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During 1992, .IPL enjoyed success ill (J/Jerseeing a broad spectrum oj ac/iIJifies Jar NASA, tlte 

Department oj DeJellSc' the Federal A I'iation Administration and other sponsors. > 111 jlight 

projects, two new missions were la unched - Ilie TOPEX/POSEIDON oceanographic 

research satellite and the Mars Obsel'l 'er planetary spacecra/l- whilefi!'e other spacecraft 

continued to operate PJ'Oduclillel)' at difJerent loeations throughout the 

solar system. Cali/eo visited Earth Jor the last time, gaining a gravity assist 

on its way to jupiter Magellan completed its tlzird Venus mapping cycle 

and then began measuring the planet's gramtationalfield. Voyagprs I 

and 2 continued investigating the outer reaches of the solar 

system. At jupiter, Ulyss(!s was dejlected illto all orbit that will take th(! 
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Deputy Director, 
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forll/erly all ,l.cistrlJlt 
/.aborator), Director. 

spacecraJt into unexplored regions oJ Ihe Su II. . i Iso, major r(!structu ri fig oj the Cassini lIIis-

sion to Saturn successJully accommodated neu' budgetary and programmatic constraints 

> hi space science, tile 7{)- and 34-meter antennas at/he Deep Spac(! Network ~' G'oldstone 

complex were used to bounce radar pulses oJJ the asteroid Toutalis, obtaining remarkable 

Director's H e s s a q e 
images of an Earth-approaching 

oblect. > In admnced tec/177 olog]~ the 

space shuilte carried two JPL-designed physics experiments - the Drop Physics Module and 

the Lambda-Point E:>:periment - into Earth orhit JOT studies requiring a mierogrClvity 

e1lvironment. > In applications projects, JPL needed only 12 months to develop 

the Miniature Seeker Technology Integration (MSTI) sateltite, launched in Nouember!or tli e 

Strategic DeJense In i/iatille Organization > The year also saw a major perSOIlllel change. 

Mr. Lan)' N Dumas, Jormerly the Assistant Laboratory Directorjar Telerommunicatio1l-s and 

Data Acquisition, became tlze Deputy Director injury, he succeeded Dr Peter T Lyman, who 

retired after Jive years in the post and a 101lg, dishnguislzed career a/ jPL > In clr~lillg, I want 

to emphasize thaljPL 's many significant achievements in 1992 were due to the 

dedicated eHorts of our people. 



JPL met the challenge of orchestrating 

multIple flight missioliS Jor .t~1J ill 1991 Gali/eo 

perjormed the last of three grarily-assist 1III/l1I!U-

lierS to send it toward an encolmter u'itli jupi-
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ter in ]995 The Magellan spacecraft completed 
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Gallleo 

The Galileo spacecraft raced past Earth in De­
cem ber, using our planet': gravity a a final-stage 
booster to send it on its wa y to an encounter with 
Jupiter in December 1995 The flawlessl y executed 
gravity assist culminated a three-year energy­
building trajectory known as the Venus-Earth­
Earth Gravity As ist EEG A), designed to impart 
sufficient velocity (0 the spacecraft to reach the 
giant outer planet. Initial gravity assists from 

enus and Earth were accomplished (wo year~ 
ago. Once it reaches Jupiter, GaliJeo will rel ease 
an instrumented probe for entry into the planet's 
atmosphere, then swing into planetary orbit for 
a two-year mission to explore Jupiter and its 
satellites. 

During its recent Earth gravity-assist maneu ver, 
the spacecraft fl ew over the I loon' northern polar 
region at a distance of 110,000 kilometers, pro id­
ing the first close look at that lunar region. Then 
Galileo swung by Eart h, with its closest approach 
of 304 kilometers occurring over the South Atlan­
tic Ocean at 34 degrees , outh latitude and 6 de­
grees west longitude. The fl yby - which increased 
spacecraft velocity relative to the Sun by 7.65 kilo­
meters per second - was so accurate that a fol­
low-up correction maneuver was not necessary. 

As it passed through our system, the spacecraft 
captured spectroscopic images of the Moon's north­
ern polar regions and the Andes muuntains and 
Anta.rctic continent on Earth - and also observed 
Earth 's magnetotail. Eight days after the closest 
approach, Galileo ca ptured multiple images of the 
Earth-Moon conjunction. 

< Yo _.alter _ 
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Prior to the Earth encounter, the spacecraft pIa yed 
back data acquired during its October 1991 flyby of 
the a~teroid Gaspra and stored for over a year on 
onboard tape recorders. The Gaspra science data 
yielded very high resolution Images as well as in­
format ion on the asteroid's surface composition -
affo rding scientists their best look yet at a main­
belt asteroid. 

This year, an intensive effort was made to under­
stanci and system<t tically simulate the . pacecraft's 
high-gain antenna deployment problem, produc­
ing a fi nal strategy for freeing the antenna's three 
stuck ribs. Late in December, spacecraft CDntroller 
began turning the antenna drive motors on and 
off in the hope that the resultant jolting, or "ham­
mering:' would free the ribs. This technique takes 
advantage of solar warming during a period when 
the -pacecraft is closer to the Sun than at any time 
since the beginning of the deployment problem 
last year. Controllers plan to repeat bursts of mo­
tor pulses a nLlmber of times over several month 
or until the ribs ar freeel. 

Even if the high-ga in antenna is not successfull 
deployed, about 70 percent of Galileo's science re­
turns at Jupiter, including all of the prohe data, 
can be recovered using the spacecraft 's low-ga in 
an tenna. 

Mage llan 

The Magellan spacecraft, orbiting cnllS since 
August 1990, completed its th ird mapping cycle in 
Septem ber of this year by filling the last signifi ­
cant gap in its radar map of the planet. Each mis­
sion c 'cle comprises one rotation of Earth ' closesi 
planetary neighbor - equal to 243 Earth days. Af­

ter capturing 8 percent of the VenUSian surface in 
the first cycle, Magellan spent the second 2 3-day 
period filling data gaps and remapping much of 
the planet from different viewing angles. MiSSion 
scientists devoted most of the third cycle to ob­
taining stereo coverage of about 22 percent of the 
cloud-shrouded planet's surface. 

In mid-September, Magellan started a fourth cycle 
by executing an orbit trim maneuver to lower its 
periapsis, or closest approach to the planet. The 
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spacecraft then began to characterize Venus' grav- 86,886 kilometers per hour relative to the Sun. To Casslnl Voyal·· 

Ity field Because of the higher frequency of Ma- reach Its destinatIon, Mars Observer must travel 
gellan's telecommunlcations·signal, the resolution more than 724 million kilometers The Cassin! spacecraf~ scheduled for an October Fifteen years after launch, and haVIng completed 

of the gravity data obtained during the cycle- The spacecraft will reach Mars In August 1993. 
1997 launch, will use gravitational assists from their histonc exploratIons of Jupiter, Saturn, Ura-

which will end In Ma y 1993 is expected to be where It will be steered into a near-clrcular, near-
Venus, Earth and jupiter to reach Saturn In June nus and Neptune, the Voyager 1 and 2 spacecraft 

four times that of earlier Pioneer 12 data Precise 
polar orbit 386 kilometers above the surface of 

2004. Cassinl will orbit the rInged planet and re- are sailing toward the outer boundary of the solar 

tracking of the Doppler shift of Magellan's radio 
the planet For an entire Martian year (687 Earth 

lease a probe to parachute Into the thick nitro- system Both spacecraft remain In good health as 

signal as the spacecraft orbits close to the surface 
days1 it will gather data on the planet's atmo-

gen-methane atmosphere of Titan, the largest of they seek the heliopause - the regIOn where the 

will enable scientiSts to map mass variations Saturn's 18 Identified satellites During the four- Sun's magnetic Influence wanes and Interstellar 

within Venus and to correlate them with plan-
spheric composition and density, magnetic field year miSSIOn, the spacecraft will fly past Titan space beginS Before reaching the heliopause, the 

etary surface features. These gravity data wIll al-
and gravitational and surface characteristics. more than 20 times and pierce Saturn's magneto- Voyagers will pass through an area, known as 
Onboard cameras are expected to capture Images 

8 
low geophysicists to study the dynamiCS of the 

of almost the entire surface, including detailed 
pause about 100 times. Science returns from the the termination shock, where the solar Wind .. 

planet's upper mantle - the active portion of the 
views with a resolution 20 times better than that 

mission are expected to exceed by a factor of 10 abruptly slows. 

.. structure below the Venusian crust. the data acquired from the Voyager flybys of 
of any previous Images of Mars. Saturn. 

As part of the Voyager Interstellar MISSion -

u Before the end of the first mapping cycle, Magel-
Mars Observer Is carrying a sUite of Instruments 

which began two years ago after Voyager 2's suc-

Ian had returned more digital image data than all European naUons are contributing significantly cessful Neptune encounter - the two spacecraft Cl 

previous U.s. planetary missions combined By the 
for scientific Investigations. A laser altimeter will to the Casslni project The European Space Agency are studying fields, particles and waves in inter- :r 

0 end of the third cycle and 4,828 mapping orbits of 
profile the surface to a resolution of about 1 meter; is developing the Huygens Probe, named for the planetary space Late 10 the year, the onboard 

'" the planet, the spacecraft had captured approxl-
these data Will be used to compIle topographical Dutch astronomer who discovered Titan The Ital- plasma wave science instruments detected radIO 

mately 99 percent of the Venusian surface - far 
maps. A gamma ray spectrometer will help Iden- Ian space agency (Agenzia Spaziale Italiana) is waves of a type first observed by the Voyagers a 

exceeding the original goal of 70-percent coverage. 
tlfy the chemical elements present on and near supplying the spacecraft's high-gam antenna and decade ago The source of these waves has not yet 

0 

:r the surface of Mars; this Instrument Will be com-
CI 

The images produced from Magellan data have a 
plemented by a thermal emission spectrometer 

portions of its visual and mfrared mappmg spec- been explained 

resolution of at least 150 meters. 
designed to determine the mmeral content of sur-

trometer, radio frequency Instrument subsystem 
All instruments relevant to the study of inter-

n 

and radar Instrument The Cassmi spacecraft and 
The Magellan Data Management Team has distrlb- face rocks and frosts and the composition of the probe are expected to support 27 mvestlgations, 9 

planetary space continue to operate satisfactorily; en 

uted over 200,000 image products to investigators planet's clouds Early checkout indicated that all of which are based in foreign countries. 
others designed for the earlier planetary encoun-

and the broader science community. By combining etght of the spacecraft's mstruments were operat- ters were turned off in 1990 to conserve space-

the image data with Magellan's altimetry returns, 109 satisfactorIly. Scientists expect the spacecraft to To control Casslnl costs, JPL SimplIfIed the space- craft power The ultraviolet spectrometer, the only 

the jPL Solar System Visualization project has pro- return more Martian data than all previous mis- craft design by mountmg the remote-senstng tn- pointable instrument still beIng operated, is mea-

duced spectacular films and videos of Venus sions to the planet combined. struments rigidly to the spacecraft body rather suring the light from stars and detecting hydrogen 

Near the end of its mapping mission in late 1995, 
than using a more costly scan platform as origl- within the hellosphere. The Voyagers have enough 
nally planned This new approach reqUires point- electrical power and thruster fuel to operate for 

.. n .... ...,... 
Mars Observer will partiCipate In the Mars Balloon ing the entire spacecraft at targets when the another 20 to 25 years . 
Relay Experiment, a cooperative venture among instruments are In use The spacecraft-to-probe 

In September, the Mars Observer spacecraf~ suc-
the United States, Russia and France Mars Observer telecommunications subsystem was redesigned 

Voyager 1 is eXIting the solar system at a speed 

cessfully lofted into space by a Titan III rocket, 
will assist the Russian Mars '94 mission by relay- to eliminate a special probe relay antenna on 

of 525 million kilometers a year on a heading 

began an ll-month journey to Mars. Mars Observer 
ing data from small penetrators and landed pack- the spacecraft 

35 degrees above the ecliptiC - the plane tn which 

ages sent to the MartIan surface by the Mars '94 most of the planets orbit the Sun. By late tn the 
is the first US miSSion to the Red Planet since the 

spacecraft. The data wlll be radioed to the u.s The entire proJect and its major constituents are year, the intrepid explorer was more than 75 bil-
launch of the Viking orbiters and landers In 1975. 

spacecraft, formatted on board by eqUipment sup- being designed wlthm strict budgetary gUidelines. Hon kilometers from the Sun. At the same time, 
After lIftoff from Cape Canaveral, Mars Observer 
and Its powerful transfer orbit stage were Inserted 

plied by the French space agency (Centre National This "deslgn-to-budget" approach reqUires mitial Voyager 2, dIving below the ecliptic plane at a 48-

into Earth orbit. Then, following a brief coast, the 
d'ttudes Spatlales), stored in camera memory and top-down allocations, with later adjustments from degree angle, was racing along at 465 million kilo-

transfer orbit stage ignited, successfully propelling 
then transmitted to Earth by Mars Observer contingency funds as necessary for solving future meters a year and had reached a posItion more 

problems To accommodate budgetary reductions than 575 billion kilometers from the Sun 
the spacecraft into a trajectory that wlll deliver It Mars Observer was constructed by the General in the u.s. planetary exploration program, the 
to Mars ElectrIc Astro-Space Division; jPL IS responsible for Comet Rendezvous Asteroid Flyby, a companion 

The challenge confronting flight controllers Is to 
project management, mission design and miSSIon project to Cassinl, was cancelled by NASA 

direct the spacecraft - traveling at 9(},I04 kilome-
operations 

ters per hour - on a flight path toward a plan-
etary target that is Itself moving at a speed of 
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-------Oaunched in September, Mars Observer IS 

cruising an an II-month journey to the Red Planet, where it will study the Martian 

atmosphere, surface and magnetic and gravity fields. 

Ulysses 

The Ulysses spacecraft flew by Jupiter in Febru­
ary, exploiting the gravitational pull of the glant 
planet to bend Its trajectory out of the echptlc 
plane and back toward the poles of the Sun Ulys­
ses will make pioneering measurements of the 
Sun's polar magnetic field, the solar wmd and in­
terstellar space at nearly all solar latitudes 

During the spacecraft's two-week Jupiter flyby, 
on board mstruments revealed that the solar wmd 
exerts a much stronger Influence on the planet's 
magnetic field than previously thought Scientists 
concluded that magnetic field lines are being 
peeled away from the Jovian magnetosphere by 
the solar wind, causing high-latitude magnetic 
field hnes to lead out into interplanetary space, 
rather than return to Jupiter In traversing the 
previously unexplored dusk sector, Ulysses found 
that the field hnes were bemg swept toward 
Jupiter's magnetotall 

The magnetic phenomena observed by Ulysses 
during the Jupiter encounter are similar to those 
observed 10 Earth's magnetic field Sclenttsts are 
now re-exammlng the long-held bebef that the 
solar Wind has less influence on the strongly mag­
netized, rapidly rotatmg jupiter than on Earth's 
smaller magnetosphere 

Ulysses also found that the doughnut-shaped 
cloud, or torus, of Ions Circling jupiter at about the 
orbital distance of the Jovian moon 10 is much less 
homogeneous than antiCipated, the torus exhIbited 
Significant variations in density at different lati­
tudes In addition, the spacecraft observed five 
brtght radiO sources that were distrIbuted along 
and rotating with the torus EVIdence of a JovIan 
aurora In the prevIOusly unexplored dusk regIOn 
on the planet was also observed as particle beams 
streaming along the magnetIc fIeld 

Ulysses dId not sustain any damage from the hos­
tile magnetic environment of Jupiter as had earlier 
PIoneer and Voyager spacecraft, and as the year 
ended, the robotic explorer was cruising along at 
roughly 20 degrees south solar latitude on a traJec­
tory that Will take 11 under the south solar pole in 
the summer of 1994 

NASA and the European Space Agency manage the 
Ulysses mission jomtly. JPL has sole trackmg and 
data acquisition responSibilities, manages the u.s 
expeflments and shares the mission deSign and 
navigation roles with the European Space Agency 

'I'OPEX/IPOSlIDON 

A new era of Earth-monltormg from space was 
inaugurated m August WIth the launch of the 
TOPEX/POSElDON satellite, a )Omt effort of NASA 
and France's Centre National d'lhudes Spatlales 
(CNES) to study the world's oceans TOPEX/ 
POSEIDON is deSIgned to measure sea levels, map 
basm-wlde variatIons in currents and mOnitor the 
effects of currents like the Gulf Stream on global 
chmate change 

TOPEX/POSEIDON was shipped to the European 
Space Agency's GUiana Space Center 10 Kourou, 
French GUiana, at midyear and boosted by an 
Aflane 42P launcher into a 66-degree inclined 
Earth orbit at an altitude of 1,336 kIlometers The 
satellite, which IS usmg the NASA Tracking and 
Data Relay Satelhte system for command opera­
tions and data acqUisition, was supported by the 
Deep Space Network for cntlcal launch operations 

Earlier 10 the year, spacecraft enVIronmental test­
Ing was completed at the NASA Goddard Space 
Fhght Center by Fairchild Space and Defense Cor­
poration, the satellite system contractor At JPL, 
which is managmg the project for NASA, the com­
mand and control center and data processmg fa­
cilities were completed and the miSSIon operaltons 
teams were staffed and tramed ,I 

The TOPEX/POSElDON satellite, a modified versIOn 
of NASA's multtmisslon spacecraft, Includes an ad­
,dltlonal module containing its sensors. Extra pro­
pulsion and power capabilities make possible a 
five-year miSSIOn life, includmg a potential two­
year extended mission The satellite carries six 
Instruments. a dual-frequency radar altimeter, a 
microwave radIOmeter, a laser retroreflector ar­
ray, an experImental Global Poslttonlng System 
demonstration receiver, a single-frequency solid­
state altimeter and a dual-Doppler trackmg system 
receiver. The first four Instruments were supplied 
:by NASA and the last two by CNES 

From orbit, the altimeters measure wave and 
surface heIghts for studies of ocean CIrculation 
patterns Returns from the satelhte's laser retro­
reflector provide orbital tracking data whIle the 
microwave radIOmeter corrects for atmospheric 
effects TOPEX/POSElDON has been returning data 
for the preparation of prellmmary global maps of 
wave heIght, water vapor content and sea-surface 
height variablhty The NASA verification site (an 
ocean platform near Point Conception, California) 
and CNES verifIcation slles (on Lamplone and 
Lampedusa Islands In the Mediterranean Sea) are 
collecting corroborattve data 

From TOPEX/POSEIDON data, scientists Will create 
global images of the world's oceans that will show 
how eddies of ocean currents change over dis­
tances of tens to hundreds of kilometers during 
mtervals rangmg from weeks to months The cur­
rents play an Important role In ocean circulation 
because they transport heat, salt, nutrients and 
other chemIcals throughout the ocean TOPEX/ 
POSEIDON IS expected to contribute to the assess­
ment of global change and improve long-range 
weather forecastmg and pollution control The 
satelhte WIll also help m monttoring envIron­
mental conditions of offshore and coastal areas 
throughout the world 

Advancetll Mission Studies 

Mars Environmental Survey 

JPL has lead responslblhty for NASA's Mars Envi­
ronmental Survey (MESUR) activity The MESUR 
basehne mIssion would mvolve placmg a network 
of 16 small landers at Widely separated sites on the 

Martian surface The purpose of the miSSIon is to 
study global atmospheric circulation; the planet's 
interior, and local rock, soil and surface character­
istics. Plans call for launching these spacecraft 
over a six-year period, beglnmng In january 1999. 

Early in 1992, ]PL was given the addItional 
aSSignment of producing an engineering proto­
type lander for Mars surface exploration, to be 
launched m 1996 ThiS new project, called MESUR 
Pathfinder, IS a precursor to the 16-lander network 
of the baseline missIon MESUR Pathfinder is ex­
pected to return science data from surface investi­
gations and could possibly deploy a small mobIle 
instrument on Mars. Its objectives, however, must 
be achieved wlthm a firm cost cap of $150 mtlhon 
Thus, the miSSion Will provide project management 
WIth an opportumty to develop techmques for ac­
complIshIng smaller planetary fhght proJects at a 
faster pace 

Most of the work tn 1992 was devoted to develop-
109 the Pathfmder lander concept - including the 
cruCial entry, descent and landing designs The 
evolVing design features an aeroshell, parachutes 
to brake the lander's descent and an airbag to 
cushion the actual landing Once the lander IS on 
the surface, petals deploy to expose the instru­
ments and solar panels before operations begm 

Pluto Flyby 

Pluto is the only planet in the solar system that 
has not yet been explored by spacecraft JPL is 
examining the feaslblhty of sending twin space­
craft on a flyby of Pluto and its moon Charon, 
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with launches suggested for 1998 or 1999 The 
main science goals of the proposed mission are to 
characterize Pluto and Charon's global g ology 
and geomorphology, map their surface com posi­
lion~ and determine Pluto's neut ra l atm ph ere. 
The small spacecraft, each weighing well under 
200 ki lograms, would arri e at Pluto in 5i . (( eight 
yea rs - before the planet'S atm sphere collapses 
again in the farther r aches of its $Olar orbit. 

Fiscal year 1992 culminated in the delivery )f an 
end-to-end mission c ncept and cost estimate. 

Discovery Program 

The Discovery program, annoLlIlc,d by NASA in 

the spring, ca lls for mall planetary Illi::;sions with 
highly focused .cience ohjective.~ and budgets of 
less than 51 million each These missions \' ould 
be under the direction of the prin ipal in estiga­
tors, who would be encouraged to fo rm tea ms 
with representation from universities, industry 
and Government agen ies. 

In Novem h r, NASA conduct d a workshop to 
review 72 mission concepts propo ed hy principal 
in vestigators; JPL supported the devel pment of 
35 of these proposals, for which review is still 
pending. 

Multlnd •• lon OperatloIU 

.lPL has expanded its muitimission opera tions sup­
port concept and its ability to manage add itional 
ground data systems capabilities for flight projects. 
Prev iously, each flight project built and operated 
its own ground system; now, the Multimission Op­
erations Systems Office (MOSO) provides substan­

tial portions of a shared ystem. During 1992, MOSO 
supported the Magellan project using the new Ad­
vanced Muitimission Operations System. The office 
continued to provide support to the Voyager, Ga li · 
leo and Ulysse projects wi th the old gro und data 
system and a complished the transition of the 

Voyager and Ulysses proj "cts to the new system 
wi th no iot rruption of service. 

MOSO's Navigation and 1ultim is ion Image Pro-
SSi ng support to the ,a lil eo project ielded un­

pr eden ted imag I f the ast ra id Gaspra. MOSO 

prov ided the llySbCS project and its science in­
ves tigators with a tim ~ l y suppl y of data prod ucts 
on the Jupiter fl yby; quick-lOOK xperim l:!nt data 
records were . upplied hourly during the period 
of losest appr ach. MO 0 develup d, tested and 
impl mentcd major new Mult irnissioll Ground Data 
• ystem apabilities for the Mar.~ b er er launch. 

The multimi' ion concept is d igned to reduce 
overall operations c sts to the fli ght projects. Dur­
ing l( 92, MO,Q tooK many st·p to init i:lte or en­

hance ost av ings and to incrL!:ts ' til e efficienc 
of flight project. uppor t. Til Muit imisSion Control 
Team beca mE! full establi 'hed and is II I w sup­
porting three proje ts, allo wi ng all overa ll reduc­
tion in suppl)rt personnel. Als( , tht Project Da ta 
Base technology was developed to pfIJvid ' a S me 
rep sitory for flight project da ta - one a cessible 
to both JPL users and r 'motely located principal 
in vestigators, who ca ll remain at their 11 0m aeili­
tics while sti ll interact ing effectively with day-to­
day planning ani mission operations acti Vities. 

In other efforts. MO 0 redefi ned multimission 
spacecraft anal ysis tools - a Iready un der de elop­

ment - to be more cost effecti ve. In additioll , the 
mult imi sioll Navigation omputi ng Facility be­
came opera tional and is supporting the Ma rs Ob­

server and Galilco projects and the Navigat ion 
Software Development Group, all ow ing a substan­
tial reduction in persollnel and more efficient use 
of om puting ca pa bi lit i e~. 
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The Laboratory conducts basic research 

a nd dewlaps instruments and techmques /01' 

space e.\ploration and the stu(~)) 0/ Earlli and its 

elluirmlmenl These ((et il 'ilies add sigJlific{m/~)! to 
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our knowledge 0/ Ille pia nets, sola I' phy,lcs and 

astrOl/omy CIlld provide illsight into Earth (lild 

tlie processes Ihat change it Large qllantities 0/ 

data are generated that must be processerl, Clna-

Zjlzed and mc!/iued, tllell made a/.'ailable to sci-

enlists, educators and the public Work in 1992 

shed new light on lit e struclure 0/ the ozolle layer 

and its deplelion by chemical processe~~ expanded 

our ability 10 analyze earthquakes and locate 

/aults and helped IJalidate geophysical data Irom 

(arth and Space Science 
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I1IOistll re global/va nd (l pia Iletm} camem to 

compensate for tlie distortion ill the Hllbble 

Space Telescoj)e~' primm} mirror Aal'CIIleeS 

were Clch/eeed in prelimillaJ)) teclinology dewl-

opmen t for all farth-orbiting infrared telescope. 
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Earth Science 

A part of NA A's Mission to Planet Earth, JPL is 
in est igating the biolugica l, chemical and ph ysical 
fe:tt ures of Earth's atmosphere, oceans, land sur­
face and crust - and studying aspects of the in­
terfaces between them. To address key global 
problems such as ozone depletion, climate change, 
volcanism and tectonism, Jpt scientists acquire 
data from remute-sell ing instru ments ca rried by 
aircraft, balloons and satellites; insights are also 
gained through labora tory experimentation, field 
work and theoretical modeling. While research is 
becoming largely interdisciplinary in nature, JPL is 
bu ilding on st rengths in traditional areas of exper­
tise, such as atmospheric chemistry, oceanography, 

geolugy and geodynamics 

Microwave Limb Sounder 

Since its launch aboard NASA's 'pper Atmo­
sphere Rl!search Sa tellite in September 1991, the 
Mic rowave Limb Sounder has ga thered data on the 
omposition, chem istry and dynamics of Earth 's 

stratosphere. These data wi ll help scient ists under­
, tand the va ria bi lity of Earth's protective ozone 
shield and the chemical prucesses affecting it. 

Th 1icrowave Lim b Sounder - the precursor of 
the planned Earth Obsen ing System instrument -
is making daily observations of ozone, ch lorine 
monoxide, water vapor, temperature and press ure 
over nearly the entire globe. Stratospheric chlorine 
monoxide, derived primarily from industrial chlo­
rofluorocarbons, is a factor in the destruction of 
atmospheriC ozone. 

The wi ntertime polar increase in stratospheric 
chlorine monoxide, which had been sampled only 
occasionally before the la unch of the Upper Atm o­
sphere Research Sa tellite, has now been monitored 

< Th. lo.t city of 
u ..... mayhav. 
11IJe1l!oUl1d ill nm{lll, 
Oil the Amili{l71 Pel/­
il/sula, based 0 11 sat. 
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[lIleiel/t lraeRs (jaillt 
lili es f rom Ihe lower 
righO wllwrge al lhe 
conlemporary village 
uj ShiSI; lUll iell is 
SII ,.rulltlded /J)' a 
Iria I1gll' oj model'll 

rM" .. ~'lll ," is l>eliel:ed 
to be tile sife oj !Jar. 

and mapped in both the northern and southern 
hem ispheres. Over Antarctica, the concentration of 
chlorine monoxide is increased in the presenc of 
polar strato, pheric clouds, leading to the formation 
of the ozone hole. 

The instrumen t has monitored the structure of 
ozone during its annual depletion. Results indicate 
that the depletion process known to peak in Octo­
ber begins as early as June, Surprisingly, duri ng 
winter in the northern hemisphere, elevated Ie ·els 
of chlorine monoxide were found to be as exten­
sive as in the south, Yet the formation of a spring­
time Arctic ozone hole was forestalled in late 
January by the warming and dissipa tion of the 
polar stratospheric clouds necessa ry for maintain­
ing the higher levels of chlorine monoxide. 

Data from the equatorial and mid-latitudes are 
also providing new insights into the threat of 
global zone depletion and the impact of su lfur 
dioxide and aerosols illjected into the strato­
spbere by the 1991 eruption of Mt. Pinatubo in 
tl e Philippines. 

During its first yea r of opera tion , the Microwave 
Li mb Sounder operated flawlessly and is expected 
to continue collecting da ta for several more years. 
Research groups from Heriot-Watt niversity, 
the University of Edi nburgh and the Rutherford 
Applcton La nora tory in the United Ki ngdom are 
collaborating with JPL in this experiment. 

NASA Scatlerometer 

Winds nea r the surface of the world's oceans play 
a pivotal role in global weather. As part of NASA's 
efforts to apply advanced ~ pace technology to un­
derstanding Earth and its climate, JPL scien t! ts 
and engi neers are de5igning and bui lding the NASA 
Scatterometer, a satellite instrument to measure 
near-surface ocea n winds. The scatterometer, 
scheduled for a 191)6 launch on Japan's dva nced 
Earth Observing Satellite, ill help scientists un­
derstand ocean Circulation and the role of air-sea 
interactions in the globa l ecosystem, thereby facili­
tating predictions of climate changes and improv­
ing wea ther forecasting 

During the year, the instrument's major engineer­
ing subsystems, including radio frequency and 
digital subsystems, were assembled and success­
fu ll y tested. The scatterometer's six stick-like an­
tenna were calibrated. Engineers assembled a 
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he Microwave Limb Sounder, abaard NASA's Upper Satellite (EERS-l) Radar images from satellite Oceanographic and meteorological data, together 
Atmosphere Research Satellite, is gathering data on the chemical proceliBS of passes over the Arctic revealed features such as with the sea-Ice information, Will yield insights 

Earth's stratosphere relating to ozone depletion. river valleys, tundra lakes, Wind roughening over into the fundamental role of the Weddell Sea in 
open water, internal waves, pack Ice, ice floes and the ventilation of the ocean and in the cycling of 

ice cracks called "leads" heat, nutrients and chemicals 

mock-up of the spacecraft's antenna support struc- an Integrated and tested flight hardware assembly The facility - a joint effort by NASA and the 
Lost City of Ubar 

ture, allowing electrical cable and radio frequency The digital and C- and L-band radio frequency l:Jnlverslty of Alaska, Fairbanks - processes and 
waveguides to be laid out in preparation for fabri- electronics were completed, tested and integrated distributes data from European and Japanese What are believed to be the remains of the leg-
cating flight versions. A mechanism for deploying The X-band radar, which arrived at JPL in October, remote-sensing satellites and will support the endary city of Ubar were found in Oman, In the 
the antenna passed performance and environ- is being integrated with the SIR-C hardware at the planned Canadian Radarsat satellite It prOVides southern part of the Arabian Peninsula, partially 
mental tests. Engineers also completed a model to laboratory's Spacecraft Assembly Facility data processing services to support research in sea- as a result of data gathered by JPL space ex peri-

I. simulate the instrument's electrical performance Ice studies, polar oceanography, glaCiology and ments and analytical techniques developed at the I. 
At 10,500 kilograms, the SIR-C/X-SAR antenna 

for spacecraft compatibility testing by the National 
assembly is the largest flight hardware ever as- vegetation studies. Laboratory. The site was located by the application 

u Space,Development Agency of Japan. 
sembled at JPL The antenna structure - 12 me- Analysis of radar imagery has derived ice motion 

of an unusual combination of space technology, 
~ 

z 
ters long by 4 meters high - fills most of the 

I histOrical research and traditional archaeology 
,I vectors from overlapping pairs of images The ice Spaceborne Imaging Radar 

space shuttle payload bay. The radar electrOniCS :1 geophysical products are important in examining According to legend, Ubar was an important center 
% 

u A giant multiple-frequency sensor known as the are carried on a Spacelab pallet mounted In the the heat fluxes in the polar oceans and under- for the frankincense trade that flourished in the 
Spaceborne Imaging Radar-C and X-band Syn- space shuttle bay under the center section of the standing the effects of global warming Using the region from about 2000 Be to 300 AD. The fortified ~ 

thetic Aperture Radar (SIR-C/X-SAR) progressed antenna. Alaska Radar Processing Facility, scientists hope to city was said to have been buried In a sandstorm 
z 

to the hardware assembly and integration stage 
0 

u 
The precursor of the planned Earth Observing 

glean Important Information about global change as divine pUnishment Actually, much of the city 
« In anticipatIOn of the first of a series of flights from environmental monitoring of forest health, apparently collapsed Into a sinkhole, perhaps un-

aboard the space shuttle late next year or early In 
System SAR, SIR-C/X-SAR will collect data on !1 seasonal conditions, glacial and volcanic changes dermlned by extensive groundwater Withdrawal. 
the carbon cycle from the Amazon basin and I 

1994. In orbit, the SIR-C/X-SAR imaging sensor ,I ~ 

other sites in the United States and Canada Addl- :j and methane emiSSion from tundra 
Remote-sensing data - from JPL's Shuttle Imaging n 

Q will make observations that will shed light on 
I z Earth's carbon, water and energy cycles and the 

tiona I studies will focus on the water cycle In the 
Polar Oceanography 

Radar, the space shuttle-based Large Format Cam-
Amazon basin, Italy and Austria, as well as on the it era and the Landsat and French Satellite Pour Ob-« continuing human impact on these cycles 
geology and paleoclimatology of North Africa, the JPL contributed to Innovative oceanographic In- servation Terrestre (SPOT) Earth-sensing satellites n 

% 

The project is a joint venture of NASA, the German southwestern United States, the Galapagos Islands - were enhanced and analyzed. Through analysis vestigations at the South Pole in an effort to vali-
space agency (Deutsche Agentur fOr Raumfahrt- and the Andes mountains Oceanography experl- date geophysical data generated by the European based on JPL-developed methods, the images re- z 

« angelegenhelten GmbH) and the Italian space ments Will be conducted over the Atlantic and I Space Agency's EERS-l satellite From February vealed a network of tracks that converge at the n 

agency (Agenzia Spaziale Italiana), with 52 science PacifiC Oceans. i to June, JPL participated in the first joint u.s.- modern village of Shlsr Some of the tracks are 
investigators from around the world The sensor I, Russian staffed drifting scientifiC Ice station in the demonstrably ancient because they lead directly 

Most of the key mission sites will have been im- :1 
Integrates the NASA-developed SIR-C - an elec- II Antarctic The station, located in the western under large sand dunes. Although no ruins are 

aged by NASA's DC-8 aircraft SAR prior to the first '\ tronically scanned radar operating at C- and 
flight of SIR-C/X-SAR, allowing investigators to Weddell Sea, was supported by synthetiC aperture visible in the images, they enabled researchers to 

L-band frequencies, each vertically and horizon-
develop preliminary algorithms for analYSIS of the I 

radar data from EERS-l eliminate large regions of the desert from consid-
tally polarized - and a German-made, mechanl- eration and indicated where to look for probable 
cally scanned, vertically polarIZed X-band radar 

new sensor's data. In addition, the DC-8 is expected 

:1 

From May to August, a complementary shipborne 
sites for the lost city. 

This combination of frequencies and polarizations, 
to gather radar data at the sites during the SIR-C/ experiment was conducted in the eastern and cen-

the equivalent of five separate and complementary 
X-SAR space shuttle mission. The combination of tral Weddell Sea aboard the German icebreaker The quest for Ubar benefited from three significant 

radars, makes possible far more detailed assess~ 
flight data, ground measurements at the sites and Polarstern Radar data from EERS-l were down- advantages of satellite data First, satellite observa-

ments of global phenomena from space than were 
flight crew observations will allow scientists to linked to a German receiving station on the Ant- tions cover vast areas, permitting a survey of the 

possible with earlier single-frequency, single-polar-
extract quantitative information from SIR-C/ arctic Peninsula, then processed and relayed to desert expanse that would otherwise have been 

izatlon space borne radars 
X-SAR returns as the basis for developing better investigators. JPL personnel aboard the Polarstern impossible Second, digital satellite data permit 
models for assessing global change acqUired shipborne radar scatterometer data at the computer image enhancement. Finally, satellite 

JPL built the SIR-C instrument electronics, while same frequency as the satellite radar as a way of Instruments record information at non visible 
Ball Communication Systems DiviSion supplied the Alaska Radar Processing Facility confirming contrasts between principal types of wavelengths at which many terrain features are 
radars active phased-array antenna panels, which 

The Alaska SynthetiC Aperture Radar Facility winter sea-ice more distinctive Principal support for the expedl-
are mounted on a JPL-fabricated antenna struc-

began receiving and processIng radar data from The combinatIOn of radar data, scatterometer re-
tion came from the Sultanate of Oman and many 

ture In 1992, the antenna mechanical structure 
Japan's Earth Resources Satellite OERS-I) this year, turns and on-site sea-ice data provided critical in-

Omani, British and American businesses. 
progressed from an engineering design on paper to 

adding to data It had already gathered from the 'J formation for monitoring the motion response of 
" European Space Agency's Earth Remote-Sensing the winter ice cover to climatiC and oceanic forces. 



nlum detectors doped with gallium that could slm- Jects - supported by superconducting bearings - Radio Astronomy Bxperlments to new computers. They also added a real-time 
pUfy procedures for buildmg the two-dImensional would fall virtually forever In orbIt, allowing any 

The 7()..meter antennas at Goldstone and Madrid 
data mode to support Galileo's plasma wave spec-

arrays needed for the telescope Sensitive at wave- dIfference m acceleration to build up indefmitely. 
joined with the US. Very Long Baseline Interfer-

trometer during the spacecraft's second Earth 
lengths between 40 and 120 microns, these arrays The satellite experiment could increase the accu- encounter 

ometer Network to make highly accurate obser-
WIll make pOSSIble studies of the luminosity func- racy over simIlar ground-based experiments by a 

vations of the supernova SNI986] In the galaxy Another software program developed at ]PL was 
tion of mfrared galaxies and WIll allow spectro- factor of one mIllion. " 

scopic exploration of the chemIcal and physical " NGC 891 The findings indIcate that this distant chosen as a computer Interface for one of five na-
ESA would provide the drag-free spacecraft for the f star exploded around 1982 The Deep Space Net- tlonal testbeds of the High-Performance Computing 

conditions In Interstellar clouds ( 
proposed experiment while NASA plans to supply I work (OON) antennas measured transverse ve- and CommunicatIOns Initiative, an interagency 

In additIon to detector investigations, the jPL team the booster, launch servICes and miSSIOn opera- L loci ties as high as 18,000 kilometers per second - research and development venture to extend u.s 
weIghed the feasibility of a new mIssion concept tlons. The payload would be a joint effort of the about one-fIfteenth the speed of light leadership In computers and networks The soft-
for the orbital Instrument Studies showed that an two space agenCies 

In another Investigation, the OON antennas com-
ware program permits analysis and visualization 

u Atlas lIAS rocket could launch a 2,500-kilogram of multidimensional, multivariate data and Imag- u 
'\1 blned with the Very Long Basehne Interferometer 

telescope into a heliocentriC orbit with significant Capturing Cosmic Dust in Space 
Network to observe the naturally occurring water 

ery. These capablhues are expected to be portable 

u cryogenic and operational benefIts. The spacecraft, 
Cosmic dust contains the histOrical record of an- vapor maser emission In the nucleus of the Seyfert 

to many computmg environments and should be 
» 

telescope and instruments could be reduced in sIze ; compatIble with low-cost, general-capability work-z " galaxy NGC 1068 The posItion of the maser source 
to accommodate the mass and volume constraints 

clent processes, including mvaluable clues to the 
stations. Researchers in the Earth SCiences are us-

early hIstory of the solar system Dust samples was coincident with the nucleus to WIthin 01 arc 
of the rocket while preservmg a major part of the Ing this software program to analyze spectral and :J: 

u telescope's core scientifIC capabilities As a result of 
obtamed In the stratosphere and on Earth's sur- second. The findings indicate that the maser source 

seIsmic data In evaluating earthquake faults and 
'" face have given us some inSIght into cosmic pro- may be a torus, or doughnut-shaped cloud, of gas » 

these studies, the Atlas confIguration has become 
cesses But these samples have been altered by and dust surrounding the nucleus and that the 

other geologIC Information z 
the new mIssion baseline 

heating. weather erosIon and contaminatIOn To nucleus may have a mass eqUIvalent to that of A third software development effort, called the " u 

« 
Satellite Test of the Equivalence Principle 

obtain unaltered samples, jPL has developed a four bIllion suns - comparable to that of a Planetary AnalYSIS Tool, has integrated an obJect-
technique for capturing cosmIc dust traveling at supermasslve black hole orIented systematic data processing package WIth 

'" A prehminary study of an ambitIOUS space experl- hypervelocities In space; the techmque has been a newly developed program for dynamic data 
» 

f'I 

0 ment to investigate the nature of gravity and its successfully demonstrated in laboratory simula- base selection The Integration allows a scientIst 
z relationshIp to other fundamental laws of physIcs tlons and on a space shuttle flight using slhca ............ nSyate-. to interactively describe desired data sets and pro-
« was completed by JPL scientists The experiment, aerogel cells, a highly porous type of glass cess them automatically using entire Planetary 

f'I 

:x: called the Satellite Test of the EqUivalence Prin-
Gathering cosmic dust requires the use of a capture 

Scientific Visualization Data System compact dlsk-read-only memory 
clple, is a candIdate for the European Space Agen-

medium having a microcellular foam-like struc- '\' interactIve analysis of large, complex data sets 
(CD-ROM) data sets 

cy's (ESA's) next medium-SIzed space mission, 
>, 

Z 

« scheduled for launch in 2000 If selected, the ex-
ture and a lower denSIty than the material from reqUires powerful software as well as hardware. New visualization capabihties developed at jPL 

f'I 

which It IS made. Since cosmic dust is so small, a I Several activities at JPL are developmg software provide previously unavaIlable science analysis 
periment w,ould be conducted lointly by ESA and 

capture medium Ideally should be transparent to ~ tools that allow users to visualize complex data techmques One software package processes Image 
NASA; NASA sponsored the JPL study. 

help researchers locate and extract captured par-
" The Linked Windows Interactive Data System, or data from CD-ROMs generated by the Planetary 

The equivalence prinCIple relates mertial mass 
'I 

Data System The software package encompasses tlcles A JPL researcher was the first to prove that , 
L1nkWmds, provides analysts with the capability 

and gravitational mass Inertial mass, defmed by 
'. 

transparent silica aerogel, the lowest density solid to combine interactively and manipulate dIsplays SCience products and the orlgmal dlgllal data set 
Newton's second law of motIon, mvolves the accel- matenal known, would be a desIrable medIUm for of data The links, made at the analyst's dIscretion, from which other products can be made In addl-
eration, mertia and momentum of physical objects capturmg hyper velocity cosmic dust enable the detection of trends, correlations and lion, the software can simulate spacecraft flybys 
Gravitational mass, defined by Newton's universal 

Space shuttle flight experIments have successfully anomalies The LmkWinds data vlsuahzatlon sys- usmg actual trajectory data These new techniques 
law of gravitation, Involves the force of attraction, 

captured two atomized particles and one intact, tem was developed and tested using atmospheriC, support the analYSIS and long-range planmng ca-
at a dIstance, between physical objects These two 

to-micron cosmic dust particle using the SIlica oceanographIc and geologic data The system pro- pablliUes required by scIentists 
different kmds of mass play fundamentally differ-

aerogel. Researchers from the caltech campus and '/ duces results that are rapidly understood and 
ent roles in the equations describing the motion 

the University of Washington WIll analyze the readily communicated to others. Copies of an early Solar System Visualization 
of matter. 

captured particle and other samples to determine test version have been mstalled at a variety of The Solar System Visualization project seeks to 
The satellite test of equivalence IS a modern ver- their geochemistry and dust structures Analysis Sites, mcludmg the San DIego Supercomputer Cen- apply visual analytical tools to the re-exploratlon 
slon of the physiCist Galileo's experiment in which should supply valuable mformatlon on solar sys- ter, the NASA Marshall Space Fhght Center, the of the planets based on data from previous NASA 
any difference In the rate of fall of two test ob- tem formation, Additional attempts to capture cos- Oregon State UniverSIty College of Oceanography planetary mIssions and to create new techmques 
lects mdlcates that each object has a different ratio mlc dust particles with aerogel cells are planned. and the UniverSIty of Colorado. and matenals for SCience, education and public 
of gravitational to inertial mass. Unlike Galileo's 

Software speclahsts are enhancing LmkWmds with information Its majOr products mclude scIence 
experiment, m whIch the test objects fell for only 

mathematical analYSIS tools, ammation features 
analysis and visuahzation tools and technologies 

a few seconds, the satelhte experiment'S test ob-
and other capabilities and are applymg the system 
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along with a series of science videotape products 
and CD-ROM perspective maps for each planet in 
the solar system. 

In collaboration with the Ulysses flight team, the 
Solar System Visualization project developed a 
model of the lysses spacecraft, created computer 
graphics representations of the lysses and earlier 
Pioneer and Voyager trajectories and simulated the 

lysses encounter with Jupiter. These products 
helped the flight team to visualize and plan the 
Jupiter encounter. 

In June, an animation product showing a series of 
simulated, three-dimensional perspective views of 
the asteroid Gaspra was released by the visualiza­
tion project. The animation was based on a digital 
elevation map of the asteroid developed by Cornell 
Uni versity and the U.S. Geological Survey from 
data acquired by the Ga lileo spacecraft during its 
Gaspra encounter. 

Two images of the Venus surface were produced 
by the visualiza tion project in collaboration with 
th ' Magellan cience team using the Intel Touch­
stone Delta supercomputer. The images provide 
three-dimensional perspective views of Maat Mons 
and Sapas Mons, two volcanoes located on the 
western edge of the Venusian highland area called 
Atla Regio. 

Using tools developed by the Yisualization project , 
a research team this year produced a videotape 
compilation, "From Surveyor to Galileo and Be­
yond," for the 25th anniver~'a ry of the Surveyor 
lunar lander. In another activ ity, the visualization 
project helped create a lO-minute videotape presen­
tation entitled "A Voyage to the Planets" for the 
inaugural ceremony of the World Space Congress 
in Washington, D.C.. in August; two collections of 
science vi ua lizations prepared by the project were 
on display during the Congress. 

Excerpts from another videotape, "Global Ozone 
Concentration Movies, 1980-1990," were shown at 
the United Nations Conference on Environment 
and Development. The videotape provides fi ve 
views of global ozone concentrations derived from 
data acqUired by the Total Ozone Mapping Spec­
trometer aboard the Nimbus-7 satellite. 

Planetary Data ~ystem 

The Planetary Data System has become a primary 
source of plan tary information, responding to 
over 6,000 orders from the scientific community 
and providing more than 20,DOO gigabytes of data 
since it began operation in 1991. In 1992, in its ca­
pacity as the curator of NASAs planetary data 
sets, the system archived more than 100 Magellan 
CD-ROMs and distributed them to scient is ts within 
a month of their release b, the project office. 

The Planetary Data System, which leads the sci­
ence comm unity in the development of standards 
for documenting and preparing data sets for ar­
chiving, has recentl y released a comprehensive set 
of standards for planetary missions. These stan­
dards, which assu re uniformity of data products 
for the planetary community, enable lIsers to 
search broadly across mission s, target bodies and 
disciplines. 

Based on these standards, the Planetary Data Sys­
tem developed a powerful set of software tools for 
creating, validating and manipulati ng archival 
data sets. The tools were distributed to planetar 
missions to help them create archival products. 
The Planetary Data System also continues to refine 
its on-line system capabilities This year, the Cell ­
tral Node Catalog was upgraded to include a more 
user-friendly interface, better "help" features and 
an improved order system. 

While pioneering the use of CD-ROMs for distrib­
uting large volumes of digital data products, the 
Planetary Data System is also inve ·tigating new 
technologies in archi va l media, uch a,' optical 
carousels that will make la rge quantities of data 
a vailable to on-line users. 
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In 1992, the Deep Space Network (DSN, 

supported 31 deep space and near-Earth missions, 

includillg Gali/eo; Ulysses, Magellan; Voyagers] 

and 2; Pioneers 10, II and 12; the International 
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Cometary E.."Cplorer, the European GioUo and 

f-hpparcos, the Geostationary Operational En-

virollmental Satellite (GO£S-7), Nimbus the 

German-US Roentgensatellit (ROSA T), theJapa-

nese Yohkoh, and the space shuttle, Launch and 

ea r(J' orbit support were prol)ided for Mars Ob-

server, TOPEX/ POSEIDON, the Extreme Ultral'iolet 

Explorer; the Solar Anomalous and Magneto-

spheriC Particle Explorer (SAMPEX) the Japanese 

Geotail, the US-Ita lian Laser Geodesic Satellite 

Telecommunications Systems i 
______ J 

(LAGEOS II) and/our 

foreign reimbursable 

missions. The DSN also 

participated in radio 

astronomy observations 

at all Deep Space C01ll-

munications Complexes 

> Perched on a 
girder, a worker 
is rill 'ailed b)' the mas­
sire supporl slmctllre 
oj Ihe DSN's 34-meler 
bealll /w regllidc illI­

lell /la allhe G'IJldstolle 
rese(/rch IIllrI i/e/.'elop­
mP1I1 sile. 

Below Tile Goldsto lle 
complex ,1 radar ob$cr­
I'II/iOT/S of /lIe asleroid 
'I oulali;; re/:('aled Ihal 

it is 11/'0 irreglliarly 
shaped bodies - nile 

Illi lil a :OO-lliele/'­
diameler cmla 

and made radar astronomy observations from 

Goldstone - includillg joint efforts with the 

National Radio Astronomy Observatory's Very 

Large Array in Socorro, New Mexico. To meet 

the challenges of current and prospective space 

missions, the DSN's facilifies were Significantly 

upgraded and enhanced The Laboratory con-

tinued to pursue i11110l)ations in telecommunica-

liolls. In an experiment involving Gali/eo as it 

flew by Earth, JPL successfully demollstrated 

the use of laser beams to communicate with 

distallt spacecraft. 



DSN Ove.."lew 

The Deep Space Network (DSN), NASA's worldwide 
system for commllnicating with spacecraft above 
low Earth orbit (above 10,000 to 15,000 kilometers), 
is managed by ]PL through the Telecommunica­
tions and Data Acquisition Office. The DSN's three 
Deep Space Communications Complexes - at Gold­
stone in Southern California's Mojave Desert, near 
Madrid, Spain, and near Canberra, Australia - are 
separated by approximately 120 degrees of longi­
tude so that a distant spacecraft is normally in 
view of one of the station s. The Network Opera­
tions Control Center at .1PL monitors the operations 
of each complex; a spacecraft compatibilit y test 

facilit)7 at JPL and a launch support facility at the 
NASA Kennedy Space Center in Florida are also 

part of the DSN. 

MI.slon Support 

GaWeo 

Late in Jan uary, the Galileo 'pacecraft experienced 
ib first solar conjunction; communication with the 
spacecraft became more complicated as the Sun­
Earth-Probe angle, or angle between the Sun and 
the spacecraft as observed from Earth, dropped 

to 5 degrees. A command sequence for cooling 

Galileo 's high-gain antenna tower was uplinked in 
mid-January via Goldstone's "lO-meter antenna at 
about 5.36 degrees Sun-Earth-Probe angle, using 
100 kilowatts of transmitter power. Neither this 
attempt, nor a subsequent one at the same power 
level from the Canberra "lO-meter antenna, was 
entirely successful hecause of Ga lileo's close angu-

0( •• " '"IK. IIlIk. 
with ."lKec ...... 
U,< well CiS /'(1(/ io fwd 
mda'/' (/SIr(Jl/IIIII), 

l)iJse/' //{/ Ii()IIS {Ire Ille 

prim" rl' fUl/ctiO/~< Of 
tlie Goldstone 7O-!IIeler 

{lIIIell/llI III 1992, Ihe 

(il/telll/a /Jlw dded sup­
pori 1o Ga liIelJ {/ Il!I 

//Iflillluill cd COIl /act 

with Ulysses ri'irill8 
Ihe,/u/Jiler el'/COIIil /CI: 

lar proximity to the Sun. Finall y, controllers re­
sorted to emergency high power uplinking com­
mands via Madrid's largest antenna at the rarely 
lIsed 40()-kilowatt power level - the highest 
power level used by anyone for com manding 
spacecraft. This time, controllers were able to 
verify Galileo's receipt of the command sequence. 

The DSN aided attempts to free Galileo's high-gain 
antenna by uplinking commands to warm or cool 
the stu bborn antenna by turning the spacecraft 
toward or awa y from the Sun, respectively; in the 
final few days of the year, additional commands 
- to turn on and off the antenna dri ve motors -
were uplinked. Because of Galil eo's distance from 
Earth and the availability of only the low-ga i!! 
antenna, the spacecraft could only downlink data 
at 10 bits per second until late April. A 40-bit-per­
second data rate was achieved when the Gaspra 
imagery was played back in May and June. The 
low-gain antenna's full data-rate capabilit y of 
1200 bits per second was restored in carl y October 
as Galileo approached Earth. 

Mars Observer 

The DSN initially acquired the Mars Observer 
spacecraft at X-band (85 gigahertz), the first appli­
cation of the narrower beam signal for acqUisition. 
Within 40 seconds of activating the spacecraft's 
transmitter, the DSN Canherra complex success­
full y acqui red the spacecraft's X-band signal with 
its 26-meter antenna and 34-meter high-efficiency 
antenna, The challenge of introducing a new 
X-band command frequency wa iner ased by 
the un expected absence of a real-time S-band 
downlink signal fro III the spacecraft's transfer 
orbit stage, 

The DSN compatibi lity test station at the NASA 
Kenn edy Space Center had provided excellent com­
patibility testing and spacecraft end-to-end data 
flow during the Mars Observer launch, The DSN's 
:l4-meter high-effi ciency subnetwork continuously 
tracked Ihe spacecraft for 30 da )'5 after the Sep­

tember launch and is supplying daily uplink and 
duwnlink services during the cruise phase. 
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Ulysses Magellan propellant would be exhausted by this final low- In the new antenna destgn, a beam waveguide 

To accurately determine Ulysses' orbit during the In january, the Magellan spacecraft's primary altitude science phase, after which the orbiter system transfers microwave energy from the usual 
would be destroyed by friction-induced heat. Cassegraln focus, above the main reflector, to an Jupiter flyby In February, the DSN relted on a new transmitter failed because of the loss of all X-band 

accessible point within the antenna pedestal. This navigation method called Delta Differenced One- telemetry subcarriers The backup transmitter, A series of nine altitude-raising maneuvers 
design permits housing several sets of electrOniCS Way Ranging - a way to quickly make precise whIch had a history of erratic performance, was planned by the Pioneer project at NASA's Ames 
operating at multiple frequencies. The antenna's distance measurements without degradation by reactivated to relay radar data, but at a lower te- Research Center began In September The DSN's 
microwave optics, precise enough to support both charged particles. Controllers effectively navigated lemetry rate To maintain radar-mapping opera- 1 

70-meter antennas at Madrtd and Canberra sup-I 

Ka-band (32 gigahertz) and X-band (8.5 gigahertz), I 
the spacecraft by using a quasar angularly close to lions, the transmitter was operated at higher :1 ported the first six maneuvers, which raised 

will ensure compatibility with prospective small Ulysses as a known reference. The DSN had devel- temperature "plateaus." I the perla psis altitude from 132 to 145 kilometers 
Ka-band-utilizmg spacecraft and with Cassini's oped the technique to ensure high Ulysses target , 

Throughout this period, the DSN's 70- and 34-meter By late April, the ability of the DSN's 34-meter an- radio and gravitational science experiments accuracy at jupiter during a period when the DSN 
tennas to acquire even the lower rate telemetry antennas collected low-altitude atmospheriC data 

:10 was expected to be busy supporting the Magellan, on the cloud-veiled planet :n had become marginal In response, the DSN imple- Signal Processing Center Pioneer 12 and Galileo spacecraft 
mented a procedure In which the receiver phase But early in October, during the seventh maneu-I Newly upgraded eqUipment located at the signal :lE Continuous telecommunications were maintained shifters were manually adjusted before each acqui- ! ver, the orbiter'S supply of hydrazme fuel expired. 

with Ulysses during the jupiter encounter The DSN sition period. This technique consistently Improved \1 A few days later, all communicatIOns abruptly processing center of each DSN complex began op-
erational support thiS year. Each signal processing 

'" 
supplied dual simultaneous coverage using the 70- signal detection by 70 to 100 percent 

I!i 
ended after the spacecraft dropped to within 

center provides the telemetry, command, tracking, n .. and 34-meter antennas at both the Goldstone and 127 kilometers of Venus. 
test support and monitor and control functions 0 

Canberra complexes when Ulysses made its closest Glotto Ii 
for all of its complex's antennas. The upgrade will 

;r; 
approach to Jupiter, at a distance of about 675 mil-

The European Space Agency's Giotto spacecraft 
!j' SAMPEX Project 

Increase availability for flight proJect support, inte-
;r; 

lion kilometers from Earth During this period, the !l c: z was successfully reactivated and Its signal ac-
11. 

In July, the first of a series of small explorer mis- grate operation of the inherited 26-meter subnet-DSN recovered 100 percent of the spacecraft's te- z 0 quired by the DSN In May, after commands origl-
t sions - designed to be highly focused and inex- work Into the signal processing centers and meet lemetry data. 

natlng from the European Space Operations Centre pensive - got under way with the launch of requirements for ongoing and upcoming flight 
J 

n 

« Ulysses' gravity-assist trajectory around Jupiter, in Darmstadt, Germany, were transmitted by the the NASA Goddard Space Fhght Center's Solar projects supported by the DSN. l> 

u which carrted it out of the ecliptic plane, created 70-meter antenna at the DSN Madrid complex. ~ Anomalous and Magnetospheric Particle Explorer 
a unique radio path geometry The spacecraft's At the time, Glotto - one of five spacecraft en-

, :1 (SAMPEX) satellite. SAMPEX's primary scientific Network Operations 
0 z " 

objectives are to measure the elemental and Isoto-)1 In 1992, the effiCiency and response time of con- z ::> 

piC cOmposition of solar energetiC particles, anoma-, 
trollers directing the operatIons of each DSN com- '" :lE 

lous cosmic rays and galactic rays. :lE luring Ulyues' Jupiter flyby in february, plex from the Network Operations Control Center '" 0 The DSN's 26-meter subnetwork station at Madrid at jPL were improved significantly by hardware "' DSN cantrollers effectiY8ly navigated the spacecraft by using a quasar angularly close 
'I u 

initially acquired the satellite Since launch and and software upgrades. An open architecture with 
to the spacecraft as a known reference. 

'1 
the early orbital period, the subnetwork has industry-standard hardware and networks was 
executed command, tracking and data acquisl- substituted for obsolescent systems. By employing ;r; 

'I tlon functions for a minimum of two satellite the open architecture, the DSN will be able to up-'I 

radio signal passed through both sides of the torus countering Halley's Comet in March 1986 was :1 passes a day - acquiring data at a capture rate grade the Center's software economically, based on 
plasma ring around jupiter before being received 219 million kilometers from Earth. Telecommunlca- ' , 

of 98.5 percent. future needs I.,' 
by the DSN. Nonetheless, all the radio science data tlons and data acquiSition assistance to the Euro- II 

:1 The new hardware and software mcluded con-transmitted through the torus were successfully pean Space Operations Centre continued during '); 
troller workstations with three-screen, hlgh-resolu-acquired May and june for spacecraft engineering tests, 'I ......... UPlINI .... 

science Instrument calibration and checkout, tion color graphics monitors, a significant amount 
Following the jupiter encounter, the DSN contln-

navigational ranging and trajectory correction Goldstone A ntenna Construction of commercial off-the-shelf software and more 
ued to record radiO science data for the Ulysses ,I, than 200,000 lines of jPL-developed applications maneuvers 
gravitational wave experiment during the second In ApriL the DSN began construction of a new software. 
solar opposition of the spacecraft In February :!I 34-meter deep space communications antenna at PIoneer Venus Orbiter ,I' 
and March. ,t Goldstone - the first of a subnetwork that will Goldstone Earthquake Damage 

In September, after nearly 14 years in orbit around 'I 

\ contain two other identical antennas 
The DSN's 70-meter antenna subrenector at Gold-Venus, NASA's Pioneer Venus Orbiter spacecraft ,Ii 
stone returned to service a little over three weeks was about to descend to a perlapsis altitude so low 

"I 
after being severely damaged by the Landers as to cause atmospheric entry and termination of 

'~ 
its extended mission. The spacecraft's power and ~ 

~ I ; 
" ii, 
,I 
! 
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earthquake in June. Despite extensive damage, the 
antenna resumed operations with only a tempo­
rary loss of approximatel y 30 percent in perfor­
mance' above 60 degrees elevation at X-band, the 
frequency used for high-rate telemetry. A plan 
has been adopted to protect against future earth­
quakes by replacing the subreflector ~t ructures of 
the 70-meter antennas, starting in 1995. 

Architecture Studt • 

Mission communications strategies were devel­
oped this year for the exploration of Mars. One 
approach in volves direct links between small 
landers on the Red Planet and Earth-based DSN 
stations; another calls for a communications relay 
satellite in Martian orbit as an intervening termi­
nal between the landers and Earth stations. These 
alternatives are being explored in anticipation of 
DSN support of NASA's Mars Environmental Sur­
ve), (MK) R) and the European Space Agency's 
MarsNet missions, which together would place up 
to 20 simple landers 011 the Martian surface be­

tween 2000 and 2004. 

The missions require a relatively modest data 
throughput of 10 megabits per day for each 
lander over a full Martian year, during which 
the di stance between Mars and Earth range, from 
70 million to 400 mill ion kilometers. The lander,' 
communications capability requirement is equiva­
lent to jllst a few minutes of the daily traffic of a 
larger spacecraft like Mars Observer. 

Direct links would eli minate the cost of a relay 
satellite and a void a single point of failure. But 
they would increase lander power, weight and 
cost. U 'ing a phased-array antenna in combinatioIl 
with the DSN's 70-meter antennas, along with sup­
pre sed carrier modulation and medium-rate cod­
ing developed at JPL, each lander could retu rn half 
the data required. 

A Mars relay satellite with onboard storage and 
playback in combination with the DSN's ?A-meter 
antennas could meet the lO-mcgabit-per-day 
throughput requirement for each lander while 

reducing lander power, weight and cost. Act ing as 
a beacon, the relay wuuld also help in more pre­
cisely locating the positions of the landers and in 
targeting subsequent landers. 

CommunlcatlolUl Technology 

Navigation by Two-Way Rallging 

The DSN demunstrated two-way ranging using a 

new range data filtering technique for both Galilco 
and Iysses navigation that enhances spacecraft 
navigational accuracy by factors of four to seven. 
The technique was employed to detect and simul­
taneously compensate for spacecraft nongra ita­
tional forces in the navigation process, the effects 
of residual station calibration errors and uncali­
bra ted effects due to solar plasma. Post-encounter 
orbit solutions using the data filt ering technique 
were computed in 1992 for the Galileo spacecraft's 
first Earth encounter in December l ~~O and for the 
Ulysses spacecraft prior to its Jupiter encounter in 
February of this year In both case', the two-way 
ranging data were successfully usee! at accuracies 
of 2 to 10 meters. These improved navigational 
accuracies will translate into lower mission opera­
tions costs or more encounters for the sa me mass 
of expendables 

Sa tellite Determ;nalioll Of DSN Coordinates 

Precise tracking of Earth-orbiting and interplan­
etary spacecraft requires that DSN antenna loca­
tions be known accurately to within 3 centimeters. 
Wllile accurate relati ve coordinates ha ve been 
found from ex tragalactic rad io measurements, 
coordinates ca librated to Earth's center of mass 
require very precise tracking data from Earth­

orbiting satellites. 

In the absence of such precise Earth orbiter data, 
the DSN geocentric coordinates until recentl y had 
significant geocentric biases of 50 to 100 cen time­
ters. New data from Global Positioning Sy. tem 
satellites ha ve enabled coordinates to be directly 
measured and calibrated to an accuracy of better 
than 3 centimeters in the X- and Y-coordinates 

and better thall 7 centimeters in the component 
parallel to the axis of rotation. Th e calculation 
incorporated correctiolls for numerous potenti al 
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errors temming from such factors as Earth rota­
tion and orientation, atmospheric distortion uf 
th satellites' raelio signals and gravitational and 
nongravitational forces acting on the atellites, 
as well as various geophysical effects. 

The new Global Pu-itioning System-based esti­
mates for DSN antenna coordinates provide a 
geocentric calibration more than an oreler of mag­
nitude more accura! than was previously possibl e. 
Repeated over a periud of months, the measure· 
ments are consistent at the centimeter level. 

AtllemllJ Phase Stability 

The stability of the round-trip radio signal path 
between J)SN stations and distant pacecraft can 
be a significant factor in detecting gravitational 
wa es, A milestone in measuring this stabilit y was 
reached during th year when the DSN's prot ty pe 
34·meter beam waveguide anten na was character­
ized to a level that is importan t for gravitational 
wave experiments. 

Ith its reflector at 46.5· and 37-degree elevation 
angl es, Ihe antenna'S stability at 12.2 g gahertz 
was measured between 1.3 and 2,2 parts in 101\ for 
measurement intervals of 1,024 seconds in fair 
weather. These frequency stahility va lues apply 
to the entire microwave optics portion of the an­
tenna, incl uding the main refl ector, subreflector, 
tripod legs and the six internal beam wa veguide 
mirrors. The test results arc the first successful 
measurements of the stability of the microwave 
optics portion of a large antenna to this level 
of' ccurac t 

Space Optical Commtm;cations 

The trend toward smaller ~md lighter spacecraft 
will greatly constrain the allowahle size, weight 
and power cunsumption of spacecraft systems. To 
meet these needs, JPL is developing component and 

systems technologies for optical communications 
that promise to be smaller, less complex and less 
expensive than xisting technologies. The new 
optica l systems will transmit large volumes of 
data using very narrow laser beams that must be 
precisely pointed at an Earth-based receiver by a 
transmitter on board the spacecraft. 

To ach.ieve the necessary pointing precision, JPL 
engineers are developing techniqu ) to enable a 
spac raft to acquire from deep space either a 
laser beacon signal radiated from an Ea rth ground 
terminal or, at great distances, Earth's image illu­
minated by the Sun as a natural beacon. 

During Galil eo '~ second Ea rth flyby, JrL succeeded 
in simultaneoLisly transmitting laser signa ls to 
the spacecraft from telescopes at Table Mountain 
Observa tory and the Air Force's Starfire Optical 
Range. Detection of the signals by Gal lleo's imaging 
camera was confirmed by telemetry from the 
spacecraft during each of the seven days of the 
experiment, when the distance to the spacecraft 
varied from 600,000 to 8 mill ion kilometers Th 
experiment was stil l another demonstrat ion of the 
feasibilit}, uf laser-based communica tions for d ep 
space missions. 

Separate component teChnologies are also being 
a, 'cmbled into an integrated ystem that will 
lead to a flight experiment on the space shuttle. 
Slightly larger than 2-pound coffee can, the dem­
onstration system can transmit hundreds of mil­
liuns of data bits per second to a ground rec iver 
from an orbiting space shuttle. Innovati ve optica l 
r 'ccption techniques wi ll permit communications 
signals to be dele ted elespi(' interference from 
background light as strong as the Sun 's. 

Link Mont/or alld COtltl'ot Prototype 

The Link Monitor and Control Operator Assistant, 
an artificial intelligence-based prototype intended 
to assist DSN operators with semi-automated 
closed·loop control, was tested at the Goldstone 
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Oeep Space Comm unications Complex from 
September through November. The prototype 
is designed to automatically defi ne plan. for 
equipment setup, send messlges t configure 
and callbrat equipment, nlunit Jr the state a 
cOlllmunica tions link, detect anomalies and assist 

in fai lure recovery. 

During the Goldstone tests, the Link Monitor and 
Con trol Operator A sistant demonstrated semi­
automated c ntrul of the 70-meter antenna and 

other equipment necessary to support very long 
baseline interferometry. 'I'll d rnonstration 
showed that the Assistant could reduce the 
amount of time required f r setting up DSN 
auten nas, thus increasing antenna availability 
to support a greater number Ill' . pacecraft. 
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JPL's many technology developments 

are directed IowaI'd increasillg the capabilities 

and reliability oj/llture space IIIlssiol/s while 

COIlCU rrell tl}' reducillg tlieir cosl, Ongoing refill e-
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ments in automatioll, propulsion sl's/ems, lIIicro-

electronics and opl ica I lech mques cOlltinue 10 

limit missio ll cosls Clnd ellhance sciellce retl//'II :'~ 

For example, a !'Orer capable oj aulol/omous 

nangatioll is beillg de/'eloped to e_Iplore llie 

su rjace 0/ Mars Also, lIIicrosensors alld lIl icro-

instruments that are sJIlaller ligliler alld less 

costly llian COlI l'ellt/Ollall'ersiolls are beillg 
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Space Automation and Robotics 

Through its Automation and Robotics Program, 
JPL contributes to the development and application 
of technologies in know ledge-based systems, tele­
robotics and roving vehicles. These technologies 
make pos-sible innovative mbsions, provide tools 
for reducing costs of mission operations and data 
analysis and lead to improvements in safety. 

A rli/icial Intelligellce Tool 

.IPL is developing a new generation of intelligent, 
trainable systems for dealing with the huge vol­
ullles of scientifiC da ta collected by modern instru­
ments. Such systems help to enhance, and reduce 
the costs of, mission operations and data analysis. 

In 1992, the Laboratory coll abora ted with the 
altech 'lmpus in the development of an artificial 

intelligence sy tem, called the Sky Image Catalog­
illR and Anal Sis Tool, to ass ist in classifying ob­
jects in a photograph ic survey of the northern sky 
conducted by the Caltech Cam pus. From this sur­
vey, astronomers hope to generate a comprehen­
sive catal og of sky objects like sta rs and galaxies. 
The 5urvey has yielded 2.000 digi ti zed images con­
taining over 100 million sky objects - a forbidding 
task of visual classification. 

The tool permits analytical t~lsks that once would 

have taken several years to be accomplished in a 
few hours. Through the application of learning 
algorithms to a'tronomer-c rea ted training data 
sets, the system generates robust classification 
rules. Its object cl assifica tion efficiency of 94 per­
cent matches that of a human. Also, using training 
data obtained from high-quality images in a small 
portion of the survey coverage, the system can 
classify ohjects in the survey images that are at 
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least one visua l magnitude fainter than humans 
can recognize. This heightened perception yields 
roughly triple the number of cataloged sky objects 
that wou ld be availa ble through trad itional means. 

Telerobotics 

JPL develops telerobotic systems to perform (;~ mote 

operations under the surveillance and command of 
human controllers. This year, the Laboratory dem­
onstrated the feasibility of a ground-controlled 
telerobot performing surface inspections on Space 
Station Freedom. By automatically comparing new 
images to previously stored ones, the telerobot can 
discover any fla ws or differences appearing in the 
space station 's surface. It can automatica ll y scan 
known su rfaces, or a ground-based operator can 
gU ide the sensor-bearing, 7-degrees-of-freedom ro­
bot arm to take a closer look at potential defects 
from different angles and under varied lighting 
In tests, astronauts ha I'e found the system easy 
to learn and operate. 

The ground-based operator uses :I high-level com­
mand interface to help plan and graphically simu­
late telerobot movements. The operator can also 
update the telerobot's knowledge of the worksite 
and ca librate its location by video feedback. Once 
movements are planned and sim ulated, commands 
are sent to the remote site where the telerohot 
executes the task while its behavior is monitored 
and controll ed by an operator through sensor 
feedback . 

In another telerobotics demonstration, JPL estab­
lished the feasibility of installing a robotic system 
to inspect sa tellites in large vacuum chambers. 
Under development is the Sa tellite Test Assistant 
Robot fo r use in JPL's 7.6-meter space simulator. 
Able to acqUi re stereo images using a platform­
mounted camera with pan, tilt and zoom capabil­
ity, the system will allow operators to view test 
articles from all directions, provide infrared im­
ages from any view angle and automa tica lly map 
the simulated solar radiation intensit y over the 
en tire work volume of the chamber. 

Rover 

At midyear, a rover maneuvered about a si mulated 
Martian terrain in the Arroyo Seco, an area adja­
cent to JPL, to demonstrate how rover technology 
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could perform on a Mars science mission The In entermg mto the partnership with the three ~ A miniature temperature sensor Is also being de- ]PL IS transferring Its neural network hardware 
smalll0-kllogram robot, named Rocky IV, was DOE facilities - Lawrence Berkeley Laboratory, veloped based on a mlcromachmed, low-mass technology to u.s Industry For example, the 
released from a simulated landing vehicle Navl- Lawrence Livermore National Laboratory and structure supporting a platinum wire resistance Charles Stark Draper Laboratory and McDonnell 
gating by sensors and algorithms that allow It to Sandia National Laboratories - ]PL IS partiCipating 

" thermometer. Douglas acquired JPL-developed technology durmg 
aVOid obstacles, the six-wheeled rover moved from 10 the effort to help u.s. industry meet the chal- " 

A new program aimed at fabricating novel bl-
the year, discussions with other companies are 

one point to another as instructed by an operator. lenges of technology-driven competitiveness in the " 
i under way 
I 

nary optical elements - devices that make use of 
When Rocky IV reached a rock of mterest, its 

1990s and beyond. The partners Will pool resources 
and facilities to work with U.s. industry In such dtffractlve optiCS within a thin film - employs Ultraviolet and X-Ray Charge-Coupled 

onboard spectrometer obtained a spectrum of light 
areas as new products, materials and processes, 'J 

electron.beam lithography to repeatedly expose Device Imaging Sensors 
reflected from the rock to determine its composi-

accelerated design and production cycles, work 
'/' 

a polymer film. A chemical-developing process 
lionj the rover then chipped off the rock's outer 

force productivity and skills and environmentally then removes polymer from the film surface in A new technology for enhancing the quantum 
layer and obtained a spectrum of the freshly proportion to the amount of each electron-beam efficiency of silicon charge-coupled device imagmg 

44 exposed surface. As part of the test, the rover 
sensitive manufacturmg processes 

exposure With four separate exposure patterns, sensors in the ultraviolet and low-energy X-ray 411 

>-
scooped up a soil sample and returned It to the 

Microsensors and Mlcrolnstruments researchers were able to fabricate and subse- wavelength regimes has been demonstrated at the 
» 

C> 
landing vehicle. This demonstration showcased quently test optical structures such as a Fresnel Laboratory Without special treatment, Imaging 

" 
0 

most of the capabilities for robotic autonomy de- The Laboratory has become a leader In research lens with 16 levels of etching. Planar optical ele- sensors do not respond to light at these wave- < 

sired on a Mars mission given the long time delays In microsensors and microlnstruments, includmg ments are Important for miniature optical systems lengths. In 1992, JPL modified such a charge- » 

0 and narrow bandwidth of communicatIOns signals microseismometers, tunneling infrared sensors, In Imaging and spectroscopy coupled device by adding a very thin layer of z 

z from Earth. mlcroscale weather stations, hygrometers and crystalline Silicon containing a monolayer sheet n 

:I: mlcroscale OptiCS Electronic Neural Networks of boron atoms. 
u " 

ee ...... for Spa_ Mlc .... O ........ I_ 
Conventional seismometers, which detect ground Flne-graln, massively parallel computing and in- The modified device exhibits a quantum efficiency 

, ....... ..., motion, are too large and too heavy to use In up- formation processing based on models of biolog- correspondmg to the theoretical hmil imposed by 
Q commg space missions, such as the Mars Envlron- lcal neural networks are research areas of great the reflection of light at the Silicon surface With n 

mental Survey (MESUR) To meet space mission Interest to JPL Conventional digital computers prt- the addition of an antireflection coaling, the new :t 

u 
The laboratory's Center for Space Microelectromcs 

requirements, JPL developed the first microsels- marily use a single processor to serially execute charge-coupled deVice more than doubles the z 

z Technology, a joint enterprise of NASA and the 
mometer that utilizes a silicon mechamcal system logical steps of a given task. By contrast, artificial stable efficiencies of existing deVices at ultraViolet 0 

« Department of Defense, conducts research and de-
and a unique high-resolution capacitive position neural networks consist of many nonlinear proces- wavelengths. This advance permits the use of this 

velopment in space microelectronics The Center 0 > sensor. Prototypes of thiS sensitive device exhibit sors (neurons) operating asynchronously and si- device for low-energy X-ray Imaging - a wave-
Q concentrates on innovative, high-risk and high- c;I 

performance exceeding that of conventional seis- \ multaneously, interacting with each other through length regime to which previous charge-coupled 
« payoff concepts and devices With the potential for I -< 

mometers of more than 50 times greater mass 
.<.1 

complex networks of mterconnections (synapses). deVice surface treatments could not be extended. ,I 

slgmficantly enhancing both current and future 
space miSSIOns Following proof-of-concept demon- In a test this year, a capacitive mlcroseismometer Such networks mimic the way the human brain Astronomers believe emissions at these short 
stratlons, technologies are turned over to engineer- was bUried In a borehole 2,286 meters below the operates wavelengths could offer insights into the structure 
109 development areas at JPL, to Government ground surface at China Lake Naval Weapons The unique properties of these networks are of the universe and of Its galaxies and stellar sys-
laboratories or to industry Station The deVice's performance was superior Ideally SUited to solving a vaflety of complex pro- terns, as well as Illuminate many fundamental 

Because several of the Center's Inventions have 
to that of other seismometers installed at great cesslng problems that mvolve unclear information phYSical processes governing these systems. 

significant commerCial potential on Earth, the 
depths (i e , greater than a bout 300 meters) or distorted situations, for which conventional 

Undersecretary for Technology of the Department JPL IS developing sensors for a mlcroscale weather processing methods are often lime consuming, 

of Commerce recently pined the Center's govern- station Intended for use on the surface of Mars as ,:' cumbersome or simply nonexistent The "neuro- Adva .... Optlca. Systems 

Ing board to help develop new ways to work with part of the prospective MESUR mission - and for processingn approach IS particularly attractive ,ech .. O..., 

mdustry in an effort to boost U.s industrial com- use m the upper atmosphere of Earth A new hy- when a near-optimal solution IS acceptable, in-
stead of the most accurate solution available after ]PL is actively developing technology for advanced 

petttiveness Additionally, the Director of the De- grometer, developed for the Mars mission but SUlt-
a long calculation process optical systems such as large ultraviolet and VISI-

partment of Energy (DOE) Office of Space was able for commercial and industrial applications as 
added to the board to accelerate technology trans- well, rapidly measures dew pOint with high ao J- 1,1 In collaboration with Caltech Campus researchers, 

ble light telescopes, cryogenically cooled infrared 
telescopes, submllllmeter wavelength receivers and 

fer as outlined thiS year in the National Technol- racy and low sensitivity to contamination JPL Is actively investigating a broad range of neu- long baseline optical interferometers. ThiS technol-
ogy Initiative Partnership between ]PL and three 

In addition, a mlcromachined pressure sensor ral network apphcations of interest to NASA and ogy, reqUired by NASA's long-range plan, IS appJi-
DOE laboratOries 

is being developed for long-term atmospheriC 
the Department of Defense. The applications 10- cable to new observatories in space and perhaps 

pressure measurements on Mars. The sensor Will 
, elude multispectral data classification, robotic on Earth's Moon, where performance is not re-:\ ! COntrol, resource allocation, planetary rover path 

feature high-pressure and low-temperature sen- , i planning, weapon target assignment and multi-
sitlVlty,low mass and low power consumption. ~ I 

,! 1 target trackmg. 
'J 1 
I, I 
,d 



strlcted by atmospheric effects as it is on Earth five-billionths of a meter root-mean-square - curvature). One manufactured unit displayed a AtIv ..... Ipacecraft lech •• log_es 
or in lower Earth orbits The program also seeks far exceedmg original expectations for the initial root-mean-square surface figure error of less than 
affordable technical solutions adaptable to the experiments. These unprecedented levels of preci- four-millionths of a meter. In addition, a technique Ongoing research at the Laboratory is producing 
special reqUirements of space operations. sion and stability will eliminate vibration-Induced for polishing the panel surface reduced the as- new technologies for less costly and more capable, 

JPL made progress this year in the development of 
image distortion in lightweight space optical sys- manufactured figure errors by as much as two reliable and effiCient spacecraft for future space 

optical-system design tools and speciahzed submil-
tems such as interferometers, which must main- and a half times. missions throughout and beyond the solar system 
tain the distance between Widely separated optical Advances in such areas as spacecraft power, pro-

Iimeter mirror materials; the fabrication of ultra-
elements to WIthin a few billionths of a meter ,'j 

A complete alignment system architecture controls 
pulSion, commumcatlons, computing and data sys-

smooth, low-scatter optics, the suppression of i) the very precise alignment of the segmented pan-
vibration in precision space structures, and the A fleXIble, flight-like test structure, measuring ','I els relative to one another once they are mounted 

tems, pointing control and materials will increase 
" by a factor of 10 to 1,000 the potential science re-

control of segmented mirror shapes. Some of 7 by 6.8 by 55 meters and weighing only 200 kilo- in a telescope structure. For segmented mirror sys-
turns from future NASA space missions. 

these technologies, whIch have been applied in grams, is being developed for integration of the tems to achieve optical performance similar to 
46 new instruments to correct optical flaws in the multIlayer architecture techniques with mterfer- that of monolithic mirrors, they must be actively 4:r 

Alkali Metal Thermoelectric Converter 
.. Hubble Space Telescope, promIse expanded capa- ometer technologies; the goal IS to demonstrate the aligned to extreme levels of precision JPL has de-

» 

~ 
billty, Improved performance and reduced cost applicability of the vibration reduction techniques veloped a system architecture designed around a A novel technology is under development at 

0 

0 
for NASA missions to space missions These techmques could then be two-stage process' The alignment is first Initial- JPL that can convert heat m the range of 700 to < 

applied to specIfic space-based interferometric mls- ! ized uSing a natural reference target, such as an 1,000 degrees Celsius into electricity. This advanced » 
II 

0 Control-Structures Interaction sions or other projects having Similar challenging , unresolved star, and then it is mamtained with energy conversion system, called the Alkali Metal z 

z reqUirements. onboard laser metrology. JPL also demonstrated Thermoelectric Converter, will greatly reduce the .... 
r 

StudIes of future NASA missions requirmg precISIOn 

u optical systems indicate the need for optical align-
Telescope Technology 

0 

ment stability on the order of one-billionth of a .................... -0 ptical systems technology being meter - 1,000 times that of current technology To Future NASA astrophYSical miSSIons will reqUire 

0 achieve such stringent stabilities, researchers are large, lightweight, multisegmented reflector sys- created at JPl is applicable to new observatorlet In space and perhaps on Earth's Moon, .... 

developing active and passIve design and control tems for deployment in space or on Earth's Moon :z: 

u techniques to reduce Vibrations in the optical train JPL IS developmg the materials, structures. optics where performance i. not rettricted by atmospheric effects. z 

z by factors of 1,000 to 10,000. and controls technologies to make such systems 0 

« pOSSible. For lighter reflectors, the Laboratory will 
Recent experiments demonstrate that a novel ap- 0 > switch from glass optics to composite materials in the feasibility of using science instruments for weight of spacecraft power systems or provide 

0 proach developed at JPL, named Control-Structures a 

« Interaction Multilayer Architecture, can meet these 
new systems. In 1992, significant advances were initialization, thereby eliminating the need for significantly more power for the same weight, 

-< 

goals. A dedicated ground test facility is mvestl-
made in composite materials, structures, fabrica- special-purpose flgure-sensmg hardware depending on how this technology is applied. 

gatmg the blending of control layers, or feedback 
lion techniques, optical test methods and mmor 

During the year, an alignment technique using The converter IS a continuously operable electro-
loops, for achieving greater stability Current in-

segment position sensmg and control. 
the system architecture achieved an optical perfor- chemical cell that uses sodium as the working 

vestigations use three such layers - Vibration In a Significant demonstration, the Laboratory mance of 99.96 percent with respect to the ideal fluid SodIUm Ions are conducted across a solid 
isolation, active/passIve structural quietmg and used a new cyanate-based composite material m 

1" telescope segment alignment, even With dlstur- electrolyte from a high-temperature, high-pressure 
optical element compensation. manufacturing I-meter mirror panels with thermal bances due to actuator and sensor nOises in the source to a low-temperature sink, generating elec-

Disturbance energy is Intercepted at the source via 
and dimensional stability In the range,of one part positioning system Between Initializations, align- tricity in the process. In long-term tests begun 

vibration isolation, along the transmiSSion path via 
in a million - even at temperatures as low as 

:1 
ment was mamtamed at 99 percent of the Imtlal- last year, a prototype cell has operated nearly 

structural qUieting and at the destinatIOn via high-
100 kelvin and at radiation levels as high as 1 bll- q ized optical performance using a sophisticated 2,000 hours, producmg power at better than twice 

" 
bandwidth optical compensation Each layer of 

hon rads. Yet the panels weigh only one-half to 

1 laser metrology system. In related work, a fiber- the efficiency of thermoelectriC converters aboard 

control is tested m operation Independently as 
one-third as much as co~parable glass Optics. The optic-based sensor, integrated into an actuator current spacecraft Further testing is expected to 

well as succeSSively. Experiments with all layers 
new composite materials are also easier to process, proof-of-concept breadboard, demonstrated the demonstrate the feasibility of using this technol-
have better mOIsture resistance and are virtually "I feasibility of detecting panel motions as small ogy for long-duratlon deep space missions 

in operation Simultaneously have demonstrated 
'1-

1 
a vibration attenuation factor exceeding 5,000. 

free of mlcrocracklng at cryogemc temperatures as ten-billionths of a meter in an alignment-
All of these properties are critical for achievmg ,\ maintenance subsystem configuration Electric Propulsion Ion Engine 

I 

Equally Important IS the level of operational jitter long-term dimensional stability and optical perfor- :/ 
J, These technologies and techniques are being de- Future solar system exploration missions will em-

stabillty, which is critical for optical systems Pre- mance in a space environment. ,'I veloped primarily for submilhmeter-telescope use phasize shorter trip times. smaller launch vehicles 
Iimmary results show that the optical path length 
can be stabilized to a very impressive level of 

Ten years of research have led to the routme but will be fully extendable to segmented tele- and reduced cost These needs will be met using 
manufacturing of I-meter composite mirror panels scopes for any wavelength the electric propulsion technology currently under 
with highly curved surfaces (3-meter radlUs-of-

,~ 
development at JPl. 

I: :. 



Ion engines produce thrust when electrically tion is a recurring problem with today's spacecraft, I 
theory Is important m determinmg the scope of observations from the space shuttle. Researchers 

Charged propellant - such as xenon - IS accel- future trackers Will allow scientific mstruments to I its applicatIOn to similar critical-point questions are studymg the oXidation and reaction of sliver, 
I in condensed-matter physics, particle phYSICS and kapton and polyethylene and observing non-light-

erated through a nozzle to a tYPical velOCity of track points of Interest easily and Will eliminate 

i I 50,000 meters per second. These engines use much the need for tedioUS mosalcking and overlap lattlce-gauge theory emitting reaction products 

less propellant than even the most advanced matchmg of scientific target Images. JPL was responsible for the overall management, These oxidation and reaction studies have direct 
chemical engmes, their high efficiencies Will be Integration and environmental testmg of the bearing on the expected design lifetime of space-
the key to more ambitious deep space exploration experiment This was the second in a series of craft and satellite components In low Earth orbit 

missions Other T""ologlcal Advanc •• I . fundamental phYSICS investigations using the A data base of atomic oxygen effects IS now avall-

This year, JPL successfully applied an innovative 
. 1 Laboratory's space-qualified, low-temperature re- able for use by spacecraft designers In selecting 

Drop Physics Module search faCility. New experiments are planned for degradation-resistant materials The knowledge 
test technique to substantially reduce the cost of 
life-testing ion engines for the 5,000 to 10,000 hours The Drop Physics Module flew on board the space 1995 and 1999. of how atomic oxygen interacts with spacecraft 

materials has already been applied to ongomg 49 
48 typically required to perform a planetary mission shuttle mJune as part of the first US Microgravlty 

with electric propulSion. A 900-hour trial of a Laboratory (USML-l) The module supported a se- A tomic Oxygen Testing missions such as Magellan to Identify vulnerable 
» 

... 
xenon-fueled Ion engine measured the wear rates ries of fluid dynamiCs experiments performed in Many spacecraft materials, reacting to conditions 

spacecraft components. 
Q ., 

of the engme's lon-accelerating electrodes The test the nearly gravity-free conditions of space ThiS m space, can be degraded Since the earliest flights < 
0 Single-Event Effects Simulator 

was the longest ever run at mput power levels research will lead to more sophisticated fluid sci- .1 i of the space shuttle, NASA has studied the effects » 

greater than 5 kilowatts Additional engine tests of ence experiments and eventually may enable the of atomic oxygen on spacecraft materials. Several In 1992, the Laboratory introduced an mexpensive 
% 

0 
n 

% 5,000 to 10,000 hours are scheduled to start next development of important new materials in space. JPL flight experiments have investigated reaction technique for simulating and pinpointing specific 
:x: year. A new ion engine test chamber, 3 meters in Studies made possible by the module will also pro- mechanisms m space and the degradmg effects of sources of certain deleteriOUS effects of radiation Q 

u diameter by 5 meters in length, with a pumping vide research data that may be applied to the de- atomic oxygen on various materials on spacecraft electronics. The sensitivity of micro-
speed of 180,000 liters per second, was constructed velopment of fue\-(;ontaining pellets for nuclear 

The experiment called Evaluation of Oxygen Inter-
electronic parts to the group of space radiation 

... 
at the Laboratory to perform these tests fUSion reactors, the design of time-release medi- I effects collectively known as ·single-event effects' 

actions With Materials, conducted aboard the space n 
Q cines and the manufacturing of food, drugs, cheml- i has long been a major concern for NASA flight 

shuttle in August, offered the latest evidence sub-
:x: 

cals and plastics that go through liquid stages m I 
projects. These effects can cause problems ranging Autonomous Star Tracker % 

u 
their production cycles. stantlatmg the models of atomic oxygen interac-

from minor data acquiSition errors to catastrophic 0 
z As a leader In image-based pointing technology, tion developed by JPL researchers. Flight data 

failures « 1PL is pioneering in the development of opta- contained conclusive proof of a stepwise oxidation 0 

> electronic tracking and pomtmg sensors capable 
lambda-Point Experiment 

mechamsm for kapton and other materials In low Traditional testing for these effects Is very ex- Gl 
Q 

of autonomously Identlfymg and subsequently In October, the space shuttle carried the Lambda- Earth orbit. A JPL-developed model Identified two pensive, requiring the use of energetic, heavy ions .... 
« Point Experiment into orbit as part of the first U.s. trackmg sky features such as star patterns or un- reaction mechanisms accounting for the direct produced at large nuclear particle accelerators to 

usual planetary features. The Laboratory has al- mlcrogravlty payload The experiment tested the reaction of atomic oxygen with elemental carbon simulate galactic cosmic rays found in the space 
ready successfully flown a solid-state star tracker Nobel Prize-wmnlng theory of physicist Kenneth 

ColliSions of atomic oxygen with surfaces of the 
environment JPL's alternative to tradittonal testing 

on the space shuttle and is now expanding the G Wilson as the theory applies to the behavior of employs the radioactive isotope californlUm-252 
sensor's capabilities helium at its critical temperature. In the experi- space shuttle and other spacecraft at orbital velocl-

(Cf-252), which fissions spontaneously, as a source 
ment, the heat capacity of liquid hehum was mea- ties not only degrade materials but cause surface 

of relatively energetic fiSSion fragments that pro-
In 1992. Laboratory scientists demonstrated auton- sured as it changed from a superfluid to a normal glow and gas-phase colliSions, leading to glowing 

duce slngle-event effects in microelectronic chips. 
omous star pattern identification with new star flUid near 2 degrees above absolute zero This tran- clouds that follow spacecraft To study these phe-

The Cf-252 Simulator system is relatively simple, 
tracker hardware and software at the Table Moun- sition from the superfluld phase IS called the nomena, JPL has the world's only facUity capable 

requiring only a vacuum chamber and appropriate 
tain Observatory Patterns m observed star fields lambda transition because the shape of helium'S of simulating the atomic oxygen found in low 

electromcs plus the radiation source 
were identified in real time, without the sensor specifiC heat curve near the transition point re- Earth orbit 
system having prior knowledge of the targets sembles the Greek letter lambda (A.). Recent Laboratory results confirm that atomic 

Because the fission process produces many ISO-
topes With different masses and energies, JPL has 

When completely developed, thiS technology Will The experiment enabled scientists to measure the 

I 
oxygen reacts With adsorbed gases - nitric OXide, 

added a capability to the Cf-252 apparatus that 
have a dramatic impact on the basic operation of dramatic increase m heat capacity prediCted by hydrazme and hydrogen cyanide - on surfaces to 

permits measurement between two detectors of 
spacecraft and space-based instruments Autono- the theory with an accuracy 100 times that of an produce excited states of nitrogen dioxide, nitrogen 

the flight time of each fission fragment. From this 
mous Identification of gUide stars Will provide ,I hydride radicals and cyanide radicals, respectively Earth-based experiment. Employed in the experi- additional information, the specifiC ISOtOpe causing 
more effiCient, robust and mdependent modes of ment were Stanford Unlversity-developed ther- EmiSSions from these molecules were confirmed by 

a single-event effect can be identified 1PL is the 
attitude determination and recovery from loss of mometers sensitive to billionths of a degree and first laboratory to successfully use this time-of-
attitude Information Although attitude determlna- JPL-developed, 2-kelvin cryogenics technology. flight techmque to perform tests of smgle-event 

Initial science results Will be available in early 
1993 Extremely accurate demonstration of the 
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effet ts. In the short time it has been operational, 
the Cf- 52 simulator system has reduced costs 
for flight projects by eliminating the n ed for 
more costly accelerator testing of radiation­

vulllerable parts. 

High-SPeed Spacecraft Simula.tion 

The simulation of data operations on a bit -for-bit 

basis to lest and validate planned sequence of 
fl ight events for ad vanced space raft has become 
feasible with the emergence of supercomputers 

In a demonstration of this prospect. JPL has pro­
gram med a Silicon Graphics 4D/480 multiproc .s­
sor computer to host the simulation of the Galileo 

Com mand and Data Subsystem. 

Through the use f reduced instruction et com­
puting technolog and parallel proces 'ing archit ec­
ture, along with the Ga lileo flight soft wa re, the 
test s stem simulate~ the . ix microprocessors and 
two buses of the spacecraft data system lU times 
fa ster than the spacecraft 's , y. tern it self. Thus, the 

simulation system can tesl planned spacecraft 
command sequences before the I are exe tiled in 
space. The c ystem is intended to support the devel­
opment of flight software for the Galilen mission 
and sequence validation f r the Cassini miSSion. 
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COII!/IIIIt/firmally iI/­
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ellgineel'il//i applica­

t iol/ .. TiI~ 'j(>8-trotie 

Della ~l'slelll is oper­
ated by ea /lech f or 
Ihe COl/currenl Super­
compu l ing (ll/sorliul//. 



JPL's technical applications projects 

make important contributions to the national 

interest and assist indusll)' in developing ad-

vanced scient((ic and engineering technology 
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Jor commercial use. III 1992, jPL 's unique lI1i.1; oj 

technical and project-management skills were 

applied in UJork Jor ,ponsors sucli as the Depart-

ment oj DeJense, the Department oj Energy and 

the Federal Aviation Administration; at the same 

time, tecllnology commercialization actizlities 

were expanded significant(J' As part oj the Stra-

tegic DeJense Initiative, jPL and its subcontractors 

developed a low-cost satellite in only 12 1II0nths 

A spacecraJt Illiciear power project was reori-

Applications Projects 

ellted to accelerate de/lel-

Opme1l1 and reduce cost. 

After Army certificatioll, 

a computer-based ,:ystem 

Jor analyzing battleJield 

intelligence was deployed 

Jor operation in tlie Jield 

> A nondestructive 

optical thin-film 

measurellleni syslem 

aI/ollis researchers 

t/uring miuO!:lcl'/ce 

processillg 10 delermin e 

Ihe Ihicklless 0/ pliolo· 

resl:~1 layers al sfX'd/ic 

/o((/ Iiolls Oil wafers. 

lielow- /11 Ille inleresl 

(!( US i lldllsl rial 

sirenglh, jfL is girillg 

illcreasillg allelliinn 

III at/a pi i IIg 1/1 icroeiec'­

lrollic.) ledlllulogy and 

leellnil/lles III mllllller· 

cia/lls('s. 

In programs to improve the nation's air traJJic 

system, a weather-data processor passed user 

testing and jPL deueloped enhancements 10 the 

simulation IInit Jor eZJaluating a mice sUiitchillg 

and control s)'stem deSigned Jor aircraft collirol-

lers. Usillg a rapid deployment approach, tlte 

Labora/OJ)' made itsJou rtli detifJery of elell1ellls 

Of a command alld cOlllrol syste/ll to tile US 

European Command In (l deli/lei)' oj remote-

sellsing technology tile US Forest Sen 'ice recei/'ed 

an h!(rared ~:yste})/ Jor detecting (lnd mapping 

uildland /ires. 



Mlnlatu ... Seeker 'echnology 

The November launch of the first Miniature Seeker 
Technology Integration (MSTI) satellite aboard a 
Scout solid-propellant rocket from Vandenberg Air 
Force Ba~e signaled th succe s of new manage­
ment practices that could be applied to other low­
cost flight projects at JPL. The satellite mission was 
the first in a proposed series of fl ights intended to 
place min iature cameras in Earth orbit to detect 
missi le launches. After orbit insertion. the sma ll 
satellite began mission acti vities; data returned 
from the payload were proce,-sed by the Labora­
tory. All ob jecti ves were met and the mission was 
considered a slicce. s. 

< Low-c • • t, ... pldly 
... h ............ , 
.>Uch as the Min tl~re 

Seeker Tech I/ology 
Integratioll (MSTI ) 
satellite, control costs 
IlY using exisfi l/g de 
signs as well as new 
fecht/olagies. Success/ ul 
mallagemellt 0/ the 
MSTI projecl demon­
strated jPL s capabili­
ties in this are(l. 

Sponsored by the Department of Defense's Strategic 
Defense Initiative Organization, the project was an 
innovative attempt to apply managerial and tech­
nical approaches to develop better spacecraft more 
quickly and at lower cost. Only a year elapsed be­
tween contract initiation and launch JPL and its 
subcontractors - Spectrum Astro, Inc.. and Inte­
grated Systems, Inc. - procured and assembled the 
spacecraft components and delivered them to the 
Air Force Phillips Laboratory for sy, tems integra­
tion and testing. 

The project rigorously adhered to aggressive sched­
ule milestones. se of existing hard war to reduce 
nonrecurring design costs was encouraged, and 
suppliers were allowed to use their own processes 
and procedures to reduce overall procurement 
cost . a resu lt, 83 percent of th hardware pro­
cured did not require modi fi cation and was deli v­
ered and accepted using the developers' processes 
and reliability standards. In addition, the project 
mandated clean suhsystem interfaces and froze 
the design early in the development cycle. The lise 
of engineering time was strictly controlled. By 
adopting these procedures, JPL delivered the satel­
lite under budget. 

Space Nuclear Power 

The Space Power-100 (SP-IOO) project, which is 
developing key components of a nuclear r actor 
power system for planet- and asteroid-exploring 
spacecraft, was reoriented this yea r toward a goal 
of producing a less expensive system sooner than 
previously planned. The system lIses a thermoelec­
triC converter to tra nsform heat - generated by 
a nuclear reactor - into electricity. An array of 
thermoelectric cells in the converter produces ap­
proximately 25 times the power of a radioisotope 
device aboard the Galileo spacecraft. 

Sponsored by th t! Department of Energy and NASA, 
the reoriented project provides an opportunity to 
use first-generation technology - expected to be 
ready in 1994 - to support a miSSion as earl y as 
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.---.. - ... -.. --.. ----10U nnovative technique. allowed JPL to develop 

the Miniature Seeker Technology Integration IMSTI) .atellite in only 12 months for the 

1 Strategic Defen.e Initiative Organlutlon. 

1998. six years sooner than originally planned. 
The first-generaUon technology will be heavier 
and have a shorter operational life than the sec­
ond-generation technology originally used as a 
guideline. Besides supporting an earlier flight, the 
reoriented project will save an estimated $17 bil­
lion by combining qualification and acceptance 
tests. deleting a nuclear ground test. reducing the 
size of the reactor and completing the program in 
less time than previously allotted. 

During 1992. the project fmlshed most of the reac­
tor development, including testing the fuel pins 
In an environment approximating end-of-mlsslon 
conditions, fabricating all uramum nitride fuel 
pellets and testing niobium-zirconium material m 
a flowing lithium test loop for over 4,000 hours. 
The latter testing is a slgmficant accomplishment 
given the difficulty of transporting the lithium 
working fluid at extremely high temperatures In 
refractory metal tubes containing many welded 
JOints. 

NASA is investigating a number of potential mis­
sions late in the decade as candidate applications 
for the space power system. 

All Source analysis System 

The All Source Analysis System Is a tactical Army 
intelligence system employing computer and com­
munications technology to automate intelligence 
analysis processes that were previously performed 
manually A test version of the JPL-developed sys­
tem was dehvered to the Army in late 1991 for 
formal evaluation by military specialists at Fort 
Hood, Texas 

This year. JPL assisted the Army in performing 
two critical tests of the system: the Force Develop­
ment Testing and Experimentation, a process of 
developing and refining operational and mainte­
nance concepts, followed by the Initial Operatlonal 
Test and Evaluation The All Source Analysis Sys­
tem passed these tests successfully and was then 
placed in the field wIth specific Army units. Plans 
for continued deployment of the intelligence sys­
tem remain on schedule. 

JPL will continue to train Army field personnel 
in the system's use and instruct the Army's new­
equipment training teams In assummg most of 
the anticipated military training duties. JPL Is also 
helping the Army to take over operation and 
maintenance of both system hardware and soft­
ware as the Laboratory phases itself out of the 
program over the next few years 

Yolce Swltchl ....... eontro. System 

JPL is assIsting the Federal AviatIon Administration 
(FAA) in the development of the Voice Switching 
and Control System, a vital communications link 
for the agency's planned air traffic controllers 
workstation complex. This complex assesses the 
position and safety of sensors by which control­
lers establish air traffic flow and control The tele­
phonic links of the Voice Switching and Control 
System allow the controllers to communicate with 
one another and with pilots in flight in an effort 
to Increase the efficiency and reliability of the 
NatIonal Air Traffic Control System. 

Prior to 1992.JPL and the FAA jointly developed 
the original voice system specification along with 
the complete proposal request package. JPL defined 
the original touch-entry display concept for the 
FAA's two prototype contractors and also helped 
the agency with technical assessment m the source 
selection for both the prototype and production 
phases of the proJeCt The Laboratory monitored 
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the contractors' technical progress and developed 
an Independent test system called the Traffic 
Simulator Unit This unit simulates air traffic con­
trollers to exercise the Voice Switching and Control 
System at rates up to double its Intended usage 
and provides near-real-time analyses of the results. 

In 1992,JPL supported the FAA in mORltorlng the 
prodUction contractor's performance and devel­
oped the final enhancements to the Traffic 
Simulator Unit for testing performance of the 
production version of the Voice Switching and 
Control System 

Real .. llme ................... 

In January, the FAA successfully completed a for­
mal systems acceptance test of the prototype Real­
Time Weather Processor developed by jPL The 
processor is an integral part of the National Air­
space System Plan to upgrade the u.s. air traffIC 
system A month later. FAA meteorologists and aIr 
traffic controllers tested and evaluated the proto­
type at JPL, thereby completing. on schedule and 
under budget, all milestones in a fIVe-year devel­
opment of the processor's hardware and software. 

The FAA has asked JPL to deliver the prototype to 
the National Center for AtmospheriC Research in 
Boulder, Colorado. The Center and ]PL will jointly 
evaluate advanced weather products using the 
processor, which will be connected to advanced 
weather radars being deployed In the field by the 
National Weather Service and the FAA 

The Real-Time Weather Processor, comprising 14 
interconnected Digital Equipment Corporation com­
puters, Is to be deployed at each of the FAA's 23 Air 
Traffic Control Centers. Using this advanced tech­
nology. air traffic controllers will be able to view, 
in near-real time, a mosaic of weather data from 
up to 27 advanced radars, which detect clear-au 
turbulence for en route flights 

IIUCOM eo. ...... ee ...... 

1PL has been developmg for the U.s European 
Command (EUCOM) a command and control sys­
tem that Integrates Information from approxi­
mately 100 communications and automation 
systems for use by a commander and staff. L0-
cated at EUCOM's headquarters at Patch Barracks 
near Stuttgart, Germany, the system contains nu­
merous servers and workstations and offers fea­
tures such as automated message handling, map 
and text manipulation and data base management; 
briefing and display equipment are mterconnected 
by hIgh-speed local area networks. The Command 
- which is responsible for managing humaOltar­
Ian relief efforts, treaty monitoring, military ac­
tivities and European troop reduction operatIons -
will use the automated system to distribute mes­
sages, generate briefings and prepare, coordinate, 
and release situation reports 

During 1992. 1PL completed the fourth hardware 
and software delivery to EUCOM, thus prOViding 
users with an evolutionary growth In system ca­
pability The four deliveries have successively in­
creased the system's functions and equipment, 
which are currently supporting relief efforts In 
Somalia and Nigeria. 

eo ........ a." C ....... Support 
A.ncy 

The Laboratory is modernizIng and automating a 
large and complex command and control center 
system for the Army Command and Control Sup­
port Agency In the Pentagon. The system Is part of 
a facility that continuously monitors worldWide 
political, military and economic events and tracks 
and responds to national emergencies. The com­
mand and control system, which provides 24-hour­
a-day support to the agency's critical missions, 
Integrates many functions Including automated 
message handling. map graphics, briefing and dis­
play data, communications with the World Wide 
Military Command and Control System. data man­
agement and office automation. 
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After getting under way last year, the JPL project 
has combined a previously disparate array of net­
works into a single IOformation network with a 
common set of user application programs. this 
year, the project successfully Installed two ad­
ditional components - a brteflng and display 
system and a map graphics unit. These new ca­
pabilities found unexpected application during 
the Los Angeles civil disturbance in April and 
again durmg disaster relief activities In the after­
math of Hurricane Andrew In southern Florida 
during September 

... .,. ....... Training 

Syste .. 

In previous years, JPL supplted a Corps Battle 
Simulation system to the Army as a corps- and 
division-level battle trainer SImulating 800 ground 
units. The system allows corps, division and bri­
gade commanders and their staffs to exercise war­
time duties in Simulated battle drills 

As part of a Department of Defense initiative to 
develop simulation Interface standards, the Army, 
JPL and other organizations linked the Corps Battle 
Simulation system With the Air Force's training 
slmulatton system This year, whtle coupled With 
the Air Force's simulator, the jPL-developed system 
supported three joint and combined forces exer­
CIseS - two 10 Europe and one in Korea 

In 1992. JPL twice extended the system's capabilt­
ltes - first to manage over 7,000 units and then 
to manage between 15,000 and 20,000 units, or six 
corps. Plans call for linking the Corps Battle Simu­
lation system with additional military training 
systems In 1993 and beyond. 

Advanced c..puter 
II ......... 

The Advanced Laboratory for Parallel High­
Performance Applications, an outgrowth of JPL's 
former Hypercube Computer project, specializes 
In developing solutions to large-scale simulation 
problems by the application of advanced network 
computing and parallel processing. 

Under Air Force sponsorshIp, the laboratory Is 10-

vestlgatlng the innovative design and Implemen­
tation of an advanced simulation framework to 
support highly complex, parallel, dlscrete-event 
slmulattons. The laboratory Is also developing air­
craft and balhstlc missile tracking algorithms for 
future use in command center operations. In a c0-

operative arrangement With the Defense Advanced 
Research Projects Agency, the laboratory IS design· 
Ing a type of simulation architecture called Virtual 
reality - one that conveys a sense of real pres­
ence in an environment - for the agency's large, 
geographically distributed Critical Moveable Tar­
gets Simulation. 

This year, a prototype aircraft tracker was com­
pleted and delivered to a transition contractor 10 

Colorado Springs, Colorado The prototype is sched­
uled to be adapted and installed experimentally in 
a workstation environment in the Air Defense Op­
erations Center at Cheyenne Mountain, Colorado 

Wllallanlll Fire Detection 
and Mapplnl 

Culminating an effort that began with a feasibil­
ity study almost a decade ago, JPL officially deliv­
ered an infrared Imagtng system for detecting and 
mapptng wildland fires to the u.s Forest Service In 
October. Called Firefly, the system uses an airborne 
infrared sensor, Similar to those employed for re­
mote senstng from space, to prOVide near-real-time 
wildland fire information for fire management 
and suppression. 

Firefly Incorporates several technological ad­
vances, includmg automatic onboard signal and 
data processors, a telecommunications link and a 
ground data terminal In addition to the airborne 
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sensor. The system, which Is reliable and main­
tainable, offers superior performance In terms of 
timely data delivery, quantifiable accuracy and 
data consistency. Operational units are expected 
to form the next-generation wildland fire mapping 
and detection system used by the Forest Service. 

Technology transfer and commercialization activi­
ties expanded significantly at the Laboratory in 
1992. Responding to the Government's desire to 
move technology from Federal laboratories to pri­
vate industry, JPL established a Commercial Pro­
gram Office within the Office of Technology and 
Applications Programs. 

The cornerstone of the laboratory's commercial­
ization activity is the Technology Affiliates Pro­
gram, which gives U.s. companies ready access to 
JPL's technology base. Durmg 1992. the program 
grew from 22 to 30 participating companies. Nearly 
100 individual tasks have been performed for clio 
ent companies In the four years since the pro­
gram's Inception. 

In the program, corporate technical personnel are 
encouraged to tnteract directly with Laboratory 
experts to define and solve problems. As an ex­
ample, the California Construction Technology 
Transfer Consortium, one of thiS year's enrollees 
In the program, is trying to hasten the transfer of 
current and recently completed research to com­
mercial products and services for the architecture, 
engineering and construction industry. JPL's first 
task for the consortium was to develop a portable, 
easy-to-use instrument to detect the presence of 
asbestos In structures. In developing the Instru­
ment, the Laboratory drew upon planetary geol­
ogy and spectroscopic techniques. 

In another proJect, JPL adapted a novel technique 
for deep refrigeration of space Instruments that 
was perfected only last year. Under sponsorship 
of The Gas Company of Southern California, JPL 
applied this cryogenic refrigeration technology to 
domestic heat pumps and discovered a very effi­
cient means of powering the refrigeration cycle 
by reusing waste heat normally discarded in the 
cycle. Compared to conventional vapor compres­
sion refrigeration systems, the JPL Regenerative 
Sorption Heat Pump can significantly reduce air 
conditioning costs and operate with environmen­
tally safe refrigerants. Since the system uses natu­
ral gas Instead of electricity, there are significant 
decreases in effluent pollution, reliance on foreign 
011 and electrical utility peak load requirements 
experienced during summer months. 

Over the last nine years, the Congressionally man­
dated Small Business Innovation Research Program 
at JPL has succeeded In promoting small business 
participation In Federal research and development 
throughout the country. Recent legislation will 
systematically double the size of the program over 
the next five years. In 1992, 33 contracts of $50,000 
each were awarded for proof-of-concept or feasi­
bility demonstrations of new Ideas. Another 16 
contracts of $500,000 each were placed for follow-

\ 

on prototype or process development work. Such 
contracts have led to many products of direct In­
terest to JPL's programs. 

This year saw completion of the Biocatalysls 
prolect. an effort to develop enabling technology 
for the production of bulk chemicals through the 
use of blocatalysts such as microorganisms and 
enzymes The project achieved significant practi-

------------IO .. lrefl)', an infrared Imaging s)'stem for 

airborne detection and mapping of wildland fires, was delivered to the U.S. Forest Service 

fallOWing almost a decade of deyelopment. 

.. 

n 

o 
z 

OJ 

o 

n 



60 

u 

o 

z 

o 

... 

cal innovations in molecular modeling; highly 

efficient bioreactor ; geneti enhancemen ts to 

bioprocessing, and nOllaqueou enzymology for 

facilitating the use of hiologica l systems to n­

hance chemica l processes. By th nd of 1992. the 

pr lieet had effecti vely transferred its te 'hnology 

to indu try, resulting ill the formation of three 

new compani' , At lea t JO pa tents, . licenses ami 

event! 'oft war copyrights are attributable to the 

project as well. In addition, a Materials Simulal i n 

Center, designed to be a natiolJal r sourCe in (0111-

putati na l molecular modeling, was forn ed at tile 

Ca ltech Campus. 

JI'L's commerciali za tion activit y was expanded 

with the addition uf int lie tual propert y manage­

mell t arid r search collaboration with industry. 

Tra nsferred to the omm rcial Progra m Offic the 

Technology IHili zati n informatiun dissemi nation 

program ci istributed te hni ::I I support packages 

cuncern ing JPL invel (ions lid innovations in re­

sp IlS tu over 30,000 s parate Inqui ries in 1992. 

> 1111 •• vpereonduc­
to, "0,0.111_ 
)~Ielll is 11$ 11 ;/1 fhe 
/lrril:esslll,~ Of niobillm­
based rer:eizlfJrs /o r 
M/bll lIIimeler eleclm­
nial1 llelic Wtlve de/IX­
lioT/. IJO-Xiga herl:: 
lIio/Jill ll1 -/}{1sed ,.ecCiLL 

e~ wil il llli/Xi miled 
~YI /I 'ilivily Iwve tII­
inuw/llslm111Jl/lc,­
Irlt~)'; I1/i kl r fnrma­

/lrl/l In de~ / llul/e­
C/Ilor specie ill 

irl lers/ella r ~pacr. 



JPL'. In.tltutional character reflects 

l/ie Laboralory's heritage as a premier :--pacl' sci-

ellce, engilleering al/d applicatioll., laboralmy 

As employees of Callecll, /PL jJl!I'sonllel slril'e 10 
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mail/tain the highest sta I/dards of sCienllfic a lid 

engineering acliil've1l1el/i. Recogllizil/g their duly 

to sen:e Ihe lIaliollal interest, slajJ tJJetlibl'l~' arl' 

comlliitted to £"anyillg alii lechnicall)! c/wlll'l/g-

illg projecls ~f nalional Slil, lIifiwllt'/!. To rllCOllr-

age illllol'alioll,/PL SPOIIS(I !'S 'Sl!ed ~fJorls' ill 

space science a I7d ellgi neeri ng Cllld lias la /.I I/cli ed 

a program 10 implemellt Tolal Quality Ma lIage-

/Ile1lt prinCiples Il7rollghoul Ihe LaiJomlmy Rr-

search a I7d developmen t coslsfor tliefisca I yr(.lr 

Institutional Rctiuities 
,-

I'lIdiliM ill Seplember 

lI:err.: 1104 billioJ/. a 

lI-jleJ'cenl ill crease frolll 

llir prel'1olls year Cosls 

for NASri-julided Clclil 'i-

lies rose 26 percellllo 

\'i616 millioll Cosls/ol' 

> Meeting all 
customer needs 

j , 111" /;1<://\ oj slrall 'gil'" 

1)t'iI/~dt'I'f\I'd 111./1'1.111 
""'ill'l' ,I",/-(osl mflitll l 

de/t'iIl{l<'tI.fI~~1iI lIIis 
.'~/f'IIS, I" I /O/ wl tti ll is 

/1/1 ' hli i/II/ll I'~ II/lilts 
11(01'1. 

111'1011 . [Jet/im/rd /11 

miCHI'I.'/('(lrrJIlIO n'­

.1c'ilI'CI!. 1/", II/ lid /' I'I! 

,lI iOy/{/I'I'I((,,I' '-lIlhll'II' 

{ur: l /1011.\1 ',\ ('/( 1(/11 

/'(~III1 '. IlIlxiI't/ lllr lt'.' 

(/ Ild IIlflill' 1/1111 

((llIifJl"""II~·,.J ., 

allier aclicilies dropped 38 j)f'rcelll tl) "1725 111 il-

lioll. Tile I/:ork j()rce illcreased sli/5ItI~) ' dl/l'll/f'. 

199210 6,·:jJU employees, co/llpa red Il'illi 6359 

ill 1991 alld 6JJ4 in 1990 ProClirell7ell1 obliga-

lions durillg llie fiscal year 10la led "683/11illiOli. 

.).3 percenl more lila II ill /99/ These olltlays 111-

eluded :S'635 million to business firll1s - illclud-

illp, 213 III illioll 10 small bllsillesse. , r 'i IN ill iOIl 

to I/;O lllell-oIlJlled bllsinesse~: S19 III illioll 10 ,1'/1/(/ II 

disadmtllaged busille.ses al/d S/.5 JIIilliOIi 10 

flislf)rica/~)' Black Colleges alld Clli/.'/!rsilies (/lId 

allier lIIinoril)1 edllCCl/ional illSlilliliolis 



Honon and Awarcb 

A number of ~pec i a l honors listed helow in alpha­

betical order) and NA A Honor A wards were pr -

senled to JPL cmpJo)'ees in recognition of their 

Speci, I honors were awarded to both individuals 

and groups by a vari t)' of organ izations, profes­

sional societ ies and public aswciations, The :11 nll;i1 

NASA Honor Award' were presented tn JPL em­

plo ees by NA A in re~ognitlo ll of outstanding 

indi vidual achie ements ex epUonal achievements and service. 

'PICIAL HONO.' 

Brazilian National Space Medal, 
Brazilian Ministry of Science 

Bruce T. Tsurutani , for contribu­
tions to space seien e and re­
search collaboration at the 
Brazil ian National Institute of 
Space Research , 

Computer and Communica tions 
Prize, Foundation for Computer 
and Communications Promotion, 
Japan 

Eberhardt Rechtin, Andrew J 
Viterbi and Walter K. Victor 
(former JPL employees). for the 
development of digital deep space 
communication systems as embod· 
ied in the Deep Space Network. 

Distinguished Engineering 
Alumnus Award, University 
of California, Berkeley 

Peter T. Lyman, for exceptional 
achievements in engineering re­
search, industry, ec/ucotion and 
public service. 

< A 34-_ter It_1ft 
w_ .. vld ........ _ 
is tll/der ((lItS/mef/(J/I 

(II G Id 1011 I~)' re­
mo!'fllg /I lec/mlllc~ 

/ rfJm II~ c!.>:ptJSed (JII­

Ir l/no ellsh lhi desifllI 

{/ I/Oit'S '1/ creased pr· 
j(rie/lryal/ll reduce 
upera/IIIII (().I~ Thv 
(,(J/Icre/e />I'rir"lal 
t,/sible ill Ihe P!lnto­
SlY/ph, (('ill hmls ' /Jw 
(/ 1I1C'IIIILI el I'C/roll ir. 

' if"I" III1(/t"1i'"()UIld. 

Elected Fellow, American 
Association for the Advancement 
of Science 

Moustala T, Chahine, for outstand· 
ing contributions to Earth and 
planetary atmospheric sciences 
and global remote sensing . 

Elected Fellow, American 
Geophysical Union 

Edward 1. Smith, for outstanding 
contributions to instrument devel­
opment and data interpretation in 
magnetospheric and heli05pheric 
explorarion , 

Elected Fellow, International 
Society for Optical Engineering 

Marjorie p, Meinel, fo r contribu' 
tions to astronomical optics and 
solar energy. 

Frederic Ives Medal, Optical 
Society of America 

Robert W. Terhune, for disti nction 
in optic> development. 

Goddard Memorial Trophy, 
Notional Space Club 

Magellan project leaders, for 
achievements in the exploration 
of Venus. 

Group Diploma for Astronautics, 
Federation Aeronautique 
Intemationale 

The Magellan project 

Honorary Doctor of Science 
Degree, Occidentol College 

Eleanor f, Helin, for pioneering 
studies of near-Earth asteroids 
and comets . 

Honorary Doctor of Science 
Degree, University of 
Pennsylvania 

John R. Casani 

Lew Allen Awards for Excellence 

• L. Dougla Bell" 

• Edward T, Chow 

• James L. Fanson 

• Eric R. Fossum 

Losey Almospheri Sciences 
Award, American Instilule of 
Aeronautics and Astronautics 

Moustafa T. Chahine, for out­
standing contributions to the 
atmospheric sciences. 

Medal for Engineering Excellence, 
InstiMe of Electrica l and 
Electronics Engineers 

Cha rles Elachi , fo r the develop' 
ment, demonstration and app lica­
tion of synthetic aperture radar for 
remote mopping of planets , 

Notional Air and Space Museum 
Trophy for Current Achievement, 
Smithsonian InstiMion 

The Magellan project, for exira­
ordinory service in air and space 
science and technology. 

Retiree Public Service Extellence 
Award, Public Employees 
Roundtable 

Volunteer Professionals for Medical 
Advancement of the Associated 
Retirees of Calteeh and JPL, for re­
seorch and development support to 
local hospitals. 
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.. ASA H ..... AWA.DS P ........... Technollogy I11III1 ........ J. Brooks Thomas,Jr., received $4,000 for Improved 

Digital Phase lock Loop 
Durmg the fiscal year, the Office of Patents and 

Richard Yu-Hwan Lin and Boris J. Lurie shared 
DiJtinguishec:lSeMce Medal • Richard P. Brace • R Wayne Sible Technology Utilization prepared, evaluated and 

$2,000 equally for Non-linear Dynamic Compen-
• Peter T. Lyman • Glenn L. Bummer • John J. Simmonds forwarded to NASA reports on 256 inventions and 

salion System. 
• Nathan A. Burow • John P SIonskl, Jr technIcal innovations resulting from JPL work. 
• Frank D. Carsey • David B. Smith The office answered ", 757 requests from Indus-Outstanding Leadership Medal 
• James S. Carter • Fernando L Solo try and the public for technical information on 

Other Awards 

• Marshall E Alper • Jenydark • James R Staats 
-JPL inventions and innovations published in the Smaller monetary awards totaling S71,75O were 

• Willis G Meeks • Maurice C. Clary • Joseph Slahnan 
• Jaseph L Savino • Teny Cole • James M. Stewart NASA-sponsored Tech Briefs. During the year, made to 310 JPL Inventors and Innovators. 

• Anthony J. Spear • Bradley I. Complon • Theodore N Tate 2n briefs on JPL Inventions and innovations were 

• Malvin L Yeater • John Curlonder • Anna M. Tovormina published in Tech Briefs, representing 36 percent .7 .. • Frances de Freims Bart • Thomas W. Thompson of the NASA-wide totaL The U.s. Patent and Trade- DB.....,. DI ......... ., 'uncl 
exceptional Achievement Medal • Eric M De Jang • Tommy A Tomey mark OffIce Issued 57 patents to Caltech and NASA 

• Frank T Barath • Ec/w.n W. Dennison • William H. Tyler on Inventions developed at JPL NASA approved The Director's Discretionary Fund (DDF) IS the ma- z 

• Hany E. CoIriII • Stephen P. Dcmbrowskl • Stephen D. Wall 
and JPL conferred the following awards, totaling Jor resource for mnovatlve and seed efforts that do '" 

• Judith A. Falstreaux • Wilham J. Weber III • James A Evans $100,750, for JPL inventions' not receive conventional task-order funding. For 
• Charles N. Jennings • Elmer L Floyd • Elimbeth A. Wilson 

1992, the DDF level of funding was $3.5 million. 
> • Edward E. Kellum • Thomas N. Goutier • Gene H. Winn 

• Robert B. Gounley • Vincent A. Wirth, Jr ExcePllotIQ/ A wards c 
• Corl A. Kukkonen The fund initiated 30 new research tasks, extended 
• Gory L. Parker • Douglas G. Gnffith • David F. Woerner 

Jack A Jones received $5,000 for Near Azeotroprc the objectives of 9 ongoing tasks - awarding more 
v • Jomes F Scott • Johanna M Gunn • Larry W. Wright 

Mixture Substitute for DichlorodiJluoromethane. funds to them - and provided modest assistance 0 
« • DaVid Swenson • Arthur G. Gussner • MaxE Wyatt 

• Chen-Wan liu Yen to several other support efforts. Proposals eligible z 
• William M Hams Jack A Jones, and Alfred Johnson of The Aerospace 
• George Helau for DDF monies cover a broad range of sciences » 

« Exceptional Scientific Corporation, shared $5,000 equally for Quick CooI-
Achievement Medal • Michael Y. Jm Cerlificole of Appreciation down Ten Degree Kelvin Refrigerator 

and technologies. Areas of recent emphasis have 
z 

• Pearline Johnson • Andrea K Alazard included advanced microelectronics, automation » 
0 • Michael A. Janssen 

• I. Stuart McDermid • Michael K Janes • Richord E Babel and robotics, advanced observational techniques n 

• Joseph W. Peny • Sanford G. Jones • Juhan 0 BloslU 
MajJr Awards 

and advanced optIcal systems. 
;;) • R Stephen Saunders • I J Justice • Stephanie A. Clements Gary L Friedman received $2,000 for Computer 

• Donald H Kindt The DDF recogniZes important mutual benefits 
< 

• Christopher R Webster • lehcla Eckerle Keyboard. • John R. Kolden 
• Ben Honda from collaboration with faculty and students 

• Charles E. IJfer • Lanny Lafferty Andrew Gabriel, Richard M. Goldstein and Howard at the Caltech Campus and at other academic 
tit Exceptional Engineering • Robert Lockhart Achievement Medal 

• Earl H Maize 
• K Gordon Maughan A. Zebker shared $3,000 equally for Method for institutions, so cooperation IS specifically encour-z 
• Gory G McCutcheon '" • William G Breckenridge • Ed B Massey Mapping Small SUrface Deformations Over Large aged. Twelve new and extended principal tasks 

• Kevin J Hussey • James R McClure 
• Richard A. McKay Areas With Synthetic Aperture Radar. funded this year involve 17 university faculty 

• James R Janesick • Brian C. McGlinchey 
• Jeffrey A Mellstrom 

collaborators. 
• William T. K. Johnson • John B. McNamee 

• Sylvia Miller Jack A. Jones receIved $2,000 for Regenerative 
• TImothy N Kraboch • Donald D. Mayer 

• Edward E Marassinl Adsorbent Heat Pump 
• Nicholas A Ren.zeHi • Fred W. Miller 

• Marcia Marocc:o 

• Homayoun Seraji • Mane Petrie Farzin Manshadi received $1,000 for Crossed C.ltech ........ nI' •• uncl 
• Warren K. Moore • W. Richard Scott • Jeny E SoIornan Slot Antenna. 
• Ray B. Morris • Ma~orie A. Sims The Caltech President's Fund provides a second, • David D. Norris • Clara Sneed William R. McGrath received $1,000 for Non-

Exceptional Service Medal • Young Park • Winifred B Smniford contacting Backshot 
although smaller, source of discretionary funding 

• Olen Adams • Hony E. Peacock, Jr. • Joan M. Swan 
Currently at a level of $1 million a year, the fund 

• James W. Alexander • Raymond G Plereson 
• Betty Van Meal John C. Peterson, Edward T. Chow, Michael S is sponsored by Caltech and NASA on a dollar-

• Hany I Ashkenas • leslie Pieri • Yolanda C Wallon Waterman and Timothy J. Hunkaplller shared for-dollar matching basis and Is administered by 
• Robert M. Bamford • Joseph A Plamondon • Justine D. Weiher $4,000 equally for Sequence Information S;8tIlI1 CaJtech. An explicit objective of the President's 
• Andrew J. Beck • David F. Q.llnn • Inez l. Wickland Processor. Fund Is to encourage the Interest and participation 
• Jewel C Beckert • Ronald T. Reeve 

of university faculty and students In JPL research 
• Allen l. Berman • David H Rodgers 
• Thomas C. Bickler • Kenneth E. Savary Equal Employment activities, affording JPL staff members an opportu-

• Jay E Bandl • Charles G Schutz 
Opporlunity Medal 

• Donald R SevIlla • Bracks H. Vinson 

• Thomas W Shain 
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nity for close association with research workers 
from the university community. The Pre ·ident's 
Fund provided resources for 14 new collaborative 
ta~ ks this year 

AddtHonal AcHvlHe. 

Total Quality Management 

The Laboratory embarked on an aggressive T tal 
Quality Management (TQM) program to streamline 
operations and develop new, more effi cient ways 
of working with customers. Inspired by TQM, JPL 
is searching for ways of designing lo\\,-(ost space­
flight missions that ca ll be accom pi ished in a short 
time span and delivered on schedule. A rigorous 
TQM training effort was initiated to ed ucate the 

.IPL work fo rce by the end of fi scal yea r 1993 

As one of the program cornerstones, 10 Process 
Action Teams were created to expedite Laboratory­
wide implementation of TQM principles. The teams 
were charged with identifying areas in which per­
formance could be improved, costs contained and 

sta ff better utilized. The teams were asked to iden­
tify, analyze and recommend ways of improving 

performance in specific divisions, and to find wa ys 
of executing tho~e strategies. The Process Action 
Teams are expected to proliferate as success ful 
strategies take hold and are applied to several 
organizations. 

International Space Year Expo 

JPL celebrated Interna ti ona l Space Year with its 
second annual weekend Expo, attended by about 
12,000 people Twenty-three sites around the Lab­
oratory - with video productions, exhibits and 

information on current and future spaceflight 

missions - were open to the public. 

Commemorative Stamp 

The u.s. Postal Service paid tribute to JPL's founder, 
Dr. Theodore von Karman, hy issuing a 29-cent 
stamp bearing a portrait of the aerospace scientist. 
The stamp wa released in August at the World 
Space Congress in Washington, D.C., and a second­
day-of-i ssue ceremony was held at the Laboratory. 
The von Karman stamp was issued to post offices 
nationwide in September. 

Superftmd Cleanup 

.IPL was added to the Env ironmental Protection 
Agency's (EPA 's) Superfund list and asked to work 
closely with the agency in an effort to identify 
and clean up soil and groundwater contaminatioll. 
Over the years, ]PL has actively supported state 
and Federa l guidelines for waste dispo, al and re­
cently joined with the City of Pasadena to fund a 
Pasadena water treatment plant Under EPA gUide­
lines, the Laboratory's new cleal up effort will be 
funded by NASA. 

Bllsiness Ethics 

The Laboratory adopted a formal business ethics 
program to maintain its commitment to high ethi­
cal standards in light of increased Government 
regulation in recent years. Handbooks and related 
materials covering a wide range of topics - in­

cluding fraud, kickbacks, gratuities, conflict of in­
terest and use of Government propert y - were 
distributed to employees and contractors. A busi­
ness ethics advisor wa, appointed to administer 
the program. 

Industry Day 

.IPL and the Na tional Space Club cohosted the first 
Br iefing for IndLl~ tr y conference in May for 200 
attendees. The one-day briefing prOVided insight 

into business opportunities at JPL over the next 
five years and served as a forum for an exchange 
of information. Major future technological thrusts 
in the areas of hardware, software and commer­
cialization wer presented by the Director and 

JPL management, who also provided information 

on NASA and JPL organizational structures and 
relationships. 
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EKecutiue Council of the Jet Propulsion LaboratlOr~ 1 

Edward C. Slone 
Director 

larry N. Dumas 
Deputy Director 

Moustafa T. Chahine 
Chief Scientist 

Duane F. Dipprey 
Associate Director 

John It Casani 
Assistant Laborotory 
Director, Flight Projects 

Kirk M. Dawson 
Assistant Laboratory 
Director, Technical 
Divisions 

Charles Elachi 
Assista nt Laboratary 
Director, Space Science 
and Instruments 

Nonnan It Haynes 
Assistant Laboratory 
Director, Telecommu­
nications and Data 
Acquisition 

John Heie 
Assistant Laboratory 
Director, Administrative 
Divisions 

William S. Shipley 
Assistant Laboratory 
Director, Engineering 
and Review 

Malvin L. Yeater 
Assistant Laboratory 
Director, Technology and 
Applications Programs 

Harry M. Yohalem 
General Counsel 

I Caltech Board of Trustees Committee on the Jet Propulsion Laboratory 

Robert Anderson 
Chairman Emeritus, 
Rockwell International 

Harold Brown 
Counselor, Center for 
Strategic and Interna­
tional Studies (CSIS) 

Walter Burke 
President, Sherman 
Fairchild Foundation, 
Inc. 

Thomas E. Everhart 
President, California 
Institute of Technology 

Charles C. Gotes 
Chairman of the Board 
and CEO, The Gates 
Corporation 

Shirley M. Hufstedler 
Partner, Hufstedler, 
Kaus & Ettinger 

Bobby R. Inmon 
Private Investor 

Eli S. Jacobs 
E. S. Jacobs & Company 

Rolph landau 
Listowel , Inc. 

Yuan T. Lee 
Nobel Laureate and 
Professor of Chemistry, 
University of California, 
Berkeley 

Ruben F. MeHler 
Chairman, Board of 
Trustees, California 
Institute of Technology; 
Retired Chairmon 
and CEO, TRW Inc. 

Gordon E. Moore 
(Chairman) 
Chairman, Intel 
Corporation 

Pamelo B. Pesenti 
Trustee, Santa Barbara 
Museum of Natural 
History 

Stanley R. Rcrwn, Jr. 
Private Investor 

Frank G. Wells 
President and COO, 
The Walt Disney 
Company 

Albert D. Wheelon 
(Vice Chairman) 
Chairman and CEO 
(Retired!, Hughes 
Aircraft Company 

Consulting Members 

R. Stanton Avery 
Chairman Emeritus, 
Board of Trustees, 
Coli forn ia Institute of 
Technology; Founder 
and Chairman Emeritus, 
Avery Dennison 
Corporation 

Lee A. DuBridge 
President Emeritus, 
California Institute of 
Technology 

Mary L. Scranton 
Nonprofit Cansultant 

Advisory Members 
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