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ert Js Parks an 

Aeronautics an 

were to go into elliptical earth orbits to evaluate amd 
test out the new spacecraft design and to perform 

asurements on the space enviro 
nger was the first to be schedule 

as a lunar shot. 
These first three 

the penalty of pione g a new launch vehicle; in- 
flight difficul ties ke hem trom achieving their 

this launch vehicle, which, 
as had a good record. 
were properly injected by 

int, a thorough review 

This review led to a number of changes in detail 
designs and in fabrication and quality procedures. 

c deletion of the heat steriliza- 
tion practice that had been applied to t 
Rangers. This la 
series of studies 
if earth life could surviv 
it most probably 
small local area. I 
heat sterilization actually did reduce the reliability 
of equipment to a degree greater than was origi~nal- 
ly expected. 

A change in mission, as had been planned tor 
some time, also was imp1 
the program. Rangers 111 



to land a small package, designed to withstand a 
rather rough landin ft/sec impact velo- 
city) on the lunar surface. Beginning with the sixth 
Ranger, the objective was to obtain high resolution 
close-up photographs of samples of the lunar sur- 

riy areas similar to t 
ogram. As a result, 

to a malfunction within this new TV payload pack- 
age. The rest of the spacecraft worked perfectly, 
establishing a record in lunar flight precision and 
providing new data on such items as the mass of 
the moon and the mass of the earth, which are im- 
portant both scientifically and for space navigation. 

The malfunction in the TV package was deter- 
mined to have been caused by an unintended (and, 
to this date, not completely explainable) turn-on 
of the package during the oost phase, at a time 
when the spacecraft was su ected to critical elec- 
trical arcing pressures. The 
certain circuits in the TV p 
high voltage circuits in its tr 
As a result, design changes 
VII to ensure that the TV 
turned on during this c 

This was the backgr 
of Ranger VI I. All of" th 
the payload package t 
and to point it in the p 
of those elements ncc 
attitude-controlled d 
perfectly on the pre 
cents, pioneered by t Rangers, had previously 
been adapted to - and 

dness of the approach. (As a 
e and developments of both 

the Ranger and Mariner II, ese same concepts 
have now been further adapt to the forthcoming 
Mars spacecraft. \, 

Action had further been taken to preclude the 
function that had pla 
elements of the proje 

through ground tests. Thus, t 
to predict, there was no sp 
anything but success. On th 
of this nature, one can never be completely sure 
that all of the weaknesses of the design have been 
eliminated, or that a "random" failure will not occur, 
since it is not possible to build equipment of thi^i 
type that will have a zero failure rate. 

eo described his observations of t l t ~  
s :  

'The proniiiiences t ere are nidinlv vei y s i r ~ d a ~  
to our most lugged st mountain&, and 

drawn out in long 
hers are in more 

compact groups, and there are also many detached 
and' solitary rocks, precipitoui. and craggy. But what 
occur most trequenth there are certain ridges, 
somewhat raised, which surround and enclose plains 
of different sizes and various shapes but lor the ~nc$\t 
part, circulai. In the middle of many of these there 
is a mountain in sharp relief and s 
with a. dark substance similar to 
spots that are seen with die naked eye: these are the- 
laigest ones, diid there are a very great number of 
smdilei ones. almost all of  hem circular '' 

Galileo first gazed at the moon through a. iele- 
scope more than 350 years ago. Up to Ranger VII, 
however, we ha seen little more of the detail of 
[lie moon's surface than did Galileo Our modern 
telescopes are better, but y still stand the same 
distance from the moon, a on the same platform 
-the earth. We stiil peer t ugh the same manti+ 

-e that hindered Galilee's viewing" 
lie lunai surface conditions still eluded 

us,  we had learned a few facts about the moon. We 
conclude that the moon has no surface water and 
no appreciable atmosphere. For all practical pur- 
poses, its distance from the sun is the same as the 
earth's, and so it receives the same amount of heat 

ut, due to the lack of atmosphere, 
the temperature on the moon's surface ranges from 

l"F at noon (hotter than boiling water on earth ), 
to --243'F at midnight (more than twice as cold as 

emperature, coupled with ihe 
lack of atmosphere on the moon, would presumably 
preclude the existence of any form of life as we 

of the existence ol so- 
considered. We cannot 

of atoms and molecules at, CM 

ce of the moon, where they have 
een under eon-long bo bardmest by undiluted 
l a y  radiation and by cosmic rays. The formation 

of complex macromolecules 
Recent studies have made it 

the great craters on the moon are impact craters 
lather than volcanic craters. Although the great 
craters appear to be meteoric in origin, this does not 
p l y  that no volcanic activity can exist on the  
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moon. On the contrary, there are, for ex&mple, rows 
of craterlets near Copernicus which may be due 
to volcanic activity. One of the most interesting 
observations in the past few years was made in a 
portion of the crater Alphonsus. A temporary hazi- 
ness was found which lasted long enough for a 
spectrogram to he obtained, confirmiiig the exist- 
ence of carbonaceous molecules and some yet un 
identified species. So gases do exist, at least for a 
short time, on the surface of the moon. 

One school of thought suggests that the maria, 01 
plains, as well as the centers of many of the old 
craters, are filled with dust. The thickness of the 
layer of dust is estimated by the total amount of 
rock which co~ild have been worn from all of the 
old crater walls in the highlands On this basis. a 
number of 1 kilometer is leached for the maximum 
dust depth-that is. a little over ?a mile. 

Experiments have indicated that dust, in :I 

vacuum such as 011 the surface of the moon, would 



AND SHROUD 

1HSH-GUN ANTENNA 

gain antenna folds under the spacecraft structure. 
The basic structure is hexagonal in shape with the 
solar panels hinging from opposite sides of the hexa- 
gon. The antenna is hinged from a comer of the 
hexagon between the solar panels. The camera aper- 
ture is on the opposite side away from the high-gain 
antenna. In the flight configuration the spacecraft 
has a height of about ten feet, span of about fifteen 
feet, and weighs just over 800 Ibs. 

Power is supplied by both batteries and solar 
panels. The batteries are used whenever the solar 
panels are not oriented at the sun. The selection is 
performed automatically by power switching and 
logic circuitry in the power subsystem. 

The telecommunication subsystem consists of 
the antenna, radio, command, and telemetry sub- 
systems. Two antennas are used. On top of the 
camera subsystem tower is an omnidirectional an- 
tenna which receives the signals transmitted from 
the earth and which transmits spacecraft data to 
the earth whenever the high-gain antenna is not 
oriented at the earth. The high-gain antenna is used 
to transmit both the spacecraft engineering telem- 
etry and the camera subsystem video signals. 

The radio subsystem contains the receiver for 
two-way doppler and ground commands and the 
transmitter for sending spacecraft signals back to 
earth. Phase modulation techniques are used in 
both the ground commands and the spacecraft 
telemetry modulation of the transmitter signal. 

The command subsystem decodes the subcarrier 
recovered by the receiver. It provides decoded real- 
time commands directly to the appropriate sub- 
system and stored command data to the central 
computer and sequencer (CC&S) in the guidance 
and control subsystem. 

The telemetry subsystem provides ten channels 
of 110 separate measurements. Complete space- 
craft engineering telemetry is made available to 

10 

assess the status and performance of the various 
spacecraft subsystems. The telemetry subsystem is 
also used to verify the receipt and action upon both 
real-time and stored commands. 

The guidance and control subsystem consists of 
the CC&S and the guidance and attitude control 
units. The sequencer stores commands inserted 
prior to launch, and by radio command, and has a 
timing system for controlling spacecraft operation 
in accordance with these commands. The computer 
provides a velocity increment sensing system to 
provide midcourse motor shut-off at the prescribed 
time. Several command sequences are initiated by 
radio command and then controlled by the CC&S. 

The guidance and attitude control subsystem pro- 
vides the equipment to permit sun and earth acqui- 
sition and to attain and maintain specific command 
attitudes for midcourse and terminal maneuvers. 
Optical sensors are used to lock onto the sun and 
earth. Small cold gas jets are used to turn the space- 
craft in space. Pitch and yaw turns are used to ob- 
tain and maintain sun orientation. 

The sun-spacecraft line is defined as the roll axis 
of the spacecraft. The earth sensor is located on 
the high-gain antenna hinges. Earth lock is main- 
tained by automatically controlling the roll jets and 
the antenna hinge-angle servo. 

The guidance and attitude control system also 
contains an inertial attitude reference system. The 
system is used to attain and maintain a commanded 
attitude relative to the sun-spacecraft-earth coor- 
dinate system for the midcourse or terminal ma- 
neuver. 

The propulsion system used in the midcourse 
maneuver is a mono-propellant system using hydra- 
zine. A small quantity of oxidizer is used to initiate 
the combustion, which is maintained by ahiminum 
oxide pellets acting as a catalyst. The engine can 
impart a velocity change of from 10 cdsec.  to ap- 
proximately 60 meterlsec. to the spacecraft. 

Spacecraft temperature control is achieved by 
passive techniques involving the proper selection 
of surface finishes and controlling the internal heat 
transfer. Local temperatures are, therefore, depend- 
ent upon solar energy absorption, energy absorp- 
tion from the earth, radiation of energy into space, 
heat from internal power dissipation, and heat 
transfer to or from other spacecraft components. 
Extensive telemetry of temperatures throughout 
the spacecraft permits a check of temperature-con- 
trol success for adjustment on subsequent flights. 

The television subsystem is mounted on top of 
the basic hexagonal bus and consists of six cameras, 
associated control and video circuitry, power sys- 
tem, thermal control system, and transmitters to 
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much isolation as possible between the wide-angle 
tun-scan cameras and the narrower-angle partaal- 
scan cameras. 

e first attempt to launch Ranger Vll was mi-ide 
on July 27, 1964. This was the first day oi the six- 
day launch period. This first attempt was unsuc- 

ul because difficulties with some of the ground 
nce equipment could not be resolved in time 

to permit the launch during the available launch 
window. 

open and assume [heir 
cruise position. After the solar panels were de- 
ployed, the CC&S activated t e attitude control 
system. The stabilization and orientation of the 
spacecraft required for sun acquisition was ac- 

vements of the 
attitude control 
Is generated by 

After the spacecraft's 
d and its longitudinal 
neral direction of the 
rn the secondary sun 
an. In this stage, the 
ft was acomplished 
m's combining of 

sun sensors and 

At the same time that the CC& S ordered sun 
acquisition, it also ordered the high-gain directional 

or extended the 
ge angle that was deter- 

craft was locked on the sun, 
rawing electric power 

ents commanded by the 
f earth by the earth sen- 
in directional antenna. 
t approximately three 
ch. Earth acquisition 

imum total of 30 
atching the real ti 
cecraft, this seemed 
e waiting to see the 

indication that the spacecraft in the roll search 
mode had finally seen and locked on the earth. 

the completion of earth acquisition. the 
spacecraft was stabilized on three axes - the pitch 

yaw, which keep the spacecraft solar panels 
pointed at the sun; and the roll axis. which keeps 
the directional an ard the earth. 

sition sequence, 
e Woomera, Australia, 
e transmitter from the 

omni-antenna to n antenna. An increase 
in signal strength confirmed that the spacecraft had 
switched to the high-gain antenna and that the 
earth sensor was locked on the earth. The spacecrafi. 
was then in its cruise configuration. 

Thirty-one minutes after launc 
burg, South Africa, station of the 
strumentation Facility ( DSIF ) acquired the space- 
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craft and from that time until lunar impact contin- 
uous communications were maintained by one of 
the three DSIF stations at Johannesburg, South Af- 
rica; Woomera, Australia; and Goldstone, Cali- 
fornia. Each station has an 85-foot diameter anten- 
na and is equipped to obtain two-way doppler and 
angle tracking data, to receive telemetry data. and 
to send commands to the spacecraft as required. The 
tracking and telemetry data were sent by teletype 
and telephone lines to the Space Flight Operations 
Facility (SFOF) at JPL, where they were reduced 
and analyzed by a group of highly trained special- 
ists, using a large-scale computer system to deter- 
mine the trajectory of the spacecraft and its per- 
fonnance. 

The first few hours of tracking data showed that 
the spacecraft had been placed on a trajectory that 
was within its correction capability. The uncor- 
rected trajectory would cause the spacecraft to pass 
close to the western edge of the moon, then to im- 
pact on the back side. 

A review of the pre-selected target areas and the 
spacecraft performance resulted in the primary tar- 
get for that day being selected. This was the largest 
nibble-free maria that was the proper distance from 
the terminator and reasonably close to the equator. 
The coordinates of the aiming point were 1 lo south 
and 21' west. The midcourse maneuver was de- 
signed to correct the trajectory to this aiming point. 
The flight time was also to be adjusted by the mid- 
course maneuver so that a clock (which had been 

started at the time of spacecraft separation from tlie 
Agena) would turn the full-scan cameras on 17 min- 
utes before the spacecraft would impact the lunar 
surface. This was done to provide a backup in case 
the radio command system should fail. The impact 
time selected was 12:25:30 G ~ T ,  July 31,1964. 

The midcourse maneuver was performed about 
17 hours after launch when the spacecraft was al- 
most halfway to the moon. This slowed the space- 
craft by about 65 miles per hour in its flight to the 
moon - which essentially permitted the moon to 
move farther along its orbital path, so that the 
spacecraft would impact at  the desired location at 
a time that was delayed sufficiently to be compatible 
with the camera turn-on clock. 

The midcourse maneuver commands - roll turn, 
pitch turn, and velocity increment - were calcu- 
lated on the computer in the SFOF at JPL and trans- 
mitted to the spacecraft from the Goldstone Track- 
ing Station. After verification, by telemetry, that the 
spacecraft had received the proper commands, an 
"execute" command was sent to initiate the maneu- 
ver at the required time. Since about 97 percent of 
the velocity increment was in the radial direction 
toward the earth, the plot of the doppler frequency 
from the radio tracking gave a good indication that 
the maneuver had been performed precisely as com- 
inanded. The spacecraft proceeded on commands 
from the CC&S to reacquire the sun, and, a short 
time later, the earth. 

Approximately ten hours after the maneuver, 
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craft would impact verv close to the selected aim- The 

, , 
motion.) O n  the piirticiilar l\anq(-r V l l  trajrcton, 1.:. \\'l.itakor of tlir 17i i iv(-hi t !  of .\ri/oii:i; Dr. IT. 

bin its field of view 
sary to perform a te 

the velocity vector wit oemaker of 'the U.S. Geological Surve 
only was it iinneces, , Arizona; and Mr. R. Heacock of JPL 

nal  maneuver, hut the impu-  punn w ome very interesting observations have alre 
tained in the entire A-camera sequenc 

ameras turned on exactly as plann 
ed flawlessly, as indeed did the 
ft  for the entire flight, until the spacecr 
royed on impact with the moon The vid 

ere recorded on 35mm film and magnet reater than the resolution of the photos. The r 

. 
>een made on the basis of the preliminary evalua 
ions of the pictures by the Experimenter team 



l'?zologrf~)~h taken from an aiti- 
fudv of 477 miles i.s comparahlo 
to the resoluiiorc obtaifuihlc in 
photographs from the earth. 

PhotqrupJi taken from altitude of 
236 r n i k  som-e 2 min. 46 see. bc- 

)re im.pact. Ends picture cove 
rea mwked in preceding wctur 

Pho/ograj~h fri~rn an altitude of 
94.9 rnil(3,~ covms fin arm 41.04 
miles on a side and shows' craters 
m small as 500 ft. in diameter. 

- 
tion. The telescopic observations had shown t ly smooth when viewed in d 
these ravs contained numerous shallow seconda ions comoarahle to the Ranger VII oh 

hem t o  
arv cr, 


