloted and 
robotic lunar exploration, from which NASA would 
later select experiments suited to Apollo mission 
constraints. At this conference, NASA also set up an 
advisory body of scientists who would assist the 

Manned Spacecraft Center in planning the scientific 
work for each specific mission.

In spite of many delays in development of two 
complex and sophisticated spacecraft, by late 1966, 
NASA was preparing to put the first piloted CSM 
through its paces in Earth orbit. On January 27, 
1967, however, during a simulation two weeks be-
fore scheduled launch, a flash fire swept through the 
spacecraft, killing all three crew members. Had it 
flown, the mission would have been called Apollo 
1. Throughout the accident investigation, the mis-
sion was referred to as Apollo-Saturn 204. As with 
past-piloted programs, Apollo flights were given 
names based upon their launch vehicle, using a 
three-digit number. Saturn IB flights were indicated 
by the number 2 followed by a two-digit sequence 
number. Saturn V flights used 5. The name Apollo 1 
would have been used as the radio call sign.

Thorough investigation failed to pinpoint the 
exact cause of the fire, but it appeared to have been 
started by an electrical short-circuit, which pro-
duced a spark that ignited flammable material in-
side the CSM. In the pure oxygen atmosphere used 
during flight, the fire spread with a rapidity no one 
had anticipated. Apollo’s first piloted mission was 
delayed twenty one months, while every aspect of 
spacecraft manufacture and test procedures was re-
viewed to reduce the danger of fire.

Progress continued, however, in other phases of 
the Apollo Program. The first flight of a complete 
Saturn V rocket (Apollo 4) was successfully con-
ducted on November 9, 1967; it carried a test ver-
sion of the CSM to test heatshield integrity under 
conditions approximating reentry from a lunar 
flight. Two months later, Apollo 5 carried a LM into 
Earth orbit for extensive robotic testing. On April 4, 
1968, the second Saturn V flight test (Apollo 6) fur-
nished more data on the CSM. Marred by signifi-
cant failures in all three stages, Apollo 6 provoked 
months of corrective work on the Saturn systems.

Crewed flights of Apollo resumed in October, 
1968, with an eleven-day Earth-orbital test of the 
CSM (Apollo 7). Successful in all respects, Apollo 
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7 restored confidence in the CSM. The mission 
paved the way for NASA’s longest step yet, the 
Moon-orbiting mission of Apollo 8 (December 21-
27, 1968). Excellent performance of both launch 
vehicle and spacecraft virtually assured achieve-
ment of the lunar landing within the decade. Only 
two more test flights remained: Apollo 9 tested both 
the CSM and LM (piloted) in Earth orbit (March 
3-13, 1969). Apollo 10 rehearsed all phases of a 
lunar-landing mission except the actual landing and 
return to orbit (May 18-26, 1969).

Apollo achieved its primary goal on July 20, 
1969, when the LM Eagle touched down gently in 
the Sea of Tranquility. During a 21.5-hour stay, as-
tronauts Neil A. Armstrong and Edwin E. “Buzz” 
Aldrin, Jr., spent 2.5 hours on the lunar surface col-
lecting 21 kilograms of lunar rocks and soil and set-
ting up two scientific instruments. The return of the 
Apollo 11 crew to Earth, and their triumphant na-
tional and world tours marked the high point of 
public interest in the Apollo Program. Nine more 
flights remained on the schedule at this point, 
however.

Following the initial success, NASA focused 
more attention on science in the Apollo Program. 
Modifications to the spacecraft to allow longer stays 
on the Moon were ordered. Construction of a solar 
battery-powered vehicle (the Lunar Rover) ex-
tended the astronauts’ range of exploration. Flight 
planners began refining techniques to allow preci-
sion landings (within 1,000 meters of a preselected 
spot) and reach more difficult areas. Apollo 12 (No-
vember, 1969) landed less than 200 meters from its 
assigned target, stayed 31.5 hours, and brought back 
34 kilograms of samples.

Apollo 13, launched April 11, 1970, was to have 
been the first flight to a location of prime scientific 
interest, the Fra Mauro formation, 530 kilometers 
west and slightly south of the center of the lunar 
disk as viewed from Earth. Two days after the mis-
sion began, however, an explosion in the Service 
Module forced Mission Control to abort the flight. 
The crew returned safely to Earth, but the ensuing 
investigation and modification of the spacecraft de-
layed the next mission until January 31, 1971. 
Apollo 14, the last of the limited-duration early 

missions, landed at Fra Mauro, stayed 
33.5 hours, and returned with 43 kilo-
grams of lunar material.

By 1970, public interest in lunar ex-
ploration had waned, and a new Ad-
ministration committed to a space-
based defense system and to reducing 
federal spending was in office. Budget 
cuts forced NASA to sacrifice current 
projects in order to support future 
ones. One Apollo mission was can-
celed in January, 1970; two more were 
dropped the following September. The 
remaining three, numbered 15, 16, and 
17, would be equipped to stay longer, 
travel farther, and conduct more ex-
periments than had earlier missions.

Apollo 15 landed nearly 800 kilo-
meters north of the lunar equator, at 
the foot of the Apennine Mountains 

John C. Houbolt at blackboard, showing his space rendezvous concept 
for lunar landings. Lunar Orbital Rendezvous (LOR) would be used in 
the Apollo program. Although Houbolt did not invent the idea of LOR, he 
was the person most responsible for pushing it at NASA.
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near Hadley Rille, a sinuous valley of interest to sci-
entists. During the 67 hours they stayed on the 
Moon, the Apollo 15 astronauts took three trips in 
their rover, driving a total of 20 kilometers, and 
changed their operational plans on the recommen-
dation of scientists working in the Mission Control 
Center. While the others were on the Moon, the 
Command Module pilot operated remote sensing 
instruments from the orbiting CSM, photographed 
numerous areas of interest, and released a subsatel-
lite to transmit scientific data to Earth after the crew 
left. Apollo 15 was the most productive mission of 
the series, not to be surpassed by either of the re-
maining two.

Apollo 16 visited a lunar highlands site near the 
Descartes formation at a location 550 kilometers to 
the east and south of the Moon’s equator. Launched 
on April 16, 1972, Apollo 16 conducted much the 
same kind of explorations as had its predecessor. 
The final mission of the program, Apollo 17 
(launched December 7, 1972), carried the only sci-
entist to visit the Moon, geologist Harrison H. 
“Jack” Schmitt. Schmitt and Mission Commander 
Eugene A. Cernan landed more than 1,000 kilome-
ters to the east and north of the Moon’s equator in a 
valley called Taurus-Littrow, where they spent 75 
hours on the surface and explored the landing site 
for a total of 22 hours on three excursions. Their 
return with 110 kilograms of lunar samples marked 
the end of the most ambitious adventure into space 
thus far attempted.

Contributions
Besides gathering 380 kilograms of lunar surface 
material, Apollo program astronauts left a variety of 
instruments, some of which operated for up to five 
years after the project ended. Data from samples 
and instruments allowed scientists to piece together 
a coherent but still somewhat tentative picture of 
the Moon’s structure, composition, and evolu-
tionary history. The Moon appears to be layered 
much like Earth, with a crust about 60 kilometers 
thick lying over a different layer extending to a 

depth of about 1,000 kilometers. A partially molten 
core may exist at the Moon’s center. Periodic, weak 
tremors (moonquakes), which may be correlated 
with lunar tides, have been observed at depths of 
800 to 1,000 kilometers, much deeper than 
earthquakes.

Chemically, lunar samples contain much the 
same elements found on Earth. Many of the min-
erals on the Moon are familiar to geologists. Yet the 
Moon is somewhat poorer in volatiles than is Earth. 
It has somewhat more radioactive elements than the 
cosmic average.

The oldest Moon rocks are about 4.5 billion years 
old, indicating that they solidified in the late stages 
of solar system formation. A widely accepted view 
once held that the Moon never completely melted; 
only the outer layer, perhaps to a depth of 320 kilo-
meters, melted in the beginning. As it lost heat and 
began to solidify, different minerals crystallized at 
different temperatures, and convection brought 
deeper, hotter material to the surface, partially re-
melting the crust. As cooling continued during a pe-
riod of some 200 million years, a rigid crust of con-
siderable thickness formed, composed mainly of 
light-colored minerals rich in aluminum and cal-
cium. Beneath this crust, a mantle of dark material 
rich in iron and magnesium settled, and at the center, 
a core of dense, partially molten material rich in 
iron and sulfur may have formed. At some time, the 
Moon seems to have had a magnetic field generated 
by this liquid core, but the magnetism has now 
vanished.

For perhaps 300 million years after the crust 
formed, the Moon was bombarded by fragments of 
primordial solar system material, some objects 50 
to 100 kilometers in diameter. Impacts caused local 
melting of the crust, chemically altered the original 
material, and scattered debris over thousands of 
square kilometers of the surface. Below the crust, 
the mantle remained at least partially molten, in part 
because of radioactive heating. Toward the end of 
this bombardment, about 4.1 to 3.9 billion years 
ago, objects the size of large asteroids gouged out 
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the large circular basins prominent on the Moon’s 
visible face. Episodic flows of molten basalt from 
the interior filled these basins to roughly their 
present levels. Localized volcanic activity may 
have continued for another 2 billion years. Apollo 
evidence was not conclusive, but the youngest rock 
that may have originated in volcanic action is 3.16 
billion years old.

For roughly the last 3 billion years, the Moon has 
undergone no large-scale surface changes. Small 
meteorites have produced continuous slow erosion, 
adding to the layer of dust, and occasionally a larger 
body has produced another crater (an object of 
about 1,100 kilograms mass was detected in May, 
1972, by Apollo’s seismometers). Now and then, a 
boulder has been dislodged and rolled down a slope, 
leaving its track in the dust; many such tracks were 
photographed by the Lunar Orbiter, and one such 
boulder was sampled on Apollo 17. Otherwise, the 
Moon must look very much like it has for 
millennia.

Scientists were disappointed in their hope that 
Apollo would yield the secrets of the Moon’s origin. 
Before 1969, it was thought that the Moon might 
have been knocked out of the primeval Earth by the 
impact of another body or that it might have formed 
about the same time as Earth out of similar mate-
rials. Neither theory was fully confirmed by Apollo 
data. Newer theories hold that both collision and ac-
cretion may have been involved, but more evidence 
is needed before any theory can be confirmed. As of 
2019 it is believed that the Moon formed after a col-
lision with Earth of a Mars-sized object striking at a 
glancing angle. The resulting orbiting ring of debris 
kicked up off the Earth quickly formed into the 
Moon at high temperature, but cooled rapidly. Some 
believe that the Moon was later hit by a fairly large 
object which resulted in the differences between the 
front and back sides of the Moon, and why the 
center of mass of the Moon is displaced from its 
geometrical center. More research is needed. The 
intended Artemis missions to send American 

astronauts to the Moon again could provide greater 
insights into the origin and physical evolution of the 
Earth’s only natural satellite, and continue the work 
begun by American scientists, engineers, and astro-
nauts who made Apollo the great success that it be-
came. That success was celebrated throughout the 
country and around the world in 2019 as that was 
the fiftieth anniversary of the Apollo 11 first piloted 
lunar landing.

Context
Humanity’s first venture to another celestial body 
remains the supreme achievement of piloted space 
exploration. The Apollo Program provided the 
driving force for the American space program 
through the 1960’s. The sense of adventure inherent 
in the piloted lunar landing captured the public’s 
imagination. There followed the inevitable decline 
in public attention once the goal was reached on the 
first attempt. Try as they might, NASA’s leaders 
could not sustain the momentum accumulated by 
mid-1969. After Apollo 11, new goals for piloted 
spaceflight seemed either anticlimactic or too 
expensive.

As early as 1959, NASA planners had argued for 
a lunar-landing mission on the grounds that it was 
an end in itself, requiring no justification in terms of 
its contribution to some greater goal. What they did 
not foresee was that the first lunar landing would 
come to be seen as an end to space exploration. 
Continuation of the Apollo Program would require 
more justification than the project had needed at 
first. Much had changed politically and socially be-
tween Kennedy’s declaration of the Apollo chal-
lenge and NASA’s achievement of that goal. Racial 
strife and other domestic problems intensified. As 
the nation became more deeply entangled in south-
east Asia, American priorities changed and the 
space program suffered. Richard M. Nixon, elected 
president in 1968, chose to concentrate on foreign 
policy and reduction of government spending. Al-
though piloted spaceflight had many steadfast 



USA in Space30  Apollo Program

supporters in Congress, it faced an uncertain future 
as the Apollo Program entered its final stages. In ad-
dition, Nixon wanted NASA to switch its priorities 
space. To this end, a space station, serviced by a re-
usable shuttle, would be placed into Earth orbit. As-
tronauts could conduct experiments in orbit while 
observing the Earth for scientific, commercial, and 
national security reasons. Additional funding for 
these programs would come from the Defense De-
partment in exchange for the use of the shuttle to 
launch large military payloads.

Cutbacks suffered by the Apollo Program in 
1970 were particularly unfortunate for lunar scien-
tists, for only after the first two missions did mis-
sion planners begin to cater to their designs. The 
third flight landed at the site chosen by the scientists 
as the most interesting. The last three missions were 
marked by substantial increases in landed payload 
and returned samples, length of time spent on the 
Moon, and mobility for the astronauts. There was, 
as well, a noticeable increase in the willingness of 
flight planners to allow the scientists a greater say in 
mission operations, including changes made in real 
time to surface operations plans if that seemed war-
ranted by scientific considerations.

Science came late into the Apollo Program, how-
ever, and during its formative years, the ultimate 
capability of the Apollo system was defined without 
regard for its optimum scientific use. The launch ve-
hicle and the two spacecraft were designed with ad-
equate margins for operational success and safety 
but with little room for growth—a fact dictated by 
Kennedy’s time limit and the choice of LOR for the 
mission mode. The result was a system suited to its 
narrowly conceived purpose rather than to the needs 
of scientific exploration. Given these limitations, 
scientists and engineers exploited Apollo hardware 
almost to its limits. In so doing, they made possible 
a scientific understanding of the Moon that will be 

refined only, perhaps, by the establishment of a per-
manent base on the lunar surface as planned for the 
2020s.

For all of its magnificent achievements, the 
Apollo Program proved to be technologically un-
sustainable. The Saturn V was too costly to be eco-
nomical for other applications, and the Apollo 
spacecraft were too small and too specialized. Their 
greatest limitation was that they could be used only 
once. In an era of shrinking budgets and demands 
for utility, piloted spaceflight had to go in a different 
direction.

In 2019 many looked back on Apollo with great 
nostalgia. The Apollo 11 story was presented to a 
whole new generation with contemporary media 
technology. Surviving astronauts were paraded be-
fore the world as conquering heroes. Much like in 
1969, after the hoopla of the celebrations died 
down, public interest moved in different directions 
as is human nature. A great many new books and 
videos about Apollo and the early days of the Space 
Race were produced in 2019. Despite claims to the 
contrary, few provided anything new. Original texts 
and news broadcasts of the day best told the Apollo 
saga as it had happened.

—W. David Compton

See also: Apollo Program: Command and Service 
Module; Apollo Program: Developmental Flights; 
Apollo Program: Geological Results; Apollo 
Program: Lunar Lander Training Vehicles; Apollo 
Program: Lunar Module; Apollo Program: Orbital 
and Lunar Surface Experiments; Apollo 1; Apollo 
7; Apollo 8; Apollo 9; Apollo 10; Apollo 11; Apollo 
12; Apollo 13; Apollo 14; Apollo 15; Apollo 15’s 
Lunar Rover; Apollo 16; Apollo 17; Apollo-Soyuz 
Test Project; Astronauts and the U.S. Astronaut 
Program; Escape from Piloted Spacecraft; Lunar 
Exploration.
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