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FOREWORD

Ranger VI returned to Earth the first high-resolution
pictures of the Moon’s surface; it proved to be the first of
three highly successful lunar photographic missions.

The Ranger VIl and !X flights brought to more than 17,250
the total of Ranger pictures, extending the close-up
coverage both in area and variety of terrain. Subsequent
unmanned-spacecraft projects will further extend the
coverage and bring the focus even closer. Project Apollo
will place observers on the lunar surface. Still, some pride
of position, as forerunner, must remain with Ranger VII.
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Earth’s natural satellite, which has a little more
than a quarter of the Earth’s diameter and 1/81
of its mass, is unique in the solar system as a soli-
tary, large satellite of a moderately small planet.
As the second most prominent object visible in the
sky, it has been the subject of direct observation
and mythical speculation for as long as there has
been anyone to observe it and compose myths. It
has also been known as the mover of tides and
considered the patron of romance and insanity.

355 YEARS OF STUDY

The Moon was naturally the first subject to
which Galileo Galilei, the first astronomer to use
a telescope, addressed himself. In 1610, after a
survey with his primitive 32-power instrument,
Galileo wrote in the Siderius Nuncius that the
Moon appears “... full of inequalities...similar
to our most rugged and steepest mountains... .
There are certain ridges... which surround and
enclose plains. .. for the most part circular... .
There are a very great number of smaller ones,
almost all of them circular.”

Visual observations of the Moon were made
with instruments of increasing resolving power,

visible features were mapped and named, and
their nature and formation were the subject of
much speculation. In 1667 the British scientist,
Robert Hooke, gave the impact-crater theory an
early boost by dropping bullets into a mixture of
pipe-clay and water and observing the resulting
formations. Giving the internal-convulsion or vol-
canic theory equal time, he then boiled a muddy
mix of powdered alabaster and water, and found
similar phenomena.

1610 (Galileo)















lunar atmosphere more dense than this in the
polarization of light from the crescent Moon, and
found none,

The temperature varies from about 230°F at
midday in the lunar tropics to nearly —300°F at
night. However, recent extensions of lunar ob-
servation beyond visible light — down past the
infrared into microwave radiation—indicate, ac-
cording to some observers, that at a depth of
about 1 foot below the surface the temperature
variation is less than a third of that on the sur-
face, and at a depth of a yard the variation dis-
appears entirely.

It is mainly the dense blanket of air which
maintains temperatures on Earth within mod-
erate limits. Our atmosphere extends many miles
above Earth’s surface, growing steadily thinner
with increasing altitude. Half of the air is in the
layers above 314 miles; above 7 miles, a quarter;
and so, higher and thinner. This air blanket
screens out harmful ultraviolet rays and certain
energetic particles coming from the Sun; it also
protects Earth’s surface and inhabitants from
the rain of solid particles of all sizes, which fall
unimpeded to the Moon’s surface.

The numerical density of such particles in rela-
tion to their size—which ranges from thousands
of tons to millionths or less of an ounce—has been
calculated by astronomers and geologists. There
are three sources of direct evidence of this ma-
terial. One is the surviving fragments which
reach the surface of the Earth. Most natural-
history or geological museums have samples of
nickel-iron, stony, and composite (both stone and
metal) meteorites on display. An additional type
of meteorite is theorized, but samples would be
most difficult to find or keep here on Earth-—the
composition would be a mixture of frozen me-
thane gas, dry ice, and ice. In addition to these
large samples, fine dust-size meteorites have been
collected using special surface equipment, bal-
loons or aircraft, and rockets.

The second body of evidence — and the very
newest — is the increasing fund of data from
satellites and space probes instrumented to sense,
measure, and count impacts from micrometeorites
in space. Various types of microphones, wire net-
works, and other collection devices are used to

measure the number, direction, and energy of
impacting particles.

The third exhibit is the face of the Moon itself.
Using Earth-based photographs, the craters asso-
ciated with impact have been counted, measured,
and variously classified.

No meteorite has ever been seen to hit the sur-
face of the Moon. Observers have, on rare oc-
casion, noted disturbances which they ascribed to
meteorite impact events, but these phenomena are
surrounded by controversy. However, meteor en-
counters with the Earth’s outer atmosphere are
observed frequently. They are called “shooting
stars.” One large surface impact, in Siberia in
1908, felled trees over a radius of 30 miles, though
no iron or stony fragments are associated with
this meteor.

On the basis of the calculations, the scientists
estimate that the Earth and Moon sweep up many
thousands of these particles—nearly all of micro-
scopic size—each day. On Earth, they lose their
energy and/or most of their substance in the
upper atmosphere. On the Moon, they hit the
surface.

The velocity of this cosmic debris is as variable
as the size of its particles. A rock falling on the
Moon with no extra velocity would hit the surface
at lunar escape velocity, 114 miles per second or
5400 miles per hour. More often, these meteorites
will be moving in comet-like orbits, with velocities
up to 45 miles per second. At that speed, a particle
as small as 1/30,000 ounce hits with the energy
of a .45 automatic at close range.

High-velocity impacts may lead to a good deal
of splashing. Laboratory experiments at 2.6 to
3.6 miles per second showed that the high-velocity
impact could produce at least a hundred times the
weight of the impacting particle in ejecta or flying
debris. A particle impacting at 20 miles per sec-
ond can give lunar escape velocity to more than
its own weight of material, and it has even been
suggested that more matter is thrown off the
Moon by these impacts than falls into it. “Tek-
tites,” glassy, streamlined, meteorite-like rocks
found on Earth, have been said to be such lunar
debris.

Various types of electrically charged atomic
particles, from the low- and medium-energy ‘‘so-












The origins of fanciful space flight and fictional
journeys to the Moon are, like the origins of
rocketry, buried in Man’s past. The earliest lit-
erary Moon flight dates from the Roman age of
the Antonines; war-rockets reached Europe from
China late in the age of the Crusades.

Both reappeared in the Age of Enlightenment.
Cyrano de Bergerac, Swift, and Edgar Allan Poe
used fanciful space travel for satire and amaze-
ment, while Sir William Congreve developed black-
powder rockets for use in the Napoleonic Wars
and the American War of 1812.

PIONEERS

At the turn of the twentieth century, a movie
pioneer named George Melies took as his subject
a fantastic trip to the Moon, and a Russian teacher,
Konstantin Ziolkovsky, published a serious paper

on the use of liquid-fueled rockets for space flight.
In 1919, Professor Robert Goddard’s paper on
high-altitude research by rocket mentioned a pos-
sible lunar mission. Goddard coupled theory with
experiment: after some powder-rocket flights, he
experimented with liquid propulsion and on March
16, 1926, launched the world’s first liquid-fueled
rocket.

Goddard’s experiments, papers, and patents
were perused with interest by the members of the
German Rocket Society, which had gathered
around Professor Hermann Oberth after he pub-
lished “The Rocket in Interplanetary Space” in
1923. This society, experimenting with rocket-
driven automobiles as well as propulsion for space
flight, became a major missile development group
in World War II, producing, among other devices,
the V-2 military rocket. Goddard, who had
launched the first instrumented rocket payload in
1929, and had attained altitudes as high as 7500
feet by 1935, was, by 1939, at the head of the
new profession he had helped create. At this time,
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The Ranger VII spacecraft was shipped to Cape
Kennedy for prelaunch operations while the Ran-
ger VI mission was underway. Its launch vehicle
had preceded it to the Cape. After the Ranger VI
flight, the Ranger VII spacecraft bus was sent to
JPL in Pasadena for modification. Its television
package was returned to RCA, where a number
of preventive changes were made. After thorough
laboratory testing, the spacecraft with its payload
again travelled to Cape Kennedy, arriving on
June 21.

The launch vehicle was standing on the pad at
Launch Complex 12 by this time. Ranger’s “horse”
consists of a stage-and-a-half Atlas space launch
vehicle, based on the first U. S. ICBM, and a two-
burn Agena stage. The engineering integration of
this combined vehicle was performed by Lockheed
Missiles and Space Company under the direction
of NASA’s Lewis Research Center, which is re-
sponsible for light and medium space launch
vehicles in NASA unmanned programs.

ATLAS AND AGENA

Developedinthe mid-fifties by General Dynamics/
Astronautics, the Atlas stands about 66 feet high,

Cape Kennedy: Getting Off the Ground

weighs 130 tons when fueled, and has a maximum
thrust at sea level of 370,000 pounds. Its ‘half
stage” contains two large booster engines which
are jettisoned some 2 minutes after liftoff, when
their thrust is no longer necessary. The remaining
stage is powered by a single large sustainer engine
with 2000-pound vernier engines which provide
fine tuning on the velocity. The engines are made
by Rocketdyne Division of North American Avi-
ation. The bulk of the vehicle is taken up with
gigantic propellant tanks containing liquid oxygen
and kerosene-like RP-1 fuel.

Atlas had behind it six previous Ranger launches,
the six manned launches of Project Mercury, two
launches for the 1962 Mariner Venus flight, the
Project Score satellite mission, and countless mili-
tary missile development and training launches.
The vehicle assigned to Ranger VII was Atlas
250 D.

Agena, developed at the end of the 1950’s by
Lockheed as an Air Force satellite project, and
modified for NASA space-mission launching, is
powered by a 16,000-pound-thrust Bell engine. Its
propellants are two unsavory chemicals known as
unsymmetrical dimethyl hydrazine and inhibited
red fuming nitric acid. Weighing 16,000 pounds,
Agenais designed to operate at high speed in space.
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Ranger VIl in Space: Lonely Traveler

After separating from the Agena rocket, the
Ranger spacecraft coasted toward the Moon, tum-
bling slowly, folded in upon itself as if still under
the aerodynamic nose cone, It had just entered the
Earth’s shadow, and would be in it for some 40
minutes. After about half an hour (it was now
1 hour after liftoff) the spacecraft’s central com-
puter and sequencer or CC&S (something between
a computer and a multiple alarm clock) com-
manded solar-pane] extension.

A switch closed in the squib-firing assembly, and
electrical current from the two spacecraft bat-
teries was applied to four squibs located on the
solar-panel support arms. A squib is an electrically
fired detonating device, like a bomb, enclosed in a
cylinder with a piston, so that its explosive force
may be used to open or close a bolt or valve. These
squibs withdrew the four pins locking the solar
panels in the folded position; springs forced the
panels to hinge outward like the wings of a but-
terfly, and lock in the outboard position.
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Three minutes later, the CC&S commanded Sun
acquisition. This meant that the circuits control-
ling the yaw and pitch attitude-control gas jets
were placed under the control of the Sun sensors.
With its photoelectric eyes, Ranger was looking
for the Sun, trying to turn the top of its central
tower toward the Sun by jetting nitrogen gas out
of nozzles located in pairs out at the rim of the
spaceframe.

However, the spacecraft was still in the dark
of the Earth’s shadow. When it emerged a few
minutes later, it began turning toward the Sun,
and “locked on” in 614 minutes. Now the 9782
gilicon solar cells on the panels were catching the
Sun, and they immediately began supplying raw
electrical power to the spacecraft, at a rate of
about 200 watts.

The spacecraft coasted without incident for
214 hours, and then the CC&S commanded Earth
acquisition. The reflecting-dish antenna, to which
a photoelectric sensor was attached, had been set
out at a predetermined angle of 55 degrees during
Sun acquisition ; now the spacecraft rolled counter-
clockwise until the sensor detected the Earth. The
spacecraft rolled 310 degrees—from a little past
10 o’clock back around to 12—in 23 minutes and
locked on the Earth. The antenna was now pointed
at the Earth,

The Australian Deep Space Station sent the
Ranger spacecraft a command half an hour later.
It was the first ground command Ranger VII re-
ceived, and, incidentally, the first such command
the station had ever sent to a spacecraft. The effect
of this command was to have the spacecraft switch
its radio transmission from the all-direction low-
efficiency antenna to the high-gain directional dish
pointed at the Earth. Within seconds, the radio
signal from Ranger increased in strength by a
factor of 10.

Ranger VII was now fully stabilized, operating
on solar power, maintaining high-gain communi-
cations with the Earth. According to telemetered
data, all systems were operating perfectly. Ranger
was open for business. The mission was exactly
4% hours old.

RANGER SPACECRAFT ANATOMY

The Ranger spacecraft system is designed in
twelve subsystems: structure and packaging, ra-
dio, command, spacecraft power, CC&S, telemetry,
attitude control, pyrotechnics, cabling, midcourse
propulsion, temperature control, and television.
These subsystems may be grouped according to

27















as antenna switching, maneuver start or interrupt,
were sent to their ‘“action’” addresses. “Stored”
commands, containing numbers to be used by the
CC&S in directing maneuvers, were sent to
the CC&S for storage.

The following commands were sent to Ranger
VII:

1. At 414 hours after launch, antenna switch-

over (to the high-gain dish).

2. At 17 hours after launch, the three stored
commands specifying the midcourse maneu-
ver turns and velocity change desired.

3. Three-quarters of an hour later, antenna
switchover (back to the omnidirectional
antenna).

4. At 18 hours after launch, midcourse maneu-
ver execution.

5.0ne hour and 20 minutes later, antenna
switchover (to the dish again).

6. At 66 hours 20 minutes after launch, stored

commands specifying a minimum (1-degree)
terminal maneuver.
Half an hour later, a maneuver override com-
mand (telling the attitude control to ignore
the maneuver commands when they come
from the CC&S).

8. Half an hour after the override, the maneu-
ver command. The purpose of this “ignored”
maneuver was to start a clock in the CC&S
which, in turn, started the second channel of
the TV system 45 minutes later.

Each of these commands was acknowledged,
routed to its addressee, and executed faithfully
by Ranger VII.

Spacecraft diagnostic telemetry, like a medical
checkup, is useful immediately only if something
goes wrong. If all is well, as in the case of Ranger
V11, the details are for the record, where they are
stored for further spacecraft development.

The Ranger VII spacecraft telemetry record
consists of a total of 714 million individual meas-
urements (exclusive of TV pictures), compiled
and sent back to Earth by the 27-pound data
encoder. Almost 75 voltage and current sensors,
temperature transducers, pressure gauges, and
the like were installed in all parts of the space-
craft to gather these measurements. In the data
encoder, the measurements were gathered in
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Seven full months elapsed between the trium-
phant conclusion of Ranger VII's flight to the
Moon and the launch of its successor — an inter-
val longer than that between the Ranger VI fail-
ure and the Ranger VII success. Possibly a part
of the reason was that the step from success to
perfection may be greater than the step from
failure to success — and the Ranger team wanted
perfection.

There were practical reasons. Launch schedule:
the launch pad was committed to a series of other
launches, and test and launch facilities at JPL
and the Cape were needed for Mariner/Mars,
scheduled for a November launch; then tracking
and operational facilities were assigned to the
Mariner IV mission until it was well underway.
In addition, as indicated earlier, Ranger scien-
tists and engineers were much in demand to
report their accomplishments to scientific convo-
cations, technical symposia, and the people of
the world — at least one engineer noted face-
tiously that, in this regard, success was tougher
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Sequel: The Double Feature

than failure. In the science area, the lunar experts
had to consider what region of the Moon to ob-
serve next in the light of the Ranger VII results
— how to extend and verify the extremely de-
tailed but still puzzling knowledge of a tiny por-
tion of the lunar surface. For the engineers, there
would be time to feed back flight performance
data, especially on the television cameras, into
a general quality improvement.

Thus the Ranger VIII launch was scheduled
for February 17-23 and Ranger IX for March
19-25, The work of assembly and testing went on,
and by the turn of the year Ranger VIII was
being prepared for shipment to Cape Kennedy,
and Ranger IX was almost ready for vibration
testing.

The two Ranger spacecraft moving toward
launch were barely different in design from the
one which had surveyed Mare Cognitum. A gain
change in three of the television-camera circuits
increased the sensitivity by reducing the “white”
level from 2700 to 1500 foot-lamberts; a more
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RELATED BOOKS

The following short list of books, which extends subjects only lightly
touched upon in the account of the Ranger VII mission, is not intended as
a proper bibliography. It is a handful of books, some inexpensive, others
available in libraries, all fairly up-to-date, all interesting. There are plenty
of others.

GENERAL AND HISTORICAL

Missiles, Moonprobes, and Megaparsecs, by Willy Ley. Signet Science Li-
brary, New York, 1964 (paperback).

The History of Rocket Technology, edited by E. M. Emme. Wayne State
University Press, Detroit, 1964 (13 independent essays and a bibliography).

Exploration of the Moon, by Franklyn M. Branley. Natural History Press
(American Museum of Natural History), Garden City, N.Y., 1963 (paper-
back).

RELATED SPACE FLIGHT MISSIONS

Mariner: Mission to Venus by the staff of the Jet Propulsion Laboratory.
McGraw-Hill, New York, 1963 (paperback). ,

NASA FACTS, bulletin board sheets, especially Vol. III No. 2, Project Ranger;
Space Ezxploration, Why and How, a booklet describing NASA programs;
Space the New Frontier, a booklet introducing the reader to space and space
exploration. These are educational publications of the National Aeronautics
and Space Administration, Washington, D.C., 20546.

The Other Side of the Moon, by the USSR Academy of Sciences, translated
by J. B. Sykes. Pergamon Press, New York, 1960 (the “Lunik III” mission).

THE MOON

Ranger VII Photographs of the Moon (Part I, Camera “A”; Part 11, Camera
“B”; Part 111, Camera “C”). NASA SP-61, SP-62, and SP-63. U.S. Gov-
ernment Printing Office, Washington, 1964-65.

The Moon, by Z. Kopal, Chapman and Hall, London, 1960.

The Moon, by H. P. Wilkins and Patrick Moore. Faber and Faber, London,
1955 (a ‘“geography” of the Moon).

The Face of the Moon, by Ralph B. Baldwin. University of Chicago
Press, 1949.

Earth, Moon, and Planets, by Fred L. Whipple. Harvard University Press,
1963 (Revised).

U.S. GOVERNMENT PRINTING OFFICE : 1966 0—212-145
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