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JET PROPULSION LABORATORY 1966 ANNUAL REPORT 

The year 1066 was the Laboratory's twenty-seventh -

a busy year marked by success[ul achie\ement and 

continued operations in the lunar and planetary flight 

programs. a significant addition to the Deep Space 
Network facilities. implementation of new planetary 
flight projects, UJ1J continued planning for adv;1t1ced 

planetary missions. research. and the development of 

scientific instrumelllS for space applications. 
The successful Landing of Surveyor [ on th e lunar 

surface. followed by a program of photographic 

investigation. yielded many valuable data on the nature 
and form of the lunar surface in fine detail. The 

Laboratory also conducted "pace flight operations for 
tWO Pioneer mi ssions. t\\'o Lunar Orbi ter missions. 

and twO ArIas/Centaur test flights, and mainta ined 
contact wi th 'Mariner IV through its second year of 
0reration. Completion of the 21 O-f-lot Advanced Aruenna 

System at the Mars Station in Goldstone permitted 

the Deep Srace :\letwork to recow r Marinel' IV telemetry 

many months earlier than expected. 

The Mariner Venus '67 Project. scheduled for a 

Single launch in Tune 19 ,7. completed spacecraft 
modification and conducted a nu mbe r of qualification 

tests dur ing th ~ vear. Mission and sy5tem design efforts 

for the i\1ariner Mars 1969 pro ject were :11 '0 carried 
out. A lIumb.::}' of studie- and considerable advan ce 

planning associated witll possible future Mariner-class 

missions and the Voyager 1973 i\fars landing ",ere 

conducted. "Vork on several scientiftc-instrumcnts 

associated wi th oiher spact' flight missions and 
technology develo pments in all relevant 

fields is also under way. 
Thus. the Laboratory cont inued dllring 1966 to 

pursue 0 11 a broad front the exploratioll of the soJar 

system. tilt' supporting art and technology, and 

the related sciences . 

Director 





Flight Projects 

SURVEYOR 

In the dIfficult and chancy exploration of space, it IS rare that a first mission flown by an unmanned 
spacecraft achIeves all its obJectives - and more The bnllwntly successful flight of Surveyor I was 

all the more notable because it incorporated many operationally new elements Among these were 
the Centaur high-energy. hydrogen-fueled rocket serving as the second stage of the launch vehicle. 

three throttleable vernier rockets. extremely senSitIVe veloczty- and altitude-sensing radars. and an 

automatIc closed-loop gUIdance and control system that, In the terminal phase of the flight. predsely 

steered and decelerated the spacecraft to a soft landing Finally, there was the survey television that 
sent back more than 10.000 plCtures of high scienufic content 

That these and scores of other complex subsystems performed exactly as designed is testimony to 

the skill. Imagination. and dedication of the thousands of people who brought about this extraor­
dinary achievement It is also testimony, in a broader sense. to the Nation's steadily mounting pro­

ficiency In the design, testing. and flight of space vehicles 

HOMER E NEWELL, ASSOCIATE ADMINISTRATOR FOR SPACE SCIENCE AND APPLICATIONS. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. JUNE 17. 1966 

Surveyor I 
The lunar landmg of Surveyor I. some 35 mIles north 

of the crater Flamsteed m Oceanus Procellarum on 

June 2, 1966, marked the first successful U S soft landmg 

of a remotely controlled spacecraft on the moon 

Surveyor I was launched from Cape Kennedy, wIthm 

1 second of Its planned launch tIme, at 14 41 01 GMT 

on May 30, 1966. on a direct-ascent lunar trajectory 

The performance of the Atlas/Centaur launch vehicle 

was near perfect. and the spacecraft was placed on a 
flight path that would have resulted m an uncorrected 
landmg on the moon wlthm 250 mdes of the aIm pomt 
Dunng crUise flIght. Surveyor obtamed attitude refer­
ences from the sun and Canopus sensors and from gyro­
scopes. small cold-gas thrusters prOVIded attitude control 

Shortly after spacecraft separation. two-way commUnI­
catIons lock was achIeved by the Deep Space StatIon at 
Johannesburg. South AfrIca At thIS time. control of the 
flIght was transferred from the Eastern Test Range to the 

OPPOSITE Surveyor I photographs Its own shadow on the lunar surface 3 
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Space Flight Operations Facility at JPL. from which all 

commands originated to the spacecraft for the remainder 

of the mission . Hughes Aircraft Company. which de­
Signed and developed the spacecraft. participated with 

JPL in the conduct of the mission. At 0645 GMT on 
May 31. 1966. a midcourse correction was executed. 

using the three liquid-fueled vernier propulsion engines. 

following which the spacecraft was commanded back to 

its cruise attitude. 

As Surveyor approached the moon, about 63 hours 

after lau nch. the spacecraft main retro rocket thrust axis 

was aligned along the flight path. At an altitude of 46.75 

miles. main retrorocket ignition took place. After a 

40-second burn and jettisoning of the empty rocket case. 

Surveyor 1 was close enough to the moon to receive an 

excellent return from the radar altimeter and Doppler 

velocity sensors . The radar signals were processed by the 

on-board computer and autopilot to control the three 

vernier rocket engines. steering and decelerating the 

spacecraft in a predetermined descent profile. Finally. at 

an altitude of about 14 feet. the vernier engines were cut 

off and. at 06: 17: 37 GMT on June 2. 1966. Surveyor 

landed gently on the surface of the moon, within about 

9 miles of the aiming point established at the time of the 

midcourse correction. 

The three footpads contacted the surface nearly simul­

taneously (within 19 milliseconds of each other) and 

penetrated to a depth of a few inches. The spacecraft then 

rebounded approximately 2 Yz inches above the surface 

before finally coming to rest. 

Over 100.000 commands were sent, verified, and exe­

cuted without error during the mission. Of these. approxi­

mately 290 commands were transmitted during the tran­

sit phase. 

Surveyor I satisfied all mission objectives. The respon­

sive perfonnance of the entire system resulted in good 

engineering data being yielded in all categories . More 

than 11.000 television pictures were returned from 

shortly after touchdown on June 2. 1966, until July 14. 

1966. the end of the second lunar day. The spacecraft 

was subsequently interrogated on the fifth. sixth. and 

eighth lunar day.' Although no additional television 

pictures were obtained, considerable engineering perfor­

mance data were derived from these interrogations. 

In addition to having demonstrated that a spacecraft 

launched from earth can make a soft landing and operate 

• 1 lunar day = 14 earth days. 
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Lunar surface mosaic composed of overlapping ind ividual pic tures. Spacecraft shadow is ev ident at lower left. 

OPPOSITE : Surveyor I launch on Ma y 30, 1966 

BELOW: Surveyor I spacecraft 

for several months on the lunar surface, Surveyor I pro­
vided much valuable data on the moon's equatorial 

environment. Photographs of impressions made by the 
spacecraft's footpads and blocks have, for example, indi­
cated that the landing area is composed of a material 
which is quantitatively similar to damp, fine-grained ter­

restrial soil. Sensor data obtained during touchdown 
show that the relatively smooth surfaces in Oceanus 
Procellarum have enough bearing strength to permit a 
safe landing by Project Apollo astronauts. Celestial 
objects were photographed, including Sirius, Canopus, 
Jupiter, and Gemini. 

Among the photographs from Surveyor I are several 
showing the sun's corona out to at least three or four 
solar radii. These pictures have precipitated special interest 
because they indicate the possible scattering of sunlight 
from a lunar atmosphere. 

It is of interest to note that the Ranger pictures repre­
sent an improvement, by three orders of magnitude, over 
the best resolution of the lunar surface achieved by earth­
based photographs, and that the Surveyor pictures repre­
sent a gain by an additional three orders of magnitude 
over the highest-resolution Ranger pictures. 

5 
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Years may pass before studies of lunar data will finally 
resolve such questions as that concernmg the volcanic 
and/or meteorltlc OrIgm of the moon's craters However, 
Surveyor I has already confirmed many observations and 
theones regardmg lunar topography, temperatures, and 
radar cross section 

Surveyor II 

The second Surveyor flight, which mltlally gave every 
appearance of success, was termmated m the morning of 
September 22, 1966 The spacecraft and all other inStru­
ments performed nominally up to execution of the mld­
course thrust maneuver At that POint. the data indicate 
that vernIer engine 3 faded to Ignite, and the resulting 
Imbalance of thrust from engines 1 and 2 Imposed a 
tumblmg motion on the spacecraft from which It faded 
to recover Subsequent endeavors to fire the vernier en­
gmes mcreased the tumbling rate After many hours of 
attemptmg recovery without success, It was deCIded to 
obtam addItIonal engmeenng data on the performance 
of the vanous spacecraft subsystems thiS sequence cul­
minated In a Simulation of the termmal descent sequence 
The mam retro was Ignited, and approximately 30 sec­
onds later, contact was lost With Surveyor All subsystems 
except for vermer engme 3 appeared to function properly 
FollOWing contmuous receiver search for the spacecraft 
With no results. the miSSion was terminated Engmeermg 
data of considerable value were denved from thiS fhght. 
which have contnbuted corrective gUIdance for future 
Surveyor miSSIOns 

Future MlSSlons 

As noted m last year's annual report. mltlally the 
Surveyor Project mcluded seven approved Block I mis­
sions and three approved Block II miSSions The Block I 
miSSions were to consist of four fhghts deSigned to gam 
engIneermg test expenence and three to acqUIre hmlted 
SCientific data The three Block II miSSions were to pro­
VIde for more extensive explorauon of the lunar surface 
In early 1966, the Block II senes was canceJIed and. In 
mld-1966. as a result of the success of Surveyor 1. Block I 
was reprogrammed to two engineering mISSions. followed 
by five enhanced SCientific data-recovery miSSions Cur­
rent plans prOVIde for an extended SCientIfic payload 
program WIth SimplIfied surface samplers on the next 
two spacecraft and alpha-scattering Instrumentation on 
the final three 
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MARINER 
The Manner Program. which counts among Its accom­

plishments the first successful flyby of the planet Venus 
by Manner II m 1962 and the umque photographiC Mars 
miSSion of Marmer IV three years later. plays a Vital and 
contmumg role In the exploration of the solar system 

The Marmer miSSions are based on the use of un­
manned deep space probes deSigned to Investigate the 
baSIC charactensucs of the planets and to explore the 
mterplanetary environment Adaptable to the mtermedlate 
class of launch vehicles such as the Atlas/Centaur. the 
spacecraft are capable of flymg by, orbltmg. and plaCing 
probes on planets. all are fully attltude-stablhzed vehicles. 
capable of changmg and mamtammg onentatlon on com­
mand. precIsion-correcting the trajectory, aiming mstru­
ments at planetary targets. convemng solar energy to 
electrical power. and commumcatmg over extreme diS­
tances through earth-onented high-gam antennas One 
of the pnncipal benefits of the Marmer Program IS the 
capablhty of performing precursor miSSIons to larger un­
manned miSSIOns and eventual manned flight to the 
planets These efforts continue to develop the technology. 
the equIpment. and techmques Involved In the construc­
tion of spacecraft for long-distance, long-durauon un­
manned spacefhghts and the stenhzatlon techmques 
reqUired for planetary entry and landmg 

Attractive Manner miSSIons have been deSigned to 
place probes Into the atmospheres of Venus and Mars 
beginning with the 1970's, to employ gravity assist tech­
mques to fly by two planets such as Venus and Mercury 
In 1973 WIth a smgle spacecraft. and to penetrate to the 
comets 

Mariner IV 

On July 14. 1965. Manner IV flew Within 6200 miles 
of the planet Mars The spacecraft was the first to make 
SCientific measurements In a regIOn of interplanetary 
space conSiderably beyond the earth's orbit TheSe 
measurements not only confirmed the phenomena diS­
covered dunng the Manner II fhght to Venus but also 
Increased confidence In the technology reqUired to fly m 
an Interplanetary envIronment 

PrIOr to Manner IV's successful flyby of Mars. there 
was conSiderable uncertainty about the radiatIOn environ­
ment near the planet As a result of the miSSion. It was 
determined that there IS no magnetic field about Mars and 
that the planet IS therefore subjected to the direct bom­
bardment of cosmic rays and solar plasma Studies of Its 



Mariner IV spacecraft 

ionosphere will be of definite aid in the understanding of 

various phenomena in the ionosphere of the earth. 

The data obtained in the occultation experiment far 

exceeded all expectations. Subsequent analysis has pro­

vided accurate values for the critical characteristics of the 

Martian atmosphere such as the presence and intensity 

of the ionosphere . the surface pressure. and the scale 

height. The information yielded by the occultation ex­

periment is extremely important in defining the entry 

and landing requirements for future surface exploration 
vehicles. 

The unprecedented photographs of the Martian sur­

face taken by Mariner IV (a total of 21 complete pictures 

and a partial one) show that the planet is covered with 

craters quite similar to those on the moon. Since the 

Craters show very little evidence of erosion. it is unlikely 

that Mars has had a significant atmosphere or significant 

amounts of water in well over a billion years. 

The photographs present no evidence of volcanic 

activity. which would indicate that the planet has no 

internal stress such as would be caused by the molten core 

of the earth. This apparent lack of internal stress is con­

sistent with the absence of a detectable magnetic field 

around Mars. 

Although the photographs of Mars are indeed spectac­

ular. it is generally agreed that they leave open the 

FliGHT PROJECTS 

Pic lure II. taken by Marin<'T IV. distincrly shows craters on the 
surface of Mars . 

question of whether life exists or has ever existed on 

Mars. The information obtained from the photographs 

has. however. increased our understanding of the planet 

and has Significantly contributed to the design of photo­

graphic equipment for future missions . 

7 
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Mariner IV presentation at the White House . From the left: W. H . Pickering; Oran W. Nicks, Lunar and Planetary Programs Director 
for NASA; J. N , James, JPL Assistant Laboratory Director for Lunar and Planetary Projects; President Johnson; James E. Webb, 
Administrator, NASA . 

On October 1. 1965. the Mariner Mars 1964 Project 

was officially concluded, The spacecraft transmitter was 

switched from the high-gain to an omnidirectional an­

tenna. and Mariner IV became a radio-frequency Signal 

source used to explore new communication techniques 

at record distances far in excess of the 134 million miles 

attained at encou nter. 

The continued journey of Mariner IV around the 

sun provided an opportunity to perform a radio propaga­

tion experiment through the solar corona. Through the 

use of the new 21O-foot antenna at Goldstone. California. 

considerable data on the effects of radio-frequency signals 

passing through the solar corona were obtained. 

In the year since the official end of the mission. addi­

tional telemetry recordings have been taken on thirteen 

different passes. After a lifetime of 2 ~ years and some 

1.13 billion miles of space travel. the total operating time 

accumulated by Mariner IV. with apparently normal per­

formance of the spacecraft. was in excess of 18.000 hours , 

Concurrently. with the approval of the Mariner Venus 

1967 Project. NASA approved a plan for the reacquisi­

tion of the Mariner IV spacecraft. so that scientific data 

, retrieval could be accomplished in a formal operational 

manner. These operations are to commence early in 1967 

and will be performed in conjunction with the Mariner 

Venus 1967 mission . 

8 

The primary objective of these new Mariner IV activi­

ties is to obtain additional scientific information on the 

interplanetary environment in a region of space further 

from the sun than the orbit of earth during a period of 

increasing solar activity, The secondary objectives are to 

obtain additional engineering knowledge about the con­

sequences of extended exposure of spacecraft equipment 

to the interplanetary space environment and to acquire 

experience in the operation of a spacecraft after a pro­

longed lifetime in deep space. 

Mariner Venus 1967 

A project for a Mariner-class mission to Venus was 

established in December 1965. The primary objective of 

the mission is to conduct a flyby of the planet in 1967 

to obtain scientific information that will complement and 

extend the results obtained by Mariner II in 1962 and is 

relevant to the determination of the origin and nature of 

Venus and its environment. Secondary objectives are to 

acquire engineering experience in converting and operat­

ing a spacecraft initially deSigned to go to Mars into one 

suitable for Venus. and to obtain information on the 

interplanetary environment during a period of increasing 

solar activity. 



The S-month cruise of the spacecraft, from launch to 

encounter, will provide an outstanding opportunity to 

observe the effects of solar activity and will also permit, 

for the first time, the correlation of data from a number 

of spacecraft located at widely different distances from 

the sun (i.e., earth satellites and Pioneer and Mariner 

spacecraft) . 

Because of the marked differences between the Mariner 

Venus 1967 mission and the Mariner Mars 1964 mission, 

it was necessary to alter the design of the existing space­

craft. The solar panels were rotated 180 degrees, and the 

panel area was reduced; the tape recorder was modified; 

and a new data-automation subsystem was selected. To 

accommodate the earth occultation experiment using the 

spacecraft radio signal, a means for deploying the high­

gain antenna was installed on the spacecraft. The Mariner 

Mars 1964 proof-test model was dismantled, and tests 

were run to determine the degradation caused by pro­

longed storage. The configuration of the new spacecraft 

preserved the proven gu idance and control techniques. 

The spacecraft will be fully attitude-stabilized , use the 

sun and Canopus as reference objects , and be capable of 

performing two trajectory correction maneuvers. 

Certain science instruments used on the Mariner Mars 

1964 mission were eliminated, among them the TV and 

its associated scan platform, the cosmic dust detector, the 

Mariner Venus 1967 spacecraft 

FLIGHT PROJECTS 

cosmic ray telescope, and the ion chamber. The remaining 

science complement, consisting of the trapped radiation 

detector, the helium magnetometer, and the solar plasma 

probe, was supplemented with an ultraviolet photometer 

and a dual-frequency receiver. These instruments will 

monitor and measure solar cosmic rays and energetic elec­

trons in . interplanetary space, search for magnetically 

trapped particles in the vicinity of Venus, provide further 

information about the Van Allen radiation belt around 

the earth, and determine the magnetic field of Venus . 

They will al so take measurements of the interplanetary 

magnetiC field, and obtain information about the bound­

ary between the interplanetary and planetary fields, mea­

sure the intensity of low-energy protons ejected from the 

sun, determine the density and temperature of two of the 

principal components expected to be present in the Venu­

sian exosphere, and measure the abundance of electrons 

in the ionosphere of Venus and in the space between the 

earth and the spacecraft. 

The occultation experiment does not involve any 

specialized equipment. When the spacecraft appears to 

move behind the planet, its radio Signal passes obliquely 

through the Venusian atmosphere and is diffracted, and 

the propagation velocity of the signal is changed . Mea­

surements of these changes to the radio signal can yield 

Significant information about the Venusian atmosphere. 

9 
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Mariner Mars 1969 spacecraft 

Mariner Mars 1969 

The Mariner Mars 1969 Project will take the next step 

in the exploration of Mars with two launches in the 

spring of 1969 for flyby passages of the planet in August. 

Use of the Atlas/Centaur launch vehicle permits increas­

ing the spacecraft weight to accommodate a large battery 

of planet-scanning scientific instruments: however, no 

interplanetary fields and particles instruments will be 

flown. The primary objective of these flights is to make 

exploratory investigations of Mars which will set the 

basis for future experiments, particularly those relevant 

to the search for life, with a secondary objective of 

developing the technology needed for succeeding Mars 

mi~sions. 

The 1969 Mars mission involves a number of differ­

ences from the 1964 Mariner IV mission, although there 

is considerable similarity of the basic spacecraft design 

concepts. The flight time in 1969 is shorter, the injection 

velocity requirement is greater, the communication dis­

tance at encounter is smaller, and a higher rate of data 

return is expected. Approach to the planet wiIl be much 

closer, and an equatorial and a south-polar pass are 

planned for the two flights. Pictures will be taken of the 

whole planet, starting 48 hours before closest approach. 

10 

The scientific payload will include a two-camera tele­

vision experiment (wide- and narrow-angle), with the 

picture format having 16 times as many elements as the 

Mariner IV format. About eight narrow-angle pictures 

of the whole planet will be obtained in the far-encounter 

mode, and 25 alternating wide- and narrow-angle pictures 

during the close flyby. An infrared spectrometer will pro­

vide data on atmospheric composition and properties and 

on surface composition and thermal emission. An ultra­

violet spectrometer will obtain data for the identification of 

specific atmospheric constituents and their concentrations 

at various altitudes, and an infrared radiometer will chart 

the variation of surface temperature with location. Two 

experiments involving radio occultation and celestial 

mechanics, similar to those performed by Mariner IV. 

will provide data on the physical properties of the 

atmosphere and the fundamental parameters of the solar 

system. A data storage system, employing both analog 

and digital tape recorders and storing nearly 40 times 

the information recorded by Mariner IV, will store the 

planetary scientific data for post-encounter return to earth. 

System design, integration, assembly, and testing are 

to be carried out by the Laboratory, with industrial con­

tractors undertaking the detailed design, fabrication, and 

testing of the various subsystems. 



VOYAGER 
The Voyager Project will carry out scientific investiga­

tions of the solar system by instrumented. unmanned 

spacecraft which will fly by. orbit. and/ or land on the 

planets. Emphasis will be placed on acquisition of scien­
tific information relevant to the origin and evolution of 

the solar system. the origin. evolution. and nature of life. 

and the application of this information to an u nder­

standing of terrestrial life. The primary objective .of the 

first Voyager missions to Mars in 1973 is to obtain addi­

tional information about the existence and nature of 

extra-terrestrial life. the atmospheric. surface. and body 

characteristics of the planet. and the planetary environ­

ment. A secondary objective is to further the knowledge 

of the interplanetary medium between earth and Mars by 

obtaining scientific and engineering measurements while 

the spacecraft is in transit . 

Present planning provides for an integrated series of 

missions in the 1973 . 1975. 1977. and 1979 Mars oppor­

tunities. In each mission. two planetary vehicles will be 

Model of Voyager planetary vehicle 

FUGHT PROJECTS 

launched by a Single Saturn V: each planetary vehicle will 

include a spacecraft. capsule bus. and surface laboratory 

system. Planetary quarantine constraints will be applied 

throughout to avoid possible contamination of Mars dur­

ing the conduct of life experiments. 

At the conclusion of 1965. Voyager was reprogrammed 

to a first mission to Mars scheduled for 1973. During the 

reporting period. Voyager Project management at JPL 

emphaSized development of the management techniques. 

the advanced technology. and the overall mission concept 

to be employed on Voyager. A number of options for the 

latter were examined which culminated. near the end of 

the year. in a modular concept that could be used over a 

number of mission opportunities. This mission concept. 

identified as VPE-14. was based on orbiting the planet 

before dispatching the entry capsule (because of the 

thin Martian atmosphere determined by Mariner IV) and 

using Surveyor techniques to descend to the surface. This 

approach permits a sizeable scientific laboratory to be 

placed on the planet surface for making biological mea­

surements and performing other surface operations. 

II 





OPERATIONS 
Dunng 1966, the Deep Space Network (DSN) suc­

cessfully provided trackIng and data acquisition for 
Surveyor I. Surveyor II. Lunar Orbiter I. Lunar Orbiter II, 
PIOneer VI. Pioneer Vll, Atlas/Centaur 8, and Atlas/ 
Centaur 9, while at the same time contInumg trackmg 
and telemetry coverage of Marmer IV Because of the 
mtenslVe acnvmes through the year, most of the stations 
were often m operation 24 hours a day. 7 days a week 

The operations were unusual as well as numerous 
Useful telemetry was obtained from Marmer IV when It 
was on the far Side of the sun More than a hundred 
thousand commands were sent to Surveyor I as It accom­
plIshed Its photographic miSSIOn on the lunar surface 
After landmg on the moon, Surveyor I was used as an 
extreme distance collImation tower for obtammg antenna 
patterns for the 21O-foot antenna Lunar Orbiter was 
used for relaYing rangmg SIgnals from one DSN station 
to another, resultmg In statlon-to-statlon time synchro­
mzatlon from contment to continent to within a few 
microseconds 

Four new stations were added to the Deep Space Instru­
mentatIon FaCIlIty (DSIF) dUring the past 18 months 
The construction of the AscenSion Island station was 
completed m early 1966 This station IS of a gap-filler 
type, and uses a 30-foot-dlameter antenna for data acquI­
sition dunng the early part of flights launched from 
Cape Kennedy The Robledo station near Madnd, Spam, 
became operational m mld-1965. and the Cebreros sta­
tion, near Robledo, was completed at the end of 1966 
Both Spamsh stations are mamtaIned and operated with 
the aid and cooperatIon of the Spamsh Instltuto NaclOnal 
de Tecmca Aeroespaclal (INTA) 

On Apnl 29, 1966, the Goldstone 2lO-foot antenna 
was offiCially dedicated by Chamnan George P Miller of 
the House of Representatives SCience and AstronautICS 
Committee This antenna IS one of the world's largest, 
most advanced precIsion trackmg systems The 210-foot 
antenna system has been supportmg rracklng missions 

I 
The Deep Space Network 
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and gathermg telemetry data on deep space vehicles 
which are beyond the capabdmes of the 8S-foot diam­
eter antenna at DSN mstallatlOns The 210-foot antenna 
Increases the effective range of deep space telemetry about 
three times over that of the 8S-foot antennas, alternately, 
the larger antenna proVides SIX to ten times as much data 
at the same spacecraft range The operating 2lO-fo01 
Installation at Goldstone IS the first of a planned three­
station network that would mclude 210-foot diameter 
antennas m Australia and SpaIn 

A third major computer string was added to the ong­
mal two strings In the Space Flight Operations FaCIlIty 
(SFOF) This major equipment addition was made dur­
mg a period of high flight project support activity with­
out slgmficant interruption of the projects A fourth 
computer strmg IS In process of Installation Two addi­
tional computers were Installed In the SFOF, one as a 
commUnIcatIOns processor, penmttmg rapId handling of 
mcom1Og teletype streams of data from the stations, and 
another to expand the Simulation facIlity A standby 
power system was buIlt to mlmmlze the effects of major 
electrical power outages on flight operations support 

MARINER IV REACQUISITION 
A sIgmficant accomplIshment 10 spacecraft telecom­

mumcatlons In 1966 was the reacquIsItion and track10g 
of Manner IV at a distance of 2lO millIon mIles After 
successful completion of the Mars encounter, the space-­
craft telemetry transmiSSions were switched from the 
hlgh~gam to the low-gam antenna 10 antiCipatIon of 
reacqumng telemetry when Manner agam came close to 
the earth m mld-1967 The Signal level at the earth there­
fore dropped sharply For the first 7 months after Mars 
encounter, no earth-based trackIng statIOns were capable 
of receIVmg telemetry data from the spacecraft However, 
the presence of the very weak Signal could still be detected 
by the Venus statIon at Goldstone, CalIforma, usmg tech~ 
mques related to those employed In radIO astronomy 

OPPOSITE Workmm standmfJ on the pTimary reflectmg surface mdlcate the scale of the neu' 21O-foot DSN antenna 13 



DEEP SPACE NETWORK 

The new DSN Robledo station near Madrid. Spain 

Even though intelligible spacecraft-to-earth telemetry 

could not be obtained. it was still possible to send ground 

commands to the spacecraft during this period using a 

100-kilowatt transmitter at Goldstone. Beginning on 

October 1. 1965. twelve commands were transmitted to 

the spacecraft. some at distances greater than 210 million 

miles. a record for commanding a spacecraft from the 

earth. It has subsequently been verified that eleven of 

these twelve commands were properly received. 

On May 3. 1966. the new 21O-foot-diameter antenna 

station at Goldstone was activated and acquired the 

Mariner IV signal in such a way that intelligible telem­

etry could be produced. The data thus recovered indi­

cated that the spacecraft was still operating and appeared 

to be in excellent condition. Telemetry has continued to 

be received from Mariner IV since that date. with the 

quality increasing as the Mariner once again approaches 

the earth. 
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210-FOOT ANTENNA 
RADIATION PATTERNS 
USING SURVEYOR SIGNALS 

Antenna patterns from large antennas are conven­

tionally measured using radio beacons atop high towers. 

In order to avoid near-field effects and ground reflections. 

the distance of the tower from the antenna and the height 

of the tower must be fairly large. Furthermore. the larger 

the antenna diameter. the greater the distance and height 

of the tower. The collimation tower required for a 210-

foot antenna would have had to be on the order of 20 

miles away and several miles high. Such a tower was. 

therefore. clearly impractical. 

The soft-landed Surveyor I on the moon presented a 

unique opportunity to obtain antenna patterns because 

of its distance from the earth of 240.000 miles. the high 



elevation angles above the local terrain, and the relatively 

strong signal level. For the pattern tests, Surveyor trans­

mitted normal telemetry in the low-power mode through 

its high-gain planar array: the antenna had a listening 

feed with a tr~veling-wave maser input. The receiver auto­

matic gain control vqltages were digitized , and the pat­

terns were reduced on an IBM 1620 computer. It was 

thus determined that the 210-foot antenna patterns were 

well within specifications and in accord with theoretical 

calculations. 

STATION-TO-STATION 
TIME SYNCHRONIZATION 
USING LUNAR ORBITER 

For the determination of certain kinds of spacecraft 

orbits such as those around the moon or the planets, it 

is important that the DSN tracking stations around the 

world be very accurately synchronized in time . Conven-

Facilities of the Deep Space Network are world-wide. 

DEEP SPACE NETWORK 

tional time synchrqnizarion methods can produce syn­

chronization to on the order of a few milliseconds: the 

requirement for the spacecra ft orbit determination is on 

the order of 10 to 50 microseconds. A technique was 

evolved using ranging equipment at the DSN sites and 

the transmission from one station to another by way of 

the Lunar Orbiter spacecraft in orbit around the moon 

station to achieve not only synchronization between the 

stations but the required orbit determination precision 

as well. Synchronization to an accuracy of 10 microsec­

onds was relatively easily obtained, and it may well be 

better than a microsecond. The synchronization accuracy 

was confirmed by air-transporting a very stable atomic 

clock from one station to another during the flight opera­

tions. This technique, and others, have now determined 

the location of all the DSN stations with respect to each 

other to an accuracy of a few meters. The ranging tech­

nique, sometimes referred to as the pseudo-noise tech­

nique, was developed at JPL over the past 10 years. The 

distance (or range) to the spacecraft from a tracking sta­

tion can now be measured in less than 1 minute and to a 
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precision of about 50 feet. Using a simple amplifier on 

the spacecraft, this technique permits range measurements 

to a distance of more than 800,000 kilometers. With 

somewhat more elaborate equipment, ranges of hundreds 

of millions of miles can be measured to a precision of 

50 feet. 

AN IMPROVED 
TRAVELING WAVE 
MASER SYSTEM 

A new and improved model of a traveling wave maser 

operating in a closed-cycle refrigerator has been in opera­

tion on the Mars 210-foot antenna for approximately 

6500 hours. A particularly useful feature is a low­

cost, highly reliable closed-cycle refrigerator using readily 

available equipments and materials. A fixed Joule­

Thompson valve and a gas-filled thermal switch have 

contributed to a system requiring a minimum of adjust­

ments. A new method was employed to provide cooling 

for the inner conductor of the signal-input coax. An 

equivalent noise temperature of around 5°K was thus 

achieved, significantly increasing the sensitivity and reli­

ability of the station. 

OTHER 
ADVANCED 
DEVELOPMENTS 

Improvements continued to be made on the 100-

kilowatt transmitter at the Goldstone Venus site, with 

emphasis on the development of diplexing equipment 

which would allow simultaneous high-power transmitting 

and low-noise receiving. More precise calibration tech­

niques were devised to measure received signal level and 

antenna effiCiency. A radiometer was developed which, 

used in conjunction with a standard angle-tracking feed, 

provides angle pointing and gain calibrations of the an­

tenna systems based on radio star sources. The latter 

development is especially important for the regular col­

limation of the 210-foot antenna, for which a collimation 

tower is impractical. 

A special receiver was built for acquiring Mariner IV 

telemetry at the 21O-foot antenna site. The receiver used 

a 3-cycle loop bandwidth, a high-Q veo, and a local 

oscillator whose frequency was controlled on the basis 
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of spacecraft trajectory information. This receiver ex­

tended the range by a factor of 2 at which 8-bit-per­

second, Mariner IV telemetry could be received by the 

21O-foot antenna station, placing the entire orbit of 

Mariner IV within range of the Goldstone facility. 

An unanticipated result of tracking Mariner IV as it 

flew near the sun was a considerable disturbance of the 

otherwise pure carrier wave of the Mariner IV. The signal 

passed within % degree of the surface of the sun and 

thus served to probe the solar corona. Spectrograms of the 

signal show considerable doppler broadening, which gives 

some insight into the turbulent nature of the corona and 

interplanetary scintillation, as well as proViding design 

information for communication systems that must oper­
ate through this region. 

SFOF activity during the Surveyor 1 mission 

OPPOSITE: 21O-foot antenna in the desert at Golds/one, California 







Research and Advanced Development 

RESEARCH 
The Jet Propulsion Laboratory maintains a strong and 

continuing program in the research areas of fluid physics, 

electrophysics, materials, and applied mathematics. The 

purpose of this basic research effort is the accumulation 

of fundamental knowledge and understanding of physical 

phenomena. It is anticipated that the new knowledge 

and understanding now being generated will find appli­

cation in the solution of future problems in space 

exploration, many of them as yet unforeseen. 

Generation of Dust in Ultrahigh Vacuum 

Concern has been expressed about the effects of 

accumulated lunar debris on spacecraft thermal con­

trol surfaces. It was expected that Significant particle­

to-particle adhesion wou ld occur if a solid sample 

of material was ground into fine particles under 

ultrahigh vacuum conditions (10-10 torr). Experi­

ments were conducted in an especially designed 

Effect of Surveyor landing cngincs all simulared lunar soil 

apparatus which allowed a solid sample to be ground 

after extended time in vacuum at temperatures of 400-

600°F. The most important finding was that little 

tendency existed for the fine particles to agglomerate. 

Several types of solid samples were used, including some 

with nearly 100% of theoretical density. Complete 

evaluation of the test results has not been made, but it 

seems possible that the lack of particle adhesion may be 

due to contamination of the freshly generated surfaces 

by dissolved or trapped gases which were liberated during 

the grinding operation. 

Electron Flow in Very Thin Oxide Films 

Thin film junctions consisting of two metallic layers 

separated by an oxide layer are of great interest in the 

area of electronic devices. Oxide films with thicknesses 

in the range of 10-15 Angstroms present a problem inas­

much as it is extremely difficult to determine the quality 

of such thin films. By measuring the tunneling currents 

in thin film junctions in the sllperconducting state, and 

by comparing the results thus obtained with the prediC­

tions of Josephson's theory , it was possible to ascertain 

the quality of these very thin oxide films . Thus far , activi­

ties have been limited to studies of lead-oxide-Iead junc­

tions. The dielectric constant and the thickness of the 

oxide film were determined from the Josephson effect 

data, and the data were used in a study of normal-state 

tunneling through lead-oxide-lead thin film junctions.- · 

The oxide barrier potential and the tunneling path length 

were determined for a ju nction with an oxide film approx­

imately 15 Angstroms thick. The same technique should 

be applicable to junctions formed from other metals also. 

Plasma Velocity Measurement 

Experimental work with a giant pulsed laser led to 

the development of a laser tracer diagnostic technique to 

measure plasma velocities. Until recently, measurements 

in plasmas were made utilizing Langmuir probe and 

OPPOSITE: 24-inch Cassegrain/Coude reflector telescope al the Table Mountain Observatory 19 
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accousnc techniques, electncal discharges, and magnetic 
velocity probes These methods all lack spatial resolution 
and generally disturb the plasma that IS being observed 

The laser tracer techmque IS relauvely simple to use A 
giant pulse laser IS discharged. and the laser lIght IS 
focused at a predetermined pomt m the plasma flow 
In much less time than the dwell time of the plasma m 
the region bemg measured. a drop of fully lomzed plasma 
IS formed In a volume of the order of a cubiC mIlhmeter 
The velocity of thiS plasma drop IS measured utlhzmg a 
rotatmg-drum camera The method IS apphcable over a 
Wide range of plasma properties. and may be the only 
techmque that can be used at extremely high tempera­
tures. where probe techniques fall because of madequate 
coolIng 

Solid-State Battery 

Dunng mvestIgatIons of the mechamsm of electrOnic 
conduction In polymers. It was found that a charge 
transfer complex consisting of an aromatic hydrocarbon 
(e g . perylene). mtlmately mixed With a halogen (e g . 
Iodine) and placed between magnesIUm and carbon 
electrodes. IS capable of delIvenng useful e1ectrJcal power 
The aromatic hydrocarbon may be replaced by a large 
vanety of orgamc compounds as well as a number of 
polymers to Yield Improved battenes charactenzed by 
remarkable slmphcllY and ease of manufacture Earher 
solid-state batteries offered only very low open-clrcUlt 
voltages (02 to 1.0 volt) and low current denSities 
(100 p.A/cm2

) As a result of the conductIOn invesn­
gatlons. sohd-state battenes may be constructed which 
have an open-clrcUlt voltage of 2 5 volts and a short­
CllCUIt current density of up to 25 mAl cm!! 

The present findmgs con~t1tute the first case of a prac­
tical applIcation of charge transfer complexes which have 
been under active investigation for the last 50 years The 
solId-state battenes descnbed constitute promising power 
sources for energtzIng microelectronic CirCUIts for pyro­
tech-niC deVices as well as for electromedlcal apphcanons 
Although the energy denSity of the prototypes thus far 
studied IS below the reqUIrements for space vehIcle 
power. substantial Improvement of present power capa­
bIlity and performance may be expected 

Processmg of Friable Polymers 

Because of theIr high temperature stablhty and radi­
ation resistance. p-Polyphenylenes are potentially very 
useful. but their extreme Insolublhty m all common 
solvents prevents fabncatton of these polymers by the 
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usual polymer processmg techniques Recently. the tech­
mque of Isostatic presSing was adapted to the fabncatlon 
of these fnable msoluble polymers The success of thiS 
procedure depends on the abilIty of a pressunzed hqUld 
to transmit compactIng pressure evenly to all Sides of a 
fleXible mold enclosed m a pressure vessel The method 
offers potential for processmg polymenc matenals. espe­
Cially extremely Insoluble powders, with unique. deSIra­
ble. and/or Improved mechamcal properties The results 
obtained depend on the powder. the compactIng pressure 
and pressure applIcauon rate, the VOid content of the 
powder within the mold. the use of addmves (If any). 
and the dwell time Advantages reahzed or expected from 
thiS procedure Include (1) Uniform strength m all di­
rectIOns regardless of size. (2) umform compaction re­
gardless of outer contour complexity. (3) mInimizatIOn 
of VOids With concomitant Uniform densltles and reduc­
tion of Internal stress concentrations, (-4) Uniform com­
paction regardless of length-to-dlameter ratio. (5) low 
toohng cost. and (6) safe processing of hazardous, 
exotic. or expensive materials with mlmmum scrap losses 

GUIdance and Control 

Several sohd-state and phYSical electromcs research 
tasks were performed wllh the objective of demonstrating 
the feaSibility of applYing these phYSical phenomena to 
new guidance. contro!, and power deVices 

As a first step In demonstratIng the feaslblhty of a 
space-charge-hmlled mode. a scheme was deVIsed 
for Incorporatmg a "gate" or control electrode 
mto a space-charge-Illmted germanIUm dIOde 

2 A new mfrared detector. called a "thermactor." was 
Invented that depends on a variation of capacllance 
With temperature. rather than the usual variation of 
reSistance, as In a thermistor The thermactor should 
be more thaJl an order of magnitude more sensitive 
than a thermistor 

3 Work done on the propagation of high-frequency 
sound through hquld helium II was used as part 
of the expenmental baSIS for a new theory of hqUld 
helIum II developed In RUSSia 

-4 A new theory was deVIsed to explam charge-camer 
transport through a cesIUm plasma, and work was 
nearly completed on a test setup to demonstrate 
the feaslblhty of uSing a magnetic field m conJunc­
tion With a diode of speCial geometry to obtam 
Increased output voltage 



Thermionic emitter heated by electron gun 

S. Work was started in three new areas of solid-state 

physics: (1) the use of cadmium sulfide films in 
support of the development of improved photo­

conductive light detectors; (2) the possible appli­
cation of superconducting films in associative 
computer memories; and (3) the use of manganese­

bismuth films in the development of high-density 
computer memories. 

Plasma Physics 

The behavior of a neutral line in a plasma was ob­

served experimentally in a double-inverse pinch appa­
ratus.· The neutral line is produced at the line of first 

contact of two cylindrical shock waves; the gas is pre­

ionized, and the region behind the hydromagnetic shocks 
is highly conducting. 

This study has wide application; it is particularly 

pertinent to the understanding of solar flares, which create 

a serious radiation hazard to manned space flight. The 

present effort is the first known direct experimental attack 
on this problem. Results thus far have provided a good 
accounting of many phenomena observed in solar flares, 

and suggest a number of new concepts which should 
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make possible considerable extension of present solar 

flare theory. The magnetic neutral line behavior observed 

also has direct bearing on particle acceleration processes 

in the earth's magnetosphere currently thought to be 
the primary cause of the aurora polaris. 

Nuclear Magnetic Resonance 

It has been demonstrated that nuclear magnetic reso­
nance techniques would be a feasible way to determine 

moisture content on lunar and planetary surfaces. A 

small, low-powered (milliwatt), transistorized, wide-line 

spectrometer operating on mercury batteries was con­

structed and tested. By means of this instrument, water 

contents as low as 0.19% could be detected in rock and 
soil samples. The effect of large amounts of paramagnetic 

impurities was tested by measuring amounts of water of 

hydration in samples of Fe203H20~ and was found to 

be minimal. 

A new, advanced design with improved signal-to-noise 

ratio and frequency modulation was also constructed. 
Adequate ruggedization and reduction of weight and 

power requirements for actual flight instrumentation 
appear to present no great problems. 

Reduction of Turbulent Heat Transfer 
in Rocket Nozzles 

One of the important results of the convective heat 

transfer investigation being conducted at ]PL is the find­

ing that a reduction in turbulent heat transfer can occur 
when a turbulent boundary layer is accelerated at com­

paratively low Reynolds numbers. This phenomenon has 
been found in various configurations of conical rocket 
nozzles and in convergent rectangular channels, and 

it is believed that it can occur in accelerating flows 

in general. The significance of this finding is that the 

phenomenon can be used to advantage in the design of 
rocket thrust chambers. 

Low-Thrust Trajectories 

A considerable advance was made in the calculation 

of the trajectories of interplanetary vehicles propelled by 
low-thrust propulsion systems, such as ' ion engines. 

PreViously, the initial and final position and velocity of 

the vehicle in the heliocentric frame were simply assumed 

to be those of the departure and arrival planets, respec­
tively. For vehicles of very low thrust (S X 10-5 earth 

9 and less), this assumption is seriously in error. 
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The new technique (called the asymptotic velocity 

intercept method), developed for digital computer cal­

culation , takes into account the initial and final velocities 

of the low-thrust vehicle relative to departure and arrival 

planets. This technique is now being applied to planetary 

missions, making possible the optimization of total mis­
sions, including injection vehicle, low-thrust vehicle, and 

retro-vehicle. Results have shown large increases in the 

scientific payloads that can be carried to other planets 

by low-thrust vehicles. 

Secondary Electron Yields From 
Fission Fragments 

The yields of secondary electrons ejected from thin 

foils by the passage of fission fragments through the foils 

were measured as a function of fragment energy and 

mass for different foil materials. The fragments originate 
in a spontaneous fissioning Cf252 source mounted on 

a very thin foil. They are detected and their energies 

measured by means of solid-state detectors on either side 

of the source . The secondary electrOns are ejected from a 

foil of selected material (AI, Ni, Ag, or Au) placed 

between the source and one of the detectors. Number 

and energy spectra of the ejected electrons are then 

determined with an electrostatic spectrometer. 

The experiment, which is part of a continuing pro­

gram in fission physics and the interaction of heavy ions 

with matter, is fully automated , with the data-acquisition 

system recording results on magnetic tape for direct input 

to a digital computer. Computer programs have been 

written and utilized for correcting detector calibration 

drift, recognizing and rejecting errors in the data, com­

puting the kinematics of each fission event from the 

detector responses, and generating an output of electron 

yields versus fragment mass and energy. 

A time-of-flight system with l-nanosecond resolution 

has been constructed for a continuation of this experi­

ment, in which the secondary electron yield will be 

correlated with specific energy loss of the fragments 

in the foil. 

Model showing yield of secondary electTons generated by fission fragments traversing a thin nick~l foil 

SECONDARY ELECTRON 
FROM NICKEL 

INTO 

\ . ... . . .. .' . . ., 
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PHYSICAL SPACE SCIENCE 
The space science program Includes both ground-based 

planetary observatIons and laboratory development of 
techDlques for future spacecraft expenments The ground­
based operatIons include observations made usmg two 
optical telescopes at the JPL-NASA Table Mountam fa­
cIlIty and telescopes at a number of other observatories, 
radio-telescope observations of planetary phenomena. and 
radar reflection expenments With the near planets Tech­
DIques are bemg developed for detennmmg planetary 
surface and atmosphenc properties from orbiters. flyby 
vehicles. probes. and landers All space SCIence develop­
ment tests are specIfically undertaken m the expectatlon 
of later apphcatlon either on JPL missions or as flight 
science expenments on non-JPL vehicles 

Hydrogen Compounds in the Martian 
Atmosphere 

Dunng the 1965 opposItIOn of Mars, near-Infrared 
spectra were obtamed at the Observatone d'Haute­
Provence. France. With a Connes-type Michelson mter­
ferometer In collaboratIon WIth the French experImental 
group, these spectra were analyzed at JPL The 
resolution obtamed of about 1 em-I from 5700 to 
6950 cm-I (1 44 to 1 75 p.) and 4 em-I from 4050 to 
4550 em-I (220 to 247 p.) IS far better than has ever 
been achieved before. and resulted m the discovery of 
unexpected absorption bands that extend through most 
of the spectrum These bands are apparently caused by 
the presence of gaseous compounds contaming hydrogen 
in the Martian atmosphere, they probably Include sub­
stituted methanes - perhaps methane itself 

thiS findmg may have Important ImplicatIOns for the 
POSSlblhty and nature of hfe on Mars, smce hydrogen 
compounds are generally conSidered necessary to both 
the ongIn and the sustenance of planetary life Lack of 
eVidence for the presence of atmosphenc hydrogen pnor 
to ,this discovery had been a slgDlficant argument agamst 
the poSSibility of life on Mars 

Geological Sampling 

Among the most crUCial Implements for unmanned 
planetary exploration will be devices that obtam and 
deliver SUitable samples of planetary matenaI to the 
geological mstruments for examination Smce samples 
of bedrock are desired, and they must be reduced to 
small partIculate fonn of controIIed size for exammatlon. 
attention has focused on dnlhng and grmdmg devices 
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Laboratory models were developed of grinders, rotary 
Impact dnlls, abradmg sieve cones, rock crushers, and 
particle conveyors 

Microwave Surface Properties 

The behaVior of the radar echo from known areas of 
the earth's surface IS bemg studied, as a functIon of 
altitude, for altitudes Up to 150 kIlometers The results 
wIll ultimately proVide a powerful tool for gamIng 
mfonnatlon about the terram and surface matenals of 
planetary surfaces from orbltmg spacecraft 

L-band radar systems were flown on the NASA Convair 
990 research aircraft and on an Aerobee 150 sounding 
rocket over the Tularosa Basm area of New Mexico 
Echoes were obtamed from altitudes of 5, 10, 80, and 
166 kIlometers Transmitted pulses were measured by 
means of mstruments buned at known depths down to 
6 feet Samples of matenals from the target area are 
bemg analyzed for water content. VOId ratIo, mIneral 
content, gram-size distribution, and electrical character­
IStiCS Correlation of the expenmental results WIth theo­
retical expectations IS now under way 

Radar echo data from Surveyor 1 were also examined 
and found to be consistent With those predicted from 
earth-based radar measurements The dependence of radar 
cross-section on terram roughness has also made It 

pOSSIble to use these data. In conjunction WIth radIO 
trackmg mfonnatlOn and Surveyor and Lunar Orbiter 
photographs, to establish the location of the Surveyor 1 
landmg site 

OptIcal Astronomy 

A new 24-mch Cassegram/Coude reflector telescope 
was mstalled at the NASA-JPL Table Mountain faCIlity 
m a bUlldmg eqUIpped WIth a nsmg observation floor. a 
Coude obserVIng room, and a dark room A Connes-type 
hIgh-resolution mterferometrlc spectrometer is being In­
stalled m the Coude room Fonnal observations began in 
May 1966 at Cassegram focus With a photoelectriC pho.­
tometer 

A new dome was mstalled on the Table Mountam 
faCIlIty housmg the 16-mch telescope m August 1966 
thiS telescope was utIlized dunng the past 18 months 
In Visual patrol of the lunar crater Anstarchus, seekmg 
small "red spots" In additIon, a faIrly regular photo­
graphiC patrol of Venus was carned out In antiCipa­
tIOn of the 1967 Mariner flight to Venus ExtenSive 
observations were made of the Comet Ikeya-Sekl during 
October and November 1965 
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Radio Astronomy 

Radar observations were made of Venus from early 

November 1965 to the middle of March 1966, with 

conjunction occurring January 26, 1966. Features -similar 
to those observed in 1962 and 1964, which may be 
mountain ranges, were again seen; a comparison of their 

motions over the three successive conjunctions suggests 
·---that Venus' sidereal period is remarkably close to 243.16 

days retrograde. With this period, Venus would present 

the same face toward the earth at every conjunction. 

Observations of Venus made by the DSN during the 

close approach of January 1966 revealed the same 

topographic prominences which were discovered during 

the conjunction of 1964. Thus, it is established that 

relatively permanent features are fixed to the surface and 

rotate with the planet. These features have the ability to 
depolarize microwaves; hence, they are rough to the scale 

of a wavelength (12 Y.! centimeters). They may well be 

mountain ranges, although large fields of boulders would 

also depolarize microwaves. 

Venus' period of rotation deduced from these promi­

nences is 242.6 -+-0.6 days, retrograde. At this peculiar 

rate, an observer on Venus would see exactly five solar 

days between conjunctions with earth. Thus, Venus' 

rotation involves twin anomalies: a retrograde direction 

and at least near-synchronism with the earth. 

Radar astronomy experiments during the year included 

extensive X-band lunar measurements, S-band opel).-loop 
ranging and total-spectrum experiments on Venus, and 

total-spectrum experiments on Jupiter. 

Spark-Chamber Experiments 

A spark chamber, suitable for the study of high­

energy protons and alpha-particles in both planetary 

and interplanetary space, was developed. It consists of 

four gaps containing two plates each, a plate being made 

up of 5-mil wires strung 16 to the inch on an insulating 

frame; adjacent plates are strung in mutually orthogonal 

directions. Each wire passes through a magnetic core 

which is flipped by the spark current, making it possible 

Balloon carrying spark chamber to measure energy spectrum alld angular distribution of cosmic rays at high altitudes 
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to exam me the state of the core system of each plate 
electromcally to determme the particle path Planar 
plastic scintdlators on each outsIde face of the spark 
gaps trigger the spark-chamber hIgh voltage, and are 
also used to obtam particle energy mformatIon from 
pulse heIght analysIs 

Successful balloon flights were conducted with the 
spark chamber m Palestme, Texas. and m Fort Churchill, 
Canada, at altItudes of 125,000 and 127.000 feet, respec­
tively. utIlizmg 5,000.000-cublc-foot balloons The first 
was capable of a vertIcal look angle only. the second 
mcluded a motor-dnven gear system to proVide omm­
dIrectional coverage of the sky A large amount of data 
was obtamed on the energy spectrum and angular dIs­
tnbutIon of protons above 50 and alpha-particles above 
200 million electron volts m energy 

BIOSCIENCE 
The bIOSCIence program IS relatively young but IS 

destmed to expand as the Voyager Program focuses 
mcreasmg emphaSIS on the search for life on Mars At 
present. the program can be subdIVIded mto two cate­
gones exobIOlogy supportmg research and the Automated 
Biological Laboratory (ABL) 

Exobiology 

This effort IS desIgned to proVIde. WIth the collabora­
tion of other NASA centers. the technological base for 
the life detection and charactenzatlon expenmental 
hardware It mcludes activIty m SCIentific expenment 
formulatIOn, studIes of the growth and photosynthetIc 
characteristics of microorganisms. applIcatIOn of power­
ful laboratory mstrumentatIon such as a combmed gas 
chromatograph-mass spectrometer to hfe-related com­
pound IdentlficatIon, and studIes of the effects of Mars­
like enVIronments on terrestrial mIcro biOta 

Of these. the latter IS the most noteworthy Durmg 
the past 18 months. soil samples were obtamed from the 
Eastern Sahara and the Chilean Atacama deserts for the 
purpose of determmmg theIr microbIal content These 
areas were chosen for theIr and. and perhaps Mars-lIke, 
chmatic conditIons To date. no SOlI tested. no matter 
how dry. has been found Without Viable microbiota 

A trip to the Antarctic was recently undertaken m order 
to mvestIgate still another climatiC variant and Its effects 
on Iivmg organisms The findmgs should be particularly 
relevant to the question of frozen subsurface water and 
Its relationshIp to hfe support 

RESEARCH AND ADVANCED DEVELOPMENT 

Automated BiologIcal Laboratory 

The ABL program. officially Initiated In March 1966. 
consists of a study made to define the speCIfic SCientific 
obJectives and strategy for the bIOlOgIcal exploration of 
Mars, and a number of related technology development 
actiVItIes 

The study has made conSIderable progress m establIsh-
109 a strategy A formalIzed hypotheSIS testmg method­
ology has been chosen. and efforts are now under way 
to translate a selected set of hypotheses mto experiments 
and then mto spacecraft mstrumentatIon 

The ABL technology development efforts have In­
cluded studies or hardware developments In each of 
the four ABL subsystems (1) sample acqUlSItIOn and 
transport. (2) sample processmg (mcludIng both me­
chamcal and wet chemical). (3) mstruments and de­
tectors. and (4) control and data handhng The first 
of these subsystems has receIVed the most emphaSIS to 
date. smce ItS function IS a prereqUiSite to the others 

SPACE SCIENCE 
AND TECHNOLOGY 
FLIGHT EXPERIMENTS 

An actiVity of conSIderable Importance IS the develop­
ment and construction of SCientific expenments to be 
flown on vehicles other than JPL spacecraft These have 
mcluded high-altitude balloons. Aerobee rockets. NASA 
aircraft. and earth orbiters Lunar orbIters and manned 
lunar landmg flights are also scheduled to carry JPL 
experiments The SCientIfic Investigator teams Involved 
m these expenments frequently Include faculty and staff 
members from universItIes and personnel of variOUS 
NASA Centers 

OGO-E Solar Wind Spectrometers 

The fifth m the senes of Orbltmg GeophYSical Ob- -
servatory satellItes (OGO-E). to be launched m 1968. 
Will carry two JPL mstruments to mvestIgate the detailed 
properties of the plasma our to about 120.000 mIles 
from the earth The Instruments WIll be Identical. but 
one wIll be mounted on a solar panel. and Oriented 
toward the sun. and the other wIll be on the body of 
the spacecraft. pomted outward from the earth. so that 
a Wide range of directIOns can be covered 

The plasma spectrometers wIll measure the properties 
of the undIsturbed solar Wind when the observatory IS 
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Electronic assembly of OGO-E plasma spectromete~ 

near apogee on the sunward side of the earth, and the 
properties of the plasma in the magnetosheath, the mag­
netosphere, and the magnetospheric tail at other times. 

The spectrometers are more complex than any flown 

before. Each contains two independent measuring instru­

ments: a curved-plate electrostatic analyzer, which meas­
ures the differential flux and energy spectrum of protons 
and electrons in a relatively narrow acceptance cone, and 
an ac-modulated Faraday cup probe that measures the 
total proton flux within a wide acceptance cone and 
determines the mean direction of plasma flow within 
this cone. The two sensors are thus complementary. 

. The distinctive features of the OGO-E experiment 
are its capability of making measurements with high 
resolution in energy and high time resolution at the same 
time. The total flux probe can measure the flux and 
direction of the plasma seven times per second at the 
highest OGO telemetry rate (64 ,000 bits/ sec). The 
electrostatic analyzer can obtain a complete 32-point 
energy spectrum approximately every 10 seconds. This 
capability is provided by a programmer computer which 
continually keeps track of the position of the peak in 
the plasma energy spectrum and selects that set of 32 
energy windows (from the 128 llvailable) which fits 
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the observed spectrum at anyone time. Thus, a complete 
energy range from 2 to 16,000 electron volts can be 
covered, but only the most interesting portion of that 
range is measured . 

ALSEP Solar Wind Spectrometer 

When the first manned Apollo lunar landing is accom­
plished, the astronauts will set up a group of experiments 
on the moon's surface which will function automatically 
and return data to the earth for one year thereafter. This 
experimental operation, known as the Apollo Lunar Sur­
face Experiments Program (ALSEP), includes an ac­
modulated multiple Faraday cup solar wind spectrometer 
being developed at JPL. 

This instrument will measure the energy spectrum and 
direction of the electrons and protons flowing from the 
sun which strike the lunar surface. It contains seven 
gridded Faraday cup detectors oriented to give coverage 
of the entire sky. The upper and lower bounds of the 
ac modulation, which is applied to one grid of each 
detector, determines the energy of electrons or protons 
that can enter and be detected. Fourteen energy windows 
ranging from about 100 to 10,000 electron volts will 
be used for protons and seven windows from about 1 
to 100 electron volts for electrons. The direction of the 
incoming solar wind at any time is determined from the 
relative amounts of current flow in the seven detectors. 

Biosatellite Fluorometry Experiment 

A study of the metabolic balance of a primate during 
prolonged weightlessness will be one of the principal 
experiments of the 30-day Biosatellite D flight. The 
Biosatellite project is under the direction of the Ames 
Research Center ; the primate metabolic balance experi­
ment is a jOint endeavor involving staff members at UC 
Berkeley, UCLA, and JPL. 

Instrumentation is being designed and constructed at 
JPL for automatic sampling and analysis of urin~-at 
6-hour intervals dUTing the entire flight under zero gravity 
conditions. Analysis by fluorometric means is used to 
determine the concentrations of calcium, creatine, and 
creatinine; pH will also be measured. 

The techniques developed for operating miniature-scale 
wet-chemical processes repetitively and automatically 
will lend themselves to future planetary exploration pro­
grams. An exciting possibility for future earth-based use 
of some of these techniques exists in the development of 
automated hospital laboratory systems. 



Lunar Orbiter Selenodesy Experiment 

The first two of the series of Lunar Orbiters have been 
successfully placed in orbit around the moon. Enonnous 
quantities of data have already been collected from these 
two orbiters. and some preliminary results calculated. 
Improved digital computer programs are simultaneously 
being evolved for obtaining final results. 

The analysis of the radio tracking data will lead to 
more accurate values for the lunar oblateness and eccen­
tricity of the lunar equator. the coefficients of the higher 
hannonics of the lunar gravitational field. and a new. in­
dependent detennination of the mass of the moon. These 
constants pertaining to the mass and mass distribution of 
the moon will be of considerable interest with respect to 

questions of the origin of the moon and the earth-moon 
system. the internal composition of the moon. funda­
mental astronomical constants. and related problems. 

The gravitational constants will further be useful in 
planning for later lunar orbital missions and in verify­
ing the trajectories for manned Apollo missions. In 
addition. the process of detennining gravitational con­
stants also yields the most precise orbit possible. which 
will aid in locating the terrain that was photographed. 

LArge un/urlable spacecraft communications antenna 
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Temperature Sounding Experiment 

A satellite-borne infrared radiometer is currently under 
development designed to obtain atmospheric temperature 
infonnation on a world-wide scale for use in meteorolog­
ical studies of circulation and weather prediction. This 
multidetector radiometer measures the radiation emitted 
from the ground and the CO2 in the atmosphere at a 
wavelength near 4 .3 microns. The data are used to 
derive atmospheric temperatures at several altitudes be­
tween sea level and 150.000 feet. 

The multidetector radiometer is now under test and 
will be flown on a high-altitude balloon in January 1967. 
The purpose of this flight is to verify the validity of the 
experimental approach. 

A logical follow-on to an earth satellite experiment 
with this instrument is the remote sensing of the Martian 
atmospheric temperature from a fly-by or orbiter mission. 

ELECTRONICS 
Electronics research contributes to the technology 

of telecommunications. including both spacecraft and 

ground subsystems. guidance and attitude control. and 
control and data handling. In addition. it is a part of 
the spacecraft systems discipline and its primary ele­
ments. electronic components reliability and electronics 
packaging. 

Telecommunications 

The next-generation ground-based telecommunica­
tions radio subsystems-antenna. low-noise (maser) 
amplifier. and tracking receiver-have achieved a state 
of perfonnance approaching the optimum. For this 
reason. telecommunications Rj AD has concentrated on 

the spacecraft. 
In the area of higher-power radio-frequency power 

amplifiers (transmitters). two major developments were 
made: an electrostatically focused klystron with a variabi~-' 
power output between 20 and 100 watts. and a high­
efficiency 1 ~O-watt traveling-wave tube. 

In addition to higher-power transmitters. future pro­
grams such as Voyager will require larger-aperture space­
craft antennas . Because of volumetric packaging 
limitations under the shroud. large apertures can only be 
achieved by erecting. or " unfurling." the dish. A 9-foot­
diameter parabolOid with a gain of 32.5 decibels. which 
is only 4 feet in diameter when stowed. was developed 
in response to this requirement. 
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Guidance and Attitude Control 

EmphasIs m this area has been on the utIhzation and 
explonatIon of advanced guidance and control compo­
nents m developmental systems for future planetary 
missions 

SEAN. an acronym for a Strapdown Electrostatic 
Aerospace Navigation system. IS a loint NASAjUSAF 
undertakmg Its goals are to develop and establish the 
feaslblliry of a three-axIs mertlal navigation system based 
upon electrically suspended gyros The pnmary advantage 
offered by these gyros IS the absence of metal-on-metal 
beanngs and the attendant fnctlon and unreliability This 
system could find applIcation m such apparently diverse 
vehicles as high-performance milItary aircraft and Voyager 
Mars orbiters 

The second mal or systems effort undertaken dunng 
thiS reportmg penod IS the development of an optical 
approach gUidance system to be flown as an expenmental 
"passenger" on the Manner Mars 1969 spacecraft Ap­
proach gUidance permits the spacecraft to determme Its 
position relative to the target planet by on-board measure­
ments In the planet direction wllh reference to the celestial 
attitude control references (the sun and Canopus) These 
measurements are mdependent from. and therefore com­
plement. the earth-based radiO trackmg data The system 
consists of an Image dissector. optical gimbals. and servos 
for continuous tracking of the planet For Marmer. the 
data computations Will be done on earth. but future mis­
sions might employ an on-board computer 

Other efforts of note mclude studies of remote op­
erations of a rovmg vehicle. development of advanced 
computer-aided optical systems design techmques. studies 
of gUidance radars for soft-Iandmg Mars miSSions. and 
analYSIS of continuous low-thrust (IOn engme. for exam­
pie) orblt-determmatlon techmques 

Control and Data Handling 

The control and data-handhng effort has been charac­

tenzed by a greater application of mtegrated CIrCUits and 

magnetlc deVices to spacecraft subsystem development. 
Increasmgly computer-like approaches to complex space­
craft control functions. and more sophisticated use of 
large general-purpose computers for post-flight SClentlfic­

Imaging data processmg 

The spacecraft subsystem which best exemplifies the 
former two trends IS the Manner Mars 1969 central com­

puter and sequencer The R/ AD program developed the 
technology base for thiS dlgllal subsystem. whIch IS to be 
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fabncated pnmarlly from digital mtegrated CirCUIt elements 
and which IS. m fact. a first-generation spacecraft com­
puter It has a total of SIXteen instructIOns. can add and 
subtract. and IS fully reprogrammable by ground-based 
command 

Work has begun on a self-testmg and repair (STAR) 
computer deSigned to achieve the reqUisite deep-space 
miSSion relIabllIry through a combmatlon of self-testmg 
logiC and hardware redundancy at the CIrCUit and sub­
system levels 

An area which has received conSiderable emphaSIS IS 

that of on-board mass data storage - speCIfically. tape 
recorders Currently defined short-term storage needs fall 
In the 107 to 108 bit range. while long-term needs ap­
proach 109 to 1010 bits or more At the present orne. 
tape recorders are the only known means of prOViding 
storage capacity of thiS magmtude 

The development of an engineering model 107 bit 
tape recorder utllIzmg penpheral tape dnve has recently 
been completed This machme Will prOVide the tech­
nology base for lOS bit and larger capacity recorders 

A development whIch received conSiderable pubhc 
attention IS the post-flight computer enhancement of the 
Manner IV and Surveyor I pictures The use of the digital 
computer makes It pOSSible to recover information which 
could not otherwise be detected The techmque IS now 
being refined for Marmer 69 and Voyager application 

SPACECRAFT AND CAPSULE 
AERO-THERMO-MECHANICAL 
ENGINEERING 

Work done m structural analYSIS. structural matenals. 
thermal analYSIS and control. entry dynamiCs. heat trans­
fer. and the development of speCific. advanced elements of 
Simulation eqUipment has as a common goal provldmg a 
suitable environment In which the hardware can function 
throughout a miSSion In order to establIsh confidence 
pnor to launch that the spacecraft can survIVe the envI­
ronment of space. the conditions to which It Will be ex­
posed In flight must be duplicated on the ground and the 
vanous spacecraft systems tested under these condmons 

Measurements of Solar Thermal Radiation and 
Spectral Distribution 

A determmatlon of the solar mtenslty and spectral diS­
tribution m space IS of concern in spacecraft thermal 
control The values currently bemg used were obtamed 
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(a) 

Surveyor I photograph of spacecraft footpad resting in lunar soil; (a) unprocessed , (b) computer-enhanced 

(b) 
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ftom ground measurements extrapolated tluough the 

ozone layer into space. Two such extrapolations have 
been recognized as standards, but even they differ by 

as much as 50% in some spectral regions. 

Two devices are now available which will obtain the 

required measurements directly in space. One is a cavity 

radiometer designed for the measurement of total thermal 

radiation; experience to date indicates that it provides a 

highly accurate absolute standard. The radiometer is now 

being modified for incorporation as a flight experiment on 

the 1969 Mariner Mars spacecraft, where it will provide 

total solar radiation readings over an extended period. 
The second device, the solar spectrum measuring ex­

periment. will measure spectral distribution as well as 

total intensity. This device contains twelve fast-response 

thermopiles covered with narrow bandpass filters and 

lenses to provide the spectral information. The experiment 

has been flown aboard a research aircraft at altitudes up 

to 45,000 feet and has had one flight on the X-iS research 

airplane to altitudes above the ozone layer. Additional 
X-iS flights are scheduled. during which it is expected 

that the solar spectrum in space will finally be determined. 

Impact Absorption 

One method of helping to ensure survival of instru­

ment payloads landed on planetary surfaces is to sur­

round the payload with an impact-absorbing structure. 

A unique technique which has been tested is to suspend 

the payload inside an air bag, with the bag and the flexible 

suspension absorbing the impact. The device tested used 
a mylar "balloon" made of pentagonal segments, with the 

seams where the segments are joined proViding the cable 
suspension points. This limiter was successfully tested 

at impact velocities of 175 feet per second. 

Pentagonal segments of impact-absorbing balloon being joined at cable-suspension joints 
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Computer Studies of Shell-Type Structures 

The initial version of a computer program for study 

of the static and dynamic properties of shell-type struc­

tures has been completed. This program, Structural 

Analysis and Matrix Interpretive System (SAMIS), in­

cludes the capabilities of (1) generating repres~ntation 

of structures composed of bar, beam, plate, and shell 

elements in any combination, including mass, stiffness, 

pressure (thermal induced and inertial loading), and 

stress matrixes; (2) developing manipulative matrixes 

by use of any of 14 subprograms to affect solutions; and 

(3) solving matrix problems of SOOth order or less. 

MOLSINK 

In an effort to simulate the vacuum conditions of space, 

the MOLSINK (Molecular sink) concept and facility are 

being developed. The facility consists of a vacuum cham­

ber within a vacuum chamber; the inner chamber is 

cryogenically pumped at liquid helium temperatures, the 

outer chamber at liquid nitrogen temperatures. The inner 

surface of the inner spherical chamber is composed of a 

series of helium-cooled, wedge-shaped fins to increase 

the surface area and pumping capacity. 

Obtaining vacuum measurements in tenns of the pro­

portion of molecules leaving a test item that ultimately 

return to it required a parallel effort in instrumentation; 

to this end, a cryogenically cooled quartz crystal micro­

balance was developed. It consists essentially of a thin 

quartz crystal whose frequency is precisely known. As 

particles are deposited on the sensitive crystal surface, 

the frequency changes, and the change can be related 

directly to the number of particles deposited. 

CHEMICAL 
PROPULSION 

Df particular interest in the field of liquid propulsion 

technology is the investigation of the phenomenon of 

resonant combustion in liquid rocket engines, with its 

steep-fronted, high-amplitude pressure disturbances asso­

ciated with destructive oscillatory modes. A rotating, 

detonation-like wave has been postulated, and analytical 

and experimental evidence to date bears out this concept. 

It was observed for the first time that the direction of 

rotation of the fully developed disturbance could be con­

trolled by the circumferential orientation of the initiat­

ing bomb. 
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"State-of-the-art" in liquid technology is exemplified 

by the midcourse propulsion system to be used on the 

Mariner Venus spacecraft in 1967. It is an extremely 

precise, SO-pound-thrust unit using monopropellant­

hydrazine, and is typical of the motors used so success­

fully on previous Ranger and Mariner missions. The use 

of a monopropellant-hydrazine-generated gas supply is 

being investigated for application as a more efficient atti­

tude control system on future spacecraft. 

One of the more promising higher-energy propellant 

combinations under consideration is the oxygen difluoride 

(OFz) and diborane (BzH6) system, offering potential 

payload increases of 25 to 30%. In addition. both com­

ponents can be maintained as liquids relatively easily in 

the space environment. High combustion temperatures, 

toxicity, and corrosiveness present operational problems 

currently under investigation. 

Technicians assembling Mariner Venus 1967 midcourse propul­

sion system 
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Applicalions Technology Salellile showing JPL-developed 
apogee mOlOr 

JPL has completed the design and fabrication of the 

solid-propellant apogee motor for the Applications Tech­

nology Satellites - a series of satellites to be used for 

eXp'eriments in communications, navigation, and meteor­

ology. The motor is similar i~ design to the Syncom/ 

Comsat type but much larger, loading 750 pounds of 

propellant, and has a titanium case . 

In order to evolve and substantiate a theory of visco­

elastic behavior that will permit the prediction of the 

response of a solid propellant to a generalized stress­

time-temperature field , an active study of the rheological 

properties of propellants continues. One facet of this 

effort is.focused on the rheology of filled systems, and in 

particular, slurries. A semi-empirical relation between 

viscosity and the packing density of the particles in the 
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slurry was extended to relate viscosity and particle size, 

with an adjustable parameter being a " stickiness factor," 

or measure of the particle surface energy, which can be 

obtained independently. Consequently, it is now possible 

to get rheological behavior of slurries from particle sur­

face energy measurement or, conversely, to obtain surface 

energy values from rheological measurements. The tech­

niques and theories developed have been applied with 

preliminary success to the study of blood, which is in 

effect a slurry of red cells in plasma. 

The initial phase of an experimental investigation into 

the applicability of a pintle-nozzle system for thrust 

vector control has been completed with encouraging 

results. Cold-flow tests at supply pressures up to 600 psia 

incorporated a pivoting pintle extending downstream 

into the throat of a typical rocket nozzle, with pressure 

measurements being made at several radial locations and 

various axial stations in the nozzle. Side forces obtained 

from the pressure measurements were sufficient to provide 

a means of thrust vector control. 

SPACE POWER 
AND ELECTRIC 
PROPULSION 

In the vast majority of unmanned space exploration 

missions to date, the sun has been used as the primary 

source of energy for spacecraft power. However, for 

future missions requiring much larger amounts of power 

or flown at Significantly greater distances from the sun, 

a nuclear reactor will probably be the chief energy source. 

One of a variety of possible systems for converting the 

nuclear energy into spacecraft electric power is the 

liquid metal magnetohydrodynamic (MHD) system 

under development. Such a system will ultimately use 

cesium vapor to accelerate 20000F liquid lithium: the 

components will then be separated and the lithium de­

celerated in an MHD generator, producing ac power. 

Component tests were made initially with a cold liquid 

metal (NaK) and nitrogen system. A high-temperature 

lithium erosion loop fabricated of a columbium-l % zir­

conium alloy was used for materials compatibility testing. 

A prototype MHD generator was built and tested with 

NaK, yielding several hundred watts of power within 

expected efficiencies. Although its overall effiCiency is 



expected to be lower than that of some competing sys­
tems. the MHD system possesses one dlstmct advantage 
m that It has no movmg parts For long-duratlon mIS­
SIons In particular. this could account for a sIgmficant 
Increase m rehablhty 

In order to study the dynamics of a turbo-alternator. 
alkah-metal. Rankme-cycle. power-conversIOn system. a 
two-loop 20000F hthlUm-boIlmg potassIUm prototype 
was completed and operated contmuously for more than 
10 hours at full power 

An addltJonal aspect of the evolutIOn of space power 

IS the development of a heat-stenhzable battery The ele­
ment most sensitive to heat sterilIzatIOn wlthm the battery 
was found to be the separator. and recent efforts were 
focused on developing a suitable separator material From 
a large number of materials orlgmally tested. a cross-lmked 
polyethylene grafted WIth acrylIc aCId was selected for 
further development and appears to hold promise as a 
sterlhzable separator matenal 

Extensive studies have been made on the applIcabIlity 

of electriC propulSIOn to space miSSIOns as an alternative 
to mcreasmgly larger chemical boosters These studies 
were mltJally predicated on the use of a flight reactor. 
however, recent developments In photovoltalcs have made 
It appear feaSible to use large solar-cell arrays as the pn­
mary power source for electriC propulslOn 

A program IS under way to determme the practIcabIlity 

of large solar-cell arrays The problems of constructIng 

such an array. packagIng It wlthm the confines of the 

launch-vehIcle aerodynamIC shroud. and unfoldmg It m 

space appear largely mechamcal m nature 

DUring the past year. complete Ion propulSIOn systems 

were assembled and tested to prove theIr feaslblhty for 

space propulSIOn Such a system mcludes the Jon thrus­

tors. propellant tanks and feed system. and the power 

condItIoning and controls 

ADVANCED 
STUDIES 

WIth mcreasmg emphaSIS on first-generation Jupiter 

mISSIOns. an mtensIVe study was made of an advanced 

planetary probe concept to meet the SCientific objectIVe 

of measurIng fields and particles In the vlcmlty of JupIter 

Several spacecraft and miSSion deSign concepts were 

studied for a 12-pound payload conslstmg of a magne­

tometer. a Geiger counter with solId-state detectors and 
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IOmzatlOn chambers. and capacltIve film and microphone 

Impact detectors With pulse-height analyzers TranSIt times 
on the order of 500 days were selected as optImum Re­
sultmg spacecraft deSIgns vaned from 710 to 830 pounds 

gross weIght, dependmg on the deSIgn approach 
Smce the completion of the Jupiter srudles m June 

1966. the study team has been mvestlgaung a combined 
Venus/Mercury mission for the 1973 launch oppor­
tumty ThIS study makes the first applIcation of the 
gravity-assist concept. m which a spacecraft mJected on 
a path to a near planet can. under certam condItions. 
receIVe suffiCIent boost from the planet's (e g. Venus) 
gravity dUring Its flyby encounter phase to direct It 
toward the next planet (e g . Mercury) Trajectory cal­
culatIons have shown that durmg certam launch oppor­
tUnIties. not only can suffiCIent energy be added to the 
spacecraft by thiS means. but typIcally. the transIt tIme 

to the second planet IS shorter (sometImes sIgmficantly 

so) than for the direct, hlgher-energy path 

The current Venus/Mercury study IS nearmg comple­

tion Results to date mdlcate that an Atlas/Centaur 

vehicle IS capable of launchmg a spacecraft which con­

tams a 200-pound Venus atmosphenc-entry probe. as 
well as slgmficant flyby payloads for both Venus and 

Mercury The capsule could contam an aerometeorometer. 

a mass spectrometer. a Visual or ultraVIolet photometer, 

an Impactometer. and a three-aXIs accelerometer The 

bus could carry 190 pounds of experIments. mcludmg 

a hlgh- and low-resolutIOn teleVISIon system, a micro­

wave experiment. an ultraVIOlet spectroscope. a mag­

netometer, a solar plasma detector. a trapped-radIatIon 

detector. a mlcrometeorOld experiment. a particle flux/ 

Ion chamber. a cosmic ray and solar charged-particle 

detector. a low-energy proton telescope. and a fast neu­

tron and gamma-ray detector In addItIOn. the mISSIon 

appears capable of performmg RF occultation expen­

ments at Venus and. under certam condmons. at Mercury 

also. and a relatIvIty experIment At encounter for ea:dt 

planet. the system IS capable of gatherIng and stoTlng for 

later playback 2 X 108 bIts of data 

Dunng May 1966. the Future Projects staff was m­

creased m order to perform advanced lunar miSSIon 

studIes A technIque was developed for matchmg candi­

date mISSIOn concepts agamst vanous SCIentIfic objectIves 

m order to determme mimmUm-cost programs under 

various ground rules ApphcatIon of thIS techmque Will 

assist NASA In theIr long-range planmng of lunar 

exploration 
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FINANCIAL MANAGEMENT 
AND PROCUREMENT 

Continued emphasis was placed on the use of incentive 
contracts by the Procurement Division. Two significant 
examples are the conversion of the Surveyor contract with 

Hughes Aircraft Company from a cost-plus--fixed-fee type 
to a combination cost-plus--incentive-award type, and the 

contract for maintenance and operation of the Goldstone 

Deep Space Communications Complex with Bendix Cor­
poration, which was written as a cost-plus-award-fee type. 

A time cost reporting system is being implemented, 

which will provide quarterly forecasting of project costs, 
including updated cost-to-complete information based on 
data derived from the Technical Managers, the Project 

Offices, and Financial Management Reports. The Business 

Systems Section installed an IBM 360 computer to provide 

Other Activities 

business management information more rapidly and at 

lower cost than the computer equipment used previously. 

The Automatic Data-Processing Requirements Office 

was established to provide a central source of information 
and control of the automatic data processing equipment 

and services of the Laboratory in both technical and busi­
ness applications. 

The FY '66 cost reduction goal was 6 .5 million dollars. 
At the close of the fiscal year, the Laboratory reported 

8.1 million dollars of validated cost reductions. The 

FY '67 cost reduction goal is 7 million dollars, and pres­
ent indications are that it will be attained . A highlight 

of the Cost Reduction Program was a series of posters 
displayed at strategic locations throughout the labora­
tory. These posters consisted of photographs of familiar 
persons or objects with suitable captions and proved to 

be a highly successful means of keeping the program in 

front of the employees. 
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OTHER ACTIVITIES 

FI SCAL YEAR 1966 EXPENDITURES 
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PERSONNEL 
With the increase in manpower ceiling from 4000 to 

4400, the reduction-in-force trend of 1965 was reversed, 

and an intensive recruiting effort was initiated. Employee 
development activities were continued at an accelerated 
rate. 

C of F - CONSTRUCTI ON OF FACILITIES 

MISC. - MISCELLANEOU S 

Changes were effected in employee benefits. The an­
nuity plan was broadened to provide a variable option, 
and a change was made in the health insurance plan for 
people over 65 to correlate it with Medicare . 

A University Office was established in July 1965 to 
coordinate JPL's relationship with universities. A new 
Resident Research Associates Program for the Laboratory 
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was establIshed under the aegis of the National Academy 

of SCiences and the new National Academy of EngIneer­

Ing, designed pnmanly for umversJty faculty, especially 

In the field of engIneerIng In addition, assistance was 

rendered UCLA and USC In their Space Technology 

Summer InstItutes, and similar support was provided the 

UCLA Summer Institute In Space Biology 

A NASA-Western Umverslty Conference was held at 

JPL In November 1965. featunng the aCtiVIties of the 

Jet Propulsion Laboratory, Ames Research Center, and 

the Flight Research Center Its purpose was to present 

the current technIcal programs of the NatIonal Aero­

nautics and Space AdmlnIstratlon of Interest to umver­

sJtles and colleges and to descnbe the vanous mechanisms 

through which faculty members can partiCipate In these 

programs 

Major aCtIvity of the Office of Public Educational Ser­

VIces continued In support of both the Laboratory's efforts 

In general public education and certaIn NASA programs 

dIrected toward teacher-student' audiences Educational 

materIal was supphed from JPL sources and from NASA's 

DlV1slOn of Educational Programs to aSSIst Los Angeles 

County school lIbranes to update and upgrade space­

related data. and teachers and students In elementary and 

secondary schools. as well as colleges and umversltles 

were furnished matenal relatIve to specific study or re­

search tasks 

Other entltJes SImIlarly supported m theIr educational 

efforts were the NASA-Western Support Office m Santa 

MOnica. the Caltech PublIc RelatIOns Office. the NASA 

Headquarters DIVISIon of Special Actlvltles, and numer­

ous public and prIvate museums. planetarIums, profes­

sIonal SOCietieS, and amateur astronomIcal and rocketry 
groups 

PATENTS 
AND NEW 
TECHNOLOGY 

The Office of Patents and New Technology received 

215 reports of Items of new technology. of which 170 

were formally reported to NASA From these reports, 

NASA authOrIzed the preparatIOn of 53 U S patent 

apphcatIons 

In the area of new technology, the Office of Patents 

and New Technology aSSisted In several techmcal surveys 

and other speCial programs and projects for NASA's 

OTHER ACTIVrI'IES 

Office of Technology UtilizatIon. and replIed to 846 

requests from Industry and laymen for additional Infor­

manon relatIng to publICized Items of new technology 

FACILITIES 
FaclhtIes aCtiVities durIng the year Included the revI­

sion and updatIng of the Master Plan for JPL for the 
10-year penod endIng December 1975 A Master Land­
scapIng Plan was also developed, With construction and 

plantIng begInning about the end of December 1966 
The Space Sciences Laboratory. a 97,000 square-foot, 

nIne-story structure hOUSIng phYSICS and chemistry labo­
ratories. offices, and a machine shop was ready for occu­
pancy late In 1965 The MaterIel Services Building, a 

combInatIon warehouse and office structure coverIng 
70,000 square feet. was completed early In 1966, and 

constructIon was started on a two-story office-laboratory 
addItIon to the Vehicle Assembly BUildIng. scheduled for 

completion In January 1967 

The StenhzatIon Assembly Development Laboratory 
(SADL), consistIng of a lam mar downflow, Class 100 
dean room, a complete bIOlogical laboratory, and de­

contamination and termmal stenhzatlon chambers, was 

completed durIng the year SADL will be used to make 
studies and develop the technIque reqUIred to fabricate 

and assemble spacecraft capsules so as to meet the plane­

tary quarantme reqUirements established for Voyager­

type missions 

The 25-foot space Simulator was modified to prOVide a 

larger Illuminated area of solar Simulation With Improved 

quality and collimatIon ThiS was accomphshed by means 

of a spherIcal colhmatmg mirror, 23 feet In diameter. 

alumInized m place by a JPt-developed process utl!xzmg 

a Single alummum billet and an electron beam gun to 

vaporize the billet The mmor IS constructed of nbbed, 

pie-shaped alumInum sections welded together and then 

ground to the appropriate spherical contour Improve: 

ments were also made In the cryogenIC system and the 

central control system 

The first leg of a new primary east-west route across 

the Laboratory has been completed. With the balance of 

the work scheduled for next year Plans were made to 

lInk the Mesa Antenna Test range to the Laboratory. and 

work win start on the road as part of the constructIOn of 

a l.OOO,OOO-gallon water storage facility on JPL property 

Development of a new 500-car parkmg lot has been 

started, and two helIstop pads were constructed on the 

roof of the new Materiel SerVIces bUilding 
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