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THE WHIT.t: HOUSE 

Office of the Press Secretary 

For I~me<l1ate Release 

1:00 P.H. EST 

REMARKS OF TH£ PR}:":SIDEN'r 
ON SPACE SHUTTLB EXPLOSION 

The Roosevelt Room 

January 28, 19db 

THE PRESIDENT: Please, sit down. Well, I'm sure we all 
realize there's a little change in tne procedures. I'd looked 
forward to coming in here and having a little session with you and 
some briefing, all very carefully sequestered until 9:00 tonight on 
the State of the Union, but in view of the trageuy that has befallen 
us, I don't think we'll do that. 

I know that you're interested in keeping up with this, as 
I am also, to find out the extent of it and what has taken place, so 
I just wanted to say hello and I appreciate your coming here and 
~ay~e we can do the other thing another time. 

Q Mr. President, can you give us your comments on the 
tragedy so that we can tell the American ~eo9le your words, your 
thoughts? 

THZ PRESIDENT: ~/ell, what can :JOU say. It's a horciole 
thing that -- and all of us have witnessetl it and actually seen it 
take place and I just can't rid myself of the thought of the 
sacrifice and tne families that have neen watching tnis also -- the 
families of those people onboard and what tney must oe going through 
at this point and I'm sure all of America is more than saddened out 
feels the great weight of this and wishes, as I do, that there was 
sometning we could do to make it easier for those who've suffered 
such ·a loss. 

Q Mr. President, what is the latest word you've 
gotten? tlave you gotten any definitive word on the contlition 

·-
TH£ P~.i:.SID.EN'r: Actually, no. 

information than you yourselves have and 
there. It's a case of having to wait. 

We have no more 
that ace going down 

Q Mr. President, do you want to see all systems halted 
until we find out explicitly what happened in this tragedy? 

THE PRESIDENT: Well, I'm not a scientist. I do have 
confidence in the people that have been running this program and this 
is the fir £ : _n, what is it, 5G some flights that something of this 
kind has 11appened. I certainly want everything done that can i.Je done 
to find out how this could have happened and to ensure against its 
happening again. But there again, I nave to say that I'm sure that 
th~ people that nave to do with this program are determined to do 
that right now. And I'm quite sure also, wnen you look at the safety 
~easures that sometimes those of us looking on have gotten a little 
impatient with when flights have been aborted and it hasn't seemed as 
if the situation -- well, it seems as if t~ey were taKing things too 
seriously. Now we know they weren't. And so I'm confident that 
there will be no flight until tney are aosolutely as certain as a 
human being can be that it is safe. 

O Mr. President, do you think it raises ~uestions 
aoout having citizens aooard the Space Shuttle? 

THE ~R£SiuENTS: well, they're all citizens and I don't 
think anyone's ever been on there that isn't a volunteer. I know 

MORE 
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reasons why they, or someone like them should oe included in flignts 
of this kind. So, no -- that is the last frontier and the most 
important frontier we have to say that the space program has been 
most successful, most effective and -- I guess, we've been so 
confident of it that it comes as such a tremendous shock when 
something of this kind happens. 

Q Will you still go ahead, sir, with your message 
tonight? 

THE PRESIDENT: What? 

Q Will :1ou go ahead with your message tonight? 

Ti-IE PRESID&~T: Yes, I feel that we -- things like that 
have to go on. 

Q Mr. President, are you afraid there'll be any public 
backlash against the space program because of this tragedy? 

TH~ PRESIDENT: I shouldn't think so and I would 
certainly do everything I could to express an opinion the other way. 
Yo u know, we don't -- we have accidents in every line of 
t ransportation and we don't do away with those things. They've 
prooably got a netter safety record than we have out on the nignways. 

Q Mr. President, will you tell us 

Q Do you think it ~as a mistake to put the teachec 
onboacd? 

THE PRESIDENT: What? 

Q Do you think it was a mistake to put the teacher 
onboard? 

THE PRESIDENT: No. Again, as I say, tnis is a tning 
and this is what the whole space program is leading towards -- is 
actual use. 

Q Mr. President, will you tell us exactl:t who _orought 
you the news and exactly what you thought and said at that point? 

MORE 



- 3 -

THE PRESIDENT: We were all sitting in there, and I wa■ 
preparing myself for your questions on the State of the Union Address 
when the Vice President and John Poindexter came into the roo■. And 
all they could say at the tiae was that they had received a flash 
that the space shuttle had exploded. And we immediately went into 
the adjoining room where I have a TV ■et to get on this, because 
there was no direct word and -- except that w~rd that had -- being 
made public also. And there we saw the replaying and aaw the thing 
actually happen. And it just was _-- I aay -- a very traumatic 
experience. 

Q But how doe■ that effect your State of the Union 
speech tonight? I ■ean, we were told you were going to give an 
upbeat -- "the State of the Union is good," you know, optimiatic 
apeecb. Thia has got to cast a pall on it, doe■n't it? 

THE PRESIDENT: Yea, it sure does. And, certainly, there 
could be no apeech without ■entioning this. Jut you can't atop 
governing the nation becauae of a tragedy of thi ■ kind. So, yea, one 
will continue. 

Q Mr. President --

Q -- philosophically, do you take some solace in the 
fact that over the years the American space progra■ ha■ been 
remarkably safe, that we've not lost as ■any people as we've been led 
to believe have been lost in the Soviet Union? 

THE PRESIDENT: Well, I think we've all had a great pride 
in that. And it is a kind of -- well, it'd be something to cling to 
right now, although it doesn't lessen our grief at what has just 
taken place. 

O Mr. President, ■ending civilians in apace is based 
on the assumption that it was routine to go into apace, that it was 
now safe, even a teacher we could send up. Do you think that notion 
baa now -- is now gone? 

THE PRESIDENT: Well, what would you -- what could you 
say, other than that here was a progra■ - that had a 100-percent safety 
record? The only other fatality did not take place in a apace 
shuttle. It took place in an old-type of capsule --

0 Mr. President 

MR. BUCHANAN: One question. One more question. 

Q -- so ■any children have -- you know -- been a part 
of this particular space shuttle because of the teacher. And they're 
doing classrooms. Can you do something to help help them -- say 
something that would help the■ to understand --

THE PRESIDENT1 I think people closer to them have got to 
be doing that. Aa I ■ay, the world is a hazardous place, alway■ baa 
been, in pioneering. And we've always known that there are pioneers 
that give their lives out there on the frontier. And now this has 
happened. It probably is more of a shock to -- to all of us because 
of the fact that we see it happen now and -- thanks to the media -­
not just hearing about it as if something that happened ■ilea away. · 
But I think -- I think those that have to do with the■ and -- must, 
at the same time, ■ake it plain to them that life does go on and -­
and you don't back up and .quit so• worthwhile endeavor because of 
tragedy. 

Q . Do you have any --

MR. BUCBANANa -- got some folks in the Oval Office that 
are waiting 

THE PRESIDENT: Oh. 
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Q Sir, do you have any special thought• about Christa 
Mc:Auliffe, who, I think it was in this room, was named as the firat 
teacher? What are your thought• about her today? 

THE PRE.SIDENTa I can• t get out of my mind her huaband 
and her children. But then that ' s true of the faailiea of the 
othera. Their• probably aore ao because the families of the others 
had been a part of thia whole program and · knew that they were in a 
hazardous occupation. But knowinq that they were there .and watching, 
this just ia --. well, your heart goes out to them. 

THE PRESS: Thank you. 

END 1107 P.M. EST 
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Since the beginning of the U.S. Space Program and the successful 
first launch of a U.S. spacecraft in 1958 the program and American 
science have grown by leaps and bounds. This has not been achieved 
without endless hours of sacrifice and dedication by scientists, 
engineers, astronauts, American industry, and thousands of private 
citizens. Today's tragedy reminds us of how difficult it is to 
achieve success and the costs that must be paid in exploring new 
frontiers. The U.S. Space Program has been remarkably successful 
and compared to other national efforts relatively accident free. 
With the tragic loss of Gus Grissom, Ed White and Frank Chaffe in 
the Apollo fire of 1967 and today's accident, we cannot allow our 
sorrow to dim our vision; that would be a disservice to those 
astronauts we have lost, and indeed, all those who have not yet 
flown. The astronauts who we lost today gave their lives for 
science, for the American dream and in pursuit of the quest for 
knowledge that is so important to the vision of all Americans. 
They were heroes and heroines in every sense of the word. They 
represented America's commitment to excellence and they have not 
died in vain. This setback will not diminish our commitment to 
the exploration and use of space in fulfilling America's goals for 
maintaining leadership in space. The Shuttle "Challenger" and her 
crew left earth today filled with optimism and enthusiasm for the 
mission and the country for the future. We should not disappoint 
them. 



Names Shuttle Crew 
Went by: 

Mike Smith 
Dick Scobee (SKOW-bee) 
Judy Resnik (RES-nick) 
Ron HcNair 
El Onizuka (owe-ni-ZOO-kuh) 
Greg Jarvis 
Christa McAuliffe 

Michael Smith 
Francis R. Scobee 
Judith Resnik 
Ronald McNair 
Ellison Onizuka 
Gregory Jarvis 





Of Space, Not of Earth 

Edmond Halley, scientist friend of Sir Isaac 
Newton, placed comets in their rightful place as 
celestial rather than terrestrial objects. Using 
observations of the bright comets of 1531, 1607, 
and 1682, he applied Newton's method of 
computing orbits of celestial bodies to calculate 
the paths of these comets. From the similarity of 
their elliptical orbits he concluded that these 
comets were one and the same comet which visits 
the inner Solar System every 75-76 years. Earlier 
beliefs that comets were atmospheric phenomena 
akin to meteors and aurora were finally totally 
dispelled when the comet again returned in 1758 
and made a close approach to Earth as Halley 
had predicted. 

Later, other astronomers searched ancient 
records and traced observations of the same 
comet back into the Middle Ages and ultimately 
to comets recorded in China and Babylon as long 
ago as 240 B.C. Sometimes its passage through 
the inner Solar System coincides with a favorable 
position of Earth from an observational point 
of view. At such times the comet becomes a 
splendid object in the sky. At other apparitions, 
such as the current one in 1986, the comet not 
only fails to pass near to Earth but also passes 
through perihelion, its closest approach to the 
Sun, on the far side of the Sun from Earth. 
The most active and spectacular period of the 
comet's passage, generated by solar radiation, 
is then hidden from Earth by the intervening 
brilliance of the Sun itself. 

Comets are important to study because they 
are thought to preserve a record of the primordial 
nebula out of which the Solar System and its 
planets formed. Because comets spend most of 
their time in the cold outer reaches of the Solar 
System they are believed to preserve the record 
better than the planets do, since planets are 
subject to other modifying processes. Information 
on cometary ingredients can provide important 
clues about the early chemical and physical 
history of the Solar System. 

Several spacecraft are headed for Halley's 
Comet on its current return, but they have all 
been targeted to intercept the comet when it is 
close to the plane of Earth 's orbit, many weeks 
after perihelion. 

Only one spacecraft is situated to observe 
Halley at its perihelion when it will be most 
active; Pioneer Venus orbiting the planet Venus. 
This spacecraft will be on the far side of the Sun 
at the time of Comet Halley's passage. 

Another First for Pioneer 

The Pioneer program has achieved many 
pioneering feats in the Solar System. The Pioneer 
10 spacecraft was first to show that a spacecraft 
could pass safely through the asteroid belt. 
It became the first spacecraft to explore the giant 
planet Jupiter and its planet-sized moons. 
Pioneer 11 was first to explore the ringed planet 
Saturn. Pioneer 10 also became the first spacecraft 
to escape from the Solar System into the inter­
stellar void carrying a message to possible 
extraterrestrials. Venus Pioneer probes penetrated 
the enormously dense atmosphere. The Pioneer 
Venus Orbiter charted the complex surface 
features, and observed for many years the 
particles and fields around the planet and 
their interaction with the solar wind. 

The spacecraft that will observe Comet Halley 
is Pioneer Venus Orbiter. This highly reliable 
spacecraft is still gathering data about Venus and 
its interaction with the Sun to a high order of 
accuracy. It has already observed two other comets 
using an instrument that collects ultraviolet 
radiation from them: Comet Encke in April 1984 
and Comet Giacobini-Zinner in September 1985. 
Giacobini-Zinner was observed just after the comet 
passed perihelion and when the comet was about 
100 million miles (161 million km) from the 
spacecraft and just beyond Earth 's orbit. Measure­
ments were made simultaneously with the passage 
of the ICE spacecraft through the comet's tail. 

The Pioneer Venus Orbiter discovered that 
Encke was losing water at a faster rate than 
expected. The observation suggests that water ice 
and dust are distributed unevenly in cometary 
nuclei. Also the observations showed that 
Giacobini-Zinner is much more active than Encke, 
but less active than is expected of Halley. 

Pioneer Venus observations also detected 
Lyman alpha ultraviolet emissions from the 
hydrogen coma as far as three million miles 
(5 million km) on either side of the nucleus 
of Giacobini-Zinner. 



Perihelion Passage 
Comet Halley moves around the Sun opposite 

to the Earth 's motion and on an elongated 
elliptical orbit which is inclined 18 degrees to that 
of the Earth. The comet's greatest distance from 
the Sun (aphelion) in 1948 was 3.28 billion miles 
(5.28 billion km), which is beyond the orbit of 
Neptune. The comet's closest approach to the 
Sun (perihelion) on February 9, 1986, will be 54.6 
million miles (87.9 million km), which is inside 
the orbit of Venus. 

The comet consists of a nucleus which is 
believed to be an irregularly shaped, roughly 
spherical body with a diameter of about five miles 
(eight km) . From observations of the sunlight 
reflected from the nucleus, astronomers conclude 
that the nucleus of Comet Halley is rotating about 
once in 2 to 3 days. This nucleus is thought to 
consist of ices - predominantly water ice -
mixed with rocky dust particles, a mixture that 
has been likened to a dirty snowball. This 
description was confirmed by the observations 
of Giacobini-Zinner. 

PLANETARY 
MOTIONS 

HALLEY 
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A cloud of gas and dust is released from the comet's nucleus as it 
approaches the sun. 

URANUS 

SATURN 



As the comet approaches the Sun, solar 
radiation heats the surface of the nucleus and 
changes the ices into gas, thereby releasing a 
cloud of gas and dust which spreads outward 
around the nucleus. This cloud is referred to as 
the coma. Sunlight reflected from the gas and 
dust of the coma produces the visible comet seen 
from Earth in the night sky. The nucleus is too 
small to be seen, but the coma can extend around 
the small nucleus for tens of thousands of miles. 
The coma reaches its greatest size when a comet 
is about twice Earth's distance from the Sun. 
The visible gas cloud is thought to consist mainly 
of carbon-bearing molecules with traces of other 
gases. The water vapor is not visible because of 
its transparency, but is inferred from ultraviolet 
observations. 

Material that forms the coma emerges from 
the nucleus irregularly, and as the material is 
pushed from the nucleus into the coma it acts as 
an array of weak rocket jets to affect the rotation 
rate and orbital motion of the comet. Jets from 
Comet Halley, confirmed in detail by new image­
processing techniques applied to 1910 photo­
graphs, reveal dust particles spiraling outward 
into the coma. Jets from the nucleus, in addition 
to gravitational effects of the planets, change the 
comet's orbit. In the 30 recorded appearances of 
Halley's Comet it has sometimes taken just over 
74 years to return to perihelion, while at others 
it has taken nearly 80 years. 

Surrounding the visible coma, and traveling 
with it, is an invisible hydrogen cloud extending 
for millions of miles around the nucleus of the 
comet. The presence of hydrogen, oxygen, and 
carbon atoms was speculated from theory, but 
direct observation required ultraviolet-sensitive 
instruments. The halo was confirmed by space­
craft observing ultraviolet light from comets. 

Action of solar radiation on the coma produces 
two tails, a dust tail and a plasma or ion tail, both 
of which grow as the comet approaches the Sun. 
These tails point away from the Sun. Plasma tails 
are wispy in appearance; dust tails are smooth. 
The dust particles in the tail are accelerated by 
solar radiation pressure and move relatively 
slowly away from the comet. As a result the dust 
tail tends to curve away from the comet because 
the comet's speed changes along its elliptical 
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path. The dust tail can appear as a fan-shaped 
nebulosity when it is viewed broadside because 
dust particles of differing masses are accelerated 
to different velocities. The ion tail moves very 
much faster and is relatively straight. It results 
from solar radiation ionizing neutral molecules, 
and the resulting electrically charged ions being 
accelerated by the magnetic field of the solar 
wind at its enormous velocity of hundreds of 
miles per second. The ion tail stretches 
millions of miles from the comet in a direction 
away from the Sun. The dust tail is much shorter. 
Tails usually begin to develop when a comet is 
about one and a half times Earth's distance from 
the Sun (1.5 astronomical units or 140 million 
miles, 225 million km). Before its tail forms, 
a comet is a fairly inconspicuous, nebulous blob 
of light. 

PERIHELION 
Feb9 

Particles from 
the nucleus form 
the dust tail. 

/ ORBIT OF COMET HALLEY 

----...::::.-
VENUS 
Feb9 

....... 
T 

VERNAL 
EQUINOX 

ov27 
CLINATION I 

The View from Pioneer Venus 

On February 9, 1986, Comet Halley will hurtle 
at over one hundred thousand miles per hour 
within 54.6 million miles (87.9 million km) of the 
Sun before starting its outward journey again. 
At the perihelion passage solar radiation will have 
maximum impact upon the nucleus. The blizzard 
of charged particles and associated magnetic 
fields of the solar wind will tear at the hydrogen 
halo and the coma. At this time the comet will 
have passed by Venus; its closest approach to 
Venus being February 4, 1986, five days before 
perihelion. At the time of closest approach to 
Venus, the comet will be above the plane of 
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EARTH'S 
ORBIT 

Venus' orbit and some 25 million miles 
(40 million km) from the planet, between 
the planet and the Sun. 

Preparing for the unique opportunity to 
observe Comet Halley at close range during its 
perihelion passage, the Pioneer Missions 
Operations Team will send commands to the 
spacecraft to change the tilt of its spin axis. 
Pioneer Venus Orbiter spins on this axis five times 
a minute as it travels around Venus. Thrusters on 
the spacecraft will fire at a predetermined time in 
each spin so as to tilt the spacecraft to the desired 



Lick Observatory photograph 

position for its ultraviolet instrument to scan the 
comet instead of Venus. A similar maneuver was 
successfully made in 1984 to inspect Comet Encke 
and in 1985 to inspect Comet Giacobini-Zinner. 
The thrusters will fire about 100 half-second 
pulses to move the spin axis. 

Because the ultraviolet spectrometer carried by 
Pioneer was designed with a small field of view to 
map variations in Venus' atmosphere, a general 
picture of the comet can be gathered as a series 
of strips, one each spin, with the comet moving 
slightly between each spin to expose a sequence 
of strips along its length. The ability to scan at 
high resolution across the comet's coma, tail, and 
hydrogen halo, allows the distribution of particles 
and gases to be determined. The ultraviolet data 
recorded by this instrument will be studied by 
scientists at the University of Colorado, Boulder. 
There, a team of researchers, headed by Dr. A. Ian 
F. Stewart, the principal investigator for the 
ultraviolet spectrometer instrument on the 
Pioneer Venus Orbiter, will use the new data to 
learn more about the makeup, evolution, and 
activities of the comet. 

This spectrometer, one of many scientific 
instruments carried by the Venus Orbiter, detects 
light in the ultraviolet region of the spectrum. 
Most atoms emit ultraviolet light when exposed 
to sunlight. By measuring the wavelength and 
intensity of the emitted ultraviolet light, 
researchers can determine which elements are 
in the comet and in what relative quantities. 
Thus, data from this experiment will inform us of 
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the comet's gas composition, its water vaporiza­
tion rate, and the ratio of gas to dust in the coma 
and in the nucleus. 

Comets are thought to be frozen remnants of 
the material that formed the Sun and the planets, 
so information on cometary ingredients can 
provide important clues about the early chemical 
and physical history of the Solar System. 

Objectives of the ultraviolet experiment are to 
determine the composition of the gaseous coma 
and to measure the total gas production rate of 
the comet continuously during its passage through 
perihelion and, in particular, the rate at which 
water sublimates from the nucleus. This can be 
established by measuring the ultraviolet emission 
from hydrogen, oxygen, and the hydroxyl radical 
in the coma and thereby determine the relative 
amounts of these gases. Nitrogen, carbon, sulfur, 
carbon monoxide, and carbon dioxide will also 
be searched for. 

Such observations through the perihelion 
passage are very important to ascertaining the 
effects of solar radiation and the solar wind upon 
the comet. Rapid and large changes of the angle 
at the comet between the Sun and the spacecraft 
during about two months of observations will 
allow scientists to investigate the way light is 
scattered by the dust at different phase angles 
to help estimate the density and distribution 
of sizes of dust particles. 



Pioneer Orbiter will observe Comet Halley in 
detail for about five weeks in February and March 
1986. During that time the comet will travel at 
high speed away from Venus. It will be about 
25 million miles (40.2 million km) from the 
spacecraft at the time of perihelion passage on 
February 9, and some 125 million miles (200 
million km) away when the observations end 
about March 6. The Orbiter will also make 
long-range, less-detailed observations of the 
comet in December 1985. Through the month of 
January 1986, comet observations will be curtailed 
by solar interference with communications as 
Venus passes on the far side of the Sun 
from Earth. 

Expected Results 
Ultraviolet spectra at much closer range than 

possible from Earth will be obtained during the 
perihelion passage and the post-perihelion 
period. These will be correlated with observations 
by Earth-orbiting astronomical observatories 
where possible. Materials present in the coma 
and tail will be identified, and the rate these 
materials are evaporated from the nucleus and 
within the coma will be established. Changes in 
evaporation rate and gaseous components will 
help us understand the uneven composition of 
the nucleus. Substances not previously identified 
in comets may be discovered, thereby providing 
a more detailed description of the composition 
of the nucleus, and hence of primordial material 
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In addition, the spacecraft will continue 
monitoring the solar wind with particle and fields 
sensors to provide important data on the state of 
the wind affecting the comet for correlation with 
observations by other spacecraft and ground­
based observers. Pioneer Orbiter has a special 
relationship to the study of comets' interactions 
with the solar radiation and plasma wind, because 
it has been used since late 1978 to study in situ 
just such interactions of the wind with the planet 
Venus. Like comets, Venus is unprotected from 
the solar plasma by an intrinsic planetary 
magnetic field. 

of the Solar System. From these data, scientists 
expect to obtain a better understanding of the 
chemical processes taking place in the inner coma 
and how the coma reacts with the solar wind. 

Coupled with ground-based observations and 
observations from other spacecraft on inbound 
and outbound legs of the comet's path, Pioneer 
Venus Orbiter will help provide another 
important piece of the jigsaw puzzle of how solar 
systems are formed and how planets develop to 
the point at which they can support biological 
systems with the ability to question their own 
origin and purpose. 



Halley's Comet 
Orbital inclination 

Orbital period 

Longitude of 
ascending node 

Argument of perihelion 

Semi-major axis 

Perihelion passage 
distance 

Aphelion passage 
distance 

162 degrees 
18 degrees retrograde 

75 years 

58 degrees 

112 degrees 

17.9185 A.U. 

9 February 1986 
0.5871 A.U. 
54.6 million miles 
87.9 million km 

1948 
35.25 A.U. 
3.28 billion miles 
5.28 billion km 

Earth close approaches 27 November 1985 
0.62 A.U. 
57.6 million miles 
92.7 million km 

11 April 1986 
0.42 A.U. 
39.0 million miles 
62.8 million km 

Venus close approach 4 February 1986 
0.27 A.U. 
25.1 million miles 
40.4 million km 

(Note: one A.U. is 92,900,000 miles (149,500,000 km), 
the mean distance of Earth from the Sun.) 
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Pioneer Venus Orbiter 
Launched 

Arrived at Venus 

Weight 

20 May, 1978 

4 December, 1978 

82416 
374 kg 

The Pioneer Orbiter is controlled and managed 
from NASA Ames Research Center, Moffett Field, 
California. 
Project Manager, Richard 0. Fimmel 
Science Chief, Roger A. Craig 
Space Operations Office Chief, John W. Dyer 
Flight Director, Robert W. Jackson 
Assistant Flight Director, David W. Lozier 
Trajectory Analyst, James A. Phillips 
Power Systems and Hardware, Martha A. Smith 
Ground Data System Manager, Manfred N. Wirth 

Ultraviolet Spectrometer 
Principal Investigator 

Optics type 
aperture 
f/number 

Monochromator type 
focal length 
f/number 
diffraction grating 

Spectral resolution 

Grating steps 

Wavelength ranges 

A. Ian F. Stewart 

Cassegrain telescope 
5cm 
5 

Ebert-Fastie 
12.5 cm 
5 
3600 grooves/mm 

13 A 

4.4 A 

1100-1900 A 
1800-3400 A 







A LOOK AT 

THE PLANETS 

American manned expeditions 
have explored the Moon, our ro­
bot craft have landed on and re­
ported from the surface of Mars, 
our spacecraft have orbited and 
provided much information about 
Mars and Venus, and made close­
range observations while flying 
past Mercury, Jupiter and Saturn. 

These voyagers brought a quan­
tum leap in our knowledge and 
understanding of the solar sys­
tem. Through the electronic sight 
and other "senses" of our auto­
matic probes, color and complex­
ion have been given to worlds 
that existed for centuries as fuzzy 
disks or indistinct points of light. 

Future historians will likely 
view these pioneering flights to 
the planets as one of the most re­
markable human achievements of 
the 20th Century. 

Volcanic explosion on Io. 



NASA Planetary Exploration 

2 Spacecraft Mission Launch Date Arrival Date Status 

Mariner 2 Venus flyby 8/ 14/ 62 12/ 14/ 62 Mission complete, craft in solar orbit. 

Mariner 4 Mars flyby 11/ 28/ 64 7/ 14/ 65 Mission complete, craft in solar orbit. 

Mariner 5 Venus flyby 6/ 14/ 67 10/ 19/ 67 Mission complete, craft in solar orbit. 

Mariner 6 Mars flyby 2/ 24/ 69 7/ 31/ 69 Mission complete, craft in solar orbit. 

Mariner 7 Mars flyby 3/ 27/ 69 8/ 5/ 69 Mission complete, craft in solar orbit. 

Mariner 9 Study Mars 5/ 30/ 71 11/ 18/ 71 Mission complete, inoperable craft remains in 
from orbit. Martian orbit. 

Pioneer 10 Jupiter flyby 3/ 2/ 72 12/ 3/ 73 Primary mission complete, craft continues to 
return heliospheric information enroute toward 
interstellar space. First manmade craft to pass 
all the planets. Surging for tenth planet. 

Pioneer 11 Jupiter/ Saturn 4/ 5/ 73 12/ 2/ 74 Oupiter) Primary mission complete, continues to return 
flybys 9/ 1/79 (Saturn) heliospheric information enroute toward 

interstellar space. 

Mariner 10 Venus/ Mercury 11/ 3/ 73 2/ 5/74 (Venus) Mission complete, craft in solar orbit 
_flybys 3/ 29/ 74 (Mercury) 

9/ 21/74 (Mercury) 
3/ 16/ 75 (Mercury) 

Viking 1 Unmanned 8/ 20/ 75 7 / 19/ 76 (in orbit) Mission complete, craft remains on surface and 
landing on Mars 7 / 20/ 76 (lander in orbit. Lander continues to send monthly 

touchdown) weather reports/ photos. 

Viking 2 Unmanned 9/ 9/ 75 8/ 7 / 76 (in orbit) Mission complete, craft remains on surface and 
landing on Mars 9/ 3/ 76 (lander in orbit. Both lander and orbiter have ceased 

touchdown) operation. 

Voyager 1 Tour of Jupi~r 9/ 5/ 77 3/ 7 / 79 Oupiter) Primary mission complete, craft continues to 
11/ 12/ 80 (Saturn) return heliospheric information enroute toward 

interstellar space. 

Voyager 2 Tour of the 8/ 20/ 77 7 / 9/ 79 Oupiter) Mission continues, craft has surveyed two of 
outer planets 8/ 25/ 81 (Saturn) four planetary targets. On way to Uranus. 

1986 (Uranus) 
1989 (Neptune) 

Pioneer Venus 1 Orbital studies 5/ 20/ 78 12/ 4/ 78 Orbiter continues to return images and data. 
of Venus 

Pioneer Venus 2 8/ 8/ 78 12/ 9/ 78 Mission complete, probes impacted on surface. 

Mariner 10 

Pioneer Venus 1 and 2 Viking 1 



MERCURY 

VENUS 

Mariner 10 space probe passed 
within 805 kilometers (500 miles) 
of the solar system's inner-
most planet. 

The photographs revealed an 
ancient, heavily cratered surface 
on Mercury, closely resembling 
our own Moon and huge cliffs 
crisscrossing the planet. These 
apparently were created when 
Mercury's interior cooled and 
shrank, compressing the planet's 
crust. The cliffs are as high as two 
km (1 mi.) and as long as 1,500 
km (932 mi.) . 

The spacecraft reported tem­
peratures ranging from 510 de­
grees Celsius (950 degrees Fahr-

The Mariner 2 space probe 
passed within 34,762 km (21,600 
mi.) of Venus and became the 
first spacecraft to scan another 
planet. Mariner 5, flew much 
closer to the planet, passing 
within 4,023 km (2,500 mi.) of 
Venus on the second U.S. flyby. 

Venus more nearly resembles 
Earth in size, pl!ysical compo­
sition and density than any other 
known planet. 

Surface temperatures are 482 C 
(900 F), hot enough to melt lead. 

Among the features determined 
are two continent-like highland 
areas. One, about half the size of 
Africa, is located in the equatorial 
region. The other, about the size 
of Australia, is to the north. 

enheit) on Mercury's sunlit side, 3 
to -210 C (-346 F) on the dark 
side . Mercury literally bakes in 
daylight and freezes at night. 

The days and nights are long 
on Mercury. It takes 59 Earth days 
for Mercury to make a single rota­
tion. It spins at a rate of about 10 
km (about 6 mi.) per hour. 

Mercury, like Earth, appears to 
have a crust of light silicate rock. 

There is evidence of two major 
active volcanic areas, one larger 
than Earth's Hawaii-Midway vol­
canic chain (Earth's largest) with 
a mountain higher than Everest 
(Earth's highest mountain) . 

Venus' predominant weather 
pattern is a high speed circulation 
of Venus' clouds, which are made 
up of sulphuric acid. These 
speeds reach as high as 362 km 
(225 mi.) per hour. The circula­
tion is in the same direction­
east to west-as Venus' slow ret­
rograde rotation. 



EARTH 

4 

MOON 

The American satellite, Explorer 1, 
discovered an intense radiation 
zone, now called the Van Allen 
Radiation Belt, surrounding Earth. 

We now know that our wispy 
upper atmosphere, once believed 
calm and quiescent, seethes with 
activity, swelling by day and con­
tracting by night. It is affected by 
the changes in solar activity and 
contributes to weather and cli­
mate on Earth. 

As viewed from space, Earth's 
distinguishing characteristics are 
its blue waters and white clouds. 
Enveloped by an ocean of air con­
sisting of 78 percent nitrogen and 
21 percent oxygen, the planet is 
the only one in our solar system 
known to harbor life. Circling the 
Sun at an average distance of 

The first human footsteps upon 
an alien world were made by 
American astronauts on the dusty 
surface of our airless, lifeless 
companion. 

Six two-man crews landed on 
and explored the lunar surface 
and returned a collection of rocks 
and soil weighing 382 kilograms 
(842 pounds) and consisting of 
more than 2,000 separate samples. 

Rocks collected from the lunar 
highlands date about 4.0 to 4.3 
billion years old. It's believed that 
the solar system formed about 4.6 
billion years ago. The first few 
million years of the Moon's exis­
tence were so violent that little 
trace of this period remains. As a 
molten outer layer gradually 
cooled and solidified into differ­
ent kinds of rock, the Moon was 
bombarded by huge asteroids and 
smaller objects. Some of the as­
teroids were the size of small 

149 million km (93 million mi.), 
Earth is the third planet from the 
Sun and the fifth largest in the 
solar system. 

Its rapid spin and molten 
nickel-iron core give rise to an ex­
tensive magnetic field, which, 
coupled with the atmosphere, 
shields us from nearly all of the 
harmful radiation coming from 
the Sun and other stars. Most me­
teors burn up in Earth's atmo­
sphere before they can strike the 
surface. The planet's active geo­
logical processes have left no evi­
dence of the ancient pelting it al­
most certainly received soon after 
it formed. The Earth has a single 
natural satellite-the Moon. 

states, like Rhode Island or Dela­
ware, and their collisions with the 
Moon created huge basins hun­
dreds of kilometers across. 

The catastrophic bombardment 
died away about four billion years 
ago, leaving the lunar highlands 
covered with huge overlapping 
craters and a deep layer of shat­
tered and broken rock. Heat pro­
duced by the decay of radioactive 
elements began to melt the inside 
of the Moon at depths of about 
200 km (124 mi.) below its sur­
face . Then, from about 3.8 to 3.1 
billion years ago, great floods of 
lava rose from inside the Moon 
and poured out over its surface, 
filling in the large impact basins 
to form the dark parts of the Moon 
called maria or seas. Explorations 
show that there has been no sig­
nificant volcanic activity on the 
Moon for more than three billion 
years and, since then, the lunar 



MOON (continued) 

MARS 

surface has been altered only by 
the rare impacts of large meteor­
ites and by the atomic particles 
from the Sun and stars. 

If our astronauts had landed on 
the Moon one billion years ago, it 
would have looked very much as 
it does today, and thousands of 
years from now, the footsteps left 
by the Apollo crews will remain 
sharp and clear. 

One question about the Moon 
that remains unsolved is where 
did it come from? Three theories 
attempt to explain its existence: 
that it formed near the Earth as a 
separate body, that it separated 

Of all the planets, Mars has long 
been considered the solar sys­
tem's prime candidate for harbor­
ing extraterrestrial life. 

One reason for scientists to ex­
pect life on Mars arose from ap­
parent seasonal color changes on 
the planet's surface. That led to 
speculation that conditions might 
support a bloom of Martian vege­
tation during the warmer months 
and cause plant life to become 
dormant during colder periods. 

1\vo Viking spacecrafts were 
launched on a mission designed 
to answer several questions, such 
as: Is there life on Mars? 

We still don't know whether 
life exists on Mars. Small samples 
of the red Martian soil were spe­
cially treated in three different ex­
periments designed to detect bio­
logical processes. While some of 
the tests indicated biological ac­
tivities were possibly occurring, 
the same results could be ex­
plained by the planet's soil chem­
istry. There was a notable ab­
sence of evidence that organic 

from the Earth, or that it was 5 
formed somewhere else and then 
captured by the Earth. The notion 
that the Moon may have once 
been part of the Earth now ap-
pears less likely than the other 
suggestions because of the differ­
ence between the two bodies in 
chemical composition, such as 
the absence of water, either free 
or chemically combined in rocks. 
The other two theories are about 
evenly matched in strengths and 
weaknesses. The origin of the 
Moon remains a mystery. 

molecules exist on Mars. 
Photos from the Plain of Chryse 

show a bleak, rusty red landscape, 
a gently rolling plain, littered 
with rocks and graced by rippled 
sand dunes. 

Both Viking landers became 
weather stations, recording wind 
velocity and direction, tempera­
tures and atmospheric pressure. 

The Martian weather changed 
little. The highest atmospheric 
temperature recorded by either 
lander was - 21 C ( -6 F) at the 
Viking 1 site in midsummer. The 
lowest temperature, -124 C 
(-191 F), during winter. 

The Martian atmosphere, like 
that of Venus, is primarily carbon 
dioxide. Present in small percent­
ages are nitrogen, oxygen and ar­
gon, with trace amounts of krypton 
and xenon. Martian air contains 
only about 1/1000 as much water 
as Earth's but even this small 
amount can condense out and 
form clouds which ride high in the 
atmosphere or swirl around the 
slopes of towering Martian 
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JUPITER 

SATURN 

volcanoes. Local patches of early 
morning fog can form in valleys. 

There is evidence that in the 
past, a denser Martian atmosphere 
may have allowed water to flow 
on the planet. Physical features 
closely resembling shorelines, 

Exploring spacecraft found Jupi­
ter to be a whirling ball of liquid 
hydrogen, topped with a uniquely 
colorful atmosphere which is 
mostly hydrogen and helium. It 
contains small amounts of meth­
ane, ammonia, ethane, acetylene, 
phosphene, germanium tetra­
hydride and possibly hydrogen 
cyanide. 

The Great Red Spot is a tre­
mendous atmospheric storm, ro­
tating counter-clockwise, similar 
to an Earth hurricane. 

Saturn is composed mostly of hy­
drogen, has a more subtle, butter­
scotch hue and its markings are 
often muted by high altitude haze. 

The Pioneer spacecraft discov­
ered that there are actually thou­
sands of ringlets encircling Sat­
urn. Saturn's rings are composed 
of countless low-density particles 
orbiting individually around the 
equator at progressive distances 
from the planet's cloud tops . 

Analysis of radio waves passing 
through the rings showed that the 
particles vary widely in size, rang-

gorges, riverbeds and islands sug­
gest that great rivers once existed 
on the planet. 

Mars has two small, irregularly 
shaped moons, Phobos and 
Deimos, each with ancient cra­
tered surfaces. 

Largest of the solar system's 
planets, Jupiter rotates at a dizzy­
ing pace- once every 9 hours 55 
minutes. It takes the massive 
planet almost 12 Earth years to 
complete a journey around 
the Sun. 

ing from dust to boulders. Most of 
the material is ice and frosted rock. 

Unable either to form into a 
moon or to drift away from each 
other, individual ring particles ap­
pear to be held in place by the 
gravitational pulls of Saturn and 
its satellites. 



r 

URANUS And 
NEPTUNE 

PLUTO 

The first spacecraft to reach these 
bluish green giants will be Voy­
ager 2, scheduled for a 1986 en­
counter with Uranus and a 1989 
survey of Neptune. The two plan­
ets are roughly the same in mass 
and diameter. They are colder 
and significantly denser than Sat­
urn. The atmospheres of both 
Uranus and Neptune are known 
to contain methane, which gives 
the planets their unusual greenish 
color. Both planets are believed 
to possess deep atmospheres 
which are principally composed 
of hydrogen and helium. Scien-

Pluto is an oddity of the solar sys­
tem. It has nothing in common 
with the gas giants. It travels far­
ther from the Sun than any of the 
rest, yet the eccentricity of its or­
bit periodically carries it inside of 
Neptune 's orbit. Pluto's orbit is 
also highly inclined; that is, it is 
well above and below the plane 
of the other planets' orbits. 

Observations calculate its diam­
eter to be between 3,000 and 
3,500 km (1 ,864 and 2,175 mi.) , 
which is about the same size or 
somewhat smaller than our 
Moon. Earth-based observations 
indicate Pluto's surface is covered 
with methane ice. 

tists theorize the planets have 7 
cores of rock and metal sur-
rounded by layers of ice, liquid 
hydrogen and gaseous hydrogen. 
Uranus has a system of faint rings 
discovered in 1977. Uranus has 
five known moons. 

Small as it is, Pluto has a satel­
lite. The moon was discovered in 
1978 and named Charon. 

There are no plans for sending 
a probe to Pluto. Of the nine plan­
ets, it will be the only one not vis­
ited this century by automated 
spacecraft, providing the Voyager 
2 flies near Uranus and Neptune 
as planned for 1986 and 1989. 



A Portrait of the Planets 

8 Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune Pluto 

Mean Distance From Sun 57.9 108.2 149.6 227.9 7783 1,427 2,870 4,497 5,900 
(Millions of Kilometers) 

Period of Revolution 88 days 224.7 days 365 days 687 days 11.86 years 29.46 years 84 years 165 years 248 years 

Rotation Period 59 days 243 days 23 hours 24 hours 9 hours 10 hours 13-24 hours(?) 18 hours 6 days 9 hours 
Retrograde 56 minutes. 37 minutes 55 minutes 40 minutes Retrograde 30 min.(?) 18 minutes 

Retrograde 

Inclination of Axis Near o· 3· 23°27' 25 ° 12' 3°5' 26 °44' 97°55' 28°48' 

Inclination of Orbit to r 3.4 ° o· 1.9 · 1.3 · 2.s· 0.8° 1.8" 17.2° 
Ecliptic 

Eccentricity of Orbit .206 .007 .017 .093 .048 .056 .047 .009 .254 

Equatorial Diameter 4,880 12,100 12,756 6,794 143,200 120,000 51,800 (?) 49,500 (?) 3,000 (?) 
(Kilometers) 

Atmosphere Virtually Carbon Nitrogen Carbon Hydrogen Hydrogen Helium Hydrogen None 
(Main Components) None Dioxide Oxygen Dioxide Helium Helium Hydrogen Helium Detected 

Methane Methane 

Satellites 0 0 1 2 14 (?) 12(?) 5 2 1 
Rings 0 0 0 0 1 1,000 (?) 9 

Relative Sizes 

.. -. •· 
Uranus 

Venus Neptune 

Sun Earth Saturn Pluto 

Mars 

Jupiter 







(Noonan) 
January 28, 1986 
1:00 p.m. 

PRESIDENTIAL REMARKS: DEATH OF SPACE SHUTTLE CHALLENGER CREW 
TUESDAY, JANUARY 28, 1986 

Ladies and gentlemen, we have a brief statement. Nak'cy knd 
V 

I are pained by this tragedy -- as you are, as all of the people 

of our country are. This is a national loss. 

We forget what courage it takes to go into space and explore 

✓ - ,/" -the heavens, we forget what it takes. In more than a quarter of 
✓ 'v' , ...,,..- -v""\,.,""' ✓ ,_ 

a century of the United States space pr gram we have ne er lost 

~ st~ aut in fli:(bt --{we ;1ave neve'i 1tli'd --a tn,edy lllte th:'.:5 P ­
A.U 1'p I) I 

And so we have forgotten the courage it takes, and the courage it ~ 
V: ~,tJ 

took for the crew of the shuttle. But they -- the Magnificent ~ 
/ 

Seven -- were, by necessity, always aware of the dangers, and 

they overcame whatever fears they had to do their jobs 

brilliantly. ~ _,.- r.-H . I < b ) 
- ~ Ii O,t.}.. ' .._JCO z.L 

V ..,,.,.-- '- , _;;-- )1,fr 'S, J:.) 
Here are seven heroes -- • ael Smith, Francis Scobee, 

~/l~'k j<oJJ Af..'.)/,A,lR ~ f;,l 'ZJ -).J;~z.ibJ::t'<. ~ ..-
esni k / Rona d McNair, Ellison Oniz'tika, Gregory Jarvis, 
v /' " 6~J ., 

l ~ Christa McAuliffe. We mourn them, we mourn them as a Nation, 

together. 

To the families of the Seven: We cannot bear, as you do, 

the full impact of this tragedy -- but we feel the loss, and we --

are thinking about you so very much. 
v 1 ✓ 11.S/9~ 

Your daugqters and sons, fV-,..,.., 

✓ / ✓ 
your husbands, wives and parents -- they were daring and ~4~$ 

brave ~ 

and they had that special grace, that special spirit that said: 

give me a challenge and I'll meet it with joy. They had a hunger 

to explore the universe and discover its truths. They wished to 

serve and they did, and brilliantly. 
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They honored us by the manner in which they lived their 

lives. 
./ 

them --

We will never forget them nor the las'-t ti e we w 

.v v . 
this morning, 

✓ ✓ ✓ / ,_., as they prepared for the r journey, and 

V waved goo bye, and 
✓ ✓ V. ✓ ✓ t../ 

"slipped the surly bonds of earth" to "touch 
7 v v ✓ 

the face of God". 
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The earth as seen by the Apollo 8 astronauts when they swung around the rim of the moon. 

SPACE EXPLORATION, the direct investigation of 
space and the objects it contains, whether by 
unmanned satellites and space probes or by man 
himself. For centuries man has observed and 
recorded the moveme nts of the sun, moon, stars, 
and planets. With the invention of the telescope 
in the early 16th century and of a great variety of 
scientific instruments since that time, scientists 
began to develop man's modern concept of the 

-------CONTENTS-------
Section Page Section Page 
1. Principles of 3. History of Space 

Space Flight 354 Flight 366 
4. Recent 

Unmanned 
SPECIAL FEATURE Space Flights 372 

First Men on the 5. Manned Space 
Moon 357 Flights 377 

6. Future of Space 
2 . Man in Space 365 Exploration 383 

universe . However, not until the middle of the 
20th century did it become possible to send 
man's tools and man himself outside the limits of 
his planetary home, the earth, to investigate the 
space environment, the earth's moon, and even­
tually other members of the solar system such as 
the planets Mars and Venus. 

Space exploration is presently confined to the 
solar system-the sun, its planets and their satel­
lites, and objects such as meteors and comets. 
Man may someday send probes to othe r stars and 
solar systems. The British Interplanetary Soci­
ety, for example, has studied design concepts for 
a spaceship able to reach Barnard's star, 5.9 light­
years away . This star is believed to have a plan­
etary system. 

The first section of this article di scusses how 
vehicles are propelled into space the energy 
they use, the trajectories they folfow, and the 
design requirements of different kinds of mis­
sions. The second section outlines the very spe­
cial human problems encountered by the space 
traveler. The third section relates the fascinat­
ing history of space Aight, from ideas expressed 
in ea rly writings to the first actual flights. Re-

354 

cent unmanned space fli ghts are described i11 1!.r 
fourth section, and manned space flights in iii, 
fifth section; a special feature beginning on p.,, r 
357 tells the story of the June 1969 voyal(1• 1 
Apollo 11, in which men set foot on the 111 01111 I,~ 
the first time, The sixth and final section d, ·.1'.• 
with future plans and ideas for exploration or II.• 
entire solar system and the possibiliti es f, r 
manned and unmanned exploration of the ,1.u, 

For further information on the tech11i,pu, 
and achievements of space exploration, see 1! r 
following articles: ASTRONAUTICS; }UPITEH; \I 1!1, 

MERCURY; MOON; NATIONAL AERONAUTI CS '"·' 
SPACE ADMINISTRATION; ROCKET; SATELLITE. I~ 
TIFICIAL; SATURN; SPACE SHUTTLE; VENUS. 

1. Principles of Space Flight 
To accomplish the launching of eve n the ,,·:, 

plest satellite into orbit around the earth. su n 
tists must deal with several compl ex !'act••! • 
These include the earth's gravitational attrat1 1, 1 

the control of the satellite after launch, and !'' 

nature of the space environment in which 11
' 

satellite must function. 

GETTING INTO SPACE 

Rockets provide the power needed to la,i: ~ 
a spacecraft and carry out its miss ion. Th<' 1•·:· 
tive force of a rocket is called its thrnsf . II · ' 
thrust is twice the weight of the launch ,Tl,ii Ir~ 
lift-off, the spacecraft assembly will rise at -111 
tial acceleration of. one gravity (g), or :E .:.! • 
(9 .8 meters) per second per second. I II onk1 
enter orbit, the spacecraft must att1i11 ·1 ; ' 
velocity of about 18,000 miles (28,800 k111 1 • 
hour. 

Staging. Rocket pioneers grasped a \1'.l) 
1•' , 

crease the final velocity achieved by a sp.it1 ·• 
by separating its rocket propulsion sysk111 . 
separate stages. They found that by an_, 11 1

• ' 

stages on top of one another and di sc:ird 11 •~ 
empty propellant tanks of each stage, th<' 11"'. , 
dead weight resulted in a great incre:1\t' 111 . , 
velocity attainable. Staging is e xtrerne l~ '". 
tant in space Hight because the weight of •1 · I • 
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SPACE EXPLORATION: 1. Principles of Space Flight 355 

. .aft or payload, is usually only a small fraction 
.:C to/o of the total weight of the multistage launch 
·<>bicle at takeoff. 
~ As a multistage rocket vehicle moves upward, 

:r;Jpellants in the_ first st~ge are consumed, ~e-
. ~ing the velucle weight. Acceleration m-

; s until staging occurs, at which time the 
··~1 stage ( consisting of the propellant tanks, 

°,d(et motor, and supporting structure) separates 
falls away. The second stage motor then 

' .lites , and the spacecraft, traveling at several 
.ndred or several thousand miles per hour, be­
. s to accelerate agam. The procedure continues 
iil the last stage has achieved the desired Bight 
\,d ty and is discarded. 

Speed of Ascent. \Vithin certain limits, the 
·l'l er it takes to leave the earth and its atmo­
here on a space mission, the less economical 

7., procedure becomes. At low accelerations the 
, ,:craft wastes great mnounts of rocket pro­
• ::aut, because each second it loses in effect a 
.,;.;dty of 32 feet ( 9.8 meters) per second as 

oult of gravity. Thus the quicker the craft 
;t,1-ins orbital or escape velocity, the less pro­

i!:lllt it need waste in counteracting gravity. 
1ie resisting effect of earth's gravity on the 

,., rd motion of a spacecraft subsides slowly 
1
1e dis tance between the earth and the space­

;t increases. At an alt itude of 100 miles ( 160 
the gravi tational attraction of the earth and 

• •;pacecraft is 1% less than at the earth's sur­
. ,:, at 1,700 miles (2,700 km) it is ½ that at 

.~ ~arth's surface, and at 60,000 miles (96,000 
.1} it is ½o, The gravitational attraction of the 
tth, fo r practical purposes, would be negligible 

pacecraft at distances of a few million miles 
•t in )pace. 

here usually are limits to which a space­
•,,Jt cnn be accelerated without risk of structural 
' wge. Also, in manned space flight, a properly 
.-Jtioned and secured space traveler cannot 
· rtably experience more than 5g or 6g during 

'·;xi if. High-g launchings also encounter aero­
n.m1ic drag loss due to high-speed Hight in the 

lower atmosphere. Thus in determining 
, launching speeds and rate of achieving 

·• v •locity, certain lower and upper limits of 
rktation are considered. 

FLIGHT PATHS 

l'be sounding rockets used for upper atmo­
.·, 'c research that appeared shortly after 
• "'l War II were fired vertically to altitudes 

.. • i; • r 100 miles ( 160 km ) . These single or 
• ' .ged rockets reached maximum speeds of 
'>nler of 3,000 to 5,000 miles ( 4,800- 8,000 
Per hour at the moment of completion of 
1£1 of the propellants (burnout). Burnout 

• • at altitudes from about 15 to 20 miles 
• .,z km), and from this point on the rockets 
'·,i upward, gravity slowly reducing their 

.to zero at peak altitude. The rockets then 
rti~e~ picking up speed until they finally 

' 1 rnto a desert or ocean. The maximum 
and speeds attained by these rockets 

~lt great enough to achieve an orbital path, 
tcd path around the earth. Since the type 

\ they followed had a definite beginning 
'· and was not repetitive, it is often called 
rtory, 

Orbital Flight. A rocket ( final stage and 
,. 18 000

t l tha~ achieves a burnout veloci ty of at 
• . i • nules ( 28,800 km ) per hour at an 

,.~ of over 125 miles ( 200 km) , and that is 

directed on a path essentially parallel to the 
earth's surface, will establish an orbital flight 
path around the earth. At this alt itude, mole­
cules of air are so widely dispersed tlrnt aerody­
namic drag is almost negligible. Thus the orbit­
ing spacecraft, or artificial earth satellite, would 
remain aloft for years, circling the earth in the 
same manner as the moon, the earth's· natural 
satellite. At this velocity, the satellite develops 
a centrifugal force that exactly balances the pull 
of ea rth's gravity. Less orbital velocity is re­
quired in orbits that are a greater distance from 
the earth, because the force of earth's gravity 
decreases with increasing distance. 

In the usual launch of a satellite, the space 
vehicle takes off vertically and the n slowly tilts 
toward the east, achieving a 90° turn at burnout 
with at least sufficient velocity to orbit at the 
desired altitude. Satellite launchings are usu­
ally made toward the east, since the earth rotates 
in that direction 1,040 feet (3 17 meters) per sec­
ond at the equator. (The speed decreases with 
increasing latitude, becoming zero at the poles.) 
It is possible to launch a satellite in a westerly 
direction , but about 2,000 feet (610 meters) per 
second of additional launch velocity is required. 
Satellites are also launched longitudinally into 
polar orbits. 

As the orbital al titude increases, the orbital 
period-the time required to circle the earth-also 
increases, and the orbital velocity decreases. At 
an altitude of 1,075 miles ( 1,718 km) the period 
is 2 hours, and at 26,000 miles (41,600 km) the 
period is 24 hours. Since the latter is the same 
length of time that it takes for the earth to rotate 
once, the satellite ( if in equatorial orbit) is said 
to be geostationary. This means that the satellite 
will always be above the same point on the 
earth's surface. Satellite orbital velocity at this 
altitude is about 7,000 miles (11,200 km) per 
hour. The moon, which has an orbital altitude of 
240,000 miles ( 384,000 km), has a period of 
about a month and an orbital velocity of 2,300 
miles (3,100 km) per hour. 

Earth satellites usually travel in elliptical 
paths. However, they can be put into circular 
orbits. Circular orbits are more difficult to 
achieve because they require more precise con­
trol of speed and direction during launching. If 
the velocity at burnout is greater than required 
for a circular orbit, the point of burnout will be 
at perigee, the point closest to the earth in the 
spacecraft's elliptical orbit. If the burnout veloc­
ity is less than required for a circular orbit; the 
point of burnout will be at apogee, the point 
farthest from the earth in the spacecraft's orbit. 

Planetary Flight. To escape the earth's gravi­
tational attraction, a spacecraft must achieve a 
minimum velocity of 25,000 miles ( 40,000 km) 
per hour. This is also the minimum velocity re­
quired to reach Mars or Venus, whereas a flight 
to distant Jupiter would require a velocity of at 
least 32,000 miles (51,000 km) per hour. A flight 
to Pluto or the nearest star would require a 
minimum velocity of 37,000 miles ( ,59,200 km) 
per hour. 

A flight to the moon or another planet re­
quires precise timing as well as precise aiming 
and control of speed, because of the motions of 
members of the solar system. Ideally, a space­
craft is kept on a Hight path, or trajectory, that 
requires a minimum expenditure of energy. Min­
imum energy traj ectories are elliptical paths called 
transfer orbits. In the transfer orbit to Mars, 
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speer\ mu st h e re rl11eerl in clirnhing o ut o f th e 
earth 's and s11n 's g ravitati o na l attract ion . h ei-a11 , e 
th e o rhita l veloc ity ofl\fars is le s , th a n th at o f th e 
e arth. Ve n us h as an orhita l ve lo(' itv gre ate r th an 
ea rth 's , and th e re fore th e t ra nsfe r o rhit to Ve n11 s 
re quires an inc rease in vt>l oc- ity . MidC"oursf' ap­
plicati o n of rock e t powN is 11sually nec-t>,sa ry to 
e ffect th e changes in velocity . If a Ry-h v ra th e r 
th an a la ndin g is planne d, an ex act ma tc-h o f th e 
pl an e t's orhital velocity is nnt ne cessary . 
Launch timing is parti cul a rl y important h t> c·a11s e 
o f the cha nging rel a ti ve o rbita l pos iti ons o f the 
plane ts . For e xampl e. the re lati ve orhit,,1 p osi 
ti on of Mars and Ve nu s gives favo rabl e opport u­
nities for mini m 11m -e n e rgv t ransfe r o rhit, onl v 
ahout e ve ry two yea rs. • • 

NAVIGATION 

Space Right rf'quire s na , ·igati on in thr t:-e d i ­
me ns ion s rather th an e sse ntia ll y two, as in th f' 
case of trave l o n th P e arth 's surfa c-e o r in it s ,1t1110-
sphe ri c e nvelo pe . Fmthe rmo re . the rota tion of 
th e e arth. th e o rbital sp Ped s of th e plarw ts an d 
othe r hodi e s. th e va rying graviti\ti o nal in Ru Pnt·e s 
anrl th e immPnse di stanc-e s anrl va ry in g rt> la ti ve 
pos ition s o f mt>mhe rs o f the solar syste m n ece, ­
s itate prec ise na vigation . A combinati on of in ­
formati on radioed from t> arth to a spal'ec ra ft an d 
meas ure m e nts from it o f bri ght ,ta rs in kno w n 
pos iti o ns all ow ve ry ,1ct·11rntf' gui d ance in <>11r 
so lar w ste m . 

Inertial Gu idance . The rf' q 11 1re rn e nts o f g11 1d ­
ancf' a nd <"O ntrn l o f a sp ,H·Pnaft vary w ide ly, 
d t> p e ndin g upo n th f' ty pe of spacf' c ra ft a nd 1t, 
mi ss io n . Basie to most g11irlancf' sys tP ms is a 
pos iti o nal me mo ry , y,tt> m kn own as irw rt ia l 
g11idance. By tlw 11 ,e of spinning gvrn , ,·npt>s . 
prec isf' 111 Pas 11rPme nts a rf' mad f' o f any clev1at1 0 11 
o r cha nge in th e pl an nf' rl vP lo~·ity o f a 'JMl'e (' ra ft . 

An y s ignin <"a nt d e \' iati on from th e Hight pl.111 
11111 st h e t·o rre cte rl tn achi evP th P d Ps irPd Righ t 
path . D u ring th e la11n <" h ph a,P . th €-' l'Orrecti;,11s 
may h e m ad t> a t once hy ch a 11 g111g th €-' a ngl Ps o f 
th e ve rni f'r thru st rocke t mo to rs. jd va rw , in th P 
rock€-' t mo to r e xha u st, o r rn l'ke t ·m oto r wh 1('h is 
hung on a g imha l-rin g mo u nt . In th t> <·a ,P of a 
lunar mis sio n , th e d ata o n de vi a ti o n and corrf'c • 
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ti ve thrn st re qu iremen ts may h e sto red 111 ", 1111 , 

pute r me mory system on th e spa!'PC' ra ft. :11 11 ,.. 
same tim e h e in g t ra n s111 1tt f' rl to tral'krn g ,t.1l1111, , 
A mid -course and la te m irl -<·m irst> c-o rTPd io11 111 , 

ne uve r ca n th Pn h e made h y fi ri ng a r()(·k ta l Ill•""' 
in a preC' isely cle te rmi n t> d di re ction fn r ., /'''" 
e i,e ly d ete rm ined le ngth o f ti me . T hi , app ,, , 
ti nn n f thrust p laces th e sp ace C" ra ft on a 1 ,., ri•, tnl 
trajecto ry to acco mplish its m is, io11 !)111,n~ , 
powe r m,rn e u ve r. a<'C'e le ra ti o n me ,," "''""'"" 
conti n 11 e to h f' rn arle An v di ffe ren<·Ps 111 11 11', " ' 
rectecl Right path from the o rigin al c·11111v .11, 

take n into accou nt in fu rth Pr p owe r rn a111· 111 ,·,, 
Tracking and Communicntions . [ n orh1l.tl ll •~l 1 

a nrl in lunar a nd p lane tary space n1 1s-111 11, ii ·, 
ro tati o n of the Pa rth make, ma nv trad-111 1! " · 
ti on, nf'cessa ry in o rd e r to ke Pp cont11111 on , ,.,d 
and rad ar co ntact w ith th e sp.1ce veh wl,· F,, 
thi s re ason a wn rld wicle n e twork 11 1' 1, ,.,, 
ante nn a tra t"k ing , ta ti nns h as hPe n ,-., t.tl,l,, !.,.,1 
(N ASA 's T racki n g and D a ta Re lay S.i1 e ll,1i- , , . 
te rn . u ,ed fo r Shuttl e launc h e s . will , l11i't '"'·''' 
trackin~ erplipm t> n t 111 tn o rh1t. a\\'ay· fr 11111 , l. d !• •,, 
o n th e grn, m d in fore ign cou ntn P' I It .ti 1111 ,! 1 
be come p ol iti c-all y nn ~tahle .) T hro111! lt t-_- l,·11 ,, 

try - th e p roch l('tio n and t ran sn11ss1on 11! , 11 1· 
s ign a ls rPpre se nt ing te m p era t11re, JHP""'''· 
l'e lerat10n . and sn<"h data . th e A1ght p.,tl , ,, I 
va riou s cn nrlit1 o ns a re mo n ito re d at trad :1 111! ' 1' 
tJon s. l n, tnl(' ti nns or qu e rie s also 11 1. l\ · lw It.•"' 

m1 tted to th e space('ra ft. Th11 , a cl ,.,1. ,1! 111 · , 

rn a 111 ta1n1•d , a ltlwu _gh th<• spau:>c: r,1ft 1, tl1""' ,,. 
o r milli o ns nf m il e s aw,1y. Prnpe r 1w1 I"" '' 
o f on h o,1rrl transm itte rs a ncl rF'' '"" ,.,, 11 · ,i• 

prec ise nr 1t-'n ta tio'n n f a nte nn a s an d , .. !. 11 · ' 
powe r syste m s. A d ee p spac-e prPlw ",11 lw r 
gramnwd to " lock o n' to a \ Pry h nl! li t , t, , 

gro up of , tars as a re ference p rnnt <"1 11 r1111! H:-
In ea rth nrhita l sp ac e fl ights . b o th ,1 111 ,. .,. , ' 
and earth -hon zo n sca nn e rs may lw 11 , ,·cl 1 Since largt> all1011n ts o f d a ta :in · il ,·, ' 11 
trac-krng , tat ions . and th e tra 11 s1111ss111 11 P' '"', 
q111rf' me nts o f th e spacecra ft tran sn11t t,•r • "' ' 
c-e ive rs are li m it e d , te !'hn icp1 es nf , ·11 11 1111 •··· 

da ta and al'hi ev in g h1 gh -spppd t r:111, 1111" "'" 
used . 011 hoard me m orv sto rag,.. " ·,t ,·•"· ' ·•' 

/r.n nti rrr1NI r11 1 / 1 :~ • 
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11 (left to right) : Neil Armstrong, Michoel Collins, and Edwin Aldrin. 

The First Men on the Moon 

!'believe that this nation should commit itself 
·!ifivrng the goal, before this decade is out, of 

··Et man on the moon and returning him safely 
11-: .~· On May 25, 1961, President John F. 

. addressed these words of commitment to 
, Congress and the American people. When 

,>ke, tne Soviet Union had already s~nt a man 
.ttbft around the earth, and the United States 

• 1''-'llC~ed a manned suborbital flight. The time 
~d· o ·have arrived for translating into reality 

tct dream of mankind-to have men leave 
':littnetary cradle and stride on alien worlds. 

. .J)h 20, 1969, the flight of Apoll o 11 achieved 
,:-·am._ Two ast ron auts took the first steps on 

!!I worl d. Men had walked on the moon. 
.,, .. mission of Apollo 11 was a triumph for 

·'. _ science and technology. Beyond that, it 
!rlll l(lph for a centuries-long chain of scien­

roventors, whose . work and dreams had 
9 lllght possible . The roster of their names 

• _ s· back from rocket engineers of the recent 
, .. h as Konstantin Tsiolkovsky and Robert H. 

.,(!, to ancient astronomers, such as Aris-
11'. ·~1ho first began to discover the true nature 
_.lnlverse. The foll owing feature pages de­

llo 11 's historic flight. 
Ill be the task of future historians to assess 
•,.ton man's history of the first lunar landing. 

Even from this short range of time, however, it can 
be asserted with good reason that man has reached 
another crossroads in his quest for know ledge, and 
that his thinking about himself and his world can 
never again be quite the same. What man can 
achieve some day among the stars may indeed be 
limi ted only by his own self-knowledge, or lack of 
it, and by the energy with which he pursues new 
goals in the exploration of space. As Robert H. 
Goddard wrote in 1932: "There can be no thought 
of finishing, for aiming at the stars, both literally 
and figurati vely, is the work of generations, but no 
matter how much progress one makes there is al­
ways the thrill of just beginning ." 

THE CREW OF APOLLO 11 
The three astronauts who made up the crew of 

Apollo 11 were Neil A. Armstro ng, a civilian, and 
Edwin E. Aldrin, Jr., and Michael Collins, both Air 
Force officers. Each of the men had made one 
previous flight into space and was a veteran pilot 
with several years of training . Aldrin was also a 
graduate of the Massachusetts Institute of Tech­
nology wi th the degree of doctor of science in 
astronautics. On the Apollo 11 flight Armstrong was 
the mission commander, Aldrin served as the com­
mander of the lunar module (code-named Eagle for 
the flight), and Co l lins was the pilot of the space-
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Saturn 5 lifts Apollo 11 into space on July 16, 1969. 

cra ft's command module (code-named Columbia) . 
Armstrong and Aldrin were the men who would de­
scend to the surface of the moon. See also ASTRO-
1\,JAUTS. 

HEADING TOWARD THE MOON 
The mission of Apollo 11 got under way at 9:32 

A. M. Eastern Daylight Time (EDT) on July 16, 1969. 
Approximately one million spectators in the Cape 
Kennedy, Fla. , area and hundreds of millions of 
television viewers around the world watched the 
Saturn 5 rocket rise slowly from Launch Complex 
39 with its manned Apollo payload . 

The astronauts entered a temporary " parking" 
orbit about 115 miles (185 km) above the earth, 
where the guidance system of the instrumentation 
unit computed the exact moment for the S-48 stage 
of the rocket to reignite in order to insert the 

spacecraft into its translunar path . Th is Path . 
calculated so that, should the engine of the se: '' 
module fail to place the Apollo 11 in lunar orbit '~• 
spacecraft would swing around the moon and ,; 
turn to earth along a " free return" trajectory_ 1, • 

same flight path used on Apollos B and 1 o. 
The firing of the S-48 stage took place n 

schedule , speeding the spacecraft to an initt;i l 1 ~~ 
locity of nearly 24,300 miles (39,100 km ) pe r ho, 
So accurate was the firing that three of four Plilnr~'. 
midcourse corrections were subsequentl y cance !o ; 
The long journey to the moon had begun. 

Early in the translunar coasting peri od, sevr,, , 
necessary maneuvers were carried out to reorir-a 
the spacecraft. The linked command and serv,~" 
modules we re turned about so as to dock with n, 
lunar module , after which Eagle 's four connect ,cr, 
to its adapter and the S-48 stage were severed w,, 
spring thrusters and explosive bolts . Later, ilbnu1 34 
hours into the flight, the astronauts relayed lhe•r 
first scheduled color televisi on broadc ast to 1~. 

world . They reported being deeply impressed b, 
the image of the receding earth, with Ald rin add 11 

the perhaps unnecessary comment that " The -vie ~ 
is out of this wo rld. " 

The Soviet Union placed an unmanned probe 
Luna 15, into orbit around the moon while Apollo 1 

was still en route, and the astronauts were kept ,n 
formed of its progress. The purpose of the prcno 
was never made clear by the Soviet Un ion, but o"• 
common theory was that it had been meant lo fol, 
low the progress of the Apqll o missi on. Another 
theory held that Luna 15 was an unsuccessful .,1. 
tempt to collect a sample of lunar soil and rctu,n 
it to earth-as Luna 16 managed to do in 1970-­
before the Apollo mission was conclu ded. The 
probe eventually crashed into the moon. 

As Apollo 11 neared the lunar surface, the 1,me 
came to fire the service module 's propulsion system 
The engine burn reduced the spacecraft's veloc,1y 
from approximately 6,500 to 3,700 mi les (10,460 to 
5,960 km) per hour and placed the astronauts in .,n 
elliptical orbit around the moon. Apollo 11 hJd 
traveled 244,930 miles (394,337 km). The time w.i, 
1 :22 P. M. (EDT), July 19. 

Circling the earth, the astronauts look down over sea and cloud, as they prepare to head out toward the moo• 
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HEADING TOWARD THE MOON 
On July 16; 1969, as millions of spectators viewed the event over television, th 
Apollo 11 astronauts began their historic eight-day journey. Below, an aut orn .

1 

at~ 
camera high an the tower of launch Complex 39 at Kennedy Space Center, Flor id 
records the early moments of liftoff. The mighty, 364-foat Saturn S/ Apollo 

11 
space vehicle slowly rises past the camera on a column of flame, its initial 7.S ,,, 
lion pounds of thrust generated by the burning of kerosine and liquid oxyg,. 





(Above) Aldrin cautiously de­
scends the ladder of Eagle 
as he is photographed by Arm­
strong, who had stepped out on 
the moon a few minutes earlier. 

(Right) Walking around the 
rim af a small crater, Aldrin 
carries two of the instruments 
that were set up and left be­
hind on the lunar surface to 
send back scientific information. 

PLATE 4 

Apollo 11 Emblem 

ON THE 
LUNAR 

SURFACE 

Four days after Apollo 11 's launch, 
astronauts Neil Armstrong and Edwio 
Aldrin entered Eagle, the lunar mod. 
ule, and descended ta the surface of tilt 
moan, while Michael Callins rema in" 
in lunar orbit in the command modulo 
Columbia. Armstra/lg's first words 0 1 

the LM touched down in the Seo ol 
Tranquility were: "Houston, Tranquility 
Base here . The Eagle has landtd.• 
(Above, the emblem warn by th e crtw 
of Apollo 11 symbolized the land ing) 
The two men spent 21 1/2 hours wor~int 
and resting on the moon before ri1int 
in Eagle's ascent stage to re join Col. 
lins in lunar orbit and return to eort~ 

NAS A , ,. o• I 



ac rap o 'magni cent esolation," as he described the lunar landscape, Aldrin sets up a seismic 
to measure tremors on the moon's surface. The LM stonds in the background, and beside it the U.S. flag . 

Aldrin poses for a photograph 
beside the metal U.S . flag. The 
prints made by the boots of 
the two astronauts in the fine, 
powdery surface material are 
clearly visi ble in the fore­
ground-marks that may re­
main undisturbed indefinitely. 

PLATE 5 
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COMMAND, SEttVIC..E, AND LUNAR MODULES 

t.1/ Reentry Rcot Sh ield 

i · ,-1 COMMAND MODU~E . . ...... 

A ~tronouts 

-
' 

.'/ ' : Roll Control Jet s 
Upper Holch 

Main Propulsion Nozzle 1 

\ 
SERVICE MODULE Yow Control Jets 

VHF Radio Antenna Apollo's command and service modules 
(above), remain joined together ond oper ­
ate a s a unit dur ing most af a trip lo th e 
maan and back. Th e service module cc :: ­
tains the rocket motor an d fuel for cou, so 
correction en route to the moon , an d fer 
escape fram lunar orbit and rc tu,.1. Th e 
service module is dropped off just bcfo,c 
the command module ree nters ea rth ' s a t 
masphere. The command modul e ca nlair.s 
controls, communicat ions equipment, li v 
ing-working space· for three astronauts, 
oxygen, fuel, food, and three parachutes 
ta soften the landing on earth. Apollo' s 
lunar module, or LM (right), has two moin 
sections , called a scent and desc ent stages , 
each with its own racket motor . Th e motor 
of the descent stage lowers the LM to the 
surface of the moon . When the astronauts 
leave the moon, the LM separates a t its 
interstage fitt ings and the motor of the 
ascent stage blasts it up into orbit agai n 
The LM is truly a moon vehicle and canno t 
funct ion in the earth's stronger gr ovda • 
tional field. To pre ve nt tumbl in g, J ll d 
for maneuvering purpo ses , a ll three mod 
ules of the Apollo craft ha ve sma ll jct 
openings on thei r surfac es. Th e jets ::re 
d esigned to control p itc h, yaw, 01·, d 1011 

Ascent Stage 

ILLUSTRATIONS BY KEITH FERRIS 

PLATE 6 

Hydrogen 

O xygen - -..-­

f ucl Cells 

Helium 

Descent Stuge 

LUNAR MODULE (LM) 
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AT THE MOON 

commond, service, and lunar modules 
;npowered orbit around the moon, there is 
lovt of the crew ond all equipment. Then 

outs transfer from the command module 
lM and the two modules separate, with 

h¼fl astronaut rema ini ng in lunar orbit as 
escends toward the surface. O nce the 

~c, landed, the two astronauts go outside 
' t ,o(t to explore the surface, perform ex­

r, and gather samples. At the proper 
~ ndezvous with the command and service 
• lliey blast off in the LM's upper stage, 
1~, lower stage on the moon . With their 

and attitude control jets they get 
\, maneuver into position, and dock with 

nd module. The LM's upper stage then 
~ d, and remains in lunar orbit. The 

fire the rocket of the service module 
a tra jectory back toward earth . The 

.ttllO used to make midcourse corrections 
way, if necessary. As the spacecraft 

""'rlh the service module is jettisoned 
tbtllrnond module turned around so that re ­
•"' the atmosphere takes place w ith its 

forward . The module then descends 
n su rface with the aid of parachutes. 

LANDING AND TAKE-OFF 
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IN LUNAR ORBIT 

. ~After completing two circuits of the moon, the 
.• • tronauts reignited the propulsion system to bring 
•. if..craft into a roughly circul ar orbit , between 62 

-' 75 miles (100 and 121 km) above the lunar 
· .tf'ace. Gazing down at the cratered land below, 

,11strong described the first view of the area 
·re he and Aldrin planned to touch down a few 
rs later. "It looks very much like the pictures 
like the difference between watching a real 

.,.,tball game and one on TV. There 's no substitute 
~ actually being here." 

he orbital flight continued as on-board systems 
checked out thoroughly. This completed, flight 

. ander Armstrong . and the controlle rs in Hous-
• 'igreed that it w~s time for the descent maneu-

0 begin. The first step was to undock Eagle 
•. Columbia . This took place while Apol lo 11 

• . . passi ng above the far side of the moon. Arm­
and Aldrin pressuri zed the tunnel between 

two modules and opened the connec tive hatches 
• ~ ,rnwl into Eagle , where they made extensive re­

.of all systems and subsystems before undock­
Colli ns remained aboard Columbia . 

. ii the modules returned to the near side of the 
• Armstrong reported to Houston , " The Eagle 
wings. '. ' The lunar module was ready, and 

.were about to descend to the moon 's surface . 

DESCENDING TO THE MOON 
_4.,sion now rose aboard Eagle and Columbia, at 
i.;~ ·control in Houston, and in front of tele­

ceivers in homes and public places all 
the world . (It is estimated that about 500 
persons listened in as the landing took 
f ag/e's descent-stage engine was fired, first 
throttle and then at 40% . The lunar mod­

fbltal pGth became highly elliptical , with a 
a of about 50,000 feet (17,250 meters) above 
rfice. This was the maneuver to insert the 

Jrtto descent orbit. 
n the landing approach " corridor" had been 

, the engine was again fired, near the peri­
t, lo permit the craft to sink downward to 
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the moon. Everything proceeded under the auto­
matic control of the on-board computer until Eagle 
was about 7,600 feet (2,320 meters) above the sur­
face and 26,000 feet (7,930 meters) uprange from 
the planned touchdown site in the Sea of Tran­
quility, northwest of Crater Moltke. The craft was 
further braked at this point, and dropped to about 
500 feet (150 meters) as the crew received visual 
cues from the landscape and assessed the terrain 
below for the best place to land. 

At an altitude of about 450 feet (137 meters) , 
Armstrong and Aldrin took over the contro ls, hav­
ing decided against an automatic landing sequence 
In favor of a semiau tomatic procedure. Because of 
a program alarm that indi cated the on-board com­
puter was being overworked, the astronauts and 
Houston brought Eagle down through a verbal ex­
change of instrument data and visual observations. 
The last few moments were extremely tense ones 
for everyone involved , for in addition to the pro­
gram alert, the lunar module 's gu idance and navi­
gation system was heading the astronauts toward a 
very rocky crater. Armstrong had to bum the en­
gines for another 70 seconds in order to reach a 
smoother landing site about 4 miles (6.4 km) away. 

The final moments came as Aldrin reported , 
" Forward , forward , good. Forty feet. Picking up 
some dust. ... Drifting to the right. . . . Contact light. 
OK. Engine stop!" The engine was to be stopped 
almost immediately after devices dangling below 
Eagle's footpads contacted the surface and caused 
a light to shine on the instrument panel. Armstrong 
delayed for one second; then, looking down onto a 
sheet of lunar soil blown radially away in all 
directions by the rocket exhaust, he shut off the 
engine. " Tranquility Base here. The Eagle has 
landed," said Armstrong . The . time was 4:17:41 
P. M. (EDT), July 20. Men were on the moon. 

ON THE LUNAR SURFACE 
Up until this moment of the flight, the millions 

of television viewers could only listen to words be­
ing passed between Apollo 11 and ground control. 
Soon they would be able to watch events on the 
moon as well. Ironically, one man who could not 

In lunar orbit, the Apollo 11 astronauts see the earth over the lunar horizon . 
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THE COMMAND MODULE, as seen by astronauts Arm­
strong and Aldrin before their descent to the surface. 

see what was happening on the lunar surface until 
after the mission was completed was Michael Col­
lins, who had to be content with listening to the 
voices of his crewmates as he circled the moon. 

Originally the mission plan had scheduled about 
eight hours for checking out systems, eating, and 
resting, before the astronauts would actually leave 
their lunar module. However, after assuring them­
selves that Eagle was in good shape , Armstrong 
and Aldrin requested permission to cancel or at 
least postpone a 4-hour rest period. They wanted 
to go out on the lunar surface as soon as they 
could get ready. Houston agreed; it seemed unlikely 
that the two men would do much sleeping at this 
stage of their momentous· journey. 

Nevertheless, more than three hours We 
needed to get suited up for the extravehicu lar /e 
tivities. The donning of portable life-support-systt 
backpacks proved particularly time-consuming in t~"' 
cramped quarters of Eagle. in their suits at i, °' 
the astronauts depressurized their cabin-wh~~~ 
proved to be another tedious process-and open<:o 
the hatch. It was six and a half hours since ., . 
lunar module had landed . • • 

Armstrong slowly descended the 9-rung lac,: •. 
leading down from the " porch" of the lu nar mocu·. 
to the moon 's surface. At the second rung he r• 
leased a fold -down equipment compartment on .• 
side of the module, releasing a televisi on call' ~r• 
that would then record the first steps taken by , 
man on the moon. Soon the silhouetted figure , 
Armstrong could be seen , as he continued his .; 
scent of the ladder. When he took his first caut,cc\ 
step onto the :unar soil , at 10:56:20 P. M. (Eor1 
he paused to say the now-familiar words: ''Th ,11 
one small step for a man , one giant leap for .,, , •. 
kind ." 

Soon Armstrong beg an to give verbal •J csc, . 
lions of the material on which he walked . • ;:. 
surface appears to be very, very fine grain . 1,,. , 
powder ... . I • can kick it loosely with my le•·• 
Like powdered charcoal. I can see footprints of ,.1 
boots in the small , fine particles .... No trouble •, 
walk around." Meanwhile Aldrin remained in ... 
lunar module, monitoring the television camera 1-: 

observing his companion's movements outside r . 
nally he asked, " Is it OK for me to com e out?" , 
few minutes later he stood on the moon. 

Like tourists visiting a spectacu lar V<lCJI , 

area, the astronauts took dozens of photog, .10•1 
exclaiming "Beautiful view!" and "Magni f1 c~nt d,, 
lation!" They showed television viewers the plJr, ,. 
on Eagle 's descent stage, which read : 

HERE . MEN FROM THE PLANET EARTH 
FIRST SET FOOT UPON THE .MOON 

JULY 1969, A. D. 
WE CAME IN PEACE FOR ALL MAN KIND 

The plaque was signed by the astronauts and Pin 

dent Richard M. Nixon, who later made a teleph,.·, 
call from the White House, through Houston l.1c 
ties. Nixon observed, " Because of what you ~ •• , 
do,ne, the heavens have . become a part of , .,, , 

MISSION co NII 
personnel in Ho: • 
Texas, monitor " • 

11 as th~ 01
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carry out thei r .... 

In the tense I'"•"' 

of the actua l lo., 
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operat ion betwc«"' 

Houston work•• '. _ 
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site is near the edge of dark area at tap center. Pa rt of the landing craft is silhouetted at left. 

'.'· In the early minutes of thei r extr;ivehicular 
-!.Vrties Armstrong and Aldrin also erec ted a me ­
·c U. 5 . flag near the land ing craft , before return­

J-1O t~ei r busy schedule . 

WORKING ON THE MOON 
he ; urface activ i ties involved three princ ipal 

First, the astronauts chec ked and ph oto­
hed Eagle from all angles . to determ ine if any 

or landing damage had occurred . They also 
d the depressions -only 1 tc 2 inches (about 

, lo 5 cm) deep-made by Eagle's footpads . to 
111formatio n on the moon 's surface properties . 

!)!ld the astronauts had to fam ilarize themselves 
he environment by walking and running ; their 

• lions of clothing and equ ipment would be in­
le in making pl ans for later land ing missi ons . 

• • , they collected as much operati onal and sci ­
,~ information as possible during their short 

of extravehicular activity 
strong gathered about 45 pounds (~O kg) 0f 

nd soil samples : the samples \'lero placed in 
bags that were then insprted In two :1l umi ­

~ es. The astronauts also set I1p three m­
t systems for obtaining sr- 1cnt!f1r. d:ita : a 
ind compositio n c1etector. a seismic detector . 
laser reflector from wh ich scientis ts b~ck on 
lllter " bounced .. laser heams for a more ac ­

~ determination of the lanc1 ina site and of the 
'IS Of the earth and the moon - and th e di stance 

i... n them. 
$Olar wind devicP. con sisted simply of a 

- •.fnri aluminum foil depl oyrJ d so tha t the foil 
be exposed directly to th e s11 n s r;iys . In 

' It Was a trn p for the inert gas cons ti tu ents 
• ,. •tream of particles con stantly flowing out­
;' the_ sun . (The lunar soil itsel f wa s later 

be nch in sola r wind particl es ) Near the L1'1e stay on the moon. the solm wind dP.vice 
->l<!ed and placed In one of the ~ample r.o n-

The seismic detec tor wrts deployed to monitor 
possible " moonqu akcs: · mete oroid impacts, free os­
cillations of the moon . ::ind general signs of in­
ternal activity . The instrument was powered by a 
radio isotop1c hea ter developed by the Atomic En­
ergy Commiss1c 'l . Alm ost immedi ately after its de­
ployment. th P. .; tal ion \'lent into operation ; it has 
since provided sr:i entists back on earth with much 
valuable data :ibo tt t .:)Vents on the moon. 

Armstrong also attempted to take two core sam­
ples of subsurfar:c ;: ::iteri als . He described the 
difficulty he encountered in this task . " I could get 
[the first coring device \ down about the first two 
inches without much of ;i problem and then I wou ld 
pound it in about n° hard :is I could do it. The 
sP.cond on e took t1·:c h,nds on the hammer, and I 
wns putting pre tty good dents in the top of the ex­
tension rod . And it 111st wouldn 't !JO much more 
than - I think the totnl rJ cpth might hnve been about 
8 or 9 inches 8'11 even there , it . . . rJidn 't seem to 
want to stand I.J p str1ight . ;ind it would dig some 
sort of a hole but 1t wouldn ·t just penetrate in a 
way th:it woulc1 <iuppnrt i t . If that makes any sense 
nt all It dirln ·t ronlly to me." 

ThP. Rstron r."1ts 2ls0 prnvic1 ed interesting verbal 
c1escripti0ns of thP. ir lunar envi ron r.:ent. Aldrin re­
ported " liter.illy th ousands .. of craters about 1 to 
2 feet (0.3 to 0.6 meter) in di ameter in the area. 
There were ;ilso boulders 0f all shapes, up to 2 
feet across. and some even larger Many of them 
were nbove the ground . while others were par­
ti ally or almost r;omplc tely buried. The footprints 
left by the astron auts '.'✓ere .ibout an eighth of an 
inch (0 .3 cm) deep . 

Armstrong and Aldrin found mobility was no 
problem, although both men described the ground 
as " slippe ry" (possibly ,1s a msu lt of the many tiny 
glnss sph erul es later found in the samples of lunar 
soil) . They quickly bP.came accustomed to the low 
gravity, but found it be st to anticipate their motions 
three or four steps in advance as they worked (in 
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order to compensate for the reduced length of time 
that the foot remains on the ground during a 
stride on the moon). 

The period of extravehicular activity came to 
an end when the astronauts had to begin their re­
turn to the landing craft, after about two and a 
half hours of work on the surface . They stowed the 
solar wind experiment, dusted off their extrave­
hicular mobility units, kicked their boots clean 
against the footpad of the lunar module , ascended 
the platforr.i, swung open the hatch, disconnected 
the equipment conveyor, and jettisoned equipment 
and items no longer needed. Among the litter that 
Eagle jettisoned were cameras, the television unit, 
hand-tools, core bits, the environmental control sys­
tem cannister and bracket, some used urine bags, 
and the two portable life support systems. Arm­
strong and Aldrin took a well-earned rest before 
their return the next day to Columbia . 

ON THE MOON, Aldrin (left) poses beside one ,, 
Eagle's footpads. He and Armstrong (above ) erec 0 
metal U. S. flog to mark the Tranquility Base 1,,, 

In a news cooference held after the astronav, 
had returned from their Apollo mission , Armstrc,1 
and Aldrin were asked about the time spent out: :, 
the landing craft: " Was there ever a moment -
the moon when either one of you were just a 1 ", 
bit spellbound by what was going on?" Armstr ·i 
replied , "About two and a half hours ." 

RETURNING TO EARTH 
Lift-off from the lunar surface took place ., 

1 :55 P. M. (EDT) on July 21. Despite their su,·• 
uous hours of activity on the moon, the two £.,, 1 

crewmen actually slept very little before the tune 
launch. When the ascent engine was fired, the s! ,• 
soared rapidly upward in what Armstrong descr,r, 
as a very smooth and quiet ride. Left behind • , 
the descent stage of Eagle, along with th~ 
struments and debris of man's first stay on .. , 
moon. 

BACK ON E>• • 
the astronou r, ,J .,. 

recave ry by hr ' '" 
ter as their 1,1, • 
bobs in th• p 
Ocean. The m•• 
dressed in i~o'.v # 

garments donrud -

fore they left " 
craft, as 0 ~ ' .. 

tion against pJl' 
contami na tion .,, 

earth by ho• "' ' ,t 
terials fro m 1h' -· 



The ascent engine had to burn for more than 
, even minutes In order to produce a final velocity of 

4 128 miles (6,646 km) per hour. The first phase 
of the ascent involved a vertical rise, so that the 
craft might clear any possible lunar terrain fea-

res. The craft was then tipped over by 52° for inser­
uon into lunar orbit. Thereafter, maneuvers brought 

two ships within rendezvous distance of each 
olher, and Eagle and Columbia began to dock. The 

;ps suddenly gyrated, to the surprise of the astro­
nauts, but docking was accomplished thereafter 
;1thout • mishap and only three minutes behind 
" hedule. Aldrin and Armstrong crawled back into 
Columbia to rejoin Collins, the hatches were closed, 
nd Eagle was jettisoned. Columbia was Apollo 11 

0 again, minus its lunar module. 
. The journey homeward was essentially a repeti­

of the events in the missions of Apollo 8 and 
Polio 10. The three astronauts functioned much as 

y had on the moonward journey, making naviga­
•ional checks, rolling the spacecraft, and so forth. 
"he return trip took about 60 hours, during which 
•11a astronauts again transmitted a t~levision pro­
:;ram to earth. During this program each of them, 
n tum, reflected on the mean ing of their flight. 
Jdrin said, " This has been far more than three 
en on a voyage to the moon; more, even , than the 
lfotta of one nation. We feel that this stands as 
symbol of the insatiable curios ity of all mankind 

·~ explore the unknown." 
Some three and a half hours before the Apollo 

to reenter the atmosphere, the astronauts 
the command module away from the sun to 

imi It to cool to the maximum possible extent. 
service module was then separated from the 

nd module . 
.Al about 400,000 feet (125,000 meters) above 
urth, the command module began to heat up. 
\tie module penetrated deeper into the atmo­
re, the temperature of the heat sh ield rose to 

roxlmately s,ooo• F (2,760° C) , and the astro­
ta experienced a deceleration force of more than 
g'a (six earth gravities) . At an altitude of about 

:• 000 .feel (73,000 meters) the heat sh ield was 
1tone_d, , and the drogue parachutes were de-

f iV• minutes later, with the drogue parachutes 
red and the main parachutes of Apollo 11 

Iii' d out above their spacecraft, the astronauts 
• ed down in the Pacific Ocean southwest of 
" w I, within sight of the recovery ship USS 
• "''· . The time was 12:40 P. M. (EDT), July 24. 

storic mission was at an end. 

lATION CHAMBER 
.. of possible contact 

rmful organisms on 
on, Apollo 11 crew is 

liy President Nixon 
Q successful return to 

.., on July 2-4, 1969. 
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The astronauts landed about 2 miles (3.2 km) 
away from their intended target and 13 miles (20 
km) from the waiting recovery ship, the USS Hornet . 
The three men and thei r capsule were quickly re­
trieved by Navy frogmen and helicopters . Before 
they left their capsule , Armstrong, Aldrin , and Col­
lins were handed three biological isolation gar­
ments wit_h plastic-visored face masks. This was 
the first of several steps taken back on earth to 
reduce to an absolute minimum any danger of 
contamination from lunar materials. During their 
return fl ight, the astronauts also had followed pre­
cautionary procedures, such as vacuuming their 
equipment and filtering the cabin atmosphere to 
remove stray particles of lunar dust. 

As soon as they emerged in their germ-proof 
garments and entered the waiting life rafts , the astro­
nauts were thoroughly washed with a decontaminant, 
after which they in turn washed the frogm an who 
performed this chore , in case he should have be­
come contaminated in the process. The hatch of 
the Apollo spacecraft was also scrubbed . These 
safety measures had been developed by an in­
teragency committee prior to the flight, although 
most scientists felt that the possibility was remote 
that any microorganisms of any sort existed on the 
moon, whether dangerous or benign. 

Upon being delivered to the Hornet , where 
President Nixon wai ted to greet" them, the astronauts 
were immediately transferred to a quarantine van 
called the Mobile Quarantine Facility. The presi­
dent spoke to the three men through a window of 
this facility, congratulating them on their epic flight. 
The astronauts, still inside their quarantine van, were 
then taken to Hawaii and flown back to the Manned 
Spacecraft Center at Houston. There they and their 
precious cargo of lunar rocks and soil were trans­
ferred to a Lunar Receiving Laboratory, where they 
remained under observation for 18 more days. Hav­
ing shown no sign of ill effects trom having come 
in contact with the moon, Armstrong, Aldrin, and 
Collins were permitted to emerge from isolation on 
August 11 . Now truly returned to the world of men, 
the astronauts had to prepare for another arduous 
mission : the days and weeks of strenuous parades, 
interviews, and acclamation that were to follow. For 
a while, the first men on the moon became the first 
citizens of earth. 

WERNHER VON BRAUN, Former Deputy 
Associate Administrator for Planning , NASA 

FREDERICK I. ORDWAY, Ill 
Research Institute 

University of Alabama in Huntsville 
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The total length of the Saturn 5 rocket with the Apollo 
spacecraft and escape system is 364 feet ( 111 meters). 
The first stage ( 1) is 138 feet (42 meters) long. Its 
weight of 4.7 million pounds (2.1 million kg), with 
kerosene / liquid oxygen propellant aboard, accounts 
for ¾ of the launch weight. The five F-1 engines togEllher 

(Continu ed from page 356) 
and photographs facilitate the transmission of in­
formation when it is asked for by coded signal 
from the earth. 

Manned Flight Control. With man on board a 
spacecraft, the availability of his judgment and 
selection facilitates some of the guidance and 
communications activities on the craft. How­
ever, man's fresence also introduces the need 
for additiona monitoring equipment. 

Generally, instructions for maneuvers of 
manned spacecrafts are transmitted from earth to 
the vehicle, and the space traveler executes the 
orders at the determined time. Override control 
may be provided, in case the space traveler is 
unable to perform the maneuvers because of his 
physical condition or because of nonoperative 
on-board controls. In ,m earth-orbit rendezvous, 
the data for transfer of orbit is provided from the 
earth and is based on tracking data of both orbit­
ing vehicles. Once the rendezvousing space­
craft establishes radar contact with the other 
spacecraft, the space traveler can close on the tar­
get and eventually use direct visual observation 
for the final docking, or contact, maneuver. 

SPACECRAFT DESIGN 

The elements of design of a spacecraft are 
governed by its mission and operational require­
ments. Thus the wide panorama of different 
flight projects undertaken by the United States 
and the Soviet Union has resulted in widely 
varying spacecraft designs. The spacecraft's 
destination, the tasks that are to be performed, 
the duration of the space flight, the physical con­
ditions to which the spacecraft will be exposed, 
and whether or not it will be manned are all 
basic considerations in spacecraft design. 

Axiomatic in the design of a spacecraft is the 
continual compromise between the most desir­
able and the feasible, within budgetary and time­
for-completion requirements. In the early years 
of space flight, limitations of propulsion necessi­
tated great stress on low weight for payloads . 
Today, recoverable launch vehicles such as the 
Space Shuttle have given engineers more free­
dom in balancing weight against factors such as 
cost and reliability (long operating life). Weight 
remains important but is not the controlling fac­
tor it once was . In the next generation of launch 
vehicles, weight for most space systems will be­
come secondary to cost and reli ability . 

Many factors must be considered simulta­
neously in designing a spacecraft. The strin­
gency of the requireme nts calls for a team of 

364 

generate 7.5 mi llion pounds (3.4 million kg) of thru,t 
An interstage (2) connects the first and second stag~ 
(3), which boosts the Apollo to a height of 117 mile, 
( 188 km) and a speed of 15,300 miles (24,630 km) per 
hour. The second stage has five J-2 engines that 
generate over a mill ion pounds (450,000 kg) of thrust. 

technical specialists, systems engineers, and .id­
ministrators that work closely together. Th, ,,, 
teams, with their unique industrial, acadt·1 111" 
and governmental backgrounds, utilize the L·,p,·. 
rience of past space programs in desig11 L o 11 . 

cepts . 
Unmanned Satellites and Space Probes. S0111t• ,,f 

the earli est uses of earth satellites were to n·l.11 
communications signals, monitor the weath,.; 
map the earth's natural resources , and detect 1111: 
clear explosions. Satellites now serve so 111 ,1111 
purposes it is impossible to describe the ,,, 11,, ;, 
of their use in a short space. Each kind of ,atd 
lite mission has its own requirements li, r "" 
board sensors, altitude control, attitude co11t1 11I 
propulsion, electrical power, transmitters a11cl 11• , 

ceivers, guidance, and, increasingly so, pr1111-
sions for landing or recovery. 

Most satellites and space probes are 11 11 t d,· 
signed for return to earth and recovery. Th, -,, .. 
fore, they do not have to withstand the hid ,-• 
loads of reentry, nor do they require heat-shi"l .!­
ing. In orbit, in the weightless condition, th, 
spacecraft may appear flimsy by terrestrial , t., ,, 
dards . Extensible antennas may stretch out h11 11• 
dreds of feet. Large panels of solar ce ll s 111.11 
unfold to absorb sunlight, converting the radu· 
tion to electric power. Storage batteries prm iol, 
a . ready power supply for short-term. l1t·.11 1 
power requirements and for periods wh1·11 1hr 
spacecraft may be in the earth's shadow. ;'\ 11cl1• •1 
power supplies can serve the same purP"'''· 

Manned Spacecraft. In the case of a 111:11 111nl 
spacecraft, provisions must be made for ,1,, 
space traveler's protection and needs . Th,•"' 111• 
elude radiation shielding and an enviro 1111w11 t ,! 
control system to provide oxygen, remove ,·.,rl »•n 
dioxide from the cabin atmosphere , and rl'l:11 l.11 ' 
temperature and pressure. Food and water 11 11 : •

1 

also be suprlied, as well as a means for ,-,, lln I · 
ing physica wastes. The space traveler 11 ,u,t 11' provided with instrument dis_pl ays, L·o11 t1"·' 
warning signals , and a means of vi sual ob,,·1" 
tion and communication. Finally, an •·" ·> 

higher reliability called man-rating is caikd 1 ·• 

in the design and test of manned craft. 
Reentry Equipment. Recovery of earth salt'll ,I•~• 

requires the use of retrorockets, or br.ikrn )! '" ,, 
ets, which apply thrust in the direction t1i> r "" 
to the flight path. The resultant loss in 1 •· '" ; 
of several thousand feet per second c:ll1"' ' '. ' 
spacecraft to drop toward the earth. As tin· 1 ' ... 

cle enters the outer fringes of the atn1" ' 1'"' ·; 
aerodynamic drag begins to occur, and th ,· '1'"\ 
craft arcs increasingly sharply toward tlr<' , •• ,,. 

,rt 
Ii 



-------- APOLLO SPACECRAFT--------

0 0 

age (4) has a single J-2 engine that sends the 
i nto final orbit. The Apollo lunar module (5) 
n on adapter for the launch and early stages 
t is equipped with engines for the descent to 

from the moon's surface. The service module 
carries power and other support systems for 

Space Shuttle has control surfaces that en-
e it to take a shallower, smoother path.) 

Hr ting due to friction produced by air passing 
,, . r the spacecraft becomes so intense that the 
, cecraft reaches incandescence if it is not 

operly shielded. Several kinds of materials 
l.l be used for shielding. 

[n lunar landings, the absence of atmosphere 
diminates the possibility of aerodynamic drag re­
' •• 'Cf)', Accordingly, retrorockets are used in the 
. u1 descent phase. Radar sensors ignite the 

1 r.wng rockets at the precise moment, bringing 
tlw pacecraft to a hovering condition a few feet 
,b◊ve the lunar surface. The rocket motors then 
1b11t down, and the spacecraft drops the final few 
f to the surface. Since lunar gravity is about 

that of earth's gravity, the problem of impact 
ned significantly. 

utomated research packages have thus far 
•n landed on the planets Venus and Mars by 

of drag devices, since both planets sustain 
trno.'ij)heres. The atmosphere of Venus is thick 
•i<I the hidden surface of the planet is very hot, 

,, the design problem is to develop a package 
1 can endure the high temperatures it must 

nter. The atmosphere of Mars, on the other 
is very thin in comparison to the earth's 

phere, while surface temperatures are not 
fllblem; the difficulty is to obtain sufficient 

ynamic drag. 
FREDERICK C. DURANT, Ill 

National Air and Space Museum 
Smithsonian Institution 
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• ~nquest of space has required coping 
Y with a hostile environment but alsC' with futs of space travel itself. In leaving the 

, e space traveler leaves a dense, life­
ming atmosphere and ascends through in­

i gly rarified air before entering the vacuum 
• . r,ace. During lift-off and reentry into the 

• ndtmosphere, his body is subjected to vibra­
t e~t forces of acceleration and decel-

.,, j h1le traveling in space, his body is 
' Also, the space traveler leaves the 

0 0 0 

HO!ITM AlfUICAN ROCKWELL CORP, 

the command module (7), has an engine that provides 
22,000 pounds (9,900 kg) of thrust and thot can be 
restarted as • many as 50 times. The command module 
is "home" for the three moon-journeying astronauts. The 
launch escape system and the boost caver (8) are nor• 
molly jettisoned about 3 minutes 8 seconds after launch . 

familiar social and physical environment of the 
earth and works in constant hazard, alone or in 
a small group, and is therefore subject to psy­
chological stresses not encountered on earth. 
These and other factors must be taken into ac­
count to ensure his well-being. 

life Support System. Man is accustomed to an 
atmosphere that is 21% oxygen, 78% nitrogen, and 
1% other gases, at a total pressure of 760 mm 
( 29.9 inches) mercury. The earth's atmosphere 
is simulated for the space traveler by a support 
system that provides him with the necessary oxy­
gen, and often an inert gas, at a suitable pres­
sure. Oxygen is supplied at a pressure great 
enou¥h to saturate the red blood cells in the 
lungs air sacs. The red blood cells carry oxy­
gen and distribute it thro ughout the body. The 
partial pressure of oxygen entering the lungs' air 
sacs varies somewhat because of the exchange of 
oxygen for carbon dioxide, but it is generally 
about 150 mm (5.9 inches) mercury. The life 
support system pressure will ideally be that of 
earth's with mixed gases, but the total pressure 
may be reduced to 200 mm (7 .9 inches) mercury 
inside the cabin as the percentage of oxygen is 
increased. 

Oxygen at partial pressures above 150 mm 
mercury may be toxic to the human body, and 

. it is certainly so at partial pressures over 760 
• mm mercury. Increasing the oxygen pressure 

also increases flammability, and in pure oxygen 
even human skin will burn. The body's need for 
an inert gas such as nitrogen, which makes up 
78% of the earth's atmosphere, has not been 
proved definitely. However, it is clear that the 
presence of nitrogen reduces the burning rate of 
materials inside the cabin. 

In addition to providing oxygen at a suitable 
pressure, the support system must also remove 
water and carbon dioxide, which are products of 
respiration ; remove contaminants; and maintain 
the cabin temperature against the extremes of the 
space environment. 

Acceleration. Launching a space vehicle re­
quires sufficient acceleration to escape earth's 
gravity. For orbital flight, accelerations as high 
as 6g, or 6 times the force of gravity experienced 
at the earth's surface, are required. During re­
entry to the earth, peaks of 10g to 13g may be 
reached. Man cannot withstand these forces 
either standing or sitting, but he can with­
stand them in the supine or prone position. For 
this reason the astronaut couch was developed for 
takeoff or landing, and the spacecraft is specially 
oriented dming reentry. 
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366 SPACE EXPLORATION: 3. History of Space Flight 

The body's tolerance to acceleration depends 
on the magnitude of the force and its duration. 
The primary effect of increased g is on the cir­
culatory system. At 5g the blood has the weight 
of iron, and as g increases, blood fills the lower 
portions of the lungs, displacing air. The ex­
change of oxygen for carbon dioxide is impaired 
by an insufficiency of ventilated lung sacs. 

Vibration . The rocket motors that launch 
spacecraft also introduce marked vibrations. In­
tense vibrations between 1 and 20 hertz ( cycles 
per second) are the most detrimental to the body. 
Minimal tolerance of the body is at vibrations 
of from 4 to 6 hertz, which is the natural fre­
quency of the major body cavities. Tolerance 
times of these vibrations are short at low g levels. 
Prolonged subjection to such vibrations may 
cause tissues to be tom. 

Weightlessness. Man has evolved in an en­
vironment where his body weight depends on the 
gravitational attraction between the mass of his 
body and that of the earth. On the moon, where 
the ~ravitational force is 1/s that of the earth, a 
mans weight is only 1/s of his weight on earth. 
On Jupiter, where the gravitational force is over 
2.5 times that of the earth, a man would weigh 
over 2.5 times as much as he did on earth. On 
Mars a man would weigh just a little more than 
½ of his weight on earth. An orbiting body 
experiences no gravitational force at all and is 
therefore weightless. 

Many of the body's systems are adapted to 
earth's gravity. The musculoskeletal system is 
adapted to gravity for posture and for the power 
to move about and to move other objects . The 
circulatory system is adapted to move blood from 
the heart to the periphery of the system and 
back to the heart while the body is in an up­
right, supine, or prone position. Man's sense of 
balance and sense of movement or position are 
also oriented to earth's gravity. These systems 
may adapt over a long period of time to a new 
environment of wei&htlessness. If they do, a 
new "space adapted state will exist that will 
put the space traveler at a considerable dis­
advantage when he returns to his native planet 
after a long stay in space. 

Radiation . The space traveler has to be pro­
tected against the high-speed atomic particles of 
cosmic rays and solar Hares, and the charged 
particles geomagnetically trapped in the dough­
nut-shaped Van Allen belt that surrounds the 
earth. These ionized particles are damaging to 
living tissues. Depending on the dose and the 
dose rate, there may be immediate effects 
ranging from nausea to death, which requires a 
very high dose. Doses above 100 rads cause 
changes in the digestive system and in the for­
mation of blood, which may cause death. Death 
from these causes would occur within one month . 
If the dose is small or protracted, the effect will 
be a significant life shortening. 

Low-inclination orbits-orbits at a small in­
clination to the equator-at 230 miles ( 370 km) 
are subject to the lea.st radiation, while polar and 
synchronous orbits and planetary expeditions 
occasion more risk . In a low-inclination orbit 
the cosmic ray dose would be about 0.01 rad per 
day with 1.0 gram / cm1 (0.2 ounce/ inch1

) shield­
ing. In the Van Allen belt, the dose might be 
1 rad to 10 rads per hour. In a solar Hare period 
of three to four days, the dose rate might be 
LOO rads for the duration. 

Isolation. The problems of performing for a 

long time alone or in small groups are complex 
Information gained by simulation of the spac~ 
environment is indefinite. As one astronaut has 
put it, "In simulation the friendly environment 
is outside the simulator-in the real Right it ii 
the hostile environment that is outside." Psy. 
chological effects of the space environment " ill 
have to be determined and procedures to scku 
psychologically stable astronauts determined lit- ­
fore man can undertake a journey to Mars, wh idi 
may take a year. 

Flight Experience. Ea:ly manned Ri ghts s11 eh ·" 
Apollo and, more importantly, long-la,ti n-, 
flights such as the 84-day Skylab mission \:o111~ 
pleted i~ 1974, ~stablis~ed a benchn~ark in 1111 _ 

derstandmg mans capacity for long Rights in 'lr­
bit or in deep space. The data on inRight :111.i 
postflight physiological performance give stro n~ 
assurance of man's ability to endure in spact:. 
No firm evidence of long-lasting phys iologic ii 
impairment or deterioration has been repnrt.-d 
The records of heart rate and blood prt·,"tr•· 
during the Rights show no significant dt·,·i.1t i1111 

from expected results or from simulation d,,t.1 

However, some questions concerning certain ·" 
pects ·of heart action and blood circulation k, ,,. 
been raised in reports of Russian £lights. Tli, -,.. 
reports have also expressed concern abnn t th, 
possible effects of dizziness and loss of cq, ,i lil ,. 
rium experienced while the body is weight!,·" 
These physiological effects of space travel h."r 
not been confirmed by American Rights. 

During £light and especially during extra\t ·lm ­
ular activity there is evidence of physiolo~iul 
changes such as marked weight loss, fast h ,·.111-
beat, lowered blood pressure when changing fr .. 111 

a reclining to an erect position, and changn 111 

the blood. The effects on the circulatory sy,t, "' 
are reversible, and the return to nom1al tlCl'11n 

within five days. There is also an apparent J,," 
of calcium, fluid, and muscle mass. Tl,,.,. 
physiological changes have been termed tin·,.,, 
ditioning phenomena, but more appropriate!>· th.-, 
might be termed aspects of a space aclaµti r;c .,tut, 

LOREN D. C.\ 111." ' ' 
School of ,\lt' cl i, ,,,, 

University of Califomifl . 0 111 11 

Further Reading: Ge rathe wohl , Siegfr ied J . ;-.. . 
ciples of Bioastronautics (Pre ntice-Hall [!-)6:l): 1..,. ,,,,,. 
W. H ., ed ., Radiobiological Factors in 1'fa ,i 11, ·d '• ·' 
Flight, National Acade my of Sciences- National II•·" ,,. I 
Council Publication 1487 (1967); Malian, Ll oyd. ' ""' 
up for Space (Day 1971); Wolfe, Tom, The Ri1<ht Stu// i • 
rar 1979). 

3. History of Space Flight 
The history of space £light is the ,tt1ry 1 

man's age-old dreams of Right, his gradual :111 •;' 

ness of the environment of the earth , tlw '' ,"' 
system and space, and the development of : • .' 
technology required to implement tra\' t" I_ -';"; 
from the earth. For hundreds of years, ind,, 11

·',._ 

speculators and scientists contributed 1•• 
1 

growth of man's understanding of the 11 11 "
1
•
1
" 

but the story of man's actual achien•11 w111 ' ·; 
space does not really begin until the 11 11,hlk 
the 20th century. Then the desire for 'I~ , 
flight was matched at last by an uncle rsta 11d11 1

' , 

the space environment, _and the technolt1~: . ~-•· f 
finally at hand to build the ro t·kt+\1" ., 
launch vehicles and spacecraft that (; Ott! < ' "'' ' 

that environment. •1 
Growing Knowledge of the Universe. ·i ,.. _-. 

cient Babylonians, Greeks, and Egypti:in, . ''.'· · ,. 
the stars and planets and mapped th,·11 • 
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rnents in the sky. However, it was Galileo's use 
of the telescope on the skies in the early 17th 
centurY that added immensely to man's knowl­
edge. Within a few weeks, Galileo had studied 
the mountains and valleys on the moon, conclud­
ill • that it was a solid world. He also spotted 
four tiny specks of light revolving about Jupiter. 
He deduced correctly that the apparent small 
sjZe of these moons differed from the earth's 
moon because of the great distance to Jupiter. 
Tbus in 1610 a scale of distance of the proper 
order of magnitude for the solar system was 

tiiblished for the first time. Observations made 
•with the telescope also confirmed the heliocentric 
theory of the solar system developed by Coper­
nicus 100 years earlier. [ohannes Kepler in the 

ly 17th century bril iantly established the 
1ct motions of the planets in elliptical orbits. 
iter in the same century Isaac Newton formu­

d his "laws of motion," placing astronomy 
md physics on a solid foundation. Flight in free 
balloons, commencing in 1783, added to man's 

wledge of the atmosphere. 
£orly Speculations on Space Flight. Persian, 

Greek, Hindu, and Chinese legends include ac­
~ unts of men flying to heaven on wings, 
l111ulating birds. Lucian of Samos, a Greek, 
wrote in 160 A . o. of flying to the moon on arti-

1 wings. Many centuries passed, however, 
l,<•fore it was learned that the earth's atmosphere, 
which is necessary for winged flight, does not 

tend more than one ten-thousandth of the dis-
tance to the moon. 

The 17th century fictional accounts of flight 
the moon by Kepler (Somnium) and Francis 
win of England (Man in the Moone) took into 

the increasit;1g understanding of the 
- For the next two centuries, books on 
flight continued to appear, although many 

re fantasy rather than an attempt to extrap­
ol te man's knowledge of nature. Cyrano de 
~ rac, in his mid-17th century tales of voy­

to the moon and the sun, was the first to 
t rocket propulsion. 
1865, Jules Verne's From the Earth to the 

1 appeared and had immense popularity. 
• ward Everett Hale a few years later wrote The 
8 k Moon, probably the first treatment of the 

"flcial satellite. At the turn of the century 
. Wells' First Man in the Moon also had 
appeal. The balloon ascents and the rela­

ly great engineering achievements of the Vic• 
• led many to believe that flight to the 
might be possible. In the first decade of 

20th century man did achieve atmospheric 
t in airships and heavier-than-air craft. 

. ROCKET PIONEERS 

Three brilliant men, Tsiolkovski, Goddard, 
Oberth are recognized as space flight 
rs. All were teachers, mathematicians and 

ts, and modest men. All were passionately 
ed in the possibility of manned flight to 

1rl0on and the planets. 
fl!olkovski. In the USSR Konstantin Eduar­
ch Tsiolkovski wrote te~hnical treatises and 

fiction to publicize his concepts. In 1898 
pleted his first article on liquid propellant 

• -'Propulsion for space flight. He understood 
vantages of liquid oxygen and liquid hy­

as ideal propellants and conceived of 
... ~ satellites as orbiting refueling stations 
•u.erplanetary flight. He also described Jife. 

systems for mahned spacescraft, problems 

of effects on astronauts of high accelerations at 
takeoff, and the need for retrorockets fQr return 
to the braking atmosphere of the earth. Tsiol­
kovski received little support and recognition for 
several decades. Although he was increasingly 
recognized in the USSR by the 1930's, he was 
little known outside that country. 

Goddard. In the United States, Robert H. 
Goddard experimented with solid propellants for 
rocket motors in college and graduate school. 
Early in the century he noted the potential for 
ion propulsion for interplanetary flight. In 1916-
1917, while a professor at Clark College, he per­
formed laboratory experiments in which he gen­
erated metallic ions in a vacuum and accelerated 
them by an electrostatic field. 

Goddard devoted his entire life to developing 
rockets for upper atmospheric research, and 
dreamed of exploring interplanetary space. He 
was aided by modest grants from the Smithsonian 
Institution from 1916 to 1929. In 1921, Goddard 
switched from solid propellants to liquid oxygen 
and gasoline propellants. Five years later, at 
Auburn, Mass. , he flew the world's first liquid 
propellant rocket a modest, but historic, I84 feet 
( 56 meters). In 1929 he moved to Roswell, N. 
Mex. Supported by Daniel and Florence Gug­
genheim Foundation funds, and aided by a small 
team of machinists and technicians, he built and 
flew larger rockets with fro stabilization, turbo­
pumps, jet-exhaust an aerodynamic control 
vanes, and achieved supersonic flight. 

Although he published only two papers (1919, 
1936), he kept meticulous scientific notebooks 
and sent numerous reports to the Smithsonian 
Institution for file and record purposes. Some of 
these documents, which he asked to be held in 
archive are concerned with exploration of the 
moon, funar base site selection, and manned and 
unmanned exploration of Mars and Venus. 

Goddard continued to improve the stability 
and reliability of his sounding rockets, and 
when World War II broke out he offered his 
services to the U.S. Navy. He was developing a 
liquid propellant ( turbopump supply) jet-assist­
takeoff (JATO) unit for aircraft at Annapolis, 
Md., when he died in 1945. 

Oberth. The third great pioneer \\'.as Hermann 
Oberth who was born in Transylvania ( now in 
Rumania). In 1923 he published The Rocket 
Into Interplanetary Space. It was largely a 
mathematical proof of the potential of rocket 
pro_pulsion in multistage space launch vehicles, 
and attracted little attention. Oberth's work was 
ignored by most scientists, as were Tsiolkovski's 
and Goddard's. Although they did not refute the 
assertions nor find fault with the mathematical 
proofs, they considered the practicality "obviously 
absurd." In 1929, Oberth published The Road to 
Space Travel, a remarkable work with detailed 
drawings of large launch vehicles for manned 
spacecraft and retrorockets and parachutes for 
recovery. Also discussed was the utility of earth 
satellites for reconnaissance of the surface and 
signaling with mirrors since in 1929 long-distance 
radio transmission was still in its infancy. 

Oberth was primarily a theoretician; he left 
to others the engineering development of rocket 
vehicles. Nevertheless, his writings were enor­
mously influential in attracting interest and ex­
perimenters to rocketry. He is the only great 
pioneer who survived to see artificial satellites 
launched in 1957. 

(Continued on page 371) 
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368 SPACE EXPLORATION 

SPACE ACHIEVEMENTS 

PROLOGUE 
2d Century Ptolemy of Alexandria formed concept of 

motions of sun and planets about earth; Lucian of 
Samosata wrote of flight to the moon. 

13th Century Reports of rockets used by Ch inese at Kai ­
fung -fu (1232) and by Tatars in Europe (1 241 ). 

16th Century Nicholas Cope rn icus described mot ions of 
planets about sun; Tycho Brahe d escribed elli pt ical 
orbit of Mars and comet about sun . 

17th Century Sir Isaac Newton formulated laws of 
motion; Johannes Kepl er described elliptical orbits 
of planets and wrote Somn ium; Francis Godwin 
wrote Mon in the Moone. 

19th Century Jules Ve rne wrote From the Earth to the 
Moon; K. E. Ts iolkovski derived fundamental prin­
ciples of space flight; Edward Everett Hale wrote 
The Brick Moon. 

1900 
1903 
1919 

H. G . Wells published The First Man in the Moon. 
Wright brothers made the first airplane fl ight . 
Robert H. Goddard published A Method of Reaching 
Extreme Altitudes. 

1923 Hermann Oberth publi shed The Rocket Into Plane­
tary Spa ce. 

1926 Robert H. Goddard fired first liquid propell ant 
rocket. 

1927 German space flight society Verein fur Raumschif· 
fahrt was formed. 

1929 Hermann Obe rth publi s~ed Roads to Space Travel. 
1930 American Interplanetary Society was formed . Late r 

named American Rocket Society, it beco me the 
Amer ican Institute of Aeronautics and Ast ronautics 
on a merger with the Institute of Ae rospace Sciences . 

1931 Ge rman rocket society developed a 100-pound thrust 
liquid propellant rocket. 

1932 Tsander and others (USSR) developed a 110-pound 
thrust rocket. 

1934 Wernher von Braun tested a 660-pound thrusl A-3 
rocket (Germany). 

1935 Robert H. Goddard ' s gyrostabilized rocket reached 
an altitude of 7,500 feet . 

1942 First A-4 (V-2) rocket successfully test-fired lo 53 
miles (Germany ). 

1945 WAC Corporal rocket (U. S. A"my, JPL/ CIT) fired to 
43 .5 miles. 

1946 U. S. Air Force " World-Circling ta Spaceship" study 
b,egan. 

1947 First of captured German V-2' s fired as sounding 
rockets in New Mexico. 

1949 First launching of U. S. Navy Vik ing sounding rocket; 
Bumper-WAC two -staged rocket reached 244 mil e s 
alt itude . 

1950 First Congress of International Astronautical Feder• 
alien met (Paris). 

1954 Project Orbiter was organized (U.S. Army and Of­
fice of Naval Research ). 

, 1?5~ U.S. announced Vanguard satellite program for 
. International Geophysical Year ( IGY). 

SPACE AGE 

1957 
Oci. 4 USSR launche\l first earth satellite, Sputnik 1; air 

densi ty, temperature, cosmic rad iat ion , meteoroid 
data; 184 pounds . 

Nov. 3 Sputnik 2, USSR satellite, carried dog Laika ; bio­
medical, cosmic radiation, solar X-ray, ultraviolet 
data; 1, 121 pounds . 

1958 
Jan . 31 First U. S. satellite, Explorer I; cosmic radiation, 

meteoroid data; discovered Van Allen belt; 18 
pounds. Burned up in atmosphe re March 31, 1970. 

Mar. 17 Vanguard 1, U. S. satellite, solar powe red trans ­
mitters, highly ellipti cal orbit; 8 pounds . 

May 15 Sputnik 3, USSR satellite, orb iti ng geophysical 
laboratory; 2,926 pounds . 

Dec. 6 Pioneer 3, U. S. m'oon probe; failed to reach moon • 
discovered outer region of Van Allen belt; 13 
pounds. 

D&c. 18 Score, U. S. satel lite ; transmitted voice communi­
cation; 8,750 pounds . 

1959 
Aug. 7 Explorer 6, U.S. satellite; radiation, magnet ic 

field , micrometeorite data; took first TV photo of 
earth cloud cover; 143 pounds . 

Sept. 12 Luna 2, USSR moon probe, first pr·obe to im pact 
moon; magnetic field, cosm ic and solar radiation 
micrometeoro id, gas composition data; 860 pounds: 

Oct. 4 Luna 3, USSR moon probe; took first pho tog roph, 
of far side of moon; 960 pounds . 

1960 
Mar. 11 Pio':'ee r 5! U. S. ~olar satellite, tel e r:nete red one 

transm itted information from 22 .5 million mil 
mapped interplaneta ry mag netic field a nd in,:'· 
action of earth ' s magnetic field with solar wi ~~ 
~ ~u~s. • 

April 1 TIROS 1, U.S . sat~lli te, firs( of series of hi ghl 
successful meteorological sa tellites; tran smitted 22 ' 
952 p hotographs of earth cloud cover over 2 1' 

months; 263 pounds . l 

Aug . 10 Disco ve rer 13, U. S. satellite; ejected 300-pound 
re~ntry capsule recovered from Pac ifi c O cean ; fi ,

11 ob1ect recovered from space; 1,700 pounds . 
Aug . 12 Echo 1, U._S. sat~llite ; infla_tion of 100-foot d ie,,, 

ete r. ba!loon 1n '!rb1t, producing first passive corr, 
mun1cat1on satellite; refl ected communica tions b,. 
tween U. S. and U. K.; 166 pounds. 

1961 
April 12 _Vostok 1, USSR manned satellite; Yur i A. G 

garrn , first man in orbit; 1 orbit in altitud es rang· 
0 

from 112 to 203 miles; flight time 1 hour 48 m'"? 
utes; spacec ra ft weight at liftoff, 10,417 p o~nd s. 

1

" 

May 5 Mercury Freedom 7 , U. S. suborbital fl ight of Alo 
B. _Shepard,_ Jr .; flight time 15 minutes; spacecrul~ 
weight at liftoff, 4,040 pounds. 

June 29 . Transit 4A, lnjun 1, Sol rad 3, U. S. sate llites; f,," 
triple launch and nuclear power supply in spact> 

July 21 . Mercury . Li~erty. Bell 7, . U. S .. manned suborb ,Tol 
flight by V,rg ,I Grissom; flight time 16 mi nutes. 

Aug . 6 Vostok 2, USSR manned sate llite · Ghermon r;, 0 , 

17 orbits; fl ight t ime 25 hours, 11' minutes. 

1962 
Feb. 

Mar. 

May 

July 

Aug . 

Aug. 

Aug. 

Sept. 

Oct. 

Dae. 

1963 
May 

June 

June 

July 

Oct. 

20 Mercu ry Friendship 7 , U. S. satellite; John 11 
Glenn, Jr. ; first U. S. manned orbital Aight · 3 orh,,1 
flight time 4 hours, 56 minutes . ' 

7 OSO 1, U. S. solar satellite; carried 13 e, p., , 
ments, observed solar flares; 458 pounds . 

24 Mercury Aurora 7 ; U. S. manned sate ll ite n"1i..., 
by M. Scott Carpenter; 3 orbits; flight time 4 ho ... ,, 
56 minutes. 

10 Telstar 1, U, S. satellite; first commerc ially r 
nanced comsat; TV, voice, photograph tra nsm iu10"• 
between U. S., U. K., France; 170 pounds . 

11 Vostok 3, USSR manned satellite ; Andr ion N lo 
layev; 64 orbits ; flight time 94 hours, 22 minul.-, 

12 Vostok 4, USSR manned satellite; Pa vel Popo,,, , 
48 orbits; flight time 70 hours, 57 minutes. 

26 Mariner 2, U. S. Venus probe launch,•d; "' 
pounds; see Dec. 14. 

28 Alouette 1, Canadian satelli te; U.S. boo•'" 
ionospheric measurements; 320 pounds . 

3 Mercury Sigma 7, U. S. manned sate ll it{?; W~11
,,;' 

Sch irra; 6 orbits ; flight time 9 hours, 13 m i11 u lr \ 
14 Mariner 2, U. S. Venus probe, passed w d.,, .. 

22,000 miles of Venus; surface tempera tu re ,. f• 
sureme nts, communications to 54 mill ion mil t' , 

15 Mercury Fa ith 7, U.S . manned satell ite; l r, • 
don Cooper; 22 orbits; flight time 34 hrs ., 10 ~ • 

14 Vostok 5, USSR manned satellite ; Voleri B, 10 ' 
sky; 81 orbits; flight time 119 hours, 6 minul•• 

16 Vostok 6 , USSR satellite; Val entino V. !,,.,• 
kova, first woman in space; 48 orbits; fl ight ' ◄ 
70 hours, 50 minutes . 

26 Syncom 2, U. S. satellite; first synchroncv , ,~ • 
munications satellite; 22,300 mil es; 86 pounJ • 

16 Vela 1, Vela 2, U, S. satellites; nucl eo r • ••1 ' 
detection ; 297 pounds . 

1964 
Jan . 30 El ectron 1, Electron 2, USSR satellites, f,., , L'" 

dual launch, e arth radiation belt mea su rt.• rm·•1
" ,. 

July 28 Ranger 7, U. S. moon probe; photog roµ h,d ' 
face of moon before impact ; 806 pou nds . , 1 ., 

Sept. 4 OGO 1, U. S. sa tellite; orbiting geophys«o 
se rvatory ; 1,073 pounds. • 

Oct. 12 Voskhod 1, USSR satellite ; first three- 010 " ,. •:. 

craft; Konstantin Feoktistov Vladimir Kom011>• 1 

Boris Yegorov; 16 orbits· flight time 2.t ho1. i',.... 
minutes; spacecraft weight at liftoff, 11,73 1 i.l~ 

1965 
Feb , 16 Pegasus 1, U. S. sate II ite ; two 14 x ;8 fool • •' 

meteoroid detect ion; 23,000 pound s. 
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23 Gemini 3, U.S. manned satellite; Virgil Grissom; 
' · 3 orbits; fli~ht time 4 hours, 53 minutes; spacecraft 

weig ht al liftoff, 7,1 00 pounds . 
p,11 6 Early Bird , U. S. satellite; first commercial com-

A munications sate II ite in synchronous orbit; 85 pounds . 
•-'I 13 Molniya lA, USSR satellite; first USSR communi­
,,.,. . cations satel Ii te . 

• 3 Gemini 4, U. S. satellite; James McDivitt and Ed ­
ward White; first U. S. walk in space by White; 66 
orbits; flight time 17 hours, 59 minutes . 

1y 14 Mariner 4, U. S. Mars probe, launched Nov. 28, 
1964; passed within 6,200 miles of Mars; trans• 
mi tted 20 photographs of surface; 575 pounds. 

'"' 

21 Gemini 5, U.S. manned satell ite; L. Gordon 
Cooper and Charles Conrad, Jr. ; 128 orbits; flight 
time 190 hours, 56 minutes . 

4 Gemini 7, U. S. manned satellite; Frank Borman 
and James Lavell; 220 orbits; fl ig ht t ime 330 hours, 
35 minutes; spacecraft weight at liftoff, 8,069 
pounds. 

15 Gemini 6, U. S. manned satell ite; Walter Schirra 
and Thomas Stafford; first rendezvous in space, 
moved w ith in a foot of Gemini 7; 17 orbits; flight 
time 25 hours, 51 minutes . 

31 Luna 9, USSR lunar probe; first soft landing on 
moon; transmitted photographs of surface; 220 
pounds. 

16 Gemini 8, U. S. manned satellite; Neil Armstrong 
' and David Scott; first dock ing in space with pre -
• vlously launched target ve hicle; 6.5 orb its; flight 

ti me 10 hours, 18 minutes . 
, 31 Luna 10, USSR lunar probe; first probe to achieve 

lunar orbit; 540 pounds. 
1 30 Surveyor 1, U. S. lunar probe; first U. S. probe to 

soft-land; transmitted 11,150 photographs of surface; 
596 pounds. 

3 Gemini 9, U. S. manned satellite; Thomas Stafford 
and Eugene Cernan; 47 orb its; flight ti me 72 hours, 
21 minutes, 

11 Gemini 10, U. S. manned satellite; John Young 
ond· Michael Collins; rendezvous with target vehicle; 
fi rst retrieval of space ob ject (test package on target 
,,.hide) by Collins during EVA; 46 orbits in alti­

· tudes ranging from 100 to 475 miles; flight time 70 
hour,s, 47 minutes. 
10 l unar Orbiter 1, U. S. lunar satellite; first U. S. 
lunar orbiting probe; photographs of surface for 
Apollo landing site; 853 pounds , 

J2 Gemini 11, U. S. manned satellite; Charles Con­
rad, Jr., and Richard Gordon; 47 orbits in altitudes 
rangi ng from 100 to 850 miles; flight time 71 hours, 
17 minutes; spacecraft weight at liftoff, 8,374 
9Du nds. 

11 Ge mini 12, U. S. manned satelliie; James Lovell 
nd Edwin Aldrin ; 63 orbits; flight time 94 hours, 

33 minutes. 

:U Soyuz 1, USSR satellite; Vladimir Komarav; 
Komarov killed on April 24 in recovery phase; 18 
otbits; flight time 26 hours, 35 minutes; spacecraft 
Weight at liftoff, about 15,000 pounds . 

1 Slosatellite 2, U. S. satell ite; biological experi-

1 
menh; recovered after 30 orbits; 1,120 pounds. 
l , Venera 4, USSR Venus probe, launched June 12; 
e!e<ted 884-pound capsule that returned data on the 
9 anet' s atmosphere . 
t Mariner 5, U. S. Venus probe, launched June 14; 

. 'Passed within 25,000 miles of Ve nus; 540 pounds . 
;!O Cosmos 186, Cosmos 188, USSR sate II ites; first 

<Ntomatic rendezvous and docking . 
7 Surveyor 6, U. S. moon probe; first- lateral move-

1\t on surface; 617 pounds. 

? • Surv~yor 7, U. S. moon robe; claw sampling and 
Maz111 of soil; 21 ,000 photographs; 2,293 pounds . , J'°<• rescue treaty s,gned by 43 nations, includ-

!79 · S., U. K.1 and USSR. 
I ESRO 28, internat ional satellite; U.S. booster; 

... 4 ~nation joint program; 164 pounds . 
~ Explorer 38, U. S. satellite; first of series of radio 

lS ronomy satellites; 610 pounds. lrl/,tt 5, USSR moon probe; first unmanned round -
n 4 

1~ I to moon; recovered Sept. 22 . 
Sci,· Po lo 7, U. S. manned lunar spacecraft; Walter 
L

1
t~[ra, Donn Eisele , and Walter Cunnin_gham; or­

~I lest at alti-,ud es ranging . from 141 to 176 
~ •; 163 orbits; flight time 260 hours, 8 minutes; 

~ a ft weight at liftoff, 45,989 pounds . 

Oct. 26 Soyuz 3, USSR manned satellite; Geo rgi Berego­
voy; 64 orbits; flight time 94 hours, 51 minutes . 

Dec. 21 Apollo 8, U. S. manned lunar miss ion; Frank Bor­
man, James A. Lovell, Jr., and Willi am A. Anders; 
first manned lunar orbital flight ; 10 orbits of moon; 
flight t ime 147 hours. 

1969 
Jan . 14 Soyuz 4, USSR manned satellite; Vladimir Shata­

lov; docked with Soyuz 5; 48 orbits; flight time 71 
hours, 14 minutes . 

Jan. 15 Soyuz 5, USSR ma nned satell ite; Boris Volynov, 
Al ekse i Ye liseyev, and Yevgeny Khrunov; transfer 
of two men to Soyuz 4; 49 orbits; flight time 72 
hours, 46 minutes . 

Mar. 3 Apollo 9, U.S. manned satellite; James McDivitt, 
David Scott, and Ru ssell Schweickert; lunar module 
test; 151 orb its in al ti tudes ranging from 118 to 
327 miles; flight t ime 241 hours, 1 minute, 

May 16 Ver,era 5, USSR Venus probe, launched Jan , 5; 
returned 53 minutes of data as it parachuted 
through planet's atmosphere; 2,491 pounds. 

May 17 Venere 6, USSR Venus probe, launched Jan . 10; 
same miss ion and size as Venere 5, but did not 
accomplish mi ssion . 

May 18 Apollo 10, U.S. manned lunar miss ion; Thomas 
Stafford, Eugene Cernan, and John Young; test 
of lunar, excursion module in lunar orbit; 31 revo ­
lut ions of moon; flight time 192 hours, 3 minutes. 

July 16 Apollo 11, U. S. lunar landing mission; Neil A. 
Armstrong, Edwin E. Aldrin, Jr., and Michael Col­
lins ; Armstrong and Aldrin first men to walk on 
surface of moon, July 20; men collected 55 pounds 
of rock samples; flight t ime 195 hours, 18 minutes ; 
spacecraft weight at li ftoff, 95,000 pounds. 

July 31 Mariner 6, U. S. Mars probe; launched Feb. 24; 
passed Mars at 2,200 miles; togethe r with Mariner 
7, transmitted about 200 pictures • 910 pounds . 

Aug. 5 Mariner 7, U. S. Mars probe, faunched Mar. 27; 
passed above Mars sout h pole ; 910 pounds. 

Oct. 11 Soyuz 6, USSR manned satell ite; Georgi Shonin 
and Valery Kubasov; 79 orbits; fl ight time 118 
hours, 42 minutes. 

Oct. 12 Soyuz 7, USSR manned satellite; Anatoly Fil ip­
chenko, Vlad islov Volkov, and Victor Garbatko; 
79 orbits; flight time 118 hours, 41 minutes . 

Oct. 13 Soyuz 8, USSR manned satellite; Vladimir Shata­
lov and Aleksei Yeliseyev; Soyuz 6, 7, and 8 not 
linked together in flight; 79 orbits; flight time 118 
hours, 41 minutes. 

Nov. 14 Apollo 12, U. S. lunar landing mission ; Charles 
Conrad, Jr., Alan L. Bean, and Richard F. Gordon, 
Jr.; Conrad and Bean landed on moon Nov . 19 
and visited Surveyor 3 probe; they become th ird 
and fourth men ta walk on surface of moon; flight 
time 24-4 hours, 36 minutes . 

1970 
Feb. 11 Rising Sun 1, first Japanese satellite launched by 

Japanese rocket; SO pounds. 
April 11 Ar.ollo 13, U. S. lunar landing mission; James 

lovel , Jr., Fred He ise, Jr., and John Swigert, Jr. ; 
mission aborted when oxygen tank exploded; safe 
return on April 17; flight time 142 hours, 55 minutes; 
recovery site, 600 miles south of Pago Pago, 

April 24 Communist China launched first satellite; trans­
mitted music, telemetr ic signals; 381 pounds, 

June 1 Soyuz 9, USSR manned satellite; Andrian Niko­
layev and Vita li Sevastianov; 287 orbits; flight time 
424 hours, 59 minutes . 

Sept. 12 Luna 16, USSR lunar probe; landed on moon on 
Sept . 20, in Sea of Fertility; drill ed 14 inches into 
su rface and collected rock samples; capsule returned 
samples to earth on Sept. 24. 

Nov. 10 Luna 17, USSR lunar probe; landed Nov. 17 in 
Sea of Rains; released lunokhod 1, first robot ve­
hicle on moon; powered by solar cells . 

Dec. 15 Venera 7, USSR Venus probe, launched Aug . 17; 
elected capsule landed on surface, transmitted data 
for first time from anothe~ planet; 2,570 pounds. 

1971 
Jan. 

Apr. 

April 

31 Apollo 14, U. S. lunar landing m,ss1on; Alan 
Shepard, Edgar Mitchell, and Stuart Roosa; Shepard 
and Mitchell landed on moon Feb. 5; flight time 
216 hours, 2 minutes . 

19 Salyut 1, USSR orbiting laboratory; launched for 
use by Soyuz fl ights; about 36 000 pounds . 

23 Soyuz 10, USSR manned satellite; Vladimir Shata­
lov, Aleksei Yelise yev, and Nikolai Rukavi shnikov; 
briefly linked to Salyut; 33 orbits; flight time 47 
hours, 46 minutes . 
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S PAC E AC H I EVE ME N TS (cont.) 

June 6 Soyuz 11 launched with Georgi Dobrovolski, Vlodislav 
Volkov , and V ik tor Patsayev; cosmonauts spent 23 days in 
Salyut; all three killed following cabin decompression during 
reentry . 

July 26 Apollo 15 lunar landing miss ion launched with Dav id 
Scott, Jomes Irwin, and Alfred Worden ; Scott and Irwin 
land on moon July 30 and make three exploratory trips; 
return to earth on August 7. 

Nov. 13 Mariner 9, U. S. Mars probe (launched Moy 30), orbits 
Mars, photographing the plonet. 

Nov. 27 Mar, 2, USSR Mars probe (launched May 19), orbits 
Mars; lands ins ign ia capsule on planet. 

1972 

Feb. 14 Luna 20, USSR lunar probe, launched; lands on moon 
Feb. 21 in Sea of Ferfility ; returns rock samples to earth on 
Feb. 25. 

March 2 Pioneer 10 spacecraft launched; passes within 81 ,000 
miles of Jupiter on Dec. 3, 1973; continues out of solar 
system with plaque bearing symbolic message for other civ­
ilizations (first man-made object to leave our solar sys­
tem). 

March 27 Venere 8, USSR spacecraft, launched; reaches Venus 
· an July 22 and lands instruments on planet , 

April 16 Apollo 16 lunar landing mission launched with John 
Young, Charles Duke, and Thomas Mattingly; Young and 
Duke land on moon April 20 and make three lunar excur­
sions; return to earth on April 27. 

Dec. 7 Apollo 17 lunar landing mission launched with Eugene 
Cernan , Ronald Evans, and Harri son Schmi tt; Cernan and 
Schmitt land on moon on Dec . 11 and make three lunar 
excursions; return on Dec . 19. 

1973 

Jan. I Luna 21, USSR lunar probe, launched; lands on moon on 
Jan. 16 and unloads Lunakhod 2 vehicle, which travels 23 
miles in next four months . 

April 5 Pioneer 11 spacecraft launched; flies within 26, 600 miles 
of Jupiter on Dec . 2, 1974. 

May 14 Skylab 1, first U. S. space stat ion, placed in earth orbit 
al altitude of 271 miles , 

May 25 Apollo spacecraft launched with Char les Conrad, Jr., 
Joseph Kerwin, and Paul Weitz ; docks with Skylab space 
station; crew live 28 days in Skylab, return to earth on June 
22. 

July 28 Apollo spacecraft launched with Alan Bean , Jack 
Lousma, ond Owen Harriott; docks with Skylab space sta­
tion; crew remain in space 59 .5 days, return ta earth on 
Sept . 25. 

Nov. 3 Mariner 10, U. S. Venus and Mercury probe, launched; 
flies past Venus on Feb. 5, 1974, al distance of about 3,600 
miles ; continues flight to Mercury, coming within 460 miles 
of that planet and sending back close•up pictures, March 
29; makes second flyby of Mercury, Sept . 21. 

Nov. 16 Apollo spacecraft launched with Gerold Carr, Edward 
Gibson, and William Pogue; in orbit 84 days in Skylab 
space station; return lo earth Feb. 8, 1974. 

1975 

May 25 USSR spacecraft Soyuz 18 launched with Pyotr Klimuk 
and Vitaly Sevastianov; docks w i th Salyut 4 space station; 
crew spend 63 days aboard Salyut, return lo earth on July 
26. 

July 15 Joint Apollo-Soyuz earth orbital mission (first coopera­
t ive international space flight) begins as Thomas Stafford , 
Vance Brand, and Donald Slayton ore launched in Apollo 
from Cape Canaveral , Fla. , and Aleksei Leonov and Valery 
Kubasov are launched in Soyuz 19 from Kazakhstan , USSR; 
two spacecraft dock on July 17; Soyuz returns to earth on 
July 21 , and Apollo on July 24. 

Oct . 22 and 25 Soviet spacecraft Venera 9 ond 10 land instru­
ments on Venus and return first photographs of the planet' s 
surface , along with scientific data. 

1976 

July 6 USSR spacecraft Soyuz 21 launched with Boris Volynov and 
Vitaly Zholobov; docks with Salyut 5 space station; returns 
Aug . 24, after 50 days in orbit. 

July 20 and Sept. 3 U .S. spacecraft V iking 1 end 2 soltland on 
Mars. They send back first photographs from the planet's 
surface and much scientific data. 

Aus,. 22 USSR spacecraft Luna 24 returns from moon with sample 
of lunar soil; lands in USSR. 

1977 

Feb. 18 U. S. space shuttle makes first test flight atop Bo•ing 741 
jet at Edwards, Calif . 

Dec. 10 CQ.Smonauts Yuri Romanenko and Georgi Gr~cH 
launched in Soyuz 26; in orbit 96 days in space 5101 ° 
Salyut 6; return on March 16, 1978. 0

• 

1978 

June 15 Cosmonauts V ladim ir Kova lenok and Al eksand, I, 
chenkov launched in Soyuz 29; in orbit 139 days in sp 

0
" · 

station Salyut 6; return on Nov. 2. oc , 

Dec. 4 an~ 9 U. S. Pioneer Venus 1 o_nd 2 spacecraft go 1,..0 orbit around planet Venus, returning data. 

Dec. 21 and 25 USSR Venere 11 and 12 spacecraft land p,ct,. 
on surface of planet Venus . ' 

1979 

Feb . 25 Cosmonouts Vladimi r Lyakhov and Voler i Ry• . .., 
launched in Soyuz 32; in orbit 175 days in Sa lyut 6; r, 1J,: 
on Aug. 19. 

March 5 U. S. spacecraft Voyager 1 makes closest approolh 1• 

Jupiter, photograph ing planet and its moons . 

June 27 U. S. weather and earth-resources satellite NOu 0 
orbited for National Ocean ic and Atmospheric Admin1, 1, 1 
li on . It and TIROS-N (orbited Oct . 13, 1978) p,o, i, 
round•the•clock scanning of land, sea, and atmosphere '!1 °'4 
monitor solar radiation levels above the atmosphere 

July 9 U. S. spacecraft Voyager 2 passes planet Jupit•,. ' " ·" 
ing photographs and scient ific data . 

July 11 U. S. space station Skylab 1 falls in Austral ia. 

Sept. 1 U. S. space probe Pioneer II makes clo ses t opproot~ •• 
Saturn, returning photos and data. 

Dec. 24 Successful first lounch of European Spac. A9.,, 1 , 
rocket Ariane, des igned to compete with NASA', Spo1 • 
Shuttle for pulling payloads into earth orb it. 

1980 

Aug . 7 Viking 1 orbiter ci rcling Mars is shut off by rod,o , 
mend after collecting data for four years . 

Oct . 11 Cosmonauts Leonid Popov and Valeri Ryumin re h,,,. ~ 
earth from space station Salyut 6, setting new ~pace . ... J,.. 
once record of 185 days. 

Nov. 12 U. S. spacecraft Voyager 1 makes closest opp, oo, ► ,. 
Saturn, returning photographs and scient ific data . >­
discoveries ore new rings, irregular ring structuro . -a,4 
new moons . 

Dec. 10 Cosmonauts Leonid Kizim , Oleg Makarov, and G,,,,.~J.. 

1981 

Strekolov return to earth on Soyuz T .3, after two -we,~ ..,_. 
sion to repair and refurbish Salyut•6 space st at ion . 

April 12-14 U.S. Space Shuttle Columbia makes f irs t o,b,k> .., 
flight with astronauts John Young and Robert Cripp<fl 

June 19 European Space Agency' s Ariane rocket ploc •• • 
orbit ESA weather satellite Meteostal 2 and Appl, . • ,... 
synchronous communications satellite for Ind io . 

July 25 U. S. spacecraft Pioneer 10 passes a point 25 0 11• , ­

ical units (AU) from sun. (One AU is distance of eo•,. •"' 
sun, about 92.6 million miles or 150 million km .) f o, .. .., 
at that distance the solar wind does not slow down o"4 
th e interplanetary magnetic field is twisted into 1. ,-o •• 

Aug. 25 Voyager 2 flies by Saturn; transm its back highly J.·•: 
pictures of Saturn' s rings and satell ites; cont inued 7 

ward Uranus (1986) and Neptune (1989). 

1982 

March 1 and 5 Soviet Venere 13 and 14 spacecraft :~..4" 
Venus; they return photographs and analyses of \ .> 

July 2 Soviet•French team of cosmonauts Vlad imir o,~u .. !_... 

and Aleksandr lvanchenkov and French Col. ·' • .l· 

Chretien fond afte, a week in Salyut space station. lot ~ 
Nov. 16 U.S. Space Shuttle Columbia completes itdth fl,g 

at Edwards AFB, Calif., alter 5 days in o,b,t . ,.,.,. • 
Dec. 10 Cosmonaut, Anatoli Berezovoi and Valentin l e~ 

earth ofter record 211 days in space. 

1983 , 

April 4-9 U.S. Space Shuttle Challenger makes first fl ight •~'._._.. 
orbit with astronauts Paul Weitz, Karol Bobko. SiorY 
and Donald Peterson ,.. ;J 

June 13 Pioneer 10 spacecraft crosses the orbit of NtP1 
, ,,i-~ 

distant planet, becoming the first man-mode ob1ecl to .,._ 
the solar system. 
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(Continued from page 367) 
l(d,altchich and Ganswindt. Nikolai I. Kibalt­

chich, a Russian revolutionary and explosives 
i:xpert. was arrested in the assassination of Czar 
A}elallder II in 1881. While in prison awaiting 

tion, he sketched and wrote of the concept 
of a flying manned platform propelled by a series 

successive explosions with controllable thrust. 
Kibaltchich's writings remained unseen in prison 
ales until after the Bolshevik revolution in 1917. 
l{ertnann Ganswindt, a German inventor, con­
• \ 1ed about 1890 of a spaceshif propelled 
irnilarly to Kibaltchich's by a series o downward­

a,ing cartridges. Ganswindt published little but 
,ave lectures and wrote to newspapers while he 

ttled lawsuits. His space concepts were little 
bllcized for several decades. One of Goddard's 

t.uliest patents (1914), as well as his early rocket 
,i<>tor experimentation, was based upon the firing 
. _uccessive explosive charges. This was not un-
. .-!ated to Kibaltchich' sand Ganswindt' s concepts, 

t there is no doubt that Goddard's ideas 
,.,ere independently conceived. 

a ROCKET DEVELOPMENT 

11iere was minimal use of rocket propulsion 
'•ng World War I. Dreams of space Bight, 

er, were awakened in the late 1920's by 
,:t1ateur rocket societies in many countries. Rocket 
. thusiasts with more or less technical skill 

these societies in the USSR, Germany, 
United States, Britain, and, sporadically, 

ere. 
In Germany, the success and promise of 
-t motor development led to take-over of re­

'by the German Anny in 1933. In the USSR 
worlc of Friedrich A. Tsander and M. K. Tik­
ravov culminated in successful launchings of 

'l'I rockets. In Britain, the British lnterplane-
'tly Society was prohibited from testing rockets, 

ut the group produced fundamental papers on 
craft and launch vehicle design , studied 

'j flight problems and even designed some 
unentation. The American Interplanetary 
ty (later the American Rocket Society) com­
d their experimental program based upon 

l of the German society. In 1938 the first 
!We igned regeneratively cooled motor was 

d successfully. This rocket engine motor 
llhe foundation of the first U.S. rocket engine 
l~l:Qal enterprise a few years later. 

miinde Team. World War II closed down 
"' ~vities of rocket soc ieties in all nations, 

• ' t~e exception of Germany, and instead ma-
1'!-'rts were placed on conventional, if im-

1 annament. In Germany, \Vernher von 
Jl Ill) enthusiastic young member of the Ger­

, ' pdaceflight Society, was installed as techni-
. er of a small rocket activ ity of the Ger­
i\nny, headed by Capt. Walter Dornberger. 

ger, a talented officer, was convinced of 
of rocket power. During the next de-

1~ team grew into a major installation at 
munde on the north German coas t, em-

, 1 tens of thousands of people. The group 
ll d the A-4 (more popularly known as V-2), 

.:;11 1was an immens~ step forward in rocket 
ogy. At the war s end the Ge rman engi­

: achievement was recognized by von 
• I\ a stepping-stone to reaching the ve loc­

etessary to achieve space fli ght. 
. "'Fh·the war, von Braun and about 100 mem­

, JSdPeenemiinde team went to the United 
an became citizens. Working first at 

White Sands Proving Grounds in New Mexico, 
they launched V-2's carrying scientific instru­
ments to altitudes of over 100 miles (160 km). 
The high-altitude sounding rockets Viking and 
Aerobee, which were developed in the United 
States, continued to be tested at White Sands 
while von Braun and his team moved to the 
Army's Redstone Arsenal at Huntsville, Ala. 
There they developed the Redstone ballistic 
missile, an updated version of the V-2. A ver­
sion of the Redstone was used to launch the first 
U. S. satellite, Explorer I. Later under the aegis 
of NASA at its newly established Marshall Space 
Flight Center in Huntsville, the von Braun team 
designed and developed the Saturn series of 
launch vehicles for the Apollo moon program. 

Other German rocket scientists and engi­
neers, along with rockets and the V-2 manufac­
turing and testing equipment, were captured by 
the Russians. By 1952 the American rocket engi­
neer George P. Sutton, working from unclassi­
fied information, could deduce rapid Soviet 
progress in development of "high-thrust large 
rock~.ts for long-range missiles or satellite vehi­
cles. 

later Rocket Societies. By 1954 the earlier 
rocket and space fli ght societies had been reorga­
nized in most countries, augmented by guided 
missile engineers. The International Astronauti­
cal Federation had been formed by these soci­
eties in 1950, and annual congresses were being 
held in Europe. The American Rocket Society 
(ARS) had established its Space Flight Commit­
tee to consider ways of achieving space flight. 

It is interesting to note that whereas prewar 
society members were interested in the dream of 
space flight, postwar membership, comprising 
young scientists and rocket engineers, was singu­
larly lacking in interest in achieving space fli~ht. 
Abetting the desire to remain "respectable, ' a 
major industrial member of the ARS even threat­
ened to withdraw support if certain of the enthu­
siasts did not reduce public emphasis on the sub­
ject. Many rocket engineers, struggling with 
day-to-day problems, agreed. Nevertheless, von 
Braun and others authored a series in a major 
popular magazine, laying out a program for 
achieving space flight-first with an instru­
mented satellite, then manned flight in orbit, 
followed by moon and Mars missions. The tech­
nology of space flight was at hand, and the prob­
lems and unknowns were outlined or postulated. 
Those imbued with the excitement of realizing 
space flight in their time schemed and consid­
ered how an initial program could be justified. 

SPACE FLIGHT ACHIEVEMENTS 

The op{>ortunity for achievements presented 
itself in the International Geophysical Year. 
The ICY was a program for international cooper­
ation among meteorologists, geophysicists, and 
other scientists in obtaining scientific data on a 
world-wide basis from July 1957 through De­
cember 1958. The concept of an instrumented, 
artificial earth satellite was accepted as a desir­
able part of the ICY program by the international 
convening group of scientists . 

Russia's Space First. In July 1955 the United 
States established an earth satellite program, se­
lecting Vanguard rather than the Army's Jupiter 
C rocket. Vanguard was an all-new, 3-stage 
launch vehicle design capable of placing a 21.5-
pound (9.7-kg) instrumented satellite in orbit. 
Thus commenced the chain of seriocomic events 
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culminating in the Russian launch of the first 
artificial satellite, Sputnik, on Oct. 4, 1957. This 
demonstration of Soviet space power caught the 
world by surprise as Sputnik's "beep-beep" sig­
nal was tracked around the world. Many high­
level U. S. officials and scientists first tried to 
downgrade the event, but the public neverthe­
less responded in shock and concern. 

The USSR next launched the dog Laika into 
orbit in Sputnik 2 on Nov. 3, 1957, to obtain bio­
medical data. Sputnik 1 weighed 184 pounds 
(83 kg), and Sputnik 2 weighed 1,121 pounds 
(504 kg). When the first attempt to orbit the 8-
pound (3 .6-kg) Vanguard satellite failed disas­
trously on December 6, worldwide oress reac­
tion was instantaneous: the fact that the USSR 
led the West in space was equated to mean Rus­
sian scientific and technical superiority. 

The real explanation was that the USSR had 
made use of their large, military rocket develop­
ment. The Soviets had develo2ed a much larger 
intercontinental ballistic missile (ICBM) capable 
of carrying a nuclear fission warhead. The 
United States, having successfully developed the 
smaller, more powerful fusion warhead, could 
achieve ICBM capability with a much smaller 
launch vehicle . Thus the United States had a 
more efficient ICBM arsenal, but the USSR had a 
much greater space launch cagability. 

Early Efforts. It should be added that immedi­
ately after World War II some considerations had 
been given to the feasibility of launching an 
earth satellite, but that the U. S. Department of 
Defense rejected the idea as having neither sci­
entific nor military value. By mid-1954, how­
ever, von Braun and his team had a plan for 
launching a minimum weight satellite. It was 
based on a special test vehicle required for the 
Army's Jupiter, an intermediate range ballistic 
missile (IRBM) under development. That is, the 
1,500-mile (2,400-km) range of Jupiter required a 
high-performance launch vehicle for reentry 
tests . The special booster was an elongated 
Redstone rocket with three upper stages of clus­
tered solid rockets. Essentially the same launch 
vehicle, designated Jupiter C, could meet the 
Jupiter reentry test needs and also have satellite 
launch capability. Thus a satellite launch vehi­
cle was available as a by-product of the Army's 
ballistic missile development program. By the 
fall of 1954 a quasi-approved program, Project 
Orbiter, was under way, supported by the Army 
and the Office of Naval Research. 

Project Orbiter was not regarded as being as 
important as the Navy's 3-stage vehicle, Van­
guard, which had the advantage- so it seemed to 
the deliberating scientists-of having no military 
"taint." The Vanguard program was under­
funded and plagued with administrative and 
technical problems. Yet when the Naval Re­
search Laboratory stated that by July 1958 per­
haps only one success out of six launchings 
might result, no one worried about the propa­
ganda effect of a successfu l Soviet launching. 
And no one conceived that the USSR would 
launch such a large satellite. Not until March 
17, 1958, was a Vanguard satellite-not the first 
U. S. satellite- successfully launched. It per­
formed perfectly in its orbit for some years . 

A year of frenzied U. S. effort commenced in 
1958, with Congressional investigations in Wash­
ington attempting to find scapegoats for the U. S. 
space lag and to counter the Soviet achievements 
in space. It was brought out that if Depart-

ment of Defense approval had been give n fu. 
piter C could have launched a satellite a yea~ be. 
fore Sputnik. Five days after Sputnik 2 iq 
launched, the Army was given the go-ahead t 1 

use a Jupiter C as a launch vehicle as a bac:k, /' 
program for Vanguard. On Jan . 31, 1958, the fi r 1; 
U. S. satellite, Explorer I, was boosted into orb\ 
by Jupiter C. Instrumentation was develop,.'1 
by California Institute of Technology·s Jet Pr,' 
pulsion Laboratory and James Van All en uf 11/ 
University of Iowa. An unusually high radi.iti .. :, 
count recorded and transmitted by Ex plort·r ·, 
was noted. In March 1958, by the use of a t.'I ,. 
recorder, Explorer III provided data that rn.q11,,",1 
the inner area of a doughnut-shaped zone of r.i,11. 
ation surrounding the earth. In December !•r,, 
Pioneer III discovered the outer area of the r. 11 !, 
ation; at the time it was thought to be a sep,1r., ,, 
region, but this was later found not to lie Ir, ,,. 
The radiation belt, now called Van All e 11 !..- It 
was considered the most significant majur ,, j,.11 
tific discovery resulting from the ICY. 

The earlier Pioneer I and Pioneer 11 111,J 
been lunar probe attempts using a launch ,·,.Ji ,. 1, 
based upon the Thor IRBM. Pionee r 111 •., ., 
launched by a Juno booster. None of th e," I' ,, 
neer probes succeeded in reaching the 1111, ,n 

However, important new data were olit.11• ,,·,l 
from the attempts. Meanwhile, the Thor I Hl!lt 
and Atlas ICBM were tested. 

In the midst of these U.S . delibera tio1h ,,I,, ,., 
the Soviet lead, the USSR orbited Sputnik .l " 
May 15, 1958. It weighed more than a t1111 • \• 
orbiting geophysical laboratory contai11 i11t: ,,,.. ,,, 
experiments, it operated successfully 1'11 r 1.,. 
years before orbital decay caused it to rel'111t-r 11 .. 
earth's atmosphere and burn up . 

NASA. Clearly the United States m,,,,J, .,I , 
national space program and an orga11i zati 11 11 1, 

manage it. The technical centers of the ;'\ .,t, , ,, .! 
Advisory Committee for Aeronautics (NAC.\ 1 < 

gan to pour out plans for manned space 11 ,~I ·• 
from earth orbit to the moon. The Eis1;11l 11 ,u1 
administration and the Congress felt a clt•ar '" ,.J 
to create a legislative base for a U. S. sp.1<1· 1 ·' 
gram. On July 29, 1958, the National .-\, ·r""·" 
tics and Space Act (amended in 1978) was , i~• • J 
into law, creating a civilian agency to ,·, p' •r 

and ~xploit space-the National Aero 11a 11ti,, '"' 
Space Administration (NASA), based '" ' .,, 
NACA. NASA had overall responsil ,i l1t, '.' 
space programs for other than militar:, 11 r< •• 

Dedicated to the exploration of SJ?at:c 111 • • 
manned and manned spacecraft and di"•-11"" ... 
tion of the knowledge gained, NASA wa , ~•' "" 
broad charter that included encouragc· 111•· 111 1 

international cooperation. The remai11der •·1 " 
Vanguard program and its personnel w ,·11· 11· ' 

ferred from the Navy to NASA. The ' "" 11 •- • 
team at Huntsville became part of N:\S:\ , -11111 ' 
Jet Propulsion Laboratory went under ,., (1 ,,, ' 
contract to NASA. , , 

The year 1958 was drawing to a cl 11'" ' • 

an Atlas ICBM was placed in orbit. c,11 n
1
•, ,• 

tape recording of a Christmas mess,t)(l' "' ... 
dent Eisenhower. It was transmitted "11 ' • • 

becoming the first voice telemetered fr11111 ·, ·•,, 
At the year's end a rapidly escalating , p.,,•; 
was under way both by NASA and in '"'i:',, . 
tary programs as reconnaissance 1_111d 11 11.' 1 , 
plosion detection satellites , us1n,1! ·' ;' 
IRBM's and ICBM's and a Na,·,· '\'.'.':· • .. 
launched Polaris IRBM. Nen•rth, • ,,11 
space advantage clearly was with th e· l • 
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Would be three or four years before equal capa­
bility of the two nations could be argued success­
fully. Space . prograr:is from 1959 are discussed 
in the followmg sect10n . 

FREDERICK C. DURANT, III 
National Air and Space Mu seum 

Smithsonian Institution 
Bibliography 

C".--ke Arthur C. , The Promise of Space (Harper 1968). 
£.une' Eugene M. , ed ., The History of Rocket Technology 

\Wayne State Univ. Press 1964). 
, Eugene M., A History of Space Flight (Ho lt 

I 1~ ;iJy, Rockets, Missiles and Men in Space, 4th rev. ed . 
tVlldng 1967). 

,; Braun, Wernher, and Ordway, Frederick I., History of 
Rocketry and Space Travel (Cro we ll 1975). 

, Unmanned Space Flights 

~ Space programs range from those that aim at 
uiring information in the space relatively 

I e to the earth to those with exploration of the 
tanets and interplanetary space as a goal. Sev­

types of space probes, or unmanned space 
bides, have been designed, and others are 
ing planned for these missions . 

TERRESTRIAL SPACE PROBES 
'. 

Terrestrial probes, or earth satellites, are de-
1 eel to Hy at heights of hundreds of thousands 

1oiles above the earth . They may carry a vari­
,·y of instruments to explore the terrestrial re­

of space, which extends to roughly 150,000 
, (240,000 km). The instruments measure 
'teraction of the earth, its atmosphere, and 
gnetic and gravitational fields with inter­

fi!i.Mtarv space, solar and cosmic radiations, and 
terplanetary magnetic field. Some _probes 
biological material to study the effect of 
,conditions on its processes. Experimental 

. es range from tens to hundreds of pounds. 
probes are recoverable and others are not, 

11\ t contain radio telemetering equipment 
'Un data gathered in space to be transmitted 

during flight. Typically, terrestrial 
probes are launched by small carrier vehi­
See also SATELLITES, ARTIFICIAL. 

MOON EXPLORATION 

variety of probes has been developed to 
the moon, ranging from fly-by spacecraft 

l ct vehicles, circumlunar vehicles, or-
1'nd soft landers. The first successful lu­
be was the USSR's Luna 1, or Mechta, 

• on a fly-by trajectory in January 1959. 
fn,1 nearly 800 pounds (360 kg), it con-
• { two joined hemispheres. 

een the summer of 1958 and December 
t't_ United States made four attempts to 

u the moon with Pioneer-type space-

l
o of which traveled less than a third of 
r~d distance. Three attempts to place 
around the moon also failed. The 
tates followed Luna 1 in March 1959 

f>ioneer 4 fly-by, and in September the 
rbe~ponded by becoming the first to 

O ~ect on the moon when they struck 
surface with their Luna 2. A month 

"'· LRussians l_aunched the first circumlunar 
• !l~ad 3, which took the first photographs 

r ! 1 e ?f the moon. From 1962 through 
'Y-1'"'1T·"B..Amencans launched a series of Ranger 

h to the moon in vain attempts to take 
P otographs of the lunar surface. Fi-

. een March 1964 and July 1965 Rang-
• and 9 took thousands of photogr;phs. 

First Soft landings. In the early 1960's the Rus­
sians proceeded with a program to soft-land a 
spacecraft on the moon. However, their Lunas 
5, 6, 7, and 8 either missed the moon entirely or 
were destroyed by impact on its surface. Fi­
nally, on Feb. 3, 1966, they successfully soft­
landed Luna 9. The spacecraft televised and 
transmitted photographs of the surface across 
250,000 miles (400,000 km) of space , giving man 
a close-up look at the surface's structures. Ob­
jects only a few inches in size showed up. The 
experiment demonstrated that the bearing 
strength of the lunar ground was sufficient to 
hold a large spacecraft and that the craft was not 
destined to sink into layers of dust, as some 
astronomers had predicted. 

The United States succeeded next in making 
a soft landing on the moon. After 63 hours and 
36 minutes of flight following its launch by an 
Atlas-Centaur carrier, Surveyor 1 set down on 
June 2, 1966,just 9 miles (14 km) off target in the 
Oceanus Procellarum. During three lunar day­
night cycles, or about six earth weeks, over 
11,000 high-resolution, close-up photographs of 
the moon were taken and transmitted back to 
earth. Particles as small as 1/soth of an inch (.05 
cm) in diameter could be detected. Thousands 
of commands to the spacecraft were sent from 
earth over the deep space communication net­
work during the course of Surveyor's active life­
time. 

The craft was not expected to survive its sec­
ond two-week-long night on the moon, but it did 
show brief signs of life in October and again in 
November, and finally, on January 6, 1967. Sig­
nal strength was low during these brief "awak­
enings," and no additional pictures could be 
taken. 

Moon-Orbit Missions. On April 3, 1966, the So­
viets' Luna 10 became the first probe to success­
fully orbit the moon. The first successful U. S. 
Lunar Orbiter entered into orbit around the 
moon on Aug. 14, 1966. It had been launched on 
August 10 by an Atlas Agena D carrier, which put 
the spacecraft first into a half-hour orbit around 
the earth and then into the translunar trajectory. 
When the spacecraft neared the moon, the con­
trol engine was fired for some 10 minutes to 
lower velocity and put the craft into orbit. Apo­
!une (the point in its orbit furthest from the 
moon) was nearly 1,150 miles (1,850 km), and 
perilune (the point in its orbit nearest the moon) 
was slightly less than 120 miles (190 km). On its 
26th orbit of the moon, the first pictures were 
taken, developed, and stored. Electronic scan­
ning and transmission to earth commenced on 
August 18. Later, Lunar Orbiter l's perilune 
was lowered to 36 miles (58 km) to enable close­
up photos to be taken. The last photo was made 
on August 29, and two months later the space­
craft was deliberately impacted onto the moon to 
prevent the possibility of its radio signals dis­
turbing communications between earth and Lu­
nar Orbiter 2, whose launching was imminent. 

The Lunar Orbiter program was designed to 
photograph possible sites for the Apollo landing 
missions and to enlarge man's knowledge of the 
far and near sides of the moon. Moreover, earth­
based analysis of the motions of the spacecraft 
helped determine the precise shape of the moon 
and any gravitational anomalies it might contain. 
It was confirmed that the moon is slightly pear­
shaped, bulging about ¼ of a mile (.4 km) at its 
north pole. 
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While Lunar Orbiter l was sending photo­
graphs of the moon back to earth, the Soviets 
launched Luna 11 on Aug. 24, 1966. The probe 
reached its target on the 28th. It traveled within 
100 miles (160 km) of the moon at perilune­
about twice as close as Luna 10-and reached 
out to nearly 750 miles (1,200 km ) at apolune. 
Luna 12 followed on October 22, achieving lunar 
orbit. With a perilune of slightly ove r 60 miles 
(97 km) and an apolune of 1,081 miles (1,739 km) 
it sent back a series of photographs of the surface 
below, presumably including prime target land­
ing areas for later manned space vehicles. 

On Nov. 6, 1966, 850-pound (386-kg) Lunar 
Orbiter 2 headed for the moon, and on the 10th 
was success fully put into a 122 to 1,163 mile (195 
to 1,860 km) lunar orbit. On November 15, peri­
lune was lowered to about 30 miles (50 km ), and 
photography commenced on the 18th. Excellent 
pictures were returned of the su rface of the moon, 
particularly of potential Apollo landing sites. 

Lunar Orbiter 3, boosted by its Atlas Agena 
D carrier from Cape Kennedy on Feb. 5, 1967, 
entered moon orbit as planned and soon began 
sending photographs. The spacecraft entered in­
to a temporary orbit of approximately 135 miles 
(217 km ) perilune and 1,115 miles (1,794 km) 
apolu ne and then transferred to 34 and 1,145 
miles ( 55 and 1,842 km) respectively. The pri­
mary mission of the 850-pound ( 386-kg) probe 
was to photograph possible landing sites for 
Apollo as tronauts, particularly the prime site in 
eastern Mare Tranquillitatis. It drew great atten­
tion by photographing the Surveyor 1 spacecraft 
that landed on the moon in early June 1966, 
some 35 miles ( 58 km) from the crater Flamsteed 
in Oceanus Procellarum. 

Lunar Orbiter 4, unlike its predecessors, went 
into a near polar orbit and sent back its first pic­
ture of the south polar region on May 11, 1967. 
The spacecraft was launched by an Atlas Agena 
D a week earlier. Problems with the optical 
system-moisture condensation on the lens protec­
tion windows and sunlight leakage-were solved 
by remote command. 

The final vehicle in the series, Lunar Orbiter 
5, was launched on Aug. 1, 1967, and after near­
ly 90 hours and 255,000 miles (410,000 km) of 
Hight, it entered into orbit. Its miss.ions were to 
continue detailed photography of more than 40 
preselected sites on the near side of the moon and 
to cover the heretofore unphotographed regions 
along the western equator on the far side. The 
spacecraft took its photographs from various or­
bits around the moon. As a by-product of its 
lunar mission, it took a picture of the nearly full 
earth showing much of Africa, Europe, and As ia. 

One spacecraft not so closely tied to the 
Apollo program was Explorer 35, launched on 

/
uly 10, 1967, and sent 12 days later into a high­
y elliptical orbit around the moon. The instru­

mentation aboard indicated that the moon has 
been volcanically active in geologically recent 
times, that there are extensive lava fields only 
slightly disturbed by meteoritic impacts, and that 
the lunar magnetic field-if it exists at all-is no 
stronger than the weak interplanetary magnetic 
fi eld. No evidence at all was found of trapped 
radiation belts simil ar to the Van Allen belt sur­
rounding the earth. The craft was also known 
as a lunar-anchored interplanetary monitoring 
platfonn, or IMP. 

In April 1968, the Soviets placed their Luna 
14 into moon orbit with an apolune-perilune 

of 540 and 100 miles ( 870 and ~60 k~ ). It w,L, 
instrumented to study the relationsh1p betwet•n 
the masses of the earth and the moon, the l1tn:1t 
gravitational field, the interaction of the sqlar 
wind and the moon, and the characteristic~ , f 
the motion of the moon in its orbit around tl,

1

1. 

earth. In October 1971 another p robe in ti, , 
Soviet series , Luna 19, entered an orbit , fl 1,'. 
84 miles ( 127-135 km) above the moon in ord,.1 
to photograph and map the surface. 

Examining the Moon's Surface. The l 'S\H 
launched its Luna 13 on Dec. 21 , 1966. Lun~ I ; 
followed a familiar translunar trajectory ,111l1 

reached the moon on Christmas Eve. The sp,,t ,·: 
craft landed near the crater Seleucus in Oceari, " 
Procellarum. It soon began transmitting pliutn. 
graphs of the luna r surface, which were shr, 11 n 
in ~loscow on Christmas Day. In addition 1., 
camera equipment, the spacecraft carried a t.: :un 
ma radiation measuring device and a rod th ,t 
was poked into the ground to detem1ine the ,11d ', 
bearing strength. Russian scientists reported th ,1 
the mechanical properties of the moon's s11rl. llr 

under the spacecraft were similar to thosl' t 11 11, 
mon for ground on earth, though the lunar "' 
face density was much lower. Other instrn 11 11 ·1,h 
measured dispersed radiation from a ga11 1111, 
source and recorded cosmic corpuscular rad i.tlt"" 
reaching the lunar surface. 

Although Surveyor 2 failed to makt· a ,11 lt 
lunar landing on Sept. 20, 1966, the p rogra 111 t·1111• 
tinued optimistically during 1967 with firi11 \!, tl, .,1 
alternated with Orbiter launchings . The nr, t .,f 
several Surveyor lunar probes launched d,11 111 , 
the year, Surveyor 3 touched down in On ·:111111 
Procellarum on April 20 following takeoff f,,.,n 
Cape Kennedy three days earlier aboard a11 .-\t i." 
Centaur. It was a few miles off target an<l .1l• 111t 
380 miles ( 610 km) east of Surveyor l. S11r 
veyor 3 sent back its lunar surface photogr:il'h, 
according toflan. ln addition it sent i1l\'al 11 .il Ir 
data obtaine by a digging and scrap in~ 111« h 
anism that was used to determine the mech:11111,I 
properties of the lunar soil. The sampl1·r , , 11· 
firmed that the moon could bear the w('i cli t ,J 
an Apollo manned spacesh ip . Initial an.ii) '" 
showed that the soil resembled a hard-pack,·d 111 1 
sand and that the strength increased with dq,th. 
ln a related experiment, sampler claws li ft.- tl J 

piece of lunar soil a couple of feet ahm ,. 111< 
surface and then dropped it. lt crumhl,·d 1,L, 
dirt . By the time Surveyor 3 completed it, It ,,! 
lunar day, it had taken over 3,000 photm!L'i !,, 
and made ready for the two-week lunar 11 1~h1 
when temperatures drop to about -2(i0 1 

( -160° C ). 
A few minutes before Surveyor 4, la11rll'i ll'd 

July 14, was to touch down on the moon i11 S11 • ' 

Medii all communications were lost. 1101" '" ' 
Surveyor 5, launched on September 8, 111 , ,r 
sending close-up photographs of the lu nar :' '"f•;~ 
on the 11th. It also carried an expt·n 11 11 " 
package that made chemical tests by ,tlph ,t ;•; 
bombardment. Preliminary analyses ren•ai, ·d 1. ·, 

the lunar surface material is much like tcW'1';' 
rock. The experiment speci fically indicakd _! ' 

existence of basalt, which is a dark , dl'll>l' . ft :~, 
grained igneous rock. Silicon was t•sp,·t 1 :,, 
noted as a constituent of the soil bc111-.,th J 

spacecraft. Surveyor 5 survived a h11 1,tr '",\ 
and commenced operations again on Od 11 l11•r • 

Surve or 6 had a more di fficu lt 111i,, i11 11 '", 
cause it had to land in rough terra in io ' '., 
Medii, a plain jus t south of the eriu ,1tnr. 111 ••· 



tioO to taking thousands of photographs, the 650-
und ( 295-kg) lander made measurements with 

po on-board soil analyzer. On November 17 it 
commanded to make a "hop" on the moon's 

rface. Its 6 ½ -second Hight took it about 10 
feet ( 3 meters ) high to a landing 8 feet ( 2.4 

. eters) away. The maneuver provided new data 
_the- lunar surface bearing strength. Plans for 
longer Hight were cancelled becavse the pro­
llant supply was insufficient., 
With the successful conclusion of the Sur­

,evor 6 operation, scientists were full y satisfied 
rh • t the surface in the mare regions of the lunar 
equatorial zone was suitable for the forthcoming 
1 ned Apollo landings. The Surveyor program 

thus completed its investigations for Apollo, 
with the result that the remaining spacecraft in 
the series could be used for purely scientific re­

h. 
The site selected for Surveyor 7 was the 

1:il!hland area around the crater Tycho, nearly 
II south latitude and between 11 ° and 12° west 
ungitude. Launched by an Atlas Centaur on 
1 1, 1968, Surveyo r 7 reached the Tycho land­
.ug site on the evening of January 9. Devices 

re aboard the probe to dig into the lunar sur-
1 :e- and analyze the scooped-out materials. 
\llrrors made of beryllium were attached to the 
ir.une to provide expanded televis ion coverage of 
ih ground beneath, and magnets were attached 
• the landing pads to determine whether mag­

tic particles were present in the soil. Sur­
t )'Or 7 also carried temperature sensors, strain 
uges, and accelerometers to furnish data on 

~ raft performance and response to com­
,. In addition, the probe transmitted thou­

nds- o[ surface photographs to ground stations 
arth. With the successful conclusion of Sur­

' 011's work, the U. S. unmanned lunar explo-
ration. program came to at least a temporary 
nd. 

On Nov. 10, 1970, the Soviet Union launched 
L7th in its Luna series of probes. Luna 17 

on the Sea of Rains on November 17 and 
fo lded a ramp down which an automated vehi­

.!c led Lunokhod 1 ("Moon Rover l ") soon 
, le rolling. Carrying television cameras, an X­

spectrometer, a probe, and other instruments, 
n on eight solar-powered wheels and sent 

k data until Oct. 4, 1971. 
Other Luna spacecraft followed , some of 

1 failures. On Jan. 16, 1973, Luna 21 landed 
' 1,. edge of the Sea of Serenity and released a 

_lli)ropelled vehicle, Lunokhod 2, equipped 
"~ various scientific instruments, including a 
, ·~ tester, a laser reflector for measuring earth­

?'>lll distances, and television cameras. Dur­
its fou r-month life time, the surface rover 

1 
mitted 80,000 pictures of the lunar surface, 

.,..,t traveled some 23 miles (37 km). 
i411ncl Trips to the Moon. On Sept. 15, 1968, the 

"'11:t Union launched Zond 5 on a trajectory 
nt the probe arching behind the moon and 

\ odiearth , where it parachuted to a landing in 
··" n ·an Ocean on September 21. It was 

, ; red the following day. The probe became 
1 rst spacecraft to make the round trip. 
' ~ 6, 7, and 8 made similar journeys on Nov. 
, . ' • 1968, Aug. 8-14, 1969, and Oct. 20-27, 

Thresf«ectively. 
tt e oviet Union's Luna 16, launched on 
r ~i 1970, became the first un manned space-

and on the moon and the n return safely 
• • The probe set down in the Sea of Fe r-

The beautiful rings of Saturn, in computer-assembled com­
posite photograph taken by Voyager l on Nov. 6, 1980. 

tility just south of the moon's equator on Se ptem­
ber 20, after orbiting the moon for several days. 
Luna 16 transmitted pictures of its landing site, 
and its robot electric drill dug 14 inches (35 cm) 
into the surface, retrieving rock samples. A cap­
sule that had formed part of the original space­
craft returned these samples to earth ori Septem­
ber 24, where they were recovered for study by 
Russian scientists. 

Luna 20 landed in an upland area bordering 
the Sea of Fertility on Feb. 21, 1972. It drilled 
out rock samples and returned them in a capsule 
that landed in Kazakhstan on February 25. 

Luna 24 reached the moon on Aug. 18, 1976, 
scooped up some lunar soil from the Sea of 
Crises, and landed in western Sibe ria on August 
22 . 

PLANETARY FLIGHTS 

Although the race to land men on the moon 
dominated space exploration in the 1960's, U.S. 
unmanned Mariner spacecraft swept by Venus 
and Mars in 1962 and 1964, respectively, and 
made extensive reconnaissance of Mars in 1969 
and 1971. Throughout the 1970's, U. S. un­
manned planetary vehicles dominated space 
exploration, also making sweeps by Venus , Mer­
cury, Jupiter, and Saturn. Two U. S. Viking 
spacecraft landed on Mars in 1976 and systemat­
ically analyzed the materials and surroundings of 
the landing sites. The Voyager 1 spacecraft, 
launched on Sept. 5, 1977, gave a hi story-making 
close-up view of Jupiter on March 5, 1979, and 
then delive red a stunning portrait of Saturn and 
its satellites in December 1980. 

The Soviet Union launched many rockets to­
ward Mars and Venus over the two decades, with 
some success in exploring Venus, bu~ all the 
truly successful explorations of the planets were 
performed by U. S. spacecraft. 

Venus. The inner planet Venus was the target 
of the world's first planetary probe, Venera 1. 
Launched by the USSR on Feb. 12, 1961, it 
bypassed its objective by 62,000 mile~ (100,000 
km). The first American attempt at Venus failed 
in July 1962, but Mariner 2, fi red on August 27, 

' ,I 
l 
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went right on course and reached the vicinity of 
the inner planet in mid-December. Flying by 
the shrouded world at a distance of less than 
22,000 miles (35,000 km), it conducted many 
measurements. Among other findings, it was re­
vealed that Venus is very hot, with a surface tem­
perature of over 700° F (370° C). 

This successful probe was, for nearly five 
years, the only American attempt to unravel at 
close range the many mysteries surrounding Ve­
nus. The USSR launched Veneras 2 and 3, on 
Nov. 12 and 16, 1965. The first bypassed the 
planet on Feb. 27, 1966, at a distance of only 
15,000 miles (25,000 km). The second, Venera 3, 
was followed by instruments until it entered the 
atmosphe re of Venus on March I-becoming the 
first man-made object actually to reach another 
planet. Both spacecraft conducted valuable ex­
periments during their long interplanetary 
flights. However, breakdowns in communica­
tions prevented transmission of information from 
the planet. . 

The United States and the Soviet Union took 
advantage of the June 1967 launch opportunity. 
The Soviet Venera 4, launched on June 12, was 
followed in two days by the U. S. Mariner 5. 
Both were successfully placed in sun-centered 
orbits that took them into Venusian space in mid­
October 1967. The Soviet probe weighed nearly 
2,500 pounds (1,100 kg), the American only 540 
pounds (240 kg). Both were instrumented to 
conduct interplanetary measurements en route to 
Venus and to investigate the planetary atmo­
sphere on arrival. 

Venera 4 separated into two spacecraft as it 
approached Venus. One penetrated the Venu­
sian atmosphere. The other acted as a relay sta­
tion while continuing to orbit the sun. The 
lander portion of Venera 4, 844 pounds (380 kg) 
and 40 inches (1 meter) in diameter, parachuted 
slowly through the atmosphere on Oct. 18, 1967, 
relaying data back to the earth for 1 hour and 38 
minutes after entry. The entire communications 
sequence was monitored by the Royal Radio As­
tronomy Laboratory at J odrell Bank, England. 
The event was hailed as the first soft landing on 
another planet, but in 1969 it was conceded that 
the capsule probably had been crushed by ex­
treme atmospheric pressures long before reach­
ing the surface of Venus. 

Preliminary analysis of data from the experi­
ment indicated that the atmosphere of Venus is 
15 to 22 times denser than that of earth, that the 
planet has no significant magnetic field, that car­
bon dioxide is by far the major atmospheric con­
stituent, that water vapor may only amount to 
0.1% and that temperatures rise to more than 
540° F (280° C). Pressure at the surface was esti­
mated to be 20 atmospheres, or 20 times earth's 
atmospheric pressure at sea level, but later 
probes raised both pressure and temperature es­
timates significantlr., 

Mariner 5 passed by Venus on Oct. 19, 1967. 
It detected a slight magnetic field. Measurements 
suggested that the atmosphere contains 69% to 
87% carbon dioxide, and Venus appeared to be 
surrounded by a corona of magnetic hydrogen. 

In 1969 the Soviet Union's Venera 5 and 6 
spacecraft reached Venus on May 16 and 17, 
respectively. Both returned data for about an 
hour before presumably being crushed in the 
Venusian atmosphere. 

On Dec. 15, 1970, the Soviet Union's Venera 
7 probe reached the vicinity of Venus and eject-

ed a capsule that descended to the planet's sur­
face . It continued to transmit data for 23 min­
utes after making contact, marking the first ti rne 
that information was received from the surface of 
another major planet of the solar system. The 
capsule reported an atmospheric pressure <Jo 
times that at sea level on earth, and recorded a 
temperature of 887° F ( 475° C). 

In 1972, Venera 8 reached the vicinity of Ve­
nus on July 22 and released a descent packat:P 
that landed on the surface and transmitted da ,1 
for about 50 minutes. A photometer ind i<:at, -, 1 
that sunlight penetrated the dense cloud cmn 
while other instruments found that the soil c11n: 
tained 4% J;>Otassium and trace amounts of ur,1. 

nium and thorium. 
Soviet spacecraft Venera 9 and 10 reach,•d 

Venus in October 1975. Venera 9 landed an in­
strument package on the planet on Octoher ~2. 
and Venera 10 also landed one on Octobn :1 __ , 

The two Soviet Venera spacecraft returned plv,: 
tographs of the terrain around the base 11f thr 
capsules ( the first ever taken of the planet's " 1,. 
face) showing sharp-edged rocks scattered n1·.-, 
the landscape. Instruments reported the li1.d11 t .. 
he about like that at midday under overcast ,k,n 
on earth. Very low wind velocities were record,-,! 
and the chemical content and density of the ,oil 
resembled that of basalt. See also VENUS. 

In December 1978, two U. S. probes ( Pimlt'rr 
Venus 1 and 2) and two Soviet probes (\', ·1lt'rJ 
11 and 12) reached Venus. Pioneer V<'n11~ I 
( subsequently called Pioneer Venus Orbit,•r 1 1,r, 
gan orbiting the planet, returning radar 111 appi11~ 
and other data on December 4. Pioneer \'1·11 11,. 
entered the atmosphere of Venus on Deceml"', ~ 
and sent out four scientific probes. Tlw t" '' 
Venera craft landed on December 21 and ~, 

Soviet spacecraft Venera 13 and 14 land"d "" 
Venus in March 1982 and returned photog r.1pl" 
and soil analyses. Venera 15 and 16, with surL,u· · 
mapping radar, orbited Venus in October l'.1, 1 

Mars. On Nov. 1, 1962, the USSR la1111 tl11·J 
Mars 1 into an earth-Mars transfer trajel'l"n 
Radio communications with the probe re1n ai111·J 
good at about 7 million miles (11 million k111 ). h1:1 
later its orientation system malfunctioned. 

On November 5, during the NoV<•1nhl'r l ' H-4 
opportunity, America's Mariner 3 was la1111chn . 
but the failure of the solar cell panels to dq,1,~ 
caused loss of communications. On \m ,·1111•" 
28, however, Manner 4 started on its 10111.( 1• 111 1 

ney, and became the first of a series of s11n <'"l ,J 
Mars probes. It took the probe 7 ½ 1n111 1th, "' 
travel a path of 325 million miles ( 52:3 111, !l,,,. 
km) before reaching the planet on July 11 1.~ 
1965, when it Hew past at a distance of ii.I i 
miles (9,844 km). Cameras on the \ la 11 11..r 1 

took over 20 photographs, revealing for th,· \: 
time that Mars has a cratered surface no t 111 " · 

that of the earth's moon. . ,1 
Mariners 6 and 7 were launched on h ·!•,1 •• and March 27, 1969, respectively. ~lan11t·r h ·' 

nearly 242 million miles ( 390 million k111 1, i''' 
ing Mars on July 31 at a distance of 2.2()(! _,: -~ 
(3,540 km). Mariner 7, traveling nearly 1->\ 1, 
lion miles ( 228 million km) passed ovcr I h1, , , tian south pole on August 5 at a s11111_!ar_ :, '. 
The probes weighed 910 pounds (-ti-, k~ i 

carried television cameras to take pict 11n·\ .'. 
a resolution as great as 1,000 feet ( :,00 11 " 1 . 
They also conducted thermal mappinl.! •' , • 
atmosphere and surface and carried 11 111 • • 
violet analyses of the upper atmosphere. 
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In 1971 both the Soviet Union and the United 
States launched probes toward Mars. Mariner 8, 
the first U.S. probe, failed after launch, but Mar­
iner 9 entered Martian orbit on November 13. 
botographs of the Martian surface showed in­

·ve volcanoes, deep canyons, dune-filled cra­
!'Crs and stepped terraces. Mariner 9 also photo-
• pbed the Martian moons Deimos and Phobos. 

Soviet space probes Mars 2 and 3 later reached 
planet on photographic missions. Mars 2 

~jected a capsule that carried a Soviet emblem to 
, e surface, and Mars 3 released an instrumented 
~J kage that relayed back radio data brie8y. 
• tars 4, 5, 6, and 7 reached the vicinity of the 
,lanet in February-March 1974. Mars 4 shot 

1 -t the planet, while Mars 5 orbited and photo-
• phed the surface and Mars 6 and 7 failed to 

-land capsules on the surface. 
The U.S. space probes Viking 1 and 2 were 

!,unched in 1975. Viking l landed on Mars on 
j,i y 2.0, 1976, and began returning pictures of 
he rock-strewn surface. Viking 2 landed on the 
p!J.Det on Sept. 3, 1976. Viking Orbiter 1 and 
r1 •ing 2 ceased functioning in 1980, but Viking 
l,.mder 1 continued returning data until Novem-
1 r l 2. See also MARS. 

Jupiter. The first U.S. Jupiter probe, Pioneer 
JG was launched on March 2, 1972. The 570-
.~; d ( 256-kg) craft carried 11 instruments • for 

uring the radiation belt of Jupiter and ana­
·ng its thick atmosphere as it swung past the 

t less than 81,000 miles (130,350 km) away 
Dec. 3, 1973, and then headed toward the 

fringes of the solar system, leaving it on 
tu 13, 1983. Pioneer 10 carried a metal plate 
• ~ ·ng a message in symbols that would convey 

istence of the human race to any intelligent 
!onns that might intercept it. 
·oneer 11, launched on April 5, 1973, Hew 
n 26,600 miles ( 42,800 km) of Jupiter on 

L 2, 1974, photographing the polar regions. 
'O Voyager spacecraft Hew past Jupiter in 1979, 

'ng back much scientific data and excellent 
• 1 res of the planet and its moons . Voyager 1 

its· closest approach to the planet on March 
I, ad Voyager 2 on July 9, before continuing on 

• Saturn. See also JUPITER. 
e11ry. Mariner 10, launched on Nov. 3, 1973, 
t Venus on Feb. 5, 1974, en route to Mer­

• which it passed within 460 miles ( 7 40 km) 
foch 29, 1974. It swung past Mercury again 

t. 21, 1974, and radioed back scientific 
d pictures. See also MERCURY. 

Nnl. Man's first close-up views of Saturn 
radioed to earth by the Pioneer 11 space­

, wfhen it came within 13,000 miles (21,400 
the planet on Sept. 1, 1979. Aside from 

log excellent pictures of Saturn, Pioneer 
~V~red an eleventh satellite and a seventh 
rne Voyager 1 and 2 spacecraft, after Hy­
>~ Jupiter, passed Saturn in November 
r. . August 1981, respectively. 

INTERPLANETARY PROBES 

l_anetary probes are instrumented solely 
Y to study the environmental condi­

n space. The first, and very successful, 
craft of this type was Pioneer 5, which 

:J' toward the orbit of Venus in March 
It was spherical in shape and made of alu­
alloy. It had four extended/addles con­
~,800 silicon solar cells an had instru­

r studying the interplanetary magnetic 
rometeorites, and radiation. It was fol-

lowed by the successful Pioneer 6 in December 
1965 and Pioneer 7 in August 1966. The latter's 
missions were to study the solar magnetic field, 
the solar wind and its in8uence on the earth's 
magnetic field, and cosmic radiations. 

• Pioneer 8 was fired into solar orbit on Dec. 
13, 1967. Its prime missions were to define clear­
ly the so-called " tail" of the earth's magneto­
sphere and to monitor events on the sun during 
the latter part of its 11-year cycle. Pioneer 9 
went into solar orbit on Nov. 8, 1968, to provide 
data on solar radiation. Pioneer 10 flew past 
Jupiter on Dec. 3, 1973, and proceeded out of 
the solar system on June 13, 1983. Pioneer 11 
also Hew past Jupiter, on Dec. 2, 1974, and past 
Saturn on Sept. 1, 1979. 

Voyager 1 passed Jupiter in March 1979 and 
Saturn in November 1980, while Voyager 2 
passed Jupiter in July 1979 and Saturn in August 
1981. Both returned excellent photographs. 

Within the Zond series, the Soviet Union in­
cluded several interplanetary probes. Zond 1, 
directed toward Venus in November 1962, and 
Zond 2, launched toward Mars in November 
1964, were/lagued with communications prob­
lems. Zon 3, fired in mid-July 1965, first took 
photographs of the far side of the moon. Zond 4, 
launched on March 2, 1968, was designed to 
study the far reaches of near-earth space. 

Many spacecraft since the 1960's have flown 
between the planets, from Mercury to Saturn, 
exploring the interplanetary medium and the in­
teraction of the planets with it. For example, in 
early 1981 the Saturn-bound Voyager 2 space­
craft swept through the long extension of Jupi­
ter's magnetotail, showing that it extended al­
most to the orbit of Saturn. (This tail is formed 
by the solar wind drawing out Jupiter's magneto­
sphere on the downwind side.) Present empha­
sis is on exploring the outer reaches of the solar 
system and on detailed studies of the sun. 
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5. Manned Space Flights 
The major phases of U.S. and Soviet manned 

space programs are described below except for 
programs involving manned earth-orbiting space 
stations, which are discussed in the article on 
SATELLITE, ARTIFICIAL. Further data on indi­
vidual missions and the men who Hew them are 
provided in the article on ASTRONAUTS. 

SOVIET MISSIONS 

Whereas virtually all important aspects of the 
United States' intentions and timetable for the 
manned exploration of space in the 1960 decade 
were well publicized, very little reliable informa­
tion was available on Russian plans. Many polit­
ical figures in the Soviet Union claimed no im-

' 11 

I 

, I 
• ! 

I 
I, 
I 

1i 

' ,·. 

\1. 
~I 

r 
I . 

I 

I 

I I 

I 

I I 
I 

I I' 
l: 
' I 

I I I 

I 

I 

! ; 
; I 
' I 

t. I 

1' 

I 
I 



378 SPACE EXPLORATION: 5. Manned Space Flights 

mediate plans for manned lunar exploration. 
Many foreign observers agree, however, that the 
Russians intended a manned circumlunar flight 
in a Zand spacecraft but canceled the mission, 
both because of problems with their rockets and 
because of the string of successes in the Apollo 
program. Concentrating instead on operations 
in earth orbit, the Russians began a long buildup 
of operations there with Salyut space stations 
and Soyuz (manned) and Progress (unmanned) 
supply vehicles. 

Vostok. The first six Soviet manned space 
flights were made in 1961-1963 in one-man ve­
hicles called Vostoks, each weighing more than 
10,000 pounds (4,500 kg). The first man to 
leave the earth's atmosphere and enter space was 
Yuri A. Gagarin, who made a one-orbit flight of 
108 minutes on April 12, 1961. The second Vostok 
to be launched achieved more than 17 orbits of 
the earth, and the third and fourth entries in the 
Vostok series attempted the first rendezvous of 
two vehicles in space. They also set new endur­
ance records. Another rendezvous attempt was 
made by Vostoks 5 and 6. The latter vehicle was 
piloted by Valentina Tereshkova, the first and 
thus far the only woman to make a space flight. 
The two Vostoks passed within 3 miles (4.8 km) 
of each other during the attempt. 

Voskhod. The next two Russian flights took 
place in October 1964 and March 1965. They 
were made in somewhat heavier spacecraft that 
were capable of accommodating three cosmo­
nauts-another space first for the Russians. The 
second Voskhod flight also marked the first time 
that a man, Alelrsei Leonov, went outside his 
vehicle while in orbit, protected only by his 
spacesuit from the harsh space environment. 

Soyuz. After the mission of Voskhod 2, there 
was a long pause in the Soviet manned space 
program. It was not until April 23, 1967, that a 
new effort became known to the world at large, 
with the launching of Soyuz 1. The flight ended 
in tragedy. Cosmonaut Vladimir M. Komarov, 
who had previouslx flown in Voskhod 1, appar­
ently had some difficulty with his craft while in 
orbit and may have terminated the flight earlier 
than planned. As the spacecraft reentered the 
atmosphere, the parachute recovery s:,,stem 
aboard failed and Komarov plunged to his death. 

The accident caused a delay in the Soyuz pro­
gram of another 18 months . An improved Soyuz 
3 was successfully launched and recovered in 
1968. In January 1969 the Soviet Union orbited 
two more Soyuzes and accomplished a transfer of 
two cosmonauts from one vehicle to another. On 
successive days beginning on Oct. 11. 1969, 
three more Soyuzes were launched, and on June 
1, 1970, the two-man crew of Soyuz 9 made a 
flight of nearly 18 days. 

On April 19, 1971, the Russians sent an 18-ton 
orbital laboratory called Salyut into space. The 
workshop was soon joined in orbit by a crew of 
three cosmonauts launched in Soyuz 10. Soyuz 
11 cosmonauts Georgi Dobrovolski, Vladislav 
Volkov, and Viktor Patsayev were killed on their 
return to earth after spending nearly 24 days in 
Salyut. Subsequent test flights of Soyuz re­
sulted in corrections and improvements . Othe r 
Salyut space laboratories followed, with their 
crews supplied by Soyuz spacecraft launched at 
frequent intervals and with longer and longer 
endurance records being established. 

In July 1975, Soyuz 19, with cosmonauts 
Aleksei Leonov and Valeri Kubasov, docked in 

space with an Apollo craft bearing U. S. astro. 
nauts Thomas Stafford, Vance Brand, and Donald 
Slayton, in the first international space flight. 

On Aug. 19, 1979, Vladimir Lyakhov and 
Valeri Ryumin set an endurance record of 17.5 
days 36 minutes in Salyut 6. This record wa, 
broken on Oct. 1, 1980, by Ryumin and Leoni<l 
Popov, who were launched on April 9 and re­
turned on October 11 after 185 days in space. 

In 1974 and 1976 the USSR launched mili tarv 
versions of Salyut (Salyut 3 and 5). In l9i7 j1 
launched Salyut 6. By 1980 this space stat ion 
and its supply vehicles, including the new So\'trl 
T, introduced in November 1980, had broken 
new experimental ground in radio astronom y, in 
holography as an aid to spaceship operat ion, 
and in raising plants and animals in zero gra\'itv ' 

On June 19, 1981, the USSR docked Sal\'lit .fi 
with Cosmos 1267 (launched April 25), a Lr"r 
unmanned satellite designed to test syste ms ,117,1 
elements for future spacecraft. Salyut 6 rel'n• 
tered the atmosphere on July 29, 1982, after 11,·.tr­
ly five years in orbit, and was destroyed over thr 
Pacific Ocean. 

The new modular space station Salyu t i ,, .u 
launched on April 19, 1982, to an altitude of l\6 
miles (300 km). Cosmonauts Anatoly Berez11, , 
noy and Valentin Lebedev linked up with Sah 111 
7 on May 13 and remained in the space stati "~ 
211 days , returning to earth on December lfJ 
after having been visited by two other tea,m .. / 
cosmonauts. Salyut 7 subsequently wa~ •· u· 
larged when the Cosmos 1443 technical sall' ll,1; 
was joined to it, and on June 28, 1983, C11 , n11 ► 
nauts Vladimir Lyakhov and Aleksandr Alek ,.,n• 
drov docked with the space station. 

MERCURY AND GEMINI PROGRAMS 

The Mercury and Gemini programs wcrt" h• 
first two phases of the U. S. Apollo program, fi,,1 
announced in 1960. They extended ovl'r ., I"" 
riod of 5½ years and included 16 fli ghts. 

Mercury. The initial manned space pro;:r:1111 I 
NASA was Project Mercury, and the first 111 i"",. 
was Alan Shepard's suborbital flight ahm <" d,. 
Atlantic Ocean in Freedom 7, on May 5, 1'!61 \ 
second suborbital flight was made that )'<',ti t,, 
Virgil I. Grissom, one of the seven ori ginal .1,!f•r 

nauts, and a victim of the 1967 Apoll11 f-1• 
described below. • 

The first U. S. pilot actually to orbit the r•• 
was astronaut John Glenn who made threr ,,,. 
cuits of the planet on Feb. '20, 1962. Three ,1,-,. 
cury flights followed in 1962 and 1963. , 

Gemini. Project Gemini, the second ph,l\t -4 
the Apollo program, began with the . 11 1.1 nr~ 
flight of Gemini 3 in 1965. The Cen11 11 i " • 
cles, designed to carry two astronauts i11 ~t,·.1<1,, 
one, were larger and more compl ex th•'. 11 

Mercury craft. The purpose of th e C. r <••,: 
flights was to provide training in orhit:d 11

' " ·.;. 

vous and docking techniques and tt~ _011 ) ~ 
various biomedical experiments. I h\'.\ " 
eluded studies of astronaut reactions to 1"1 

• 1, ,,. 
weightlessness, compatibility of crew 'luj"' . ... 
in closely confined quarters, and phY' 1'' •,.: , 
response during docking with othe r '11·1' 
and during ventures outside the vehicl ,·

1 
·,; 

There were 10 manned Gemin i ii i~ :' ' ··•• 
last one taking place in November 1'!1•0 

·, 

Gemini 4 mission marked the first , ·t·
111

"
1,; , > 

side a spacecraft by an American :1,lr" 11j"' • • 
ward H. White II, another victim 0 1 1 '" • 
Apollo fire. 
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'fhe first successful docking of two space vehicles 
urred on March 16, 1966, when astronauts 

'eil Armstrong and David Scott brought their 
CeJJlini 8 in contact with an Agena target ve­
hicle, Thereafter man;: rendezv?us and dockin~ 
~,periJJlents were earned out m other Cemm1 
:i,ghts. 

APOLLO PROGRAM 

In 1962, President John F. Kennedy made the 
\polio lunar landing a national goal, to be ac-

nipHshed before the end of the 1960's. During 
, years that followed, the three basic Apollo 
~ ules were designed and built: the command 
• idule, to carry all three as tronau_ts to and from 
the moon; the service module, to house the vari-

propulsion, power, and environmental sys­
needed for the flight; and the lunar module 

-~ t would actually land two of the astronauts on 
moon. 

Ap_ollo Fire. Until 1967 the Apollo program 
•ed forward without major problems. Then, 
Jillluary 27, astronauts Virgil I. Grissom, Ed­
rd H. White II, and Roger B. Chaffee died in 

• h fire that destroyed their Apollo AS-204 
. raft as it underwent routine tests at Cape 
i..-..nedy. The three men were to have been the 
... t onauts in the Apollo program. 

NASA delayed the program while it took mea­
to reduce the danger of fire, which in the 

1 • of the AS-204 was thought to have been 
by an electric arc. Among these measures 

the employment of noncombustible materials 
sever possible. Wiring within the spacecraft 

banged, and metal troughs were placed over 
areas to prevent damage once the 

. ,was installed. The egress hatch was 
so that it could be opened from inside 

utfive seconds and the crew could escape 
• IA .. half a minute. These changes added 

l\400 pounds ( 630 kg) to the weight of 
Apollo command module. 

!ly Apollo Flights. The first entries in the 
• .. Apollo flights were unmanned tests of 

raft with the Saturn 1B and later the 
5,·booster that was used for lunar landing 

Three unmanned missions took place: 
on Nov. 9, 1967, to test the Saturn 5 

mand module engines; Apollo 5, on Jan. 
. to test the lunar module's descent and 

{'i.p tpulsion systems in space; and Apollo 6, 
• t 4, 1968, to test the overall capabilities 

fllti,te- vehicle. Minor difficulties were met 
,the Apollo 6 test, but they were not suffi­
,t.:rious to delay the first manned Apollo 

.111.1' mission, designated Apollo 7. 
8Jgbt began on Oct. 11, 1968, with vet­
£~t Walter M. Schirra, Jr. , and rookies 
•w15ele and Walter Cunningham as the 

!light objectives included testing the 
'11.il reliability of the various spacecraft 
n preparation for a moon journey. A 
l maneuvers were performed, including 

:.< us with the jettisoned second-stage 
1'PC fet. The astronauts also practiced 

OCusing their telescope on bright 
•IS~ their sextant. 
' the

1 
flight of 260 hours and 163 orbits, 

te ecasts were made from the space­
for the American space program . On 
, after an 11-day tour, the Apollo 

nt to the Atlantic Ocean under the 
CQntrol of a computerized guidance 
e splashdown was only 0.3 mile ( 0.5 

km ) from its intended target, and although the 
spacecraft landed upside down it was soon ri gh ted 
by inflated bags. Within an hour the men were 
aboard the waiting carrier Essex. 

Circumlunar Flights. The capabilities of space­
craft and booster having been proved, men now 
prepared to leave earth orbit and travel to an­
other object in the solar system for the firs t time. 
But before a landing would be attempted on the 
moon, NASA wished to conduct a series of pre­
liminary circumlunar flights. 

Apollo 8, the first manned spacecraft to circle 
the moon, took off from Cape Kennedy atop a 
gian t Saturn 5 booster on Dec. 21, 1968. Frank 
Borman, James A. Lovell, Jr., and William A. 
Anders fired their vehicle into a lunar traj ectory 
as they neared the end of their second earth orbit 
and headed toward rendezvous with the moon at 
an initial veloci ty of more than 24,000 miles 
( 38,000 km ) per hour. On December 24 the 
spacecraft was inse1ted into lunar orbit, and the 
as tronauts described the moon's surface as they 
observed it from an altitude of 70 miles ( 110 
km). The explorers began their return voyage on 
Christmas morning after 10 orbits of the moon, 
and they splashed down on target in the Pacific 
Ocean, near the carrier Yorktown, two days later. 

After a preliminary test of the lunar module 
in earth orbit by the men of Apollo 9-James A. 
McDivitt, David R. Scott, and Russell L. 
Schweickart-on March 3-13, 1969, another cir­
cumlunar voyage was undertaken. In broad 
tem1s, Apollo 10 combined Apollo B's mission 
with the lunar module maneuvers of Apollo 9. 
The Apollo 10 was launched on May 18, 1969, 
with three veteran as tronauts aboard-Thomas P. 
Stafford, John W . Young, and Eugene A. Cem an . 
On reaching the moon, the astronauts sent their 
craft into an elliptical and then a nearly cir­
cular orbit about 60 miles ( 100 km) above the 
surface. Stafford and Ceman transferred from 
the command module to the lunar module- code­
named Charlie Brown and Snoopy, respectively, 
for the fligh t-and took the lunar land ing craft to 

SATURN 5 BOOSTER and Apollo 4 spacecraft move in­
to place on the launch pad at Cape Kennedy. 
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within 50,000 feet ( 15,200 meters ) of the moon's 
su rface. During the low traverse the as tronauts 
inspected the landing site planned for Apollo 11. 
Reascent to the command module was carried out 
so as to simulate the fli ght path of a lunar mod­
ule leaving the moon. On May 26 the astronauts 
splashed down safely near the waiting recovery 
ship, and the stage was set for the climactic 
Apollo 11 lunar mission. 

lunar landing Flights-Apo/la 11 . The journey 
of Apollo 11 is desc ribed in a special article be­
ginning on page 357. The other lunar landing 
miss ions are described below. 

Apollo 12. The second lunar landing mission, 
Apollo 12, took place four months after the 
Apollo 11 fl ight. The crew included veteran as­
tronauts Charles Conrad, Jr. , and Richard F. 
Cordon, J rd and rookie as tronaut Alan L. Bean. 
Conrad an Bean were to land on the moon in 
their lunar module Intrepid, while Cordon would 
remain in lunar orbit in the command module, 
code-named Yankee Clipper. 

The launch took /lace on Nov. 14, 1969, 
while a stom1 hovere over Cape Kennedy. At 
the start a bolt of lightning . briefly knocked out 
the spacecraft's power system, but the power was 
soon restored. The astronauts headed toward the 
moon on a trajectory differing from those of pre­
vious missions. That is, it was not a "free-return" 
but a "hybrid" trajectory, which did not provide 
an au tomatic safe return to earth should the lunar 
landing prove impossible. 

Lunar touchdown occurred at 1:54 A. M. 
(EST ) on November 19. When Conrad descended 
the module's ladder to the moon's surface, he 
jokingly refe rred to Neil Armstrong's well-known 
words on the same occasion in the previous fli ght. 
Said Conrad, "That may have been a small step 
for Neil, but that's a long one for me!" Viewers 
on earth were disappointed by the failure of the 
telev ision camera soon after it was deployed by 
Conrad, but all of the ma in purposes of the mis­
sio n were fully achieved. The two cheerful astro­
nauts set up the Apollo Lunar Surface Experi­
ments Package ( ALS EP) , whose instruments 
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APOLLO 14 COMMANDER A , . 

Shepard assembles a hand tool 
he stands beside the sma ll ,,a 

that he and Edgar Mitchell v••d , 
carry the devices of ALSEP .• : 
Apollo Lunar Surface Experim, -~ 
Package-to their place of d,p 'o, 

ment on the surface. In all, ., , 
package contained a doie n , 
struments. 

t 

measured the strength of the solar " i,,. I. ", 
solar magnetic field, and the earth's 11 1.1 ~ 1,, •• 

effect on the moon, besides studying tl1t· pl11 . , 
of the lunar surface and interior. 

Other experiments included a l111 1:1r ,, .. 
sphere detector, a lunar atmosphere <ld,·, t11r . . • ' 
a solar wind spectrometer. The mc11 al,11 I" 
formed field geological surveys and colh·t,·d , • 
and soil s·amples. On thei r second sta~ """' ~ 
Intrepid, they visited the nearby Survt'ynr I . 
manned probe that had been sitting on 1111 · " , • 
since April 20, 1967. After spendi ng a to1 t .l ' 
more than 31 hours outside their L~I. < ., ,. ' ' 
and Bean reentered the craft and rejnim·d C:,,, 1 ~ 
in Yankee Clipper for a safe return In ,._,, ,,. 
Splash-down occurred on November 2-1. 

Apollo 13. The next Apollo Hight. i11t. , L' 
to explore a region of hilly lunar tc rr.ii 11 . • , • 
an added drilling experiment, nearly IH·• 11 nr 

tragedy in space. . r 
The crew of Apollo 13 consisted ol J .. 1111,,_,I 

Lovell, Jr. , and two rookie as tronauts. h ,·d ·• 
Haise, Jr. , and John L. Swigert, Jr. The ' 
entered space on April 11 , 1970, with 111111' '' 
difficulties, and the Hight went well for 11,,· 
56 hours . Then, shortly after 10 I' . ,1. 1 I 
on April 13, the crew heard a sh,irp "I, '"f 
they were testing spacecraft systems- ,11111 ' 
began to happen very rapidly. TlH· , ""'' 
module's electrical and life-suppl y syst,- 111 , 1 • 
and the as tronauts soon found that tli, ·,

1 
'\ . . 

have to use the lunar module as a !,It- •··• 
the rest of the journey. , . 

It was later determined that a fa11lt" 11 • 
tion had caused one of the service 111111lnlr' 
gen _ta_n_ks to explode. There was 111> ~•11 •~•c' 
poss1b1lity of a lunar landmg, and th, " · 
sion of the as tronauts was simply to l!!'I 1 ' 
ea rth alive. For the rest of the pt•rtl" 11

' 

the as tronauts resorted to an ingt·ni 1111, '' ' .'. , 
makeshift techniques in order to 111ai11 L1111 

power and life supplies. After sen •r:d -1111' , 
days, the adven ture fin ally ended h:1\'P'. 

1
~ , , 

three astronauts made a safe splash, '" 
Pacific Ocean on April 17. 
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Apollo 14. On Jan. 31, 1971, 10 months after 
!he aborted £light of Apollo 13, a safety-modified 
, Uo 14 left Cape Kennedy with veteran astro­
• ~t Alan B. Shepard , Jr., and rookie as tronauts 
E~gar D. Mitchell and Stuart A. Roosa aboard. 
11it. mission marked a return to active duty of 

first U.S. astronaut, Alan Shepard. 
A number of difficulties arose during the 

,urneY outward, including an inability to com­
'", te the ini tial docking maneuver of the com­
~nnd module Kitty Hawk with the lunar module 
intares until the sixth attempt. Then one of the 

ot-stage batteries of the Antares threatened 
!ur a time to fail. Even more seriously, before 
;; lunar module began its descent maneuver on 
February 5, a false abort signal came from the 
l)(. A m'akeshift program was worked out for 

ll onboard guidance computer that told it to 
ore the signal, just in time for the descent to 

, I.rt, The landing radar also refused to work 
,mperly until late in the maneuver. Despite 
, ~ difficulties, Antares touched down safely on 
_t moon at 4: 18 A. M., February 5, only 65 feet 
.. 'O meters) from its designated target. 

The landing si te was a small valley in the 
1-· Mauro highlands at the eastern edge of the 

of Storms. On the first day the astronauts 
.. ,rlred more than 4 ½ hours outside their craft, 

marily setting up ALS EP, the Apollo Lunar 
, t ntific Experiments Package. ALSEP con­
,1 an ion detector, a device fo r measuring the 
, ity of the atmosphere, a device for measur-
' ' energies of solar protons and electrons striking 
~ moon, a laser reflector, and a pass ive and an 

ti '& seismic detector. The as tronauts carried 
heavy equipment to the deployment site by 

of a wheeled cart. They also set out geo­
, which recorded the explosion of charges 
instrument called a " thumper." 

On Febraury 6 the astronauts again spent 4 ½ 
outside Antares, this time attempting to 

·,,inb to the rim of Cone Crater, some 400 feet 
lW meters) higher and 3,300 feet ( 1,000 me­

, ,,j away. Confused by the rolling terrain and 
boulder fields, and tired by the walk, the 

15's ROVER, a jeeplike 
that proved enormously 
I in expanding the range 

>nlions of astronauts on the 
, is foaded by Jomes Irwin . A 

"' transmission antenna , 
like an inverted umbrella 

llttd on the vehicle . Moun; 
riles in the distance . 

astronauts never quite achieved their goal, but 
they successfully collected many more rock sam­
ples. Before reboarding Antares, Shepard took 
some swings at a golf ball with a makeshift club. 
Rejoining Kitty Ha wk after a stay on the moon 
of 33 ½ hours, the astronauts splashed down in 
the Paci fic Ocean on February 9. 

Apollo 15 . A little more than sLx months after 
the return of Apollo 14, the fourth team of astro­
nauts to achieve a lunar landing got under way. 
The crew consisted of a veteran space pilot, 
David R. Scott, and two rookies, J ameS B. I rw in 
and Alfred M. Worden. Their spacecraft con­
tained a new unit of equipment for use on the 
lunar surface, a four-wheel jeeplike vehicle called 
a lunar rover. With the range that it would pro­
vide, the men hoped to carry out a more thor­
ough scientific exploration of the moon than had 
yet been attempted. Their landing si te was to be 
a heavily cratered valley at the foot of the moon's 
tall Apennine Mountains. 

The Apollo 15 crew was launched from Cape 
Kennedy on July 26. Four days later, at 6 : 16 
P. M . ( EDT), the lunar module Falcon touched 
down in the lunar highlands some 400 feet ( 120 
meters) northeast of the target with Scott and 
Irwin aboard, while 'Worden remained in the 
Endeavour. Scott depressurized the module and 
opened its hatch for a brief survey, but real ac­
tivity did not begin until morning, when the men 
spent about 6½ hours outside Falcon. 

Many important scientific devices were again 
deployed, as on previous Apollo flights. How­
ever, for television viewers on earth the most 
interesting aspect of the work period was the 
moon tour made by their lunar rover, with the 
spectacularly fine images provided by a new tele­
visiol) system. Scott and Irwin drove toward the 
Apennines and neighboring Hadley Rill , a canyon 
having an average depth of about 1,200 feet 
( 360 meters ) . The rover .,Performed very well 
except for some minor difficulty with a balky 
front-wheel steering apparatus, and when it came 
to a halt the camera was activated and then con­
trolled by NASA personnel in Houston. 

I 
I' 
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On August 1 the two men took a seven-hour 
ride that covered 8 miles ( 13 km) and brought 
them to the Apennine foothills, where they dis­
covered crystalline rocks that they hoped might 
prove to be fragments of the original lunar crust. 
On August 2, they explored Hadley Rill again, 
returned to Falcon, and then rejoined Worden in 
lunar orbit. The crew circled the moon for 
another day. Splashdown took place on August 7 
in the Pacific Ocean. 

Apollo 16. The target of Apollo 16 was the 
Descartes region, a highland area in the south 
central region of the visible side of the moon, 
chosen because it was thought to have been 
formed by volcanic action in the moon's geolog­
ical past. Previous as tronauts had not visited 
such a terrain. The Apollo 16 crew consisted of 
one veteran, John W. Young, who had already 
orbited the moon, and two rookies, Charles M. 
Duke, Jr. and Thomas K. Mattingly II. Yonng 
was the flight commander, Duke the lunar mod­
ule pilot, and Mattingly the commander of the 
command module. The code name Mattingly 
chose for the latter module was Casper, after a 
cartoon ghost, while Young and Duke named 
their lunar module Orion. 

The Hight was launched at 12:54 P . M. ( EST) 
on April 16, 1972, and entered lunar orbit on 
April 19. A serious problem arose as Casper pre­
pared to reascend to a higher orbit: monitors 
indicated that the module's back-up control sys­
tem might not work properly if called upon. It 
took Mattingly and mission control four hours 
to decide not to abort the mission in the face 
of this potential hazard, and Orion finally set 
down on the rocky Descartes plateau six hours 
late, at 9:23 P. M . (EST) on April 20. 

The tired Duke and Young slept before going 
out on the lunar surface. Young set foot on the 
moon at 11: 58 A. M. on April 21. Because of a 
balky antenna, picture transmission did not be­
gin until Duke came out and set up a high-gain 
antenna on the surface. Thereafter the two men 
went about the task of setting up an array of 
scientific experiments similar to that of Apollo 15 
and including a miniature astronomical observa­
tory. Unfortunately, at one _point Young tripped 
over and broke a cable leading to an expensive 
device for measuring heat flow from the lunar 
interior, but otherwise all went well. The astro­
nauts returned to Orion for a rest period at 
6:58 P. M. after a sample-collecting tour in their 
lunar rover. 

The second EV A, on April 22, lasted 7 hours 
and 23 minutes. Duke and Young drove up the 
slopes of nearby Stone Mountain to a hei_ght some 
750 feet ( 230 meters) above the landing site. 
Making several stops, they collected samples that 
did not seem to be the volcanic-type rocks that 
scientists had expected. On the third EV A, of 
5 hours and 40 minutes, on April 23, the men 
took their lunar rover northward to North Ray 
Crater, a hilly landscape strewn with boulders. 

That evening, at 8:25 P. M., Orion blasted off 
the moon in view of the television camera, taking 
with it 215 pounds ( 97 kg) of rocks and soil. 
The return proceeded with few further problems, 
and on April 25, Mattingly took a ' walk'' in 
space to retrieve film cassettes from a panoramic 
camera and a mapping camera at the rear of the 
service module. Splashdown occurred at 2 :45 
P . M . on Arri! 27, some 215 miles (346 km) 
southeast o Christmas Island. 

Apollo 11. The las t lunar landing mission of the 

Apollo program was undertaken by astrona, t 
Eugene A. Ceman, Ronald E. Evans, and Harri ,,\ 1 

H. Schmitt. After a delay of almost three hn;,r n 
they blasted off on Dec. 7, 1972. On Dec. 10 th 1 

Apollo 17 spacecraft entered lunar orbit. Th~ nt: 
day Ceman and Schmitt landed the lunar nrnd

11
j_ 

Challenger . in the Taurus-Littrow vallev th t 
planned target area where they hoped to fin;t'~u, : 
form of volcanic ash. While Ceman and Sch11 '.;\ 
explored the lunar surface by riding in the 111 ,'.ar 
rover vehicle and by walking, Evans remained , 
the command module America and made IIIO, ;~ 

observations. The most startling discovery uf th 
mission was made b}_' Schmitt, who fo~nd a Ia,t·: 
of orange-colored soil and suggested 1t might 1,, 
evidence of past vulcanism on the moon. 

On December 14, Ceman and Schmitt rn"' 
from the lunar surface in Challenger and rr join"I 
Evans and America in lunar orbit. They th,-11 " 1 
off for earth, taking about 275 pounds ( 1:2.1 k~ J 
of lunar rocks and soil with them. The astrn11a 11 11 
splashed down in the Pacific on Decemhcr 1•1 

Apollo-Soyuz Mission. The first joint int<·n1.,­
tional manned space flight occurred in July l!J:'i. 
when Russian cosmonauts Aleksei Leonov :uul 
Valery Kubasov were launched on July 1.'i in 

Soyuz 19 from Kazakhstan, USSR, and astro11:1 111> 
Thomas Stafford, Vanc.e Brand, and Donald Slav­
ton were launched on the same day in an ,\ poll,, 
spacecraft from Cape Canaveral, Fla. They ,·a111, 
together on July 17 over the Atlantic Oc:e:111 .11 ,d 
remained docked for two days while th e 111 ,·11 
moved from one vehicle to the other. 

Space Shuttle. The first U.S. Space Slr uttlr . 
Columbia, made its first orbital flight in l !i,~I 
The second shuttle, Challenger, made its maid,·n 
flight in 1983. See SPACE SHUTTLE. 
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6. The Future of Space Exploration 
One of the problems facing space mi,,,, n 

planner~ is where to _P~ace priorities. Th: ".'':\ 
system 1s huge, contammg not only 34 pnnnl' 
bodies ( the sun, the eight other planets, 22 11 1> • ' '.~ 

with diameters of more than 150 miles, nr ~ 10 

km~ and the three large asteroids Ceres. _ 1'.dl11 ana Vesta), but numerous smaller ho<l1t·s. ,I 
must be decided what percentage of a,·:1i l.,l ,1t 
resources should be expended on research fw:11 
earth orbiting satellites, on studies of the ,m,,t\. 
and on investigations of the planets. It 0111st .,, .. , 
be decided whether to emphasize manned or 1

· ' 

manned exploration and when to change th,· 1:• ~­
jor portion of effor~ ~rom one target of explnr.,ti",; 
to another. Dec1s1ons have to be m,1dt" 1• 
reflect a realistic assessment not only of sd<" 111 '::, 
objectives but_ also of the state _of technolo.l! ' ·· ~•,•; 
ernment policy, and public support. 1 . 

latter are not always predictable, since th ci •· \ 
pend both on internal conditions and asp1r.1 tl • 
and on international events. 



Russian spacecraft preparing to dock on July 
1975, as depicted by an artist. The U.S. Apollo, at the 
It maneuvered slowly and carefully toward the Soyuz. 

APOLLO-SOYUZ JOINT SPACE MISSION 

• first joint international space flight was comple ted 
tli. United States and the Soviet Union in July 1975. 

)i,ily 15, cosmonauts Aleksei Leonov and Valery 
~ boiov were launched aboard a Soyuz spacecraft, and 

ronauts Thomas Stafford, Vance Brand, and Donala 
11"" were sent into orb it in an Apollo spacecraft. 

two vehicles docked 011 July 17 over the Atlantic 
. n .- a nd remained joined for two days while the 

#f moved from one spacecraft to th e other. 

• Apollo-Soyuz crews, shown before their histor ic flight . 
fl!tcl, I. to r.) Astronauts Slayton and Brand, and cosmonaut 

sov: (Standing) Astronaut Stafford and cosmonaut Leonov. 

U Pl 

The Apollo astronauts are sent 
into orbit from Cape Canaveral, 
Fla., aboard a Saturn 1-B rocket. 

The Soyuz spacecraft, atop a 
Russian rocket, leaves the Baik­
onur Cosmodrome in Kazakhstan . 

I, 
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The U.S. space program formally began in 
1955, when President Dwight D. Eisenhower 
reluctantly approved a minimum satellite devel­
opment, Vanguard. This was part of the U.S. 
contribution to the International Geophysical 
year (ICY) program of scientific research. 

The Soviet Union's Sputnik, launched on 
Oct. 4, 1957, caught the U.S. public unawares 
and bestowed great prestige on international 
communism as a progressive force . The U.S. 
Congress created NASA in response, but it was 
still struggling to launch a wide range of pro­
grams when the Soviets orbited Yuri Gagarin in 
Vostok 1 on April 12, 1961. Worldwide awe at 
that feat convinced President John F . Kennedy, 
with strong congressional backing, to commit the 
United States to the multibillion-dollar Apollo 
lunar landing program. 

Despite its ultimate triumph many people 
saw the Apollo program as an extravagance. By 
1966 it had strong opposition in Congress . Th;i.t 
opposition kept NASA to virtually a flat budget 
in the 1970's and quenched plans for another 
fiery decade on the Apollo order. The Skylab 
and Apollo/Soyuz programs used up remaining 
Saturn rockets and Apollo hardware. The space 
agency gained approval in 1971 to embark on the 
Space Shuttle development. That held together 
its central engineering teams and prepared the 
way for a new era in space transportation and 
manned space operations. A set of planetary 
spacecraft and as tronomy satellites carried out 
the great space missions of the 1970's-making 
an excellent visual record of the planets from 
Mercury to Saturn; exploring Mars, the planet 
that looms largest in the public imagination; and 
opening the X-ray universe with startling discov­
eries by a series of high-energy astronomical ob­
servatories, one named after Copernicus . But all 

this, and much more, was done with a budget 
constr~ined by public dubiousness about space 
spendmg. 

Meanwhile, quietly, space communicati ri 111 
and military space developments had indept n. 
dently b~come vast ~nterpri ses. By the end of 
the 1970 s commercial space communicati on, 
independent of NASA, had become a bill inn-do!'. 
lar business, headed for revenues esti mated 111 
the tens of billions by the 1990's. Military sp,it,• 
developments, not in weapons but in reco1111 ,11 ,. 

sance, attack warning, communications, na,·i~J• 
tion, and weather, equaled the NASA budget 1,

1 
the beginning of the 1980's . These portended• 
great surge later in the decade, riding a tide ,,f 
futuristic developments in directed-ent:r"\ 
weapons and other large satellite systems 1n.u!r 
possible by the Space Shuttle, and anticipat i·d 
advanced space launch vehicles. 

Whatever its limits, the decade of th e 1!1711' , 
was a period both of great achievements in sp,1<r 
exploration-the grand unveiling of the pla 111 , 1 
and the high-energy universe-and of ge,t.111,,:, 
of mighty works to come. Many of these ,, ,11 l, 
will compete for dollars and engineeri ng inlt- rn t 
with scientific and other exploratory objedi, n 

The great payload capacity of the Span• Sl, 111, 

tle will motivate the creation of a new genl'r.111 .. , 
of earth satellites, in good part for the lu, 1.11 11 , 
business of space communications but al ", I, 1 
earth-resource surveys, navigation, meteorolo,,. 
manufacturing, atmospheric and space scin" r , 
astronomy, and military operations . :\luch 111 ti .­
drive for new space systems will come t'ro111 !,, ,., 
nesses and institutions other than NASA. T.11 ,1. 
A gives some idea of prospective satellit ,· '" 
vices in the decades ahead. 

A major objective of the space agency ,1'111 1, 

the creation of a large manned space stali 1111 .,1 , 

Table A: SPACE APPLICATIONS SUMMARY WITH RISK ESTIMATES, 1980's ANO 1990's 
(Risk categories in increasing uncertainty w ith IV the greatest) 

COMMERCIAL APPLICATIONS GOVERNMENT APPLICATI ON S 

Risk Ri>k 
Personal Applications Category Communications Cat e1or1 

Personal Communications I Vot ing/ Poll ing Wrist Set I 
Wr ist Radio I Electron ic Ma in Transm ission I 

Emergency/ Rescue Wrist Beacon I Border Surve illance II 
Personal Nav igation Wrist Set II Nuc lea r Materials Locator I 
Vot ing/Poll ing Wr ist Set I Library Data Shar i ng I 

Civil Applications Observation 
Disaster Commun ications Wrist Rad io H i~h Reso lut ion Resources/Pol lution 
All-A ircraft Traffic Control bservatory II 
Urban/ Police Wrist Radio Water Level and Fault Movement 
Car Speed -L im it Control Indicator 

Industrial Applications Atmospher ic Temperature Profil e 
Iii Sounder 

BurE!lar Alarm / Intrusion Detect ion I Forest Fire Detect ion I 

Vehicle/ Package Locator II Ocean Resources Loca t io n I 
3D Holographic Teleconferencing Ill 

Support Advanced TV Broadcast I 
Advanced Resources Pollution Pass ive Coastal Anti-Collision II Obse rvation I Radar 
Space Process i ng 1/ 11 N ight llluminator II 

IY 
International Applications Energy Del ivery and Distribut ion I 

Energy Consumpt ion Mon itor 
Nation -Nat ion "Hot Lines" I Aircraft La ser Beam Power ing " 
Mu l t inational A i r Trattic Control Radar II Nuclear Waste Disposal 

1I 

Small Term inal Intelsat Network I 
Earth Re sou rces Data Sharing I International Applications 
Ene~y Distribution Relay IV Astronomical Super-Te lescope 11 
UN ruce Observation Satellite I Interplanetary TV Link 

Atmospheric Tempera ture Profi le , , 
Sounder I 

Ocean Resources and Dynamic Sen sor 
Water Level and Fault Movement 

Ind icator 

SOURC E OF DATA : IYAN BE l<EY , DI RE CTO R, ADVANCED PROGRA MS 
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Table B: PROSPECTIVE SOLAR SYSTEM EXPLORATION 1980-2000 - Name Remarks Launch Year .. - Jupiter orbiter w/ probe 1985 Galileo 
International Solar Polar Solar mission out-of-ecliptic plane 1986 

Mission 
Halley's comet intercept Close flyby of Halley nucleus 1985 
Venus orbiter Imaging Venus polar orbit, mapping 1988 

radar 
Solar electric propuls ion 1988 comet Faye _rendezvous 

Mercur~ orbiter Solar electric propuls ion 1989-1992 
venus ander Surface exp lorat ion 1990 

Solar electric propulsion 1991-1993 /,steroid(s) rendezvous 
Saturn orbiter dual probe Orb it Saturn , probes of Saturn Titan 1992 

Jupiter grav i ty assist 1992-1993 Uranus orbiter/ probe 
Close solar probe Jupiter gravity assist (to 0 .03 AU) 1992-1995 
Mars aerosc1ence/ Deta il ed map of Mars from polar orbit atmosphere and surface 1994 

com posit ion geoscience orbiter 
WtrS sample return Ser ies of two to four sample return missions in successive 1996-2000 

opportunities 

" J:; 

erve both as a research center and as the hub 
Jt space construction base. 

\filitary and civil space operations will sup• 
~nt construction of a dozen Space Shuttles. The 

; c and complexities of joint civil and military 
e operations may motivate creation of a 

transportation business outside NASA akin 
e ai rlines. In the face of this surge of earth­

~lhll engineering, planetary missions will have 
,l'(()ndary role, although a prospectively impor-

one·, as Table B shows. 
Deep SI)ace, the moon, the planets, and aster­

ill all motivate important government mis-
• and perhaps private ventures involving col­

tlon, as argued by Gerard K. O'Neill in his 
. n tive book 2081-A Hope ful View of the 
ll!Mn Future, published in 1981. 

• e has become a richly diverse and dy~ 
sphere of human activity. Economics 

n increasingly important role in choosing 
activities. But all the factors outlined 
come into play, making the field a heavy 

of politics, economics, science, and ad­
Mi m . 

. this light, deep-space, lunar, planetary, 
terstellar missions deserve comment. 

. EXPLORING THE MOON 

no flrst crews landing on the moon were 
ccomplish limited geological and photo-

10 ork and to gather samples to be brought 
.earth. Subsequent missions in the Apol­

provided the astronauts with more gen­
. ode periods, enabling them to make topo­

,. 
1 

~ l, geological, and geophysical surveys 
~1 n

1
ded areas. A mobile surface vehicle 

' • oped that permitted them to move 
~ er away from their landing vehicle . 

1 
• • s broader goals in the Apollo program 

•· " evelopment of a better understanding 
OOn, the interaction of the moon and the 

the place of the earth-moon system in 
.· ·t ttiitem. It is also necessary to establish 
1 e moon will play, not only in future 

'Investigations but in other astronauti­
vors. For instance, the moon may one 
as a major communications center for 
spaceflight operations throughout the 

ii. • From its surface, manned space-
• Y ~e ~ff for planetary targets, taking 

1 1 . 0 its airless and low-gravity 
Another objective, almost inevitable 
ents supporting such efforts, is to 

tnt ce capabilities in direct support of 
. erests and national pres tige . 

There are countless scientific objectives in 
manned exploration of the moon. These include 
determining the nature of gross topographical 
features, such as craters, and studying the rock 
units on and immediately below the surface to 
ascertain their shape, age, and relationships . 
The structure of the interior, its relationship to 
the surface, and the geological history and origin 
of the moon are also major areas of investigation. 
Since earth's erosional agents such as water and 
wind do not operate on the moon, and sediments 
are not deposited by such agents, the surface and 
subsurface should be much closer to primordial 
conditions than anywhere on earth . 

lunar Bases. Longer-lasting missions that re­
quire permanent bases and outposts are certain 
to be necessary, if for no other reason than to 
reduce the cost of bringing moon explorers back 
to earth eve ry few days or weeks. In locating 
and establishing such bases and outposts, factors 
to be considered include scientific interest in the 
surrounding area; environmental conditions, in­
cluding the angle of the sun, temperature ex­
tremes, and radiation Rux; availability and acces­
sibility of local resources, including under­
ground water; nature of the local terrain ; avail­
ability, size, cargo capacity and speed of surface 
of over-the-surface supply vehicles; and the size 
and cargo capacity of spaceships dispatched from 
earth and the frequency of their arrival. 

Early base structures will probably be made 
from materials brought from earth, but processed 
lunar resources may be substituted later. How­
ever constructed, bases must provide facilities 
for living, power generation, waste disposal, air 
production and conditioning, communications, 
observation, and, ideally{ farming. In the long 
run, it will be impractica to bring from earth all 
the food consumed by base inhabitants. 

A variety of proposals have been made as to 
how plants, and even animals, may be raised in 
airtight structures on the moon, making use of 
the abundant sunlight during the long daytime 
periods. Suitably enriched moon soils may be 
developed, or hydroponics may be pursued. 

DEEP-SPACE PROBING 

Pioneer 10, launched on March 2, 1972, be­
came the first man-made object to leave the 
known solar system when, on June 13, 1983, it 
crossed the orbit of Neptune, the most distant 
known planet. Voyager l and 2 spacecraft also 
were programmed to leave the ·solar system, as 
will Pioneer 11 and other deep-space probes to 
come. 
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These spacecraft have revealed the tremen­
dous reach of solar-system processes. Pioneer 
IO recorded the sun's atmosphe re and magnetic 
envelope at a distance of at least 30 astronomical 
units-"far beyond the point predicted by many 
scientists," according to the principal Pioneer 
investigator, James A. Van Allen of the Universi­
ty of Iowa. (Van Allen's crude radiation counter 
flew on Explorer I in 1958 and discovered the 
earth's radiation belts.) Van Allen believed that 
the solar envelope reached beyond Pluto. Pio­
neer IO should discover the border between the 
sun's atmosphere and interstellar space, the so­
called " heliopause." Such findings help explain 
the character not only of our solar system but also 
of other stars and their planets. 

Table B shows complementary deep-space 
missions scheduled for the latter half of the 
1980's. Two International Solar Polar Mission 
(ISP M) spacecraft will obtain the first stereoscopic 
view of the sun from latitudes high above the 
ecliptic plane to provide new insights into the 
three-dimensional structure of the interplanetary 
medium. Simultaneous measurements by 
OPEN's (Origin of Plasmas in Earth's Neighbor­
hood) Interplanetary Physics Laboratory (IPL) 
will establish an inecliptic benchmark for out-of­
ecliptic data from the ISPM. The data can be 
interpreted and related to the more familiar per­
spective of the sun and solar wind. 

During the same period, the UARS (Upper 
Atmosphere Research Satellites) program will 
conduct a global study of the chemistry and dy­
namics of earth's mesosphere and stratosphere 
(the altitude range extending from about IO 
miles, or 15 km, to about 50 miles, or 85 km). 
OPEN's Polar Plasma Laboratory (PPL) will 
measure the entry of solar-wind plasma into the 
dayside polar cusp. An Eguatorial Magneto­
spheric Laboratory (EML) will measure the near­
equatorial storage of energy, mass, and momen­
tum, and a Geomagnetic Tail Laboratory (GTL) 
will survey conditions in the magnetotail. Si­
multaneous measurements by these spacecraft 
will yield the first coordinated results on the cou­
pling and transport of solar-wind plasma and en­
ergy through the magnetosphere and the effects 
of that energy transfer on the upper atmosphere 
of the earth. 

Gerard K. O'Neill of Princeton University ex­
pected the relative cheapness of lunar rr.aterials 
for building space colonies to motivate lunar 
bases. NASA summer studies in 1976 and 1977 
explored this use of the moon and the design of 
large space colonies. O'Neill presented his 
ideas and the nub of the findings of these and 
other studies in his prizewinning books The 
High Frontier and 2081 -A Hopeful Vi ew of the 
Human Future . If his predictions are correct, 
people will be living throughout the inner solar 
system, from the orbit of Venus to the asteroid 
belt, by the end of the next century. 

In this connection, the first manned fli ght to 
Mars takes on the coloration of the Apollo pro­
gram inasmuch as it signifies the opening of the 
colonization wave. Space-station developments 
under way in the USSR and those about to be 
activated by the United States will lay the 
groundwork for both lunar bases and manned 
planetary flight in the 1990's. By the n several 
propulsion options should be available. 

JOHN NEWBAUER 
Editor in Chief 

"As tronautics and Aeronautics' 

SPACE LAW, a branch of international law con. 
cerned with the regulation of activities in outer 
space. The ability to penetrate beyond th t 
earth's atmosphere, demonstrated in 1957, gaie 
rise to intense speculation about the nature of 
the legal order under which outer-space ac: ti l' i­
ties would take place. From the outset, state,. 
men and scholars agreed that the bulk of the Per­
tinent rules of international law, which gol'en, 
relations betw~~n. nations on earth, would app li 
to human achvthes beyond the atmosphere...:. 
that, in fact, there was no "legal vacuum" 111 
space. Space law has been modeled in part 0 11 
the agreements concerning the peaceful use ,, f 
the oceans and Antarctica. 

International Agreements. Most of the pres ,, ,.1 
pattern of space law originated with UN C e rll'ul 
Assembly resolutions, adopted unanimou ~h- 1.1 
1961 and 1963, and the 1963 Nuclear Te,1·11 ,;1 
Treaty. The UN resolutions called fo r intern ,.. 
tional cooperation in outer space; the treaty 11111. 
hibited nuclear testing there. Answers to 111,111 1 

legal questions were provided by the g1::11t·i.J 
outer-space treaty of 1967, a 1968 agreeme111 "" 
astronauts, and a 1972 treaty on liability. 

Broadly paraphrased, the nations are in .1~«-r• 
ment that each has equal legal rights of atu·" r,1 
outer space for peaceful activities; that no 11 .,1 11 ,11 
may claim sovereignty in outer space or 111 , 
celestial body; that international law, incl11d111c 
the UN Charter, applies to activities in * ""· 
and that nuclear testing1 the stationi ng uf n11dr.i 
weapons in space, ano the placing of 1nil11.m 
bases on celestial bodies are barred. The ,~­
tions have also agreed that astronauts a11d , p,« 
vehicles remain under the jurisdiction of rhr~ 
state of nationality and astronauts are tu rL'Lt' t1• 

every assistance in case of accident. 
States are to consult together before 11 ,,.!,·i, 

taking potentially hazardous activities. In .1< !.!, 
tion, states are generally responsible for 11.111 .. :i 
spacecraft and have agreed to accept ah"''"~ · 
responsibility for damage caused by the ir ' I'•' 
vehicles to persons, property, or ai rcralt o>11 :

1
.­

earth's surface, including airspace, aml tu ,11, ri• 

liability, based on fault, if another span·• 1.1 il ' 
its occupants are harmed. Thus, an c111hri ' '" 
but rather extensive regime for coopcr.,t,•• 
peaceful space activities exists. 

Unresolved Questions. A number of lc)(,il 11"'"" 
tions remain, including a definition of the , ... i,, 
limit of national airspace, in which stall', 1 •• • 
absolute sovereignty. The U.S .-Suviet u 11•" • 
tion over the flying of military "spy" ,.,1.- J:,,,. 
largely disappeared by the late 1960's.- " '•:: 
became clear that both states were 11,1 11~ ii 
But the development by the United Sr .,t r• : 
civilian resource-sensin¥, satellites ra1":il •·• 
tions about the right to 'view" pus,ibl r "" • 
ing na~,ions and about the process inl( •11 '. .J 1 •• :•, 
ershi12 of such information. Questw 11.'. •1• , , 

specific right to use and even to "mine •1".' _ 
the moon and about national (or pri,•,11<·

1 ' ..... or 
of ownership of materials brought fn 11 11 th~ •~ 
also have arisen. . . ,, ,, , .• 

How,rno J. ' ·' 1 1 
• 

C h 1 "Th L • H, 1·" '" oaut or o e "'~ ,1 • . • 
the Activ ities of ,\1 11 11 "' 

SPACE MEDICINE, the branch of 111<• 1li• ·•!1 ·; ,' ,. 
that studies the hazards faced bv Ill, 111 111 • ' , , 
ronment of space and develops. th<' "'.~,;­
which he can survive in that eI1nr<H 11 11 ' 
SPACE EXPLORATION-Man in Sµon•. 
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Shuttle Launching Delayed 
Again Over Weather Fears 

By WILLIAM J. BROAD 
Special to ~ New Yon: Times 

CAPE CANAVERAL, Fla. , Jan. 26- stead of a rocket, and the rest· of the 
A forecast ofthreatening weather crew got permission to watch the Super 
forced space agency officials to post- Bowl until their 7 l:' -M. bedtune . 
. pone this morning's scheduled launch-- S~ce agency off1c1als called off _to­
iing of the shuttle Challenger until 9:37 days launching for the six-day mission 
A.M. Mondav. late Saturday night when it looked as 

It was th; second weather-related though a cold front would produce rain 
postponement of the launching of the and thundershowers in the launching 
Challenger and its crew of seven, one of area. The decision was made just be­
whom is a New Hampshire school- fore ground crews began loading 
teacher. The first came Saturday when 500,000 gallons of fuel aboard the Chai­
poor weather in North Africa, the loca- lenger. 

------1· .ll. m..m :two....emergency ..landing sites, But !he J?redicted rain did not show 
forced the launching to fall back from...._.....,.........._LL-1,,....,...afternoon. -- • - .--;:-;-1tf<ftt:i:fttm~~i4~4JZZW 
Saturday to this morning. . "It appeared t? be ~utiful right at 

. - . • launch time," said Miss Keegan. "But 
As 1f to torment the crew, the skies , if we had to hold the countdown at all 

• were clear today at the time the shuttle- the poor weather would have come ~ 
was to have taken off. The expected very rapidly. It's just part of the space 
storm came ala~ , soon afterward, . business, having the weather do some­
howev~r, and things became even thing other than what you think." . 

. gl_oormer this afternoon when t.1:e latest Vice President Bush was to attend to­
Air "l:o_r~e weather forecasts raised tM day's liftoff, but his schedule would not 
!poss1b1l!ty ?f h~vy clouds at the Mon- permit him to attend Monday's at-

- day launching time. tempt, space agency officials said. 
::----....__"People are of course disappointed r-~•-- of Dela 

., that we didn't go," said Sarah Keegan, ~- Y 
a spokesman for the National Aeronau- If the Challenger is not la\Dlched 

i tics and Space Administration: ••But a Monday and _ the flight ls ·rescheduled 
Jot of people, especially in the press again, the delay could upset later shut-
1corps, .seem relieved ..because they tle launchings. Thirteen more launch-

The New Yon: TI.mes/Keith Meyen .could watch ·the Super Bowl." ings are scheduJed·· trus year. 
,Xennedy Space Center, Fla., after The teacher, Qu;ista McAuJiff&, The Challenger's original launching 
' Jlenger bad~ postponed. • spe~t part 9t the day ndi.ng a bicycle in- date, last Wednesday, was set be.ck 

I· .... ___ --·: ____________ _____ -- -•- __ ___ _ ~~es~~~°l~r~J 

;f Moons of Uranus: 'Bizarre' 
with 14 operational delays. 

• The seven astronauts spent part of 
today relaxing and reviewing the flight 
plan for their mission. 

This morning Mrs. McAuliffe, 37 
The instrument, which detected th.~ that emits the glow that was observed years old, a social sciences teacher 

effects of the icy ring material on star-! as Voyager Wai flying toward Uranus. : from Concord, N.H., and another crew 
light, observed traces of rings out~ Dr. Sandel also said the spacecraft; member, Gregory B. Jaryjs, an engi-:-ii~~OliB 
yond the previously known rings. Dr~ made the surprising discovery that the neer with tiie Hughes Aircraft Compa­
Lane said the particles did not seem ti atmosphere on the sunny side of uraJ ny, were seen riding bicycles at the 
form complete rings around the planet nus was not quite as hot as on the darlt! Kennedy Space Center. • . 

ut fragments or, as he called them, side. This finding puzzled scientists. I Mn. McAuliffe, .vho was born in 
arcs. • ; Although Voyager has discovered 1~· Boston and raised in Framingham, 

Dr. S. M. Krimigis of Johns Hopkins' more moons around Uranus, mostl Mass., is a fan of the New England Pa­
University said the spacecraft had small objects 20 miles to 50 miles in, triots and planned to watch at least 
transmitted evidence that the Uranian diameter, scientists have concentratedj part of their Super Bowl football game 
magnetic fields have trapped high- their studies on photographs of the fiv~ against the Chicago Bears. 
energy particles to form radiation belts moons that were alreadv known. The Challenger's mission command­
similar to those around Earth, Jupiter • At the -news conference today, Dr.: ·er, Francis R. Scobee, and the pilot, 
~nd Saturn. On Saturday, scientists re- Soderblom showed pictures of Oberon Comar. Michael J. Smith of the Navy,· 
ported that not only did the planet have and Titania, which with diameters of today made practice landings at the­
a strong magnetic field but that the 1,000 miles are the largest Uranian Shuttle runway in a jet modified to han­
field had a peculiar orientation : The' moons, half the size of Earth's moon. dle as the Shuttle does in its glide back 
poles of the magnetic field are tilted 55 Both moons were seen to have many to the earth. 
degrees off the planet's rotational axis. craters and fractures · and .other evi- In space the astronauts are to carry 

Dr. Krimigis suggested that the dence that their icy crusts have been out several science experiments and 
steady bombardment by these parti- active. Umbriel, however, looked as launch two satellites, a $5 million one to 

, cles over the ages could be responsible though it was the odd moon - much study Halley's comet and a $100 million· 
for the charcoal-dark color of the ma- darker than the others and no indica- one to relay spacecraft communica-

tion of crustal movement. tions around the earth. 
I terial in the planet's rings. The more Ariel,.an BOO-mi.le-wide moon that re- Mrs. McAuliffe is to teach two les-

spectacular rings of Saturn are not only fleets more sunlight than the others sons from space that students in hun­
larger but brighter because they are was seen in the photographs to have un: dreds of schools are to watch on the 
composed primarily of water ice, 
which reflects most of the sunlight dergone a va:nety of geologic changes. Public Broadcasting Service. 
reaching it. Numerous craters pit its icy surface Toe Challenger's other crew mem- • You ·re going' 10 make it t. 

If the Uranian rings are composed of which is also broken by long linea; bers are Dr. Judi.th A. Resnick, an elec-
methane ice, the-scientist said, a rain grooves. Some of Ariel's many valleys trical engineer; .Qr. Ronald E. McNajJ-, MIDTOWN 
of protons from the radiation- belt appeared to be smoothed out by an a physicist; and .Lieut. Col. Ellison S. 30 East 40th street 145 East 

. . overlay of new material that perhaps • of the Air Force. • 683-0594 759-811! 
would dnve off the hydrog~n m the hadflowedoutofthemoon'sinterior. : ~-~-~~~~-~-~-i~~~~~~~~~~...J•~;;;~~- .::- ==~~;;~ 
me_th~e and.leave a ~rk res~du_e. The But -the strangest of all th \,- -, - ·- ---~..,..., --: ·.r-:-··-,- ··· - ·---, • 

--- ~ '- _ ,__ .... _,.._,.._ o .. ___ ,lar ,:,,f.. . . . . e moons,, I 
- ~ ,__ -·-•·-•- "'"'! ,d _ -n•oC'!' U1..-aMA VnvA..; -·--:-~---,...-----.;. ..... __ _ ~~ 



. . 

Shuttle Laanchi,.;g1Jela'yed-
hain O~r_.W~th~rFeats 

,~ : -- ••:,. • ,,. --.:r-4 :c· .. , .·.!:,,-... • ..... . 

·forced the launching to fall back m 
Saturday .to this mornino "It appeared to be beautiful right at 

• ._...,. - }t launch time " said Miss Keegan. "But 
_ As if to torment the crew, _the ekies' lf..e bad ·to'hold the countdown at all, 

were clear today at the tin)e the shuttle- tlie poor weatber<woUld ;blffe come m 
was to have taken off. , ThP eq,ected: -wryapidly. It's just part of abe space 
storm came along, .IIOOD_ :afterw.ard,ffMIISbllelS having the weatherAlo·emne­
bowever, ~ things became even: .thing other tban·'w11at ~Atnk.'' . -

, gl_oomier this-afternoon when the latest Vice President Bush was to attend to­
-:Air ·Force..weather forecasts J'.81sed • - JJaJt, liftoff JJUt Ids scbedllle would.llOt 
:possibility of heavy cl~ at·the lt<lll-: :permit llfni :to· attend~ -..· 

. 'dayllaunching time. . _1 ,tmapt.~,agencylOffidals aid. 
.. 'People are of COUl'IIP d1Mppointed • ; _ -

~•'that we.,.didn't go" said Sarah KMPn •• ~ .r D11aJ 
' a spokesman for ihe Natioaal Aermwi! • .ff_ the -OaaDengt-.r is -~ lallllCbecl 

. . 1 tics and Space Administrat:bL '"~ a ·llanllay and .the flight ts~!ed 
. _ •• ,"''·\%'x•t'f.ft~ :lot of people, especially .in 'the-,,ress again. the delay coukl upaet laterebut-

~- .,,,» -· ••• ' .JCOrPS, ,aeem relieved .Jbecause the :lie lanocbtnp 1birteen more-iaancb-
t11eNewYo11tT1mee/Ke1thMe)'wa .could-watch ·the Super Bowl." Y tnp are acbedulecMbis 79BI'· 

JCennedy Space Center,~Fla., 'after • The •<teacher, .CbrisbL Hc&uUUe 1be Challenger's ~ hurddn&. 
ll!h,....er~beeopoa......._ . . _-,~~fthedayr@ingabi~~ date, -last 'Wednmday, was Bet back 

- · . - - , . . . . three times u a result-of tile ptuidiug 
------ -- -- · -· --- . _._____ - . . Columbia mlalon,·wbldnet a.n,caal 

. " -with 14 .operational (delays. • ~ 

f. Moons of ·Uranus: · ~Bizarre' . ,~==.::-:=.:r.; 
l • • • ·' ·- • :, lUD for ..tbelr mwdoo ' . . 

, • · •• ·.:OU. ·tfflOl'ldag .an lllcAullffe, 'Tl 
The instrument, which detected ~ ..that emits.the glow that .as obeerved -,ears dd, -,,a l9DCial ~ -W r:tier 
ects of the icy ring material on star➔ as Voyager wu flylag toward Uranus. . Jrom Cmcord;'N.B.;...xl anotber.cnw 

ight, observed traces of rings out be-l Dr. Sandel <also ·said the spacecraftj ...,.,....,., ~IMWY B. Jams,'.8D ~ 
ond the previously known rings. Dr~ made the surprising.discoYery tba~ :aeer wttb tfie Buams Aircraft ~ 

Lane said the particles did not seem ~ - atmosphere oo the 1NllllY aide of Ura .--y,;weref9ee11 . .nding :lllc;ydes iat jbe 
form complete riags around the planet nus was not .quite as bot a oo the ;JCfWIN«br Bpaile'-lllnlllr;' . ·: • ~ -
ut fr!lgmeo.ts or, as.he called them side. This finding pmled lcleotlsts. l Mrs.i\lfcla!)Jlffe, __,.1W. bona ·• 

arcs. •· _ i Although v_~aadlscov.ered·l~ Boston.end -.ed,m lPDm~. 
Dr. S. M. -Krimlgis of Johns Bopldns more moons~ Uranus, 4I08tl ·Mus., la a fan dfjbe:Nftr ~~1 

University said the spaceuaft bad ·small Dbjecta IO miles to 50 miles 111:· 1rlots .-and -ptanned ·to -.atcb at lieut 
transmitted.evidence that t1ie Uranlan diameter, 8CientlstsbaVf!CObctiillti-atecft l)Ut1Jf-tbelrSaper.Bowl,1ootball~ 
magnetic 'fields -.have trapped 1llgb- their studies on pbotopapbB of the ftnl .ualDst b Cldcgo Bean. • 
energy particles to form radiation belts moons 1bat were alreadv .known. " • ~ Obtl!l~•,inteekm -iMIGIMA­
simllar to those around Eartb,.Jupiter , At .the -news conference -today<, Dr) er, -§ · R. ~sand .all8tPilot. 
and Saturn. On Saturday,scientists re- ,-Sodelblom showed picturm of'•Oberoo -Comdr. ~~tbe-finJ,: 
ported that not only did the planet have .and Titania, which wtttnillemeten of iaday 7e )iiict1c:e. '"'11hcs -u ~ 
a strong magnetic field. but that· ..the 1,000 miles are the Jaqest <Unmlan .aiuttle nmray ui a jet Wldlfied__.,_' . 
field bad a peculiar orientation: 1be' fll()(Jm, half the she of-Earth's moon. · .tie as the abuttJe does;ln ~ ........ , 
poles of the magnetic field -are tilted .55 Both moons were seen -to:Juave.'.lll&JlY to tbe -.utb. . • - ·, ·: 
degrees off the planet'.s rotational axis. craters and fractures , and :other ieri- Jn'9p&08 the Ub'IIDIUlts.are to.c,aqy. 

Dr. Krimigis suggested 'that the dence that~ icy crusts -bave 'been out eeveml aieace~..__,: 
steady bombardment by these parti- active. u~. bowever,~-looked ·as 1aoochtwosatellltes,:a'6mllliooCllll!lto,. :• 
cles over the ages could be responsible -though it -<WBS the odd ·moon - much study Halley's c:ometand a·Stc»m8110ll• • 
for the charcoal-dark color of the ma- ~l'ker .than the others and ~ tndica- ooe 1o Telay apacecraft comm~ • 
terial in the planet's rings. The more ti':'° ~f crustal movement. • ~ ~ the earth. • . . __ , . 
spectacular rings of Saturn are not ooly Ariel"an ~ moon tbat ~ ·.Mrs. McAullffe is to~ ~~ 
larger. but brighter because they are fleets ~re sunlight than the others_. 80DB frqm llpllce tbat ......,.. Jnjnai-
. posed . wasseenmthephotopapbstobaveWI- clreds Iii 8cboo1s ue..to'watcb~,a.e 
~ pnmarily of Miter lee, ·c1ergone a vanety;of geologic changes, , '>Public Broadcastiag Sel/Vke. ~- 1 , 

=~~ects most of the sunlight Numerws era~ pit Jts Icy surface, ·'l'be. OwJlengPl"'s -Other Cl'f!W_ ..mem-
lf the u~an rings are composed f which is also broken by long . linear hers are J2LLudith A.-ck, "1lJl elec­

methane ice the scientist said a ~ grooves. Some of Ariel's many 'ftlleys trical engineer; ~ E, "'cNaif. 
of protons 'trom the radiati~n belt appeared to be smoothed out by an a ~ysiclst; andlJeut. Col. Ellison S. 

~. "'l>u're going w make It thlsllI! 
• .MIDTOWN 

30 East 40th Street 145 East 49th s 
would drive off the hydrogen in the overlay of new material that pemaps of the o 
methane and leave 11 dark residue The bad flowed out of the moon's loterior. • 1,-•. . . . . . • But the straQxest of all the IDOODB,, ; 
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