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The planet Mercury figured spectacu­
larly in the year's Right activities. The 
second and third encounters of the sun's 
closest neighbor by the Mariner Venus/ 
Mercury 1973 spacecraft were historic 
accomplishments in space exploration. 

Testing of the two Viking Orbiters 
was completed at the Laboratory, and the 
spacecraft were shipped to the Cape for 
launch preparations. The Mariner Jupiter/ 
Saturn 1977 Project evolved into the 
definition and planning of science and 
mission operations, and fabrication of 
subsystems was begun. 

During the fiscal year, JPL was as­
signed management of the SEAS AT-A 
Project, designed for 1978 launch to 
demonstrate the capability for making 
ocean state measurements from polar orbit. 
The mission will be a precursor for later 
operational systems. 

The Laboratory continued to support 
the Pioneer 10 and 11 missions to Jupiter 
and Saturn and participated in preliminary 
work on the Pioneer Venus 1978 Project. 
JPL provided mission and tracking support 
for the Helios 1 spacecraft, working in 
conjunction with a West German team. 

Planning proceeded for a proposed 
Mariner Jupiter/Uranus 1979 mission. An 
authorized FY 1977 project start would 
enable this eHort to interface with the 
Mariner Jupiter/Saturn 1977 Project at 
minimum cost. 

The year was productive in other areas 
of Laboratory commitment. Project ARIES 
gathered data in a system of distance 
measurements across fault lines that may 
develop into an earthquake early-warning 
system. Research and advanced develop­
ment continued as a Significant JPL eHort, 
including such tasks as x-ray photoelectron 
spectroscopy, drop dynamics, laser technol­
ogy, and photovoltaic research. 

Major trends were beginning to 
emerge in non-space fields. Energy research 
promises to achieve prominent stature 
during the 1970s and 1980s in the Labora­
tory's evolvement as a national resource 
facility. Projects included definition of a 
national geothermal energy program and 
development of low-cost silicon arrays in 
an eHort to improve industry's capacity to 
utilize solar radiation in reducing the 
nation's dependence on fossil fuels. 

The hydrogen injection engine project 
entered the vehicle system design phase. A 
study on alternative automotive power 
plants for the future was completed in 
collaboration with the Environmental 
Quality Laboratory. 

The Deep Space Network supported 
the Mariner 10 mission, several of the 
Pioneer series, and Helios 1. The DSN was 
geared to provide full coverage of the dual 
Viking mission that will culminate in 
landings on the surface of Mars in mid-
1976. 

JPL personnel participated in a task 
instituted by the NASA Administrator that 
would attempt to define and forecast the 
trends and capabilities of the national 
space program during the next quarter 
century. This study examined all aspects of 
the program, ranging from the contribution 
of space science and technology to the 
quality of life through the social, political, 
and economic impact of space on the total 
society. 

/)Ij/~ 
W. H. Pickering 
Director 
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Major project activities at the Labora­
tory during the 12-month period ending in 
June 1975 included 

(l) Completion of the extended mis­
sion phase of the Mariner 10 dual­
planet flyby mission to Venus and 
Mercury. 

(2) Conclusion of the development and 
fabrication of the Viking Orbiter 
spacecraft, and continuation of the 
planning and checkout of mission 
support activities for launchings in 
August 1975 and for gathering data 
from orbit and Lander operations 
at Mars in 1976. 

(3) Continuation of spacecraft devel­
opment and mission operations 
planning for the 1977 launches of 
two Mariner dual-planet missions, 
each to fly by Jupiter and Saturn. 

(4) Initiation of development of an 
ocean observation satellite, SEA­
SAT-A, including mission opera­
tions planning for placing the 
satellite in earth orbit in 1978. 

JPL also continued to be heavily 
involved in providing significant flight 
operations support to the Pioneer 10 and 
11 flyby missions launched toward Jupiter 
and Saturn. Additionally, technical consul­
tation and mission operations support 
continued to be furnished on the West 
German-US Helios missions to investigate 
solar phenomena to within approximately 
0.30 astronomical unit (45 million kilome­
ters) of the solar surface. 

Mariner Venus/Mercury 
1973 

Mariner 10 exhausted its attitude 
control gas supply on March 24, 1975, and 
the spacecraft transmitter was turned off. 
The end of the historic flight of Mariner 
10, after 506 days and nearly 1.6 billion 
kilometers of travel since liftoff on Novem­
ber 3, 1973, marked the completion of the 
world's first dual-planet gravity-assist mis­
sion. 

Artist's concept of Viking spacecraft 

Following successive flybys of Venus 
at 5000 kilometers on February 5, 1974, 
and Mercury at 703 kilometers on March 
29, 1974, trajectory correction maneuvers 
were executed that resulted in a second 
flyby of Mercury at 50,000 kilometers on 
September 21, 1974, and a third at 327 
kilometers on March 16, 1975. 

Man's knowledge of the two innermost 
planets of the solar system has been 
dramatically enlarged by the Mariner 10 
mission. The large amount of data re­
turned, including 3500 photographs of 
Venus and 3700 of Mercury, has resulted in 
information of great scientific value con­
cerning these two planets-and has raised 
additional questions yet to be answered by 
future missions. 

Flight Projects 

The Venus encounter yielded new 
information regarding the planet's atmo­
sphere, atmospheric flow, and solar wind 
interaction, extending and complementing 
results obtained by previous Mariner and 
Venera spacecraft. A comet-like plasma 
tail, extending hundreds of Venus radii 
downstream, was observed. Ultraviolet 
spectroscopic measurements revealed the 
presence of atomic helium in the atmo­
sphere and ten times the amount of atomic 
oxygen existing at Mars, placing an impor­
tant limit on vertical atmospheric mixing. 
Radio propagation and television observa­
tions of the upper atmosphere indicate the 
presence of stratification, speCifically two 
distinct aerosol-bearing haze layers above 
the tropopause. Near-ultraviolet imaging 
showed, in remarkable detail, a symmetri­
cal but complex system of cloud-like 
patterns, indicating circulation in the upper 
atmosphere in the same retrograde direc­
tion as the planet's rotation. However, the 
atmospheric circulation has a period of 
about 4 earth days, compared with 243 for 
the solid surface, and develops into vertical 
vortices at the poles. 

Mercury, the smallest planet of the 
solar system, has always been difficult to 
observe because of its size and proximity to 
the sun. The best earth-based photographs 
have revealed only an enigmatic, virtually 
featureless disc. Mariner 10's three succes­
sive flybys of Mercury have dispelled much 
of the mystery surrounding the sun's closest 
neighbor. The photographs reveal a highly 
cratered moon-like surface with vast areas 
strikingly similar to the lunar highlands and 
maria, suggesting a well developed crust 
some tens of kilometers thick of a silicate 
composition resembling that of the moon. 
The existence of a light crust on a high­
density planet indicates it to be chemically 
differentiated, i.e., moon-like near the 
surface and earth-like in the interior. 

Photomosaic of Mercury made from Mariner 10 
pictures taken at a distance of 234,000 kilometers 
from the planet. 
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1. Largest structural feature discovered on Mercury 
is a basin 1300 kilometers in diameter, bounded by 
mountains as high as 2 kilometers. 2. Mercury's 
northern limb showing scarp hundreds 01 kilometers 
long is believed to be the result of compression due 
to crustal shortening. 3. Fresh impact crater, 
photographed from a dista1ce 01 34,000 kilometers, 
has a diameter of 120 kilometers. 4. Mercury's 
south pole, located inside a large crater, was 
photographed dIxing Mariner's second flyby. 
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Analysis of data from the ultraviolet 
experiment indicates that Mercury is sur­
rounded by an extremely thin atmosphere 
having helium as a prime constituent at a 
partial pressure at the terminator of about 
5 X 10-12 millibar. The total pressure of 
the atmosphere at the surface is less than 2 
X 10-9 millibar, which contrasts with a 
pressure of approximately 980 millibars at 
the sea level of earth. 

A particularly surprising discovery was 
a planet-related magnetiC field acting as a 
barrier to solar wind flow toward the 
surface. Mariner's third encounter with 
Mercury showed that this field is of internal 
origin. Thus Mercury joins the earth and 
Jupiter in the list of planets possessing 
internally generated magnetic fields. While 
this finding is consistent with the concept 
of a large iron core in Mercury, it is 
somewhat puzzling in light of Mercury's 
slow rotation. 

The results of the celestial mechanics 
experiments have confirmed that the mean 
density of Mercury is 5.44 grams per cubic 
centimeter, only slightly less than that of 
earth, and that its equatorial diameter of 
4878 kilometers, as contrasted to earth's 
diameter of 12,750 kilometers, is in close 
agreement with measurements made by 
earth-based radar. 

The success of the Mariner 10 mission 
is an achievement not only in interplane­
tary scientific exploration and engineering 
but also in project management In the 
words of the Administrator at NASA, "The 
Project Team developed and agreed to a 
restrictive financial plan at the onset, and 
proceeded to deliver full performance on 
time and under the cost estimate." 



Viking Mars 1975 
The Viking Project comprises two 

missions designed to orbit and soft-land 
spacecraft on the surface of Mars. Each 
spacecraft consists of an orbiter carrying a 
sterilized capsule to be landed by para­
chute, and braking rockets. The spacecraft 
will be launched by Titan/Centaur vehicles 
in August 1975, with the first landing 
scheduled to occur on July 4, 1976. * 

The basic objective of the Viking 
missions is to make direct measurements in 
the atmosphere and on the surface of Mars, 
and to make observations of the planet 
during approach and from orbit. Particular 
emphasis is being placed on obtaining data 
concerning biological, chemical, and envi­
ronmental factors that may indicate the 
past, present, or potential existence of 
some form of life on the planet. 

The Langley Research Center of 
NASA has overall management responsibil­
ity for the Viking Project. The Lander 
System has been developed under contract 
to Langley by the Martin-Marietta Corpo­
ration, and the Lewis Research Center has 
responsibility for the Launch Vehicle 
System. JPL's assignment is the develop­
ment of the Orbiter System, the Tracking 
and Data Acquisition System activities, and 
the Mission Control and Computing Center 
System. 

The Orbiter System serves as the 
Lander capsule transport through the 
launch, cruise, orbit injection, and surface 
surveillance phases prior to capsule detach­
ment and descent to the surface. During 
descent and after landing, the Orbiter acts 
as a radio relay to earth for data coming 
from the Lander. 

The objectives of the Orbiter System, 
in addition to placing the Lander into a 

. Mars orbit suitable for a landing sequence 
and serving as a communications relay 
between the Lander and earth, are to 
obtain visual, t1;t~rmal, and water vapor 
data while in orbit. Information derived 
from these data will be used to select sites 
for the Landers and permit further investi­
gation of the dynamic characteristics of the 
planet and its atmosphere. Radio experi­
ments will obtain data that will improve 
planetary navigation capabilities and, 
through measurements of radio propaga-

* Viking 1 was launched on August 20, 1975, 
and will arrive at Mars on June 19, 1976. 
Preparations for the launch of Viking 2 were 
under way at the time of this printing. 

tion characteristics in and through the 
Martian atmosphere, provide additional 
information concerning the properties of 
the atmosphere. 

Each Orbiter carries two television 
cameras with color filters and high-resolu­
tion telescopes to provide visual imaging of 
the planet's surface. Water vapor mapping 
will be accomplished with an infrared 
spectrometer, and thermal mapping will be 
carried out by an infrared radiometer. 

Each Lander contains eight science 
investigation packages. These packages 
provide instrumentation for imaging, bio­
logical, molecular analysis (organic), and 
chemical analysis (inorganic) experiments 
and for meteorological, seismological, and 
magnetiC and physical properties measure­
ments. 

Upon completion of the pre-shipment 
review in January 1975, both flight Orbit­
ers were delivered by the Laboratory to the 
Eastern Test Range at the Kennedy Space 
Center to undergo final checkouts and 
assembly with the Landers. Following 
intensive interface and system testing, the 
Orbiter and Lander were mated for the first 
time in March as part of the overall flight 
compatibility testing program. The Or­
biter/Lander assembly was then encapsu­
lated inside the shroud of the Centaur stage 

Viking Orbiter (lower portion of spacecraft) will 
transport the Lander to Mars. 

and mated with the Titan III-D launch 
vehicle for additional compatibility testing. 
All tests were successfully completed. 

Both flight Orbiters are now in final 
flight preparation, with the mating opera­
tions for the first launch scheduled to start 
in early July. Target for the first launch is 
August 11; the second launch is scheduled 
for August 21. 

Viking mission operations test and 
training activities have involved the partic­
ipation of a considerable number of JPL 
personnel, including people from the Deep 
Space Network and the Office of Comput­
ing and Information Systems. Extensive 
ground data system and computer software 
testing was performed to ensure that a full 
capability exists to acquire and process the 
data returned from both the Orbiters and 
the Landers. Special tests were conducted 
between the flight spacecraft at the Eastern 
Test Range and the Viking Mission Control 
and Computing Center at JPL to verify the 
overall compatibility between the systems. 

Orbiter science planning continued, 
and the Orbiter and Lander mission design 
documents were published. Primary and 
alternate landing sites have been selected 
that will allow the Orbiter investigations to 
fully complement the Lander investigations 
while the Orbiter instruments conduct 
surface surveys. 
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Model at Mariner 
Jupiter / Saturn 1977 spacecraft. 

Mariner Jupiter/Saturn 
1977 

The Mariner Jupiter/Saturn 1977 Pro­
ject, being managed by the Laboratory, 
involves the launching of two spacecraft in 
August and September 1977 on flyby 
missions to Jupiter and Saturn. Each 
spacecraft will successjvely encounter Jupi­
ter in 1979 and Saturn in 1981 using energy 
acquired by gravity turns at Jupiter to 
accelerate it on its trajectory toward 
Saturn. The basic objectives of the Project 
are to further knowledge concerrung the 
origin and the propertie: of the two largest 
planets of the soLar system and to gam 
adrutional information on the characteris­
tics of interplanetary space in the vicinity 
of the outer planets. Particular emphasis is 
being placed on obtaining data on the 
environments, atmospheres, and surface 
and body features of the two planets, 
including inve!>t.igations f one or more of 
their satellites and the rings of Saturn. 
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Power for operation of the fully 
attitude stabilized spacecraft will be pro­
vided by radioisotope generators under 
development by the Energy Research and 
Development Administration (ERDA). The 
spacecraft, each carrying a mjssion module 
we ighing ap proximately 775 kilograms, 
will be launched by Titan IlIE/ Centaur 
D-IT vehicles, w ith the fin al velocity 
increment being provided by a spacecraft 
propulsion module. The mission module is 
an extension of the Mariner !>l>acecraft 
family, augmented in capability to meet the 
reqwrements for 4 or more years of 
operat ional We, longer-range communica­
tions, precision navigation, solar-indepen­
dent power, and resistance to the radiation 
at Jupiter, and to pro ide in-fUaht adaptive 
capability to support the science 
investigations. 

Instruments are under development to 
support eleven distinct but complementary 
investigations of the planets, their satel­
lites, and the interplanetary and inter tellar 
media. Five optical instruments, which can 
view the entire celestial sphere, are 
mounted on a scan pLatform. On-board 
computer systems will adapt s ac craft and 
instrument operations to the differing data 
acqwsition requirements at Jupiter and 
Saturn, and during other mi..~sion phases. 
The use of X-band as well as S-band 
commurucations frequencies and a arge 
directional antenna permits data to be 
returned at very hjgh rates at both Jupiter 
and Saturn.. Data return should be achieved 
to a distance of at least 20 astronomical 
units (3 billion kilometers) reached 8 years 
after launch. 

During the past year, activities have 
focused on detailed defutition, review, and 
fabrication of spacecraft subsystems and 
instrumentation, leading to the assembly 
and test of the initial spacecraft system in 
mid-1976. As a result of Pioneer 10 and 11 
measurements of the severe radiation 
environment at Jupiter, a major activity has 
been to assess the spacecraft design relative 
to the abiHty to survive and make meaning­
ful scientific measurements in this environ­
ment. Component parts, materials, and 

ircuit design have been analyzed and 
tested for radiation effect~. Redesign, parts 
substitution, and processing changes have 
been undertaken where appropriate, and 
moderate amounts of sruelding have been 
incorporated into the spacecraft structure. 

Detailed planning of the science obser­
vation sequences and mission operations 
was also begun, ba 'ed on preliminary 
trajectories. A mjssion operations system 
capability reqwred to control and support 
spacecraft operations has been defined and 
reviewed. 

SEASAT-A 
The SEASAT -A Project was initiated 

in the fall of 1974, with the Laboratory 
being assigned the Project management 
role. The Project is being conducted for 
NASA's Office of Applications and is a 
proof-of-concept mission for a program 
that is expected to culminate in an opera­
tional system. The launch of SEASAT-A, an 
earth-orbiting ocean observation satellite, 
is planned for the spring/ summer of 1978, 
and the satellite will be operated in orbit 
for at least 1 year. 

The SEASAT-A objectives include 

(1 Demonstrating a capability to 
make important applications-ori­
ented ocean measurements from 
orbit. 

(2) Providing these data to a broad 
group of users interested in apply­
ing them for economic and social 
benefit. 

(3) [nvestigating and demonstrating 
key techniques needed for mtme 
operational systems. 

The satellite instrumentation will mea­
sure such physical characteristics as surface 
winds, surface water waves, currents, ice 
fields, bergs and leads, conrutions in coastal 
regiOns, and the geoid. 



Users associated' with the Project are a 
number of interested government agencies 
(National Oceanic and Atmospheric Ad­
ministration, Department of Defense), 
research institutions (Scripps Institute of 
Oceanography), universities (City Univer­
sity of New York, University of Michigan), 
and private industry (Sea Use Council). 
Foreign participation is also expected. The 
SEASA T concept is in large part the 
creation of these user representatives, who 
have been involved in the planning of the 
Project from the outset, operating as a 
group termed the SEASA'F Users Working 
Group. 

The satelHte will consist of a space­
craft bus carrying a sensor (payload) 
module. The module will contain the five 
flight sensors, their antennas, and support­
ing control and data handlillg equipment. 
Four of the sensors will use microwave 
radar techniques to obtain surface informa­
tion. They include a short-pulse radar 
altimeter, a wind measuring sensor Or 
scatterometer evolving from Apollo and 
Sky lab Hights, a synthetic aperture radar 
which will provide images of wave pat­
terns, ice fields, etc., and a scanning 
multichannel (five-frequency) microwave 
radiometer (SMMR), which will provide 
global' sea surface temperature data. The 
fifth instrument is a visible and infrared 
radiometer derived' directly from an Im­
proved Tiros Operational Satellite (ITOS) 
Project experiment. 

The satellite will orbit at an 800-
kilometer altitude and will be able to 
detect conditions at the ocean surface 
through cloud cover as well as in areas 
where the atmosphere is clear. Fourteen 
orbits will be Hown each day, providing a 
network of data over the oceans between 
72° north and south latitudes. 

IData will be returned to earth on an 
orbit-by-orbit basis and will be studied by 
the users as they are collected during the 
mission. The daily worldwi~!, network of 
information will be combined with data 
from local sources to provide detailed 
knowledge of what can be learned from 
orbit with these kinds of sensors, and to 
yield for the first time integrated coverage 
of the whole ocean surface over a full 
seasonal cycle. 

The Project is planned so as to use 
existing equipment and facilities to the 
maximum extent appropriate. Develop­
ment is being limited mainly to the radar 
instruments and to methods for the han­
dling of the data produced. Tile satellite 
bus will employ an already designed 
spacecraft obtained by a competitive 
bidding process from industry. The syn­
thetic aperture radar and the SMMR are 
being provided by JPL, the altimeter by the 
Wallops Flight Center, the scatterometer 
by the Langley Research Center, and the 
visible and infrared radiometer by the 
Goddard Space Flight Center. The data 
collecting and recording activity will use 
the satellite tracking and operations facili­
ties operated by Goddard Space Flight 
Center. Some users plan significant data 
processing activities employing their own 
facilities and resources. 

SEASAT A, 10 be IaUllched in 1978. will make 
ocean rnEI8Sl:If'ements from ortxl 
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Other Project Activities 
The Laboratory is participating in the 

Pioneer Venus 1978 Project, managed by 
the Ames Research Center. This Project 
Includes a multiprobe mission and: an 
orbiter mission to Venus to investigate the 
Venusian atmosphere and surface. JPL will 
assist the Project by providing navigation, 
tracking, and data acquisition and comput­
ing support to both missions. 

Support to the Pioneer and Helios 
Projects is continuing. The Pioneer 10 and 
11 missions to Jupiter and Saturn are 
managed by the Ames Research Center ·of 
NASA, with JPL being responsible for the 
spacecraft navigation, operations and anal­
ysis, tracking and data acquisition, and 
computerized mission control support. The 
US-West German jOint Helios Project is 
co-managed on behalf of the Urtited States 
by the Goddard Space Flight Center. JPL is 
prOViding techrtical advice and support on 
mission operations, spacecraft design and 
testing, tracking and data acqui.sition, 
mission control computing, and navigation. 

One year after the first Byby of Jupiter 
by Pioneer 10 on December 3, 1973, 
Pioneer II encountered Jupiter at a dis­
tance of 43,000 kilometers from its equato­
rial cloud eover. During the 6O-day en­
counter phase with Jupiter, the ground­
based data acquisition and reduction system 
obtained significant data concerrting the 
largest planet in the solar system. These 
data, transmitted over a distance of 5-1/2 
astronomical units (800 million kilometers)' 
provided new and revealing information on 
features of Jupiter, including the infrared, 
ultraviolet, polarized light, magnetic field, 
atomic particle, plasma, and micrometeor­
ite characteristics and the atmospheric 
properties. Pioneer 11 has also given man 
his first view of the Jovian north and south 
polar regions. Following its passage of 
Jupiter and the doubling of its velocity by 
the planet's gravitational attraction, the 
spacecraft has been ' placed on a trajectory 
designed for a Saturn Byby in September 
1979. Pioneer 10 is currently 7.5 astronom­
ical units (1.26 billion kilometers) from 
earth and is on an escape trajectory from 
the solar system headed in the direction of 
the star Aldebaran. 
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After a series of comprehensive 
ground data system tests and compatibility 
checkouts, Helios A was launched by a 
Titan IIlE-Centaur-TE 364 / 4 vehicle from 
the Eastern Test Range on December 10, 
1974, into a highly elliptical solar orbit 
having a period of 190 days and an 
incI:ination to the ecliptic of 0.Ol6 degree. 
Operations were conducted by a German 
team at the JPL Space Flight Operations 
Facility until operations control was trans­
ferred to the German Space OperatiOns 
Center near Munich in January 1975. The 
first perihelion passage, at 0.31 astronomi­
cal unit (46.3 million kilometers), on March 
15, 1975, provided excellent data from the 
ten experiments, including plasma magne­
tometer, plasma and radio wave, cosmic 

Helios spacecraft 

ray, electron detector, zodiacal light pho­
tometer, and micrometeoroid analyzer 
measurements. The first SOIM occultation, 
between April 28 and May 15, yielded 
valuable data for the celestial mechanics 
and the faraday rotation experimenters. 
The second solar occultation will occur at 
the end of August and the second perihe­
lion in September 1975. The second 
spacecraft, Helios B, is currently undergo­
ing modification and testing in West 
Germany preparatory to shipment to Cape 
Kennedy in September and launch in 
December 1975. 



The Laboratory has continued to fulfill 
the planetary quarantine role assigned by 
NASA in i 973. Quarantine research essen­
tial to future planetary missions 'has been 
carried out, and direct support has been 
given to ongoing Hight projects by .provid­
ing measures to control spacecraft contami­
nation and conducting primary bioassays. 

The primary prelaunch microbiologi­
cal' assay operations for the y ,i:king space­
craft were conducted in the Planetary 
Quarantine Laboratory at the Eastern Test 
Range. The laboratory was arranged so as 
to permit activities in support of Langley 
Research Center, Martin-Marietta Corpora­
tion, and JPL to proceed separately but in 
a coordinated manner. 

A long-range planetary quarantine 
planning document has been prepared for 
the NASA Headquarters staff. Contribu­
tions to this plan were collected from 
nationwide sources, including leading 
workers in the field of planetary quarantine, 
and plans were provided for updating it 
annually. In addition, a document entitled 
"Planetary Quarantine Provisions for Un­
manned Extra-terrestrial Missions" was 
prepared for NASA. This document, when 
approved and issued, will serve to elucidate 
national quarantine requirements for all 
planetary missions. 

Planetary quarantine research this year 
was focused on two new a.reas. The first is 
concerned with the quarantine implications 
of using the Space Transportation System 
(Space Shuttle) for planetary vehicle 
launches. The second area involves prelimi­
nary investigation of planetary sample 
return missions and the methods by which 
returned samples can be examined, pro­
cessed, and evaluated such that any possi­
ble threat to earth biological systems is 
minimized. 

The Flight Projects Planning Office 
continued to investigate more cost-effective 
methods for carrying out future Hight 
projects, both planetary and applications­
oriented. Many approaches have been 
studied., ranging from standa.rdization of 
designs at various levels to increasing the 
benefits to 'be derived from greater utiliza­
tion of the experience from past projects. 
All of the approaches represent ways of 
reducing the engineering manyears re­
quired for future projects by taking advan­
tage of the technology and design base 
generated during the past decade of space 
exploration and related activities. 

PIans for a Mariner Jupiter/Uranus 
1979 Br by mission were structured -during 
the year, with particular emphasis on 
minimizing the cost of such a mission. It is 
hoped that a FY'77 Project start .can be 
achieved for this mission and that an 
effident jeint implementation plan, coupled 
closely with the Mariner Jupiter/Saturn 
1977 Project, will provide the means of 
accomplishing this objective. 

Studies are in progress on candidate 
projects to start in 1978 and 1979. These 
include a ballistic Hyby mission to the 
comet Encke in 1980 and various possible 
missions to orbit Jupiter in the time frame 
1980-1983. Preliminary studies on a new 
family of spacecraft for orbiter-type mis­
sions during the 1980s to emphasize 
comparative planetology have also been 
initiated, and an increasing interest is 
expected in this program area. 

Pioneer 11 pholo 01 Jupite< taken from a distance 
of 1 million kilometers. 
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Earth 

Project ARIES 

Project ARIES (Astronomical Radio 
Interferometric Earth Surveying) began 
accurate measurements of a set of locations 
in the southwestern United States, starting 
at JPL in Pasadena, as a part of a program 
to study crustal motion for the purpose of 
earthquake hazard assessment. 

Sixty hours of observational data were 
obtained over 10 months between the 
Goldstone 64-meter (Mars) station and the 
ARIES 9-meter transportable statim, lo­
cated at JPL. Based upon analysis of two 
experiments, separated by 5 months and 
totaling 15 hours of data, the JPLI 
Goldstone baseline vector (approximately 
180 kilometers in length) was measured 
with a precision of 15 centimeters or better 
in three dimensions. ARIES uses remote 
quasars and radio galaxies as a frame of 
reference for its measurements. 

The Cal tech Seismological Labora­
tory, in its geophysical advisory role, made 
gravity measurements to coincide with 
ARlES experiments. The ability to corre­
late vertical crustal deformations using 
completely different techniques could 
prove to be very important in the search 
for earthquake precursory phenomena. 

The geodetic capabilities of the 
ARIES technique attracted the attention of 
the National Geodetic Survey (NGS). The 
N GS has incorporated Southern California 
ARlES sites into the National Gravity Base 
Network. 

Surface Thermal Properties 

A thermal model of the response of 
the earth's surface layer to diurnal heating 
has been developed. When the model is 
applied to aircraft or satellite measure­
ments of surface albedo and midday and 
predawn temperatures, the thermal inertia 
of the surface can be inferred. Thermal 
inertia complements the use of spectral 
reflectivity data for lithologic mapping. 
The JPL Image Processing Laboratory 
created a thermal inertia image from 
aircraft day-night thermal and reflectance 
data of Pisgah Crater, California. 

Antenna station b:eing used by Project ARIES in 
studies of the earth's crustal motion. 

Equipment in 
transportable ARIES station. 

Moon 
Magnetic Field 

A theoretical study of the plasma 
environment around the moon has ad­
vanced the understanding of the lunar 
interior. Magnetometer data on the moon's 
induced magnetiC field (obtained from 
surface instruments and from lunar orbit­
ers) are most revealing when the moon is in 
the earth's geomagnetic tail. Previously 
published surface and orbital data attri­
buted differences to a lunar ionosphere. 
The new study shows that no lunar 
ionosphere can exist while the moon is in 
the geomagnetic tail. An alternative expla­
nation is that eddy currents in the lunar 
interior are generatecl by time-depeadent 
external magnetiC fields. This reinterpreta­
tion permits correct estimation of the 
magnetic permeability of the moon's inte­
rior. 

Science 

Lunar Farside Gravity 

Orbit analyses of the Apollo t5 and 16 
subsateUites by two JPLlCaltech teams led 
to the determination of two independent 
farside lunar gravity fields. Although dif­
ferent modeling techniques were used, the 
teams' results agreed that the farside 
highlands show broad positive gravity 
anomalies, while the farside empty ringed 
basins .manifest negative anomalies. This is 
strong evidence that the mascons are 
indeed due to the filling of large basins.and 
not to buried remnants of the initial 
impactor that produced the basins. 

Planets 

Mars 

Wind speeds were computed for three 
seasons on Mars. The maximum value of 
the mean zonal wind was 75 meters per 
second (270 kilometers per hour) for the 
northern winter season (during the waning 
phase of the 1971 dust storm), 56 meters 
per second (200 blometers per hour) for 
the northern spring season, and 29 meters 
per second (105 kilometers per hour) for 
the northern summer season. 

The first detailed map of Phobos, 
larger of Mars' two moons, was produced 
based on Mariner 9 high-resolution imaging 
data. Oblong in shape, Phobos wobbles 
about 5 degrees as it circles Mars in an 
apparently decaying orbit. 
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Venus 
Seven high-resolution (Io X 10 kilo­

meter) radar images of portions of Venus 
were obtained. Each covers an area of 
about 1/270 of the planet's surface. Several 
images overlap slightly, and, within the 
overlap, correlate strongly. Each image 
shows topographic structure of great geo­
logical interest, such as craters, chaotic 
terrain, long rills, and great canyons. 

Jupiter 
As part of the JPLlUniversity of Texas 

infrared astronomy program, new high­
resolution (0.2 cm- I ) spectra of Jupiter 
were obtained in the 5-micron wavelength 
region using a Connes-type Fourier spec­
trometer at the McDonald Observatory 2.7-
meter telescope. These spectra revealed for 
the first time the presence of a trace 
quantity of carbon monoxide in the lower 
atmosphere of the planet. 

Analysis of two-way Doppler data 
from Pioneer 10 and II provided the first 
definitive measurement of the third­
fourth-, and sixth-degree zonal harmoni~ 
(h J4' Js! of the Jovian gravity field. The 
second-degree harmonic, Jz, has also been 
measured with improved accuracy. The 
new results, which have an important 
application as boundary conditions for 
theoretical models of Jupiter'S interior, are 
consistent with a planet in hydrostatic 
equilibrium. 

The vector helium magnetometer car­
ried by Pioneer 11 to its December 1974 
encounter with Jupiter was identical to the 
one Hown there a year before on Pioneer 
10. Twofold changes were again observed 
in the size of Jupiter's magnetosphere. This 
dynamic magnetosphere with its many 
hydromagnetic wave phenomena extends 
outward about 100 Jupiter radii. 

Thermal inertia image of Pisgah Crater shows 
response of eer!h's surface lay... to heating by the 
SUl. 

Pioneer II measurements, closer to 
the planet and providing better latitude 
and longitude coverage than the Pioneer 10 
measurements, lead to larger estimates of 
Jupiter's dipole, quadrupole, and octupole 
fields, up to twenty times larger than the 
maximum on earth. 

Bursts of energetic electrons upstream 
of Jupiter's magnetosphere were detected 
by Pioneer 10 and II experiments. A joint 
JPLlUniversity of Chicago study found 
that the particles escape from the magneto­
sphere by traveling along interplanetary 
field lines, fonning a beam of runaway 
electrons. 

The Radio Astronomy Group mea­
sured variations in intensity and polariza­
tion of the microwave synchrotron emis­
sion from jupiter's radiation belts and 
found that at the time of the Pioneer II 
encounter, the synchrotron emission was 
about 15% greater than during the Pioneer 
10 encounter. 



A sodium- and sulphur-rich surface, 
which evaporates in a steady stream, 
appears to be a unique feature of 10, 
Jupiter's innermost moon. This theory was 
advanced by a JPL team based on tele­
scopic spectra made at Table Mountain and 
continuing theoretical studies. Their theory 
apparently explains the strong sodium 
D-line emission in lo's vicinity. The moon 
appears to be surrounded by a huge cloud 
of sodium vapor excited by sunlight scat­
tering. 

Radar echoes from Ganymede, Jupi­
ter's largest satellite, were recently de­
tected for the first time. The radar cross 
section is Similar to that of the other 
terrestrial planets. The roughness measure, 
however, is conSiderably greater for Gany­
mede. Roughness is made ev ident in this 
experiment by the presence of echoes away 
from the center of the disk. A smooth 
target would reflect only a glint from the 
center, whereas a very rough one would 
reflect power from over the entire disk. 

Saturn 
Observations of the rings of Saturn 

made with the recently upgraded X-band 
(3.5-centimeter) facility show that the solid 
particles in the rings refl ect the shorter­
wavelength as well as the 12.6-centimeter 
band. Results indicate that the particles are 
rough, rocky or metallic chunks 1 meter or 
larger in diameter. 

High-resolution radar image of porlion of Venus 
showing chaotic topography. 

Director's Discretionary 
Fund 

This fund supports promising research 
and development in several fields, tending 
to strengthen relationships with the univer­
sity community. More than 200 professors 
and students have participated in JPL 
activities through this fund, which grants 
an average of about $25,000 per task. 

Three examples of continuing projects 
successfully started by the fund are power 
plant emissions research, automotive pollu­
tion studies, and superfluid helium experi­
ments. 

Based on original JPL research results, 
the Southern California Edison Company 
and the Env i ronmental Protection Agency 
(EPA) have continued extensive work on 
redUCing furnace emissions. The EPA and 
Department of Transportation are sponsor­
ing additional research into the JPL­
proposed hydrogen generator developed to 
reduce automobile pollution. The super­
fluid helium study has opened up a vast 
investigation of helium droplets and films 
that NASA is backing in several high­
budget projects, including the Spacelab 
module. 
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Mu~le-pulsed copper chloride laser in operanOl .. 

Physical Sciences 

X-Ray Photoelectron 
Spectroscopy 

A new laboratory was established to 
study the chemical and electronic structure 
of interlaces and surlaces by means of x-ray 
photoelectron spectroscopy (XPS). The 
facility includes a high-resolution electron 
spectrometer with an x-ray monochroma­
tor; ultra-high vacuum, clean sample 
environment, and variable temperature 
capability; computer control; and equip­
ment for ion milling and secondary ion 
mass spectroscopy (SIMS). 

The XPS capability is enhanced by an 
electron probe fitted to the spectrometer to 
provide superior resolution. Studies of 
mobile ions in Si02 indicate high sensitiv­
ity to sodium ions in the spectrum and the 
existence of general cheIhical states of 
Na+. In metalloprotein studies, the active 
site of copper enzymes h~ 'been examined 
and sulfur binding con1lrmell. 

I 

Thermionic Energy Conversion 

To help solve electrical energy prob­
lems, thermionic energy conversion re­
search was directed toward increasing 
conversion efficiency to 30%. An important 
improvement was the development of an 
efficient electron collecting electrode. A 
silicon collector electrode with a work 
function of less than 1.2 electron volts was 
demonstrated and perlormed 30% better 
than metal collector electrodes. 

Drop Dynamics 

When the Space Shuttle becomes 
operational, it will be possible to carry out 
scientific and technological experiments in 
very low gravity. The behavior of liquid 
drops undisturbed by the necessity of 
supporting the drops is being studied. 
Answers to questions concerning the equi­
librium shape of rotating drops, the 
fissioning of drops into two or more parts, 
potential purity of a drop uncontaminated 
by contact with walls, and uniformity of 
mixtures cooled in zero gravity could 
contribute to fields as diverse as nuclear 
fission, the formation of binary stars, and 
space processing of ultrapure and ultraho­
mogeneous materials. 

Research and Advanced Development 

The studies require a device to posi­
tion and manipulate a liquid drop, free of 
any contact with confining and contaminat­
ing walls. JPL scientists developed an 
acoustic positioning device capable of 
manipulating a liqUid drop up to 2.5 
centimeters in diameter and demonstrated 
it in aircraft flying a zero-g trajectory. A 
facility has been proposed for a wide 
variety of liquid drop experiments on the 
first 1980 Spacelab flight. 

Metallic Vapor Lasers 

Metallic vapor laser research has 
produced high-efficiency, high-power visi­
ble lasers. Previous work had shown that 
double-<lischarge pulsing could be used as a 
technique for electrically pumping metallic 
vapor compounds to achieve lasing in the 
visible spectrum at temperahues much 
lower than would be required using pure 
metal vapors. The technique now has been 
stepped up to rates approaching 30,000 
pulses per second. 

Both lead and copper chloride lasants 
were tested successfully using the multiple­
pulsing technique. The best results were 
obtained with copper chloride at a wave­
length of 4106 angstroms and a pulsing 
rate of 20,000 pulses per second. An 
average laser power of 30 watts was 
obtained at a 1% efficiency. (The pulse 
length was 20 nanoseconds; the energy and 
peak power density per pulse were 35 p. J 
cm-3 and 1.7 kW cm-3, respectively.) 

The laser efficiency, which is defined as 
the ratio of average laser power output to 
electrical power input, may eventually lie 
in the range of 1-10%, making the copper 
chloride laser up to three times as efficient 
as other visible lasers. 

Compact Laser 

A laser project, sponsored by the US 
Army, developed a pulsed laser as a 
research tool for the generatiOn of shock 
waves in solid films. By directing the high­
power pulsed beam to the target, shock 
strengths up to 2 X 109 N / m2 can be 
readily achieved. 

The project provided a portable, 
lightweight instrument to convert electrical 
energy to laser pulse energy. Several recent 
advances achieved under NASA-sponsored 
laser technology work for spacecraft were 
employed in the project. The laser system 
delivered to Picatinny Arsenal weighed less 
than 7 kilograms and had a maximum 
output of 6 joules. Furthermore, the 50% 
efficiency of the Q-switched mode with 
respect to the normal mode is about five 
times greater than efficiencies available 
previously. This perlormance was obtained 
by a new design using a miniahue Pockels 
cell, energy bank, high-voltage converter, 
time-delayed high-voltage pulser, high­
efficiency laser head, and precise lOW-loss 
optical train. 

Portable, lightwaighl ilslrumant developed lor tile 
Army COIlY",ls aIec1rical anergy to laser pulse 9IlB<QY. 
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Space Power and Electric 
Propulsion 

Electric Propulsion Systems 

Future comet-tendezvous and out-of­
ecliptic missions wit!l sol"r electric propul­
sion may be followed by detailed explora­
tion of the outer planets using nuclear 
electric propulsion. JPL establisbed a 
cooperative effort with Los Alamos Scien­
tilic Laboratory, New Mexico, for nuclear 
space power technology. This group de­
fined a heat-pipe-cooled reactor with out­
of-core thermionic power conversion at 
high effiCiency, and developed a high­
temperature cermet i"sullllor. The goal is a 
400-kilowatt (electric) nuclear power sys­
tem. 

Batteries 

The remotely activated silver-zinc 
battery was selected as being capable of 
meeting the rigorous envirorunental re­
quirements of planetary probes. 

A nickel-hydrogen battery cell, being 
considered for future space use, was tested 
aboard a sounding rocket vehicle. This was 
the lirst flight of a metal-gas battery 
system. 

Solar Power 

Parametric test data for present and 
advanced solar cells were acquired for the 
design of space solar arrays. To ensure 
reliable design of end-of-life performance, 
the data included the effects of tempera­
ture, illumination level, and charged parti­
cle radiation. 

The construction of a prototype au­
tomated solar array module fahrication 
facility was completed. This facility will 
enable automatic assembly and electrical 
evaluation of solar array mo<lules. 

Photovoltaic Research 

A new type of solar cell promlsmg 
high efficiency was developed. Made from 
gallium arsenide, with an extremely thin 
interfacial layer and gold film on its 
surface, the cell demonstrated an effiCiency 
of 15% in terrestrial sunlight. The cell, 
called AMOS (anti-reflect ion-coated metal­
oxide semiconductor), has superior radia­
tion resistance as well. AMOS may also 
have potential use on earth as a low-cost 
device for obtaining electricity from the 
sun. 
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The cell is also being considered for 
converting high-energy laser beams to 
electrical power for possible use in a power 
transmission system in space. 

Navigation, Guidance, and 
Control 

Multiple Maneuver Strategy 

The Advanced Analysis of Maneuvers 
(ADAM) software program was completed, 
enabling maneuver strategy optimization 
and reduction of propellant cost. ADAM 
also cuts computer costs and analyst time 
reqUired to perform mission maneuvers. 
Use of the program resulted in a 60% 
savings in per run cost for MJS'77 maneu­
ver studies. 

Advanced Estimation 

Advanced planetary missions employ­
ing on-board autonomous guidance and 
navigation will require estimation technol­
ogy different from that used in more 
elaborate ground-based navigation software 
systems. On-board estimation constrains 
spacecraft computer storage and word 
length; furthermore, the on-board algo­
rithms must be capable of updating esti­
mates in real time as new data are 
received. These considerations have led to 
the development of a new estimation 
algorithm espeCially suited for on-board 
use. 

The algorithm has several key proper­
ti es which qualify it for on-board estima­
tion: (1) Its numeric accuracy is up to twice 
that of conventional filter algorithms, a 
feature critical in applications involving 
short word length. (2) Efficient single point 
processing reduces storage requirements 
and produces estimates in real time. (3) Its 
compact and simple implementation makes 
it well suited for use on a computer with 
limited capabilities. (4) The dynamiC model 
upon which the algorithm is based allows 
for the presence of random perturbations, 
thus improving filter stability. 

Satellite Mpdeling 

Utilizing an improved mathematical 
model of the Galilean satellites of Jupiter 
and newly developed ephemeriS system 
software, an improved Ganymede ephem­
eris was computed enabling the lirst 
successful radar bounce off Ganymede, 
largest of Jupiter's moons. Because of the 
extremely weak return Signal, ephemeris 
accuracy was critical in programming the 
frequency of the transmitted signal at the 
Goldstone 64-meter antenna. 

Interferometry 

The extended mission of Mariner 10 
employed radio tracking and data differ­
encing techniques using radiometric data 
from two DSN stations simultaneously. 
The technique is similar to the very long 
baseline interferometry (VLB1) and hence 
has been named quasi-VLBI (Q VLBIl. 
Doppler QVLBI enabled (1) reduction by a 
factor of 5 of the errors normally resulting 
when the tracking signal passes through the 
solar corona and (2) the removal of a 
significant data signature caused by the 
spacecraft being in a rolling mode. 

Advanced Systems 

Advanced systems work accomplished 
this year includes development of a stan­
dard inertial reference system using dry 
gyros for the Mariner Jupiter/Saturn space­
craft and subsequent JPL- NASA planetary 
missions, design of a long-life star tracker 
for spacecraft attitude use, and develop­
ment of a concept for a magnetic bearing 
reaction wheel to help stabilize spacecraft 
in flight and reduce use of attitude control 
gas. 

Unified Data System 

A new spacecraft subsystem bread­
board was built using multiple intercon­
nected. distributed computers to perform 
functions previously accomplished by ei­
ther hard-wired subsystems or single com­
puters operating independently. The pro­
posed feasibility model allows a single 
design to satisfy the requirements of many 
different missions. Interconnection of com­
puters provides redundancy and failure 
protection with no increase in cost. 



Robotics 

A hand-eye robot system was devel­
oped for exploring the surfaces of planets 
or their satellites by remote control. It 
includes an electromechanical arm, a 
television camera, a laser range finder, a 
minicomputer at JPL, and a larger com­
puter at Cal tech. By analyzing TV and 
range data, the system is able to determine 
the location and orientation of an irregular 
object, such as a rock, placed on an 
experimental platfonn. A series of trajecto­
ries is then planned and executed that 
enables the arm to reach out, grasp the 
object, rusplay it to the camera, and place 
it in a prearranged spot. 

Spacecraft Development 

Outer Planet Entry Study 

Study continued of tbe heating that 
probes will encounter during· entry into the 
atmospheres of Jupiter, Saturn, and Uranus. 
Measurements of the spatial distribution of 
electrons-important in estimating radia­
tive plasma heating to an outer planet 
atmosphere entry probe-were obtained for 
the first time in plasmas moving at plane­
tary entry speeds. A double-exposure holo­
graphic modification of the Mach-Zehnder 
interferometer developed at JPL gave fields 
of view up to 9 x 11.5 centimeters. 
Electron density measurements were made 
in hydrogen- helium plasmas moving at 33 
kilometers per second. Understanding of 
the ionization process may lead to im­
proved spacecraft safeguards against emis­
sions from shock-heated planetary gases. 
This could enable the reduction of heat 
shield weight and an increase in the 
SCientific instrument payload. 

Furlable Spacecraft Antenna 

Development cont inued during the 
year on the 5-meter conical furlable 
reBector antenna, which uses a line source 
feed for single-frequency operation at 8.5 
gigahertz (X-band). The reBector surface is 
a knitted mesh made from silver-plated 
beryllium copper wire and has a surface 
deviation of 0.5 millimeter RMS. The 
folding graphite epoxy ribs provide tension 

to the radial spokes over which the mesh is 
stretched. Additional spokes originating at 
the rib tips and terminating at the top of 
the line feed support structure determine 
the deployed position of the ribs. The 
Kevlar tube truss structure that supports 
and aligns the feed structure carries the 
boost loads of the ribs when they are furled 
against it. Deployment of the ribs is 
accomplished by means of four-bar linkages 
at the base of each rib, driven by a single 
motor-operated cable. 

Fiv ... met ... oonicaI furlable spacecrah ant9(Yl8 in 

deployed position. 
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Chemical Propulsion 
Combustion in Venus' 
Atmosphere 

Future scientific explorations of Venus 
could provide opportunities to test the use 
of the planet's atmosphere as one reactant 
In power and propulsion combustion sys­
tems. Theoretical analysis shows that the 
atmosphere of Venus (97% CO2) would 
yield high-energy release when reacted 
with several liquid and solid fuels. The fuel 
would be carried to Venus from earth. 

Steady combustion of aluminum pow­
der (5-micrometer mean diameter) in a 
Venus-like pure carbon dioxide atmosphere 
has been demonstrated at JPL. The gas was 
preheated to 400°C. Successful ignitions 
also were demonstrated with boron pow­
der. These experiments are being extrapo­
lated using reactor theory to predict the 
behavior of a more energetic beryllium 
powder system. 

Hydrazine/Boron Hydride 
Combustion 

Hydrazine/boron hydride propellant 
combinations for spacecraft propulsion are 
of interest because their high theoretical 
performance occurs at low combustion 
temperatures; but thus far, attempts to use 
the propellants in rocket engines have been 
disappOinting. A critical review of past 
experience, together with recent results 
from JPL experiments, yielded new insight 
into the combustion problem. Energy 
release efficiency can be raised from the 
typically obselVed 80-85% to the level of 
95% by thoroughly premixing the reactants 
in the liquid phase. Near-theoretical per­
fonnance for this interesting propellant 
system appears to be achievable at cham­
ber pressures of about 50 atmospheres. 

Test 01 low-thrust rod<et motor for out"' planet 
missions. 

Advanced ,Propulsion Motor 
The technology of the solid rocket in 

the Mariner Jupiter/Saturn spacecraft 
propulSion module must be upgraded to 
provide adequate payload capability for 
future outer planet missions, since the 
alternatives of a reduction in launch 
window or an extension of flight time are 
undesirable. Advances are needed in terms 
of higher-performance propellants and 
lighter-weight motor components. Prelimi­
nary design studies showed that a motor 
weighing about 1800 kilograms would be 
reqUired for a Jupiter-Uranus mission, 
involving a motor mass fraction of 0.95 and 
a specific impulse of 2910 newton seconds 
per kilogram. The motor will operate at an 
average thrust of 66,700 newtons for 75 
seconds. The propulsion module using this 
motor could be launched from either a 
Titan III E/Centaur or the Shuttle Orbiter. 

A propellant is presently being devel­
oped to meet the specific impulse perform­
ance requirement using an 87% solids­
loaded (17% aluminum) hydroxy-tenninated 
polybutadiene binder; preliminary motor 
tests have indicated that a specific impulse 
of 2910 newton seconds per kilogram will 
be achieved. 



A Porous Plate Burner to 
Simulate Solid Propellant 
Combustion 

Complete understanding of the physics 
and chemistry of combustion for composite 
solid propellants cannot be obtained with­
out a solution for the gas phase heat 
transfer rate. A porous plate burner, 
simulating idealized COmposite propellant 
combustion, was designed and fabricated to 
expand the gas phase zone of importance 
and facilitate measurements. Gaseous fuel 
and oxidizers were used to simulate the 
propellant vapors. The oxidizer gas was 
passed through discrete perforations in the 
porous plate and the fuel gas through the 
rest of the plat!' surface. Measurements of 
surface temperature were made with ther­
mocouples. Though idealized, the concept 
of Harne standoff distance has proved 
extremely useful in analytical studies. The 
burner has been successfully operated over 
a range of " regression rates" and has been 
found to create realistically a standoff 
Hame, much like in solid propellants but 
scaling with the oxidizer tube diameter. 

!,.ow-Thrust Rocket Motor 
An advanced low-thrust rocket motor 

enabling less spacecraft acceleration than 
most high-performance solid propellant 
motors was test fired successfully at sea 
level. This test culminated several years of 
research and development devoted to 
prodUCing a high-performance solid rocket 
motor for orhit insertion maneuvers in 
future planetary missions. 

Components of the 268.6-kilogram 
motor deSigned and developed hy JPL were 
an advanced graphite/epoxy composite 
chamber, a low-density silicone/phenolic 
microballoon insulation, an 86% solids­
loaded hydroxy-terminated polybutadiene/ 
ammonium perchlorate/aluminum propel­
lant, and a carbon-carbon nozzle. The 
motor burned for 120 seconds, with a peak 
pressure of 124.1 and an average pressure 
of 101.1 newtons per square meter. 

P"'ous plate burner designed to simulate 
composite propellant combustion. 
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Operations 
During the year, the Deep Space 

Network (DSN) continued to operate its 
worldwide facilities to provide tracking 
and data acquisition for Mariner 10, 
Pioneers 6 through 11, and Helios l. 
Tracking coverage was accomplished by 
the deep space stations at Goldstone, 
California, near Canberra, Australia, and 
near Madrid, Spain. The 26-meter antenna 
subnets were augmented by the former 
Manned Space Flight Network antenna in 
Australia. The conversion of this station, 
designated Honeysuckle Creek, to deep 
space tracking was completed, and it was 
committed to support Pioneer spacecraft. 
Thus, with the closing of the deep space 
station in South Africa last year, the DSN 
retained two 26-meter antenna stations at 
each of the three principal longitudes. 

The three-station 64-meter antenna 
subnet completed its first full year of 
operational support since completion of 
the antennas in Australia and Spain. The 
Jupiter encounter of Pioneer 11, the second 
and third Mercury encounters of Mariner 
10, the solar conjunction of Pioneers 10 
and 11, perihelion of Helios 1, and the 
requirements of these spacecraft projects 
for high data rates at extended distances 
combined to place a heavy tracking load on 
the 64-meter subnet. When a 64-meter 
antenna was not available, the 26-meter 
subnets provided coverage at reduced data 
rates. They also provided coverage at 
normal rates for the Helios 1 launch and 
flight and the Mariner 10 cruise. The 
Network Operations Control Center 
(NOCC), with the recently augmented 
capability for analysis of network perform­
ance, supported all of the missions. 

Mariner 10 

Tracking support for Mariner 10 
concluded in March 1975 after the unprec­
edented third encounter with Mercury. In 
both the second and third encounters, the 
DSN recovered good quality TV pictures 
in real time. In order to attain a data rate 
of 117,000 bits per second during the 

One of the three DSN 64-meter antennas during 
night operations. 

The Deep Space Network 

Recently converted Honeysuckle Creek Station in Australia. 

second encounter, it was necessary to 
combine the signals of two 26-meter 
antennas and the 64-meter antenna at 
Goldstone, using an antenna arraying 
technique. The signals from the 26-meter 
antennas were sent to the 64-meter antenna 
station by microwave relay. There the 
Signals of all three stations were combined 
in an experimental signal correlator pro­
vided by the DSN Advanced Systems 
program. The 17% (0.7-decibeJ) improve­
ment over the 64-meter antenna signal 
alone was adequate to meet the required 
performance during the 2-112 hour near 
encounter. 

Helios 1 

Launch of Helios 1 and early cruise 
were supported by the DSN and data 
supplied to mission control at JPL. When 

control shifted to the German control 
center near Munich about a month after 
launch, data acquired by the DSN were 
sent there by high-speed data circuits. Both 
the 26-meter and 64-meter subnets were 
used to track and acquire data, the latter 
when the spacecraft passed perihelion and 
operated on the far side of the sun. 

Pioneer Mission Support 

The Pioneer 11 encounter with Jupiter 
in December 1974 was supported by the 
64-meter subnet, and support continued as 
the spacecraft trajectory was modified to 
encounter Saturn in 1979. Because Pioneer 
10 is farthest from earth of any spacecraft 
launched to date, the data received each 
time it is tracked set a new communication 
distance record (currently more than 1 
billion kilometers). Pioneers 6 through 9 
were tracked for special events such as 
solar conjunction. 
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Radio Science 

NASA and non-NASA radio astrono­
mers continued to use DSN antennas for 
ground-based radio science experiments. 
Most of the support was provided by the 
64-meter antenna and one of the 26-meter 
antennas at Goldstone. Observations for the 
experiments using very long baseline inter­
ferometry (VLBI) were made in coopera­
tion with other radio astronomy observato­
ries such as the Haystack antenna of the 
Northeastern Radio Observatory Corpora­
tion in Massachusetts, the National Radio 
Astronomy Observatory in West Virginia, 
and the Owens Valley Observatory of 
Cal tech near Big Pine, California. Baselines 
between Goldstone and the DSN antennas 
in Spain or Australia were also used. 

The most active of these experiments 
was the Quasar Patrol. Established in 1972, 
the Patrol consists of regular observations 
by several teams of scientists from Cal tech, 
JPL, MIT, the University of Maryland, and 
the Goddard Space Flight Center. The 
experiments conducted on the DSN facili­
ties used both 3.5- and 2.1-centimeter 
frequencies for observations. The Quasar 
Patrol has continued to gather data at these 
frequencies, observing the structure of the 
radio sources and the variability of their 
radiation. 

Considerable support was provided to 
JPL radio astronomers for the observation 
of pulsars, the search for interstellar 
molecules at microwave frequencies, and 
the study of Jupiter radiation. 
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Power amplnier being placed into 
64-meter Goldstone antenna tricone for 

testing prior to transfer to 
Viking Project operations. 

Facility Modernization 
Considerable reconfiguration and aug­

mentation of DSN capability were under­
taken during fiscal year 1975 to meet 
requirements of the Viking and Mariner 
Jupiter/Saturn Projects. The DSN teleme­
try equipment in the 26- and 64-meter 
stations was expanded to provide support 
by two stations at each longitude during 
planetary operations. Two stations will be 
required to process six telemetry streams 
from the two Viking Orbiters and one 
Lander simultaneously. The telemetry 
processing equipment was reconfigured at 
all stations to accommodate this require­
ment. The DSN tracking and command 
systems were also augmented for Viking. 
X-band antenna feed cones and maser 
amplifiers were installed on the 64-meter 
antennas to provide metric data simulta­
neously with the S-band data, the dual­
frequency capability being required to 
calibrate ionospheric and interplanetary 
charged particle effects and achieve naviga­
tion accuracy requirements. New receiving 
equipment, an inherent part of this capabil­
ity, was installed at all 64-meter stations. 
Work was started to increase the power of 

the transmitters used to send commands at 
the 64-meter stations. The power increase 
to 100 kilowatts will provide an adequate 
power margin in case unusual problems 
arise during the mission. 

Mariner Jupiter/Saturn spacecraft re­
quire additional capability in the DSN. 
Although the Project telemetry rates are 
similar to those of Mariner lO, the data are 
coded and transmitted at X-band from 
distances up to 9 astronomical units. These 
requirements, as well as others for in­
creased navigation accuracy and command 
rates, were reviewed and evaluated in 
terms of the functional demands they place 
on DSN systems. An implementation plan 
to achieve the necessary capability was 
developed. Similar planning for support of 
the Pioneer Venus mission in 1978 was 
started in order to formulate preliminary 
requirements for tracking and acquiring 
data from a spacecraft entering the Venu­
sian atmosphere while also releasing four 
probes, each with its own telemetry. 

The second phase of development of 
the Network Operations Control Center 
was completed. The NOCC provides track­
ing instructions to the stations, monitors 
performance of the network, and keeps 
track of the quality of the data being 
acquired and sent to the project mission 
control. Recent development provided 
more detailed computer-generated displays 
of the qualitative analysis of the tracking, 
telemetry, command, and monitor systems. 
In addition, the NOCC gained the capabil­
ity of configuring the command system at 
the stations. The computer in the network 
operations processing area at JPL provides 
instructions to the computers at the 
stations on selection of command subcar­
rier frequencies, modulation type and 
indices, and data rates. 

Advanced Systems 
Development 

Development to provide capabilities 
for future projects was conducted in several 
areas. One such effort was the antenna 
arraying at Goldstone to assist in the 
Mariner lO second encounter. Construction 
of a 400-kilowatt X-band (8495-megahertz) 
transmitter was completed. Key develop­
ments required for the new transmitter 
include phasing the outputs of two 200-
kilowatt klystrons into a single waveguide 
and feed, design of new low-loss waveguide 
and microwave components, and solving of 
difficult component cooling problems. The 
transmitter was installed in the 64-meter 



antenna at Goldstone with a radar receiver 
for field testing. These tests at X-band 
successfully demonstrated the operation of 
the system as a radar at powers up to 400 
kilowatts. Radar returns were received 
from the rings of Saturn and the asteroid 
Eros. The echoes from the former indicate 
that the rings are composed of rough, 
rocky, metallic chunks about a meter in 
diameter or larger. The possibility that the 
rings are clouds of ice spheres has been 
ruled out. 

The S-band (12.6-centimeter) radar 
capability continued operation in research 
on the detection of weak signals. Radar 
echoes from Ganymede, Jupiter's largest 
satellite, were detected for the first time. 
The radar cross section of 12% (compared 
to a perfectly conducting sphere of the 
same size and at the same distance) is 
similar to that of the other terrestrial 
planets; the roughness, however, is consid­
erably greater. 

Very long baseline interferometry 
techniques were used to study ways to 
improve the accuracy of metric data used 
for the navigation of spacecraft. Doppler 
data from the stations in Spain, Australia, 
and at Goldstone were differenced by VLBI 
techniques to reduce the effects of the solar 
corona and of unmodeled spacecraft accel­
erations. The solar corona effects on metric 
data during solar conjunction of Pioneers 
10 and 11 were reduced by a factor of 
three. Unmodeled spacecraft accelerations 
during the third Mariner 10 Mercury 
encounter were reduced by one order of 
magnitude. 

Efforts were continued to develop 
greatly improved navigational accuracy by 
using VLBI techniques to monitor the 
motion of interplanetary spacecraft against 
a background of extragalactic radio 
sources. Initial observations of Pioneer 11 
were made when the spacecraft was near 
Jupiter so as to reference the orbit of that 
planet to the celestial background. A 
survey of extragalactic radio sources in the 
ecliptic region was made in order to 
develop a catalog of about 100 sources 
suitable for the purpose. VLBI uses only 
the very compact sources, and the known 
number in the ecliptic region was increased 
from about a dozen to 43. 

The VLBI activities were critically 
dependent on the frequency stability pro­
vided by the hydrogen maser frequency 
standard at the Goldstone 64-meter an­
tenna. Field testing of this unit continued 
in support of these measurements as well as 
the VLBI measurements performed by 
radio astronomers. The maser has been 
operating normally, without failure or 
maintenance, for 2 years. 

Flight-ground tradeoff studies were 
continued to improve end-to-end perform­
ance for future missions in a cost-effective 
way. The development of a standardized 
command system using variable rates, and a 
coding and data compression experiment to 
be performed during the Viking mission 
were identified as the most profitable tasks 
to be undertaken. 

High-power X-band transmitter provides capabil~ies 
for future space projects. 

The DSN contributed to the develop­
ment of planetary program standards for 
telemetry adopted by NASA. Study of the 
telemetry design for the Mariner Jupiter/ 
Saturn Project showed that inclusion of a 
simple design feature in future spacecraft 
ensured the ability of the DSN ground 
equipment to acquire data using the 
current designs. A radio frequency equip­
ment standard was also adopted that 
follows current DSN practice. 

The DSN also participated in a study 
to evaluate the antennas and receiving 
systems proposed for a project to search for 
and detect intelligent life at interstellar 
distances. 
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The Office of Computing and Informa­
tion Systems (OCIS), through the Data 
Systems Division, operates the Mission 
Control and Computing Center (MCCC), 
which consists of computing and display 
systems equipment, personnel, facilities, 
and associated resources. The MCCC 
includes three major facilities: the Mission 
Control and Computing Facility (MCCF), 
the General Purpose Computing Facility 
(GPCF), and the Mission and Test Comput­
ing Facility (MTCF). The past year has 
provided the greatest challenge as well as 
the heaviest load yet experienced by the 
MCCC. Simultaneous critical flight support 
was provided for the Pioneer 11 Jupiter 
encounter, the Helios A solar research 
mission, and the second and third encoun­
ters by Mariner 10. Intensive preparations 
were made for flight operations of the 
Viking Mars 1975 and Mariner Jupiterl 
Saturn 1977 Projects. 

A Long-Range Computing Plan was 
published in August 1974, outlining plans 
for a new data system employing distrib­
uted, dedicated minicomputers to support 
future real-time flight operations in the 
mission control center. The minicomputer 
has reached a stage of development where 
the features and reliability offered are 
superior to those of larger computers in 
handling data for flight control functions 
such as telemetry, tracking, commanding, 
and operations control. The reliability and 
fleXibility provided by small, functionally 
dedicated computers will reduce costs for 
software development and operations. The 
nonreal-time processing of mission se­
quence plans, navigation calculations, data 
records, and engineering and science analy­
sis functions will still be done on the larger 
(e.g., IBM 360175 and Univac 1108) 
computers. 

Technician using optical reader to view one of 208 
images on microfiche generated by new computer 
output device. 

Computing and Information Systems 

Along with the expansion and im­
provement of the direct flight project 
support capability, considerable extension 
has been made to the computing support 
services provided to the general scientific 
and engineering computer users of the 
Laboratory. In addition to increasing the 
job throughput, the large computers have 
been augmented with increased software 
flexibility, which has served to minimize 
costs for program development and opera­
tions. On-line terminals provide ease of 
access and flexibility in the environment of 
the user's laboratory or office. Considerable 
emphasis has been placed on providing a 
simple, easy to use timesharing capability 
through a cooperative arrangement using 
the Booth Computing Center PDP-10 
computer at Caltech. New capabilities 
have also been provided to JPL financial 
and administrative users by the Administra­
tive Computing System, which uses the 
IBM 370/158 computer at Cal tech. Of 
note is the installation of a new System 
2000 data base system linked to the 3701 
158, which provides on-line terminal access 
by JPL personnel to key management and 
financial information for Laboratory work. 

Mission Control and 
Computing Facility 

The past year has placed the greatest 
demand yet experienced on both personnel 
and resources of the Mission Control and 
Computing Facility. The support of two 
simultaneous critical mission events-the 
Helios A launch and Pioneer 11 Jupiter 
encounter; the development, testing, pre­
launch and real-time support of the two 
Mercury encounters 6 months apart by 
Mariner 10; and the development and 
testing of Viking Mars 1975 Mission 
Ground Control Systems required not only 
new operational techniques for simulta­
neous mission support but the development 
of new and improved computing and 
support capabilities to meet these in­
creased demands. 

The Helios mission involved coopera­
tion with a foreign country, training of 
foreign personnel, and support of a major 
international space program. Visiting Ger­
man scientists, engineers, and operations 
personnel were in residence at JPL and 
shared, with the Pioneer Project and 
Mariner 10, the use of the JPL/NASA 
control center, including cohabitation of 
software within the real-time IBM 360175 
computers. Navigation of the Helios mis­
sion was accomplished by JPL engineers 
using the Univac 1108 nonreal-time com­
puters. 

General Purpose 
Computing Facility 

During 1974, the General Purpose 
Computing Facility provided support for 
the Pioneer, Helios, and Mariner Venus 1 
Mercury missions and the Viking Project 
software development, in addition to 
servicing the general scientific and engi­
neering computer users. A major modifica­
tion was made to the Univac 1108 execu­
tive system to improve its efficiency. In 
addition, one 1108 was phYSically aug­
mented by an additional central processing 
unit to enable it to handle future Viking 
peak loads. This machine is now operating 
in the dual processor mode, with improve­
ment throughout approaching 45%. 
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Enhanced image of Mercury (below) being 
removed from computer-controlled DigHax 
reproducer. 
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Mission and Test 
Computing Facility 

The Mission and Test Computing 
Facility continued its support of the second 
and third Mercury encounters for the 
Mariner Venus/Mercury extended mission, 
completing this operation in March 1975. 
Six hundred pictures were received and 
processed for the second Mercury encoun­
ter in September 1974, and an additional 
600 resulted from the third encounter of 
that planet. The MTCF also supported 
multiple Viking Orbiter prelaunch testing 
at JPL and at the Eastern Test Range after 
a complete test system was transported to 
Cape Canaveral and placed on-line in 
February of this year. Viking mission 
operation testing was conducted concur­
rently with these and other development 
activities for both the Viking and Mariner 
Jupiter/Saturn missions. 

Advanced Development in 
Software 

Significant activity took place in soft­
ware design and development through the 
use of modern programming techniques. 
These include top-down software design 
and coding, structured programming, and 
the use of software development team 
concepts. The use of these tools or 
techniques offers programmers improved 
methods of producing software of higher 
quality and understandability at less cost. 
Intensive investigations of the applicability 
of modern programming methods to 
NASA-sponsored software development 
have been made at the Laboratory. The 
JPL structured coding language/processor, 
structured FORTRAN (SFTRAN), was used 
to implement four navigation programs 
which control the logic flow of the Viking 
orbit determination program system. These 
programs were implemented in one-third 
the time normally allocated to such tasks 
and with an unusually high reliability. 



Various JPL members of the software 
development and user organizations have 
formed a Committee on Modern Program­
ming (COMP) to study the interrelationship 
and compatibility of these and other 
structured techniques. This work appears 
to be leading to a consistent, coordinated 
structured approach to software develop­
ment. 

Administrative Computing 
Services 

The Administrative Computing Ser­
vices continued its support of the business 
management and accounting functions of 
the Laboratory through cooperative ar­
rangement with the Cal tech Booth Com­
puting Center for sharing of an IBM 3601 
158 computer. During the year, the 
processing time for the JPL month-end 
financial report was reduced from 8 to 4 
days elapsed time, which considerably 
improves the ability of the Laboratory to 
manage its financial resources. Data-based 

management information support has been 
extended to cover personnel data, travel 
authorizations, cost accounting, and com­
munications equipment information, offer­
ing new and better management visibility 
in these key administrative areas. Input 
processing of data by the outdated method 
of keypunch systems has been replaced by 
direct keyboard-to-disk file, reducing time 
required for getting data into the computer 
by an order of magnitude. A remote job 
entry capability to the Cal tech computer 
via terminals located at JPL was imple­
mented during the year as a further 
enhancement of the administrative com­
puter support. 

Control center of MCCC 360/75 computer complex. 

Mission and test imaging system produces near­
realtime first-order image enhancement of TV data 

transmitted by spacecraft. 
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Energy and Environmental 
Systems 
Geothermal Program 

A comprehensive program plan to 
develop the nation's geothermal energy 
resources was prepared for NASA and will 
be transmitted to the Energy Research and 
Development Administration (ERDA) for 
submission to the President and Congress. 

The proposed program includes adop­
tion of national goals, the potential steps in 
geothermal exploitation, industry and com­
munity participation, and an integrated 
federal program to coordinate national 
geothermal efforts. 

Solar Cells 

A project to develop low-cost solar 
cell arrays for large-scale terrestrial electric 
power applications was begun for the 
Energy Research and Development Admin­
istration Solar Photovoltaic Program. A 
major objective of this JPL-managed pro­
ject is, by 1985, to develop industry's 
capacity to fabricate 500 megawatts of 
terrestrial photovoltaic solar arrays per 
year. The project seeks to produce silicon 
cells at a fraction of today's cost and, by 
1979, to have quantities ready for evalua­
tion. Their lifetime, performance, and 
economics will be studied under terrestrial 
system test conditions by ERDA. 

Solar Assisted Gas Energy 

Test work at JPL was completed on 
the Solar Assisted Gas Energy water 
heating systems, sponsored by the Southern 
California Gas Company. A major pilot test 
system was installed by the Gas Company 
at a 32-unit apartment complex. JPL will 
assist in the testing and evaluation of this 
pilot system. 

Solar assisted gas energy water heating pilot 
system installed in apartment complex. 

Wastewater Purification 

The JPL-developed Activated Carbon 
Treatment System (ACTS) for municipal 
sewage will be demonstrated on a 1-mil­
lion-gallon-per-day pilot plant scale at the 
Orange County Sanitation District early in 
1976. The pilot plant will be constructed 
by the Sanitation District with JPL as 
technical consultant. The pilot plant dem­
onstration will be used to evaluate the 
ACTS process for design and construction 
of a sewage treatment plant to serve 1-1/2 
to 2 million Orange County residents and 
will meet stricter standards for ocean 
discharge of wastewater. 

The process, which is based on the 
conversion of sewage solids to activated 
carbon for purification of the wastewater 
was proven feasible by an intensive labora~ 
tory and pilot equipment test program. 
Facilities of equipment manufacturers were 
utilized. Tests were conducted on indirect­
fired rotary calciners, direct-fired rotary 
kilns, and multiple-hearth furnaces. Car­
bon-sewage feed for the tests was generated 
in a 10,000-gallon-per-day mobile unit 
operated at a Sanitation District facility. 

Civi I Systems 

Left-ventricular heart-assist pump, shown with 
polymeric bladder removed from metal housing, 
must operate 72 times a minute for many days 
w~hout failure. 
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Biomedical Systems 
Thermal Burn Diagnosis 

Techniques developed for the mul­
tispectral analysis of Earth Resources 
Technology Satellite photographs are being 
used to assist in the treatment of bum 
victims. Physicians at the Los Angeles 
County-University of Southern California 
Medical Center bum ward are working 
with volunteer patients to evaluate the 
technique developed by researchers at JPL 
for determining whether an area of bum 
tissue has suffered irreversible damage. A 
series of photographs in the visible and the 
infrared portions of the spectrum are taken 
of the bum wounds of selected patients. 
The photographs then undergo computer­
ized image processing at JPL. Diagnosis of 
the deepest bums appears to be accelerated 
by using infrared photographs with en­
hanced images. 

Polymeric Biomaterials 
Materials used in implantable medical 

devices require careful testing to avoid 
deterioration in the human body. Using a 
computer program developed earlier under 
NASA sponsorship, an analysis of flow 
through an artificial heart valve showed 
that transient shear rates two orders of 
magnitude higher than the average flow 
rate through major blood vessels may be 
achieved. This result poses potential prob­
lems for a number of cardiac-assist devices, 
as the validity of materials evaluation based 
on average flow rate appears questionable. 

Consequently, a rotating disc device 
was constructed to evaluate abrasion char­
acteristics of bio-compatible coatings under 
a broad range of phYSiologically significant 
shear rates. 

This study, performed for the National 
Heart and Lung Institute, will provide 
supporting evidence for the qualification of 
materials for implantable devices such as 
heart-assist pumps. 

Experimental version of a voice-controlled 
wheelchair. Both the wheelchair motion and the VA­

developed arm manipulator can be controlled with 
simple one-word commands. 
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Blood Sterility 
The high risk of microbial contamina­

tion prevents hospitals from storing costly 
fluids, such as blood cells for transfusion, 
for long periods. Under sponsorship of the 
National Heart and Lung Institute, JPL has 
built an Aseptic Fluid Transfer System 
(AFTS) which essentially eliminates the 
risks of contamination in the blood bank, 
and provides a safe and reliable system for 
other fluid transfers. 

The prototype AFTS employs small 
plastic tubes made of Teflon and Kapton 
and a heat sealer which sterilizes and 
causes two of these devices to become 
fused. During the heating process, the 
common inner walls of Teflon fuse and 
begin to flow under pressure, eventually 
producing an opening in the fused regions. 
The outer Kapton portions remain undis­
turbed during fusion and support the 
critical areas where the Teflon has melted. 
The resulting configuration enables fluids 
to pass freely from tube to tube. Thus, the 
system allows two or more separate con­
tainers to be mated for a sterile fluid 
transfer. 

The entire system, with tubes attached 
to conventional blood containers, is being 
tested at Harbor General Hospital in 
Torrance. 

Transportation Systems 
Automotive Alternatives 

JPL completed a major study on 
alternative automotive powerplants for the 
1980s under a Ford Motor Company grant. 
The Cal tech Environmental Quality Labo­
ratory participated in the study, and a 
Caltech/JPL review board worked with the 
team in the 18-month study effort. 

The study team proposed the follow­
ing development strategy: 

(I) Begin immediate implementation 
of design changes to the automo­
bile itself to reduce fuel consump­
tion, regardless of the kind of 
engine used. 

(2) Accelerate the development of two 
particularly promising alternative 
engines-the Brayton and Stirling­
until one or both can be mass­
produced, with introduction in the 
improved cars targeted for 1985 or 
sooner. 

(3) Meanwhile, press development of 
the conventional internal combus­
tion engine to increase efficiency 
and reduce emissions. 



Hydrogen Injection Engine 

This project is working to improve the 
efficiency of the spark-ignition internal 
combustion engine while reducing its 
emission of carbon monoxide and oxides of 
nitrogen. This is accomplished by operating 
at an ultra-lean mixture ratio through the 
injection of hydrogen generated from 
gasoline in the vehicle system. 

The project has progressed into the 
vehicle system design phase. Development 
of an on-board hydrogen generator has 
Significantly reduced the generator size. 

Automobile Drag Reduction 

An experimental program was con­
ducted for the Department of Transporta­
tion to evaluate the potential for reducing 
the aerodynamic drag of automobiles. 
Several tests were run to measure the drag 
of three popular American cars, and to 
demonstrate that a significant decrease in 
drag could be achieved with relatively 
minor changes to the body shapes. 

The aerodynamic characteristics de­
rived from three tests compared favorably. 
A 20-25% decrease in the aerodynamic 
drag, translating into approximately 5% 
fuel saving, was observed as a result of 
minor changes (suggested in part by the car 
manufacturers) to the car bodies. These 
changes included restricting air flow under 

the cars with a plate which extended a few 
centimeters below the front bumper, in­
creasing corner radii at the front fenders 
and grill area, and adding a small spoiler to 
the back edge of the trunk. 

Public Safety Systems 

National Communications 

This project, funded by the Law 
Enforcement Assistance Administration 
(LEAA) of the Department of Justice, 
achieved two primary objectives: (I) to 
develop and quantify requirements for 
state-to-state and state-to-national digital 
computer communications traffic through 
1983, and (2) to develop a group of 
networks and evaluate each on perform­
ance and cost factors. 

The prime variable in the networks 
considered was the number of message­
switching computers. The simplest config­
uration used one switcher, with the most 
complex network having switchers in each 
state in the continental United States. Study 
results favored a limited number of switch­
ers, with several networks providing similar 
cost and performance capabilities. 

Hydrogen generator produces hydrogen as needed 
for clean, more efficient operation of conventional 
internal combustion engine. 

The project was suspended in March 
1975, until LEAA receives clarification 
from the Department of Justice regarding 
agency ownership and management respon­
sibilities, and from Congress regarding 
individual privacy rights. These items affect 
the final choice of systems and detail 
designs. 

Emergency Communications 

A I-year project to develop a set of 
requirements, a design, and specifications 
for an Emergency Command Control 
Communications System (ECCCS) for the 
Los Angeles Police Department was started 
with funds granted by LEAA to the city. 
This system includes use of computers to 
assist in the handling of citizens' calls for 
police service and in maintaining a current 
status file of officers and vehicles. Project 
plans call for an improved radio communi­
cations network, including the use of 
computer terminals with keyboard and 
display capability in police patrol cars. 
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Plans and Programs 

Operational Planning and 
Special Studies 

The launch of planetary spacecraft 
using the Space Shuttle will become 
possible in the early 1980s, assuming that 
compatible upper stages are made availa­
ble and integrated with the basic Shuttle 
vehicle. These developments hold consider­
able interest for JPL and have broad 
implications. The Office of Plans and 
Programs continues to provide overall 
coordination of the Laboratory's participa­
tion in NASA's preparations for use of this 
new primary launch vehicle. JPL's special 
interests and contributions have dealt 
principally with operational concepts, 
Shuttle-payload interfaces, and upper stage 
planning. Direct support to several NASA­
wide study, steering, and working groups 
has continued. 

As in previous years, NASA's budget 
submittals were examined in detail. These 
examinations constitute market assessments 
and highlight projections of the NASA 
program. Among other purposes, they 
assist in the annual updating of JPL's 
internal 5-year planning goals and objec­
tives. In recognition of continuing budget­
ary restraints, supporting studies were 
carried out to investigate the potential of 
Hight missions in which a significant 
reduction in development costs might be 
achieved through the utilization of existing 
technologies and minimum modification of 
existing hardware designs. 

InHation is a cause for concern in the 
space program, no less so than elsewhere in 
the economy. In order to better understand 
the eHects that inHation has had at JPL, an 
eHort was initiated to develop an inHation 
model applicable to JPL Hight projects. 
The aim is to develop a relatively simple 
index, derivable from authoritative, readily 
available statistical data, which will ac­
count in retrospect for cost increases from 
this source. 

In addition to the normal processes for 
planning and justifying the application of 
resources, the Laboratory conducted (as did 
each of the NASA field centers) a Zero 
Base Institutional Study designed to certify 
"to the Director's personal satisfaction" 
that the resources applied are in fact the 
minimum required to carry out the as­
signed workload. This study, together with 
others that were requested by NASA 
dealing with such topics as productivity 
measures and functional manning stan­
dards, reHects the continuing heavy pres­
sure on NASA's budget and institutional 
resources. 

Other Activities 

Advanced Technical Studies 

JPP.. carries on a continuing series of 
advanced technical studies whose objec­
tives are to define the prospects and 
problems of future deep space missions. 
During the past year, these studies included 
analyses of Jupiter and Saturn orbiters, 
Mars orbiter and sample return missions, 
Venus radar mapping orbiters, and comet 
Hyby missions. Several advisory groups 
were sponsored to aid in the development 
and evaluation of scientific rationale for 
such prospective ventures. In keeping with 
budgetary pressures, advanced studies at 
JPL are increasingly oriented toward find­
ing low-cost schemes and technical ad­
vances that will enable missions of high 
scientific value to be Hown at minimum 
cost. 

The Jupiter orbiter studies further 
explored gravity-assist techniques and 
showed how multiple encounters with 
Jupiter's natural satellites can be used to 
direct the spacecraft in time to nearly all 
parts of the Jovian system. Similar consid­
erations apply to trajectories among the 
planets. An investigation of a class of 
trajectories involving swingbys of Venus 
and earth demonstrated that, given enough 
time, a spacecraft launched with moderate 
energy from earth can be placed into an 
inclined heliocentric orbit or into high­
energy trajectories reaching the outer 
planets. 

A Viking-derived Mars polar orbiter 
was also studied during the year. This 
would be a very attractive scientific mis­
sion, building upon Mariner 9 and Viking 
results to give complete global and sea­
sonal coverage of the planet. 

The return of a sample from Mars 
remains a high-priority, long-term scientific 
objective and the subject of continued 
study. It will be a very complex and 
expensive mission. For this reason, it is 
regarded by many as a logical candidate for 
execution jointly by the US and USSR. 
Isolation of the sample from the terrestrial 
environment is the major problem to be 
solved before detailed engineering of the 
mission can begin. 
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Studies of low-cost comet mlSSlons 
have continued. Ballistic flights to the 
comet Encke would offer a low-cost way to 
begin comet exploration, but they involve 
difficulty because the encounter is brief and 
phenomena must be measured quickly. 

Remotely manned systems and robotics 
techniques are important, not only in 
certain phases of Shuttle operations but 
increasingly so at the target planet. Work 
continued on systems for safely increasing 
the autonomy of the remote vehicle, so 
that human control can become merely 

supervisory in character. As an offshoot of 
this technology development, JPL-in co­
operation with the staff of the Rancho Los 
Amigos Hospital, the NASA Office of 
Technology Utilization, and the Veterans 
Administration-developed a prototype 
voice-controlled, manipulator-equipped 
wheelchair for use by the severely 
handicapped. 
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Personnel 
Efforts to recruit and employ qualified 

minority candidates were continued. The 
35 colleges and universities on whose 
campuses the Laboratory recruited in­
cluded six predominantly black schools 
offering degrees in engineering and five 
colleges in the Southwest with significant 
enrollments of American Indian and Span­
ish-surnamed students. 

Four Pasadena City College credit 
courses were brought onto the Laboratory 
starting with the fall 1974 semester. These 
classes augment the University of Southern 
California Interactive Television courses 
that have been viewed at the Laboratory 
since the previous spring semester. The 
college program enables both JPL and 
Cal tech employees to participate in under­
graduate and graduate-level credit courses 
without traveling to the college campus. 

Administrative Divisions 
The NASA/Caltech contract for the 

operation of the Jet Propulsion Laboratory 
has been extended for an additional 3 years 
and 3 months through September 30, 1978. 

Funding for JPL's ongoing tasks and 
new efforts in research and development 
amounted to $226,000,000 during the 
FY'75 reporting period, including funding 
for 75 new tasks. Funds provided for 
ongoing and new construction of facilities 
totaled $11,100,000. 

Funding for fiscal year 1976 is planned 
for $230,000,000 for research and develop­
ment and $6,400,000 for construction of 
facilities. 

Proposal activity in FY'75 relating to 
non-NASA-sponsored tasks remained at a 
high level. Approximately 40% of the 
submitted proposals were accepted by 
sponsors, with a total of $4.5 million being 
authorized. 

The Technology Utilization Office has 
established a small library facility which 
contains reported items of new technology 
from JPL and NASA Centers. This library 
is available to the JPL technical commu­
nity as well as the general business 
community and is arranged in such a 
manner that visitors can quickly find and 
review items related to their interests. 

During 1975, JPL conducted 25,000 
procurement transactions, representing 
obligations of approximately $134,230,000. 
Principal activities centered about the 
Viking Orbiter 1975 and Mariner Jupiterl 
Saturn 1977 Projects, tracking and data 
acquisition, and various space science and 
research and development projects. 



Special Recognition 
During the reporting period, many 

JPL personnel were recipients of awards 
and citations. These include 

W. E. Giberson, Outstanding Engineer 
Merit Award of the Institute for the 
Advancement of Engineering. 

R. L. Phen and J. E. Green, selected for and 
presently serving I-year detailee as­
signments to NASA offices in Wash­
ington as part of NASA's Career 
Management Development Program. 

W. H. Pickering, Guglielmo Marconi 
Award for contribution to communica­
tions technology, received jointly with 
Dr. Joseph V. Charyk, president of 
Communication Satellite Corporation, 
and Dr. John R. Pierce, Cal tech 
professor of electrical engineering. 

For the recent accomplishments of the 
Mariner Venus/Mercury 1973 Project and 
the Pioneer 10 flyby of Jupiter, numerous 
NASA awards were given to JPL personnel, 
including the following: 

W. E. Giberson, NASA Distinguished 
Service Medal. 

J. R. Casani, NASA Outstanding Leader­
ship Medal. 

J. D. Anderson, V. C. Clarke, Jr., and J. A. 
Dunne, NASA Exceptional Scientific 
Achievement Medal. 

L. M. Bates, L. V. Burden, E. Cutting, G. 
E. Danielson, E. K. Davis, R. L. 
Foster, D. T. Gant, H. J. Gordon, A. J. 
Hooke, W. R. Howard (deceased), W. 
E. Kirhofer, E. H. Kopf, Jr., W. I. 
Purdy, A. J. Siegmeth, N. Sirri, F. L. 
Sola, A. J. Spear, G. F. Squibb, F. M. 
Sturms, Jr., F. Vescelus, P. B. White­
head, and J. N. Wilson, NASA Excep­
tional Service Medal. 

In addition, the 1974 Award for 
Management Improvement was given to 
the Mariner Venus/Mercury 1973 Manage­
ment Team by the President of the United 
States, and Mariner 10 was named one of 
the top ten engineering achievements in 
1974 by the National Society of Profes­
sional Engineers. 
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