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SIGNALS FROM FLUKE

Straight Talk on DSOs — from Fluke

While the use of DSOs continues to ex-

and rapidly, many users remain con-

used about how to measure and compare
the performance of these complex instru-
ments. New terms are being touted, and
many of the old ones no longer apply
quite the way they used to with analog
scopes. Adding to the confusion is what
appears to be a “specmanship” game by
some manufacturers.

With the introduction of Fluke’s new
PM 3323 digital storage oscilloscope they
have avoideglthe compromises made by
some manufacturers with a full 500 MS/s
sampling rate, 300 MHz bandwidth, and
10-bit resolution for superior si%nal cap-
turing performance at a price of only
$7.750.

“Bandwidth” Covers A Lot of Ground

Fluke specifies and clearly states that the
PM 3323 captures repetitive signals to
300 MHz, and based on the 500 MS/s
sampling rate, single-shot events to

50 MHz are caught at 10 samples per pe-
riod. This contrasts with some manufac-
turers that promote a single “bandwidth”
figure, im f;'ing that they can capture
even single-shot signals up to that point.
Others confuse the issue Ey talking about
the “bandwidth” of the input amplifiers of
their scopes, and implyinithat single
shots can be captured at that frequency.
Still others make their performance look
better by resorting to interpolation
techniques to simulate higher frequency
performance.

Horizontal “Resolution” Is A
Critical Consideration

Capturing fast, non-repetitive signals
precisely is a main attraction of DSOs,
and the PM 3323 has the true specifica-
tions to do the job. The above quoted

50 MHz @ 10 points per waveform is one
way to measure this performance, but it
only considers pure sine waves. More
important in the digital domain is the
time interval between samples, reflecting
the time (horizontal) resolution of the
scope. In the case of the PM 3323, its
500 M$/s real-time sampling rate results
in a resolution of 2 ns. This is true real-
time resolution, and the PM 3323 has the
short 1.17 ns risetime to take full advan-
tage of this resolution.

In some DSOs, the effective resolution is
limited by slow front-ends or limited am-
plifier frequency response. For instance,
a competitive SC(lee with input amplifiers
of 100 MHz bandwidth has a 3.5 ns
risetime. This implies that the fastest
signal transition it can process is 3.5 ns.
While quoting a sampling resolution of

The new PM 3323 dual-channel digital oscilloscope from Fluke offers a 300 MHz bandwidth, together
with a 500 MS/s synchronous sampling rate on both channels for 2 ns single-shot resolution.

2.5 ns (400 MS/s) for such a scope sounds
competitive, it really means that it would
require 2 complete sampling intervals to
show a fast signal’s full transition. This
results in a best case effective resolution
of only 5 ns. Why sample so fast if you
can’t f(eep up with fast signals? Compare
that to the PM 3323’s 2 ns!

Glitch “Detection” vs Glitch
“Trigger”

As you measure slower si%nals, slower
timebase settings are used. All DSOs go
to slower real-time sampling rates to
measure these slow signals. The result is
that fast non-repetitive events — glitches —
are missed. The PM 3323 overcomes this
with a full “glitch detection” function to
capture the occurrence and amplitude of
such events as short as 3 ns, regardless of
timebase setting. Note how this differs
from a more simple glitch “trigger,”
which might only tell you that a glitch
occurred, but not where and how high.

A big difference!

What About Vertical Resolution?

Another compromise being made in some
DSOs today is in the amplitude resolu-
tion, or the minimum change in signal
amplitude that can be detected and cap-
tured. This resolution is usually specified
in bits, but sometimes as a %, or in volts.
The PM 3323 provides a full 10-bit verti-
cal resolution. This results in a voltage
resolution of 0.1% of full scale. A signal
detail, such as a 10% overshoot can still
be observed with 1% accuracy. It also
means that at its maximum sensitivity of
5 mV/div, outstanding 50 UV resolution
([5 mV/div x 10 div full scale] divided by
10 bits) is obtained. Some scopes offer
6-bit capture as reflected by their 1.6%
resolution spec. But 1.6% at full scale
results in a measuring error of 16% in the
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10% overshoot example given before!
Along with a less sensitive input amplifier,
the actual voltage resolution may be even
worse. For example, 10 mV/div with a
6-bit scope can result in only 1 mV reso-
lution, or 10 mV when a 10:1 probe is
used!

Built-in Measurement and
Analysis Power

Once a signal is captured, the ability to
perform a variety of measurement and
analysis functions is a key DSO benefit.
The PM 3323 has a lot to offer, including
cursor measurements of voltage and time
differences, calculations like rms,
risetimes, frequencies, and advanced
analysis functionality like integration,
differentiation, and even FFTs. All easily
accessible through the instrument’s logi-
cal menu structure.

All in all, the PM 3323 from Fluke adds
up to a powerful new high-speed DSO
that avoids compromises built into many
other scopes, prow’dini real acquisition
and analysis power making it ideally
suited for complex automated measure-
ment tasks. And at a price of only $7,750,
it is an exceptional vahue.

Fluke goes one step further to help you
dig out from under the DSO spec confu-
sion by providing a clear guide, “Truth in
Digitizing.” Request yours by calling
800-44-FLUKE ext. 77.

John Fluke Mfg. Co., Inc., P.0. Box 9090, M/S 250C
Everett, WA 98206

U.S.: 206-356-5400 CANADA: 416-890-7600
OTHER COUNTRIES: 206-356-5500

©Copyright 1989 John Fluke Mfg. Co., Inc.
All rights reserved. Ad No.: 1091-P3320
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Micro

hydraulics

Steady hands.

It takes a special brand of dedication to manu-

facture products of such precision and high reli-
ability. Lee combines state-of-the-art machining

methods with careful hand assembly by skilled
croﬁsmen What's more we take the time for
100% inspection
and testing. This kind
of care results in the
high reliability and
long life for which
Lee components
i are noted.

Lee components
solve the critical
problems of size
and weight for
today’s hydraulic
systems.

The Lee Company. For

40 years the only authority in
microhydraulics. With compo-
nents from less than 0.10 in. up
to 0.50 in. in diameter, and from
0.1 to 28 grams. We help designers
achieve the size and weight reduc- - > _ @
fion "‘teysnggod' with operating pres- "% / Why reinvent the wheel?
sures fo 8, Si. : ’

¥ > ’ No company is better suited to

provide you with the right standard or
special hydraulic component than Lee.
To find out more, send for your free
copy of the Lee Technical Hydraulic
Handbook. Essential reading for the
designers of hydraulic systems.
For today. And for tomorrow.

The building blocks.

Seven basic types of plugs, restric-
tors, and valves—all utilizing the cost-
saving Lee insert principle.

Lee Plugs. The best way to seal
| drilled holes. Rated to 32,000
psi. No O-rings, threads
or sealants required.
| I Lee Restrictors. Single and multi-
orifice restrictors. Over seven

hundred standard models. 200
to 2.2 million Lohms.

Lee Directional Flow Control. Shown
actual size. Designed for control
systems used in commercial and
military aircraft around the world.

Lee Chek. All-metal check valves. Forty-five
standard models. 8 to 400 Lohms.

Lee Pri. A pressure relief valve in insert form.
One hundred fifty standard models. 100,
200, and 400 Lohm capacity. 20 to 3,500 psi
cracking pressure.

Lee Directional Flow Control. One hundred

N
_—
N
)\
e
— fifty-four standard models. 40 to 20,000 Lohms
in metered direction. 12 to 470 Lohms in free-
|
| S ( )
SR
1

Lee. Innovation in miniature,

E-e<¢

The Lee Company

Technical Center

Westbrook, CT 06498-0424
(203) 399-6281 Telex 22-1380

flow direction.

Lee Restrictor Chek. Forty standard models.
1,000 to 10,000 Lohms in metered direction.
No flow in opposite direction.

Lee Flosert. Forty-two standard models. Constant
flow rate between 0.1 and 5.0 gpm. Pressure com-
pensation between 100 and 3,000 psi.
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nEn“C|“G We're integrating a Depot Maintenance Management
Information System (DMMIS) that will satisfy the
unique requirements of seven Air Force
MA' “IE“ A“c logistics facilities. This system will schedule
production, control workflow, forecast
resource needs, and evaluate performance. It also will monitor the
c ' maintenance status of 865 aircraft, 1200 missiles and weapons
@ systems, 6400 engines and 840,000 components and parts. The

result: reduced repair turnaround, labor costs, and material handling expenses. For

more information, contact Grumman Data Systems,
2850 Presidential Drive, Fairborn, OH 45324. Or call
(513) 427-6600.
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Get the picture? Get the message?

You get both with Raytheon’s latest generation
TDU-850 Thermal Recorder. The TDU produces
continuous tone, high quality images in up to 256
shades of grey. Or — it doubles as an ASCII printer
(using Raytheon’s new IEEE 488 interface) and
turns out crisp, letter quality alphanumerics.

The TDU makes high resolution hard copy
recordings at high speeds on paper, plastics and
transparencies. Optional interfaces accommodate
video, IEEE 488 and other formats. Prints to 8!
inch width. (Inquire about 12-inch version.)

Design modifications are available to meet
individual application requirements. Typical uses
include: aerial surveillance, equipment testing,
hydrographic surveys, security systems, R&D
programs and meteorological reporting. Today’s
most versatile thermal recorder, still for under

$5000.

Make hard copy easy. Call or write Marketing

Manager, Recorder Products, Raytheon Company,
Submarine Signal Division, 1847 West Main Road,
Portsmouth, RI 02871-1087. Phone: (401) 847-8000.

Left. High altitude surveillance.
Right. Alphanumeric data presented in a random format.

Raytheon
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THERE'S A NEW

STANDARD IN REAL-TIME
COMPUTING FOR MEASUREMENT
AND CONJ™OL

Find the 24-karat solution for your measurement and L._ L L L L L L L == |1
control applications at Concurrent Computer Corpora- Send to Concurrent Computer Corp., Dept. MC-2,
tion, the world leader in real-time computing. 106 Apple Street, Tinton Falls, NJ 07724

L [ Send me my information starter kit for L

Cost-effective real-time computing power coupled

; L : i measurement & control applications
with standards like VMEbus,™ X Window system,™ e

[J Send me information on the Concurrent real-time

DECnet,™ and a real-time enhanced UNIX® operating - UNIX operating system L
system are just a few of the solid-gold competitive ad-
. Name

vantages you get from Concurrent. With Concurrent you i L
can shorten your software development cycle, lower Title
your support costs, and get your new projects up PRI
and running faster. And our gilt-edged product line, -
ranging in price from $10,000 to more than $1million, s
is backed by a world wide support organization. City ST Zip L

Go for the gold! For your real-time information starter |_ Phone
kit for measurement and control applications, send in My application is L
the coupon today or call1-800-631-2154 toll-free. s g = 1 i = B X

Concurrent Computer Corporation—the company that
sets the standards for real-time computing.

Concurrent :
Computer Corporation

VMEbus™ is a trademark of Motorola Corporation. X Window system™ is a trademark of MIT.
DECnet™ is a trademark of Digital Equipment Corporation. UNIX® is a trademark of AT&T Circle Reader Action No. 581



NASA TechBriefs

Transferring Technology to
American Industry and Government

DECEMBER 1989
Volume 13 Number 12

SPECIAL FEATURES

MASA 1890 .o .. o i 12
Software Update ............... 48

TECHNICAL SECTION

" New Productldeas ......... 10
NASA TU Services ......... 24

Electronic Components
c} GNCEEIESE . . o 26
A,
W/

Electronic Systems ........ 33
(0) Physical Sciences ......... 40
.“ Materials . ................ 44
o Computer Programs . ....... 47
@ Mechanics ............... 50
# Machinery ............ PR -
E Fabrication Technology .. ... 58

.‘ Mathematics and
., Information Sciences . ...... 60

@ Subject Index of all
1989 Tech Briefs........... 71

llustration courtesy NASA

1990 will mark the Galileo spacecraft’s first looping orbit
around the sun as it gains enough momentum to swing
outward to Jupiter. When it reaches the giant planet in
December 1995, Galileo will release a probe (illustrated
above) that will descend by parachute and make the

first direct measurements of Jupiter’s fast-spinning
atmosphere. See page 12.

DEPARTMENTS

. New on the
On The Cover: This striking
view of the solar corona M arket ...... 64
was prepared from data
supplied by NASA’s Solar N ew
Maximum Mission satellite. 2
Next year NASA will launch theratu re ... 66
a new spacecraft called
Ulysses that will study the Advert ' sers

sun’s immense energy
fields from a three-
dimensional perspective
for the first time. Turn to
page 12. (Photo courtesy
NASA)

Index .......97

Slated for launch next
June, the Gamma Ray
Observatory will
investigate stellar and
intergalactic phenomena in
deep space. The 15-ton
craft is managed for NASA
by the Goddard Space

Flight Center in Greenbellt,
MD. lllustration courtesy NASA
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* Newport *

Because you need

a lot more than specifications,
it's a lot more than a catalog

All new for 1989

The Newport Catalog has
always been the most convenient
place to find research-quality laser
and optics products. Now, with the
addition of over 100 new products
and an easy-to-use format, it's
even better.

Reserve your copy ® Newport

Order your copy of the new = y
Newport Catalog by circling the Unshakeable Quality
reader service number or calling us
at (714) 965-5406. Newport Corporation

18235 Mt. Baldy Circle
Fountain Valley, CA 92708

Europe: Newport GmbH
Ph. 06151-26116
UK: Ph. 05827-69995
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3D Laser Imaging
in a Practical Package

The Odetics 3D Laser Imaging System consumption unit is self contained and ready
provides versatile machine vision for a variety for immediate installation. Its robust
of applications. construction and reliable performance

The system provides high quality independent of ambient illumination, make it
concurrent range and video images with an all suitable for many demanding applications.
digital output. To learn more about the Odetics 3D Laser

The compact, lightweight, low power- Imaging System, call our vision experts today.
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Odetics

Advanced Intelligent Machines Division

1515 South Manchester Avenue, Anaheim, California 92802-2907
0714 758-0300 TLX 3716642 Fax 714 491-9885
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Internal Correction of
Errors in a DRAM
A 256K dynamic random-access memo-

ry circuit incorporates a Hamming error-
correcting code in its layout. In comparison

Tech Briefs and having promising
commercial applications. Each is
discussed further on the
referenced page in the appro-

New Product ideas

New Product Ideas are justa  priate section in this issue. If you
few of the many innovations are interested in developing a
described in this issue of NASA product from these or other NASA

the end of the full-

with the use of separate error-detecting
and errorcorrecting circuit chips, this
feature provides faster detection and cor-
rection of errors at less cost in amount of
equipment, operating time, and software.
(See page 30).
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innovations, you can receive fur-
ther technical information by re-
questing the TSP referenced at

length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 24). NASA’s patent-licensing
program to encourage commer-
cial development is described on

page 24.

Compliant Prosthetic or
Robotic Joint

A rotating joint behaves much like a
knee, knuckle, or hip-to-leg joint. The joint
can be used in a prosthetic device to re-
place a diseased or damaged human joint
or in a robot linkage to limit movement and
cushion overloads. (See page 51).

Multiple-Cantilever
Torque Sensor

High stiffness, high resolution, and ease
of fabrication are among the features of a
specially designed torque sensor. The
device is flexible and sensitive to torque
about its cylindrical axis and stiff enough to
be insensitive to bending about any per-
pendicular axis. (see page 50)

Planar Antennas on Thick
Dielectric Substrates

Planar antennas on thick dielectric sub-
strates have been built for use at mil-
limeter wavelengths from 40 to 400 GHz.
Antennas of this type are quasi-optical
structures for which expensive, precisely
machined waveguides are not required.
(See page 26).

Ground-Sensing Circuit for
Arc Welders

A ground-sensing circuit for an arc-
welding power supply prevents arc burns
at loose ground connections on the work-
piece. The welding power supply is con-

...Simultaneous X Windows capability within Microsoft™ Windows,
...System responsiveness approaching expensive workstations,
....graphic communications between MS-DOS and UNIX computers,

..the freedom to switch displays to suit your application, and

...full X11 Release 3 functionality while retaining the use of your

desktop 286" or 386" PC.

Priced at $395

To Order your copy, L] Ilnftegrated

cALL BN =—="—""= \lachines
714) 939-0746 %

X11/AT is a trademark of Integrated Inference Machines, Inc. 1468 E. Katella Avenue, Anaheim, CA 92805
286 and 386 are trademarks of Intel Corporation. Microsoft is a trademark of Microsoft Corporation.
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nected to the workpiece via four ground
leads; if any of these connections is
broken, the protective circuit turns off the
input power. (See page 32).

Optical Matrix-Matrix
Multiplier

A proposed apparatus for the optical
multiplication of two matrices would be
based on the Stanford optical vectorsma-
trix multiplier. Unlike previous matrixsma-
trix optical processors, this one does not
require the redundant representation of
one of the matrices. (See page 42).

NASA Tech Briefs, December 1989
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They don°t put it to the test in space
until we help put it to the test on Farth.

When your product’s in space orbit 300 miles above the standards in the world. With a 45-year reputation of
Earth, structural integrity takes on a whole new meaning. excellence behind them.
Which is precisely the reason so many contractors From vibration testing to modal analysis, from
back on Earth use Bruel & Kjaer test, measurement and sound and noise measurement to environmental
stress analysis equipment. monitoring. On land, sea, air or, for that matter, in space,
They know Bruel & Kjaer high-performance test no one helps you get from ‘mission possible’ to ‘mission
equipment offers unparalleled accuracy, reliability and accomplished'’ like Bruel & Kjaer.
consistency. They also know Bruel & Kjaer instruments and For our most recent catalog, or to discuss a
systems are engineered and built to the most exacting specific application, call us.

Briiel & Kjaer «&~

Bruel & Kjaer Instruments, Inc.
185 Forest Street, Marlborough, Massachusetts 01752 « 508-481-7000 « FAX: 508-485-0519

MA - 508-481-7737; NJ - 201-227-6100; MD — 301-948-0494; GA — 404-422-5200; MI—313-522-8600; IL — 312-358-7582; TX - 214-751-1700
CA-714-978-8066; CA-415-574-8100; WA - 206-324-5905; OH - 513-831-8878; AZ~602-431-1606; CO — 303-469-7914; NM - 505-242-0316
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The View From The Field Centers

In the following articles, the direc-
tors of NASA's nine field centers
provide an inside look at the agen-
cy’s planned research projects and
missions for 1990 and beyond. For
more information on a particular
project, contact the Technology Utili-
zation Officer at the center sponsor-
ing the research (see page 24).

A New Era
Begins At
NASA Ames

Dale Compton, Director
Ames Research Center
Moffett Field, CA

A s Ames Research Center enters a
new decade, we also are preparing to
enter our second half century of service
as a premier national laboratory. This year,
we celebrated our 50th anniversary and
our many discoveries and accomplish-
ments in the fields of aerodynamic re-
search, computational fluid dynamics,
infrared astronomy, and human factors
studies.

Today the demand on us for technology
to fuel the nation’s economy is stronger
than ever. Our aerodynamic research ex-
tends from conventional aircraft to ex-
traterrestrial atmospheric probes and
hypersonic planes. We fly computer-gen-
erated aerospacecraft in our state-of-the-
art supercomputing facility and maneuver
rotorcraft in sophisticated flight simula-
tors. Another research effort looks at how
computers, linked with machines, can use
artificial intelligence technology to aug-
ment human activities on Earth and in
space.

We are particularly excited about three
new facilities that will be completed in the
early 1990s. One is the reconstructed
Twelve Foot Pressure Wind Tunnel (12’
PWT). The original 12" PWT came into ser-
vice in 1946 and provided extremely clean,
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uniform aerodynamic flow with wind ve-
locities nearing the speed of sound. The
tunnel’s hallmark, however, was the com-
bination of these characteristics with the
ability to operate at pressures up to six
atmospheres. This high pressure was
needed to model the airflow properly on
the scale model aircraft tested in the
tunnel.

In response to increasing national de-
mands for high-pressure operation, Ames
has undertaken a project to modernize the
12' PWT. The replacement tunnel will
boast the same fine flow characteristics
as its predecessor, but will also feature
improvements in measurement systems,
model preparation areas, and test section
access.

A new Ames facility due to enter ser-
vice in March 1990 is the Human Per-
formance Research Laboratory (HPRL),
which will house the Aerospace Human
Factors Research Division. Just as certain
dimensional standards are necessary in
the home for us to live comfortably, so
does human factors research attempt to
find the “standards” that will help astro-
nauts, pilots, and air traffic controllers
work safely and efficiently. Human fac-
tors studies require the collaboration of
scientists, engineers, psychologists, be-
haviorists, and sociologists. These profes-
sionals work together to optimize flight
crew schedules, arrangements for living
quarters, and equipment design.

The HPRL is a two-story facility con-
taining 65,000 square feet for laboratories
and offices and a 12,000-square-foot high
bay designed to accommodate a set of
full-scale manned mission mockups. Re-
searchers will use the mockups to de-
velop technologies vital to space station
Freedom and to lunar and Mars missions.

The third new facility at Ames is the
Automation Sciences Research Facility
(ASRF), scheduled for completion in 1991,
which will support the Information Sci-
ences Division. This division is studying
the dynamic new field of artificial intelli-
gence (Al). Of special interest is the tech-
nology of machine intelligence, which
involves the use of computer power to
create systems that can adapt to new
situations and perform complex tasks
with a minimum amount of direction by
the human user. Employing tactile, visual,
or other sensory feedback, these auto-
mated systems will work with, or in place
of, humans. In space, intelligent systems
will construct orbiting stations, perform
extraterrestrial exploration, and operate
aerospace installations. America’s space
program goals depend on continuing ad-
vances in Al. [J

The

“Second Act”
Of Planetary
Exploration

Dr. Lew Allen, Director
Jet Propulsion Laboratory
Pasadena, CA

he year now drawing to a close has

been an eventful and moving one for
us at the Jet Propulsion Laboratory (JPL).
In 1989 Voyager 2 made its historic flyby
of Neptune, concluding what might be re-
garded as the the first act of planetary ex-
ploration — the initial wave of missions
that, from the 1960s onward, afforded us
our first close look at the rest of the solar
system. At the same time, NASA was busy
returning the space shuttles to full oper-
ating status. In the process the agency
launched two spacecraft whose missions
have been keenly awaited by planetary
scientists — Magellan to Venus, and
Galileo to the Jupiter system.

These developments leave JPL poised
for a brisk year in 1990. In the months
ahead Galileo and Magellan will execute
key events in their missions. We also will
be moving forward with other unmanned
missions in various stages of planning
and development. And as an indispens-
able background to such flight projects,
JPL will be engaged in technology re-
search efforts in such areas as computing
and microelectronics.

For Galileo, the coming year will mark
the spacecraft’s first looping orbit around
the sun as it gains enough momentum to
swing outward to Jupiter. Galileo former-
ly was to take a direct trajectory to the
giant planet, but achange in upper-stage
boosters made it necessary for the craft
to fly by Venus once and Earth twice to
borrow energy from ‘gravity assists.”
Galileo will encounter Venus in February
1990, and then will make its first Earth
flyby in December. As a dividend, both
flybys offer the opportunity to perform
science operations. Following a second
Earth flyby in December 1992 and one or
possibly two asteroid encounters, the
Galileo orbiter and its atmospheric entry
probe will reach Jupiter in December 1995.

A crucial event in mid-year will be
Magellan’s arrival at Venus. Magellan
is equipped with a synthetic-aperture
radar to make high-resolution maps of
Venus through the planet’s dense cloud
cover. Magellan’s orbit insertion in August
will be followed by 243 days of mapping
operations.
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Flight Telerobotic Servicer

SCHAEFFE

WORLD’S MOST EXPERIENCED SOURCE
FOR SPACEFLIGHT ELECTRIC MOTORS
ACTUATION COMPONENTS AND SYSTEMS

NASA's Flight Telerobotic
Servicer will be one of the
most sophisticated
spaceflight tools ever made.
On the cutting edge of
robotics technology, FTS will
perform a variety of tasks in
space.

It can be used in adjusting
and replacing components in
space vehicles while they are
in orbit.

FTS will help astronauts to
assemble and maintain Space
Station Freedom.

To perform such complex
motions each telerobot
depends on 19 Schaeffer
Magnetics joint actuators.

Schaeffer was selected by
Martin Marietta to supply
the FTS actuators because of
Schaeffer's record of
exceptionally high product
reliability.

THE

DRIVING FORCE

IN SPACEFLIGHT
ROBOTICS

Schaeffer's remarkable
23-year history is
underscored by literally
hundreds of successful space
applications.

There are 57 Schaeffer
actuators in a variety of
applications on the Hubble
Space Telescope alone.

A lot more can be said about
Schaeffer — flying the first
actuators out of our solar
system aboard Pioneer 10,
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TDRSS antenna gimbal
drives, exclusive use on
Viking Mars life science
instruments, the Voyager
visits to Neptune, Uranus,
Jupiter and Saturn as well as
numerous other planetary
explorations.

Schaeffer is, by far, the
world's most experienced
source for spaceflight
motors, actuation components
and systems.

An unparalleled record of
mission success.

Clearly...those who
know SCHAEFFER
prefer SCHAEFFER
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In this artist’s concept, the Galileo orbiter is
passing Jupiter's satellite lo on its way into
its first orbit around Jupiter.

October will see the launch of another
exploration craft, Ulysses. Built by the
European Space Agency (ESA), Ulysses
will be launched by NASA on the space
shuttle. It will travel first to Jupiter, whose
gravity will bend Ulysses’s trajectory up
and away from the plane in which the plan-
ets orbit the sun. This unique solar orbit
will enable the craft to study the sun’s im-
mense energy fields from a three-dimen-
sional perspective for the first time.

Throughout 1990, a number of other JPL
flight projects will continue in develop-
ment. Topex/Poseidon, an Earth satellite
to map world ocean levels, is planned for
a 1992 launch on a French Ariane rocket.
Also slated forlaunch in 1992 is the Mars
Observer, an orbiter which will relay highly
detailed photo maps and climatological
data on the red planet.

This fall, congress approved a new JPL/
NASA flight project called the Mariner
Mark Il. In 1990 we will move forward with
two missions planned under this project.
The Comet Rendezvous Asteroid Flyby
(CRAF) spacecraft, to be launched in 1995,
will encounter an asteroid on its way to
meeting Comet Kopff near the orbit of
Jupiter. CRAF will then fly alongside
Kopff for at least three years as the comet
moves inward toward the sun. The second
mission under Mariner Mark Il is Cassini,
scheduled for launch in 1996. A joint proj-
ect with the ESA, Cassini will go into orbit
around Saturn for extended studies of the
ringed planet and its moons.

Ground support will be enhanced as
more elements are added to the Space
Flight Operations Center, a ground-data
system supporting many unmanned mis-
sions. New ground equipment will also be
installed at the various complexes of the
Deep Space Network (DSN), the global
system of antenna stations which carry
out mission tracking, commanding, and
telemetry. In addition to its mission sup-
port, the DSN conducts solar system radar
studies and very long baseline interfero-
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metry (VLBI) research.

JPL has a variety of ongoing technology
development projects. The Center for
Space Microelectronics Technology is
researching such areas as solid-state
devices based on gallium arsenide, sys-
tems to enable optical computation and
communication for flight missions, and
electronic neural networks. Work in auto-
mation and robotics will bring about so-
phisticated new generations of unmanned
spacecraft and greatly simplified ground
systems. [

Goddard’s
Top Priority:
Human
Resources

Dr. John Townsend, Jr.,
Director

Goddard Space Flight Center
Greenbelt, MD

t Goddard, we are looking to the

future with confidence. We have out-
standing missions planned and — with
the dramatic reduction of launches
characterized by the post-Challenger era
now at an end — we foresee a revitaliza-
tion of our programs which will strengthen
our human resources, expand our facil-
ities, and rekindle the pride we all have
felt in being active participants in the
space program.

Approved missions we are looking for-
ward to include the Roentgen Satellite,
an x-ray telescope and imaging system
slated for launch next year which will con-
duct a sweeping survey of x-ray sources;
the Hubble Space Telescope, the man-
agement of which will be transferred to
Goddard after launch next March; the
Broad Band X-Ray Telescope, a Spacelab
astronomy mission scheduled for April
1990; the Gamma Ray Observatory, a 15-
ton craft that will provide information
about the nature and distribution of mat-
ter near the center of the Milky Way
galaxy; the Extreme Ultraviolet Explorer,

a 1991 mission that will study the entire
celestial sphere in the extreme ultraviolet
spectrum; and the Upper Atmosphere Re-
search Satellite, which will investigate the
middle and upper atmosphere.

Goddard will continue to be responsible
for Tracking and Data Relay Satellite Sys-
tem launches, as well as for the launches
of the National Oceanic and Atmospheric
Administration (NOAA) polar-orbiting sat-
ellites and geostationary meteorological
spacecraft. And we will proceed with our
scientific research using balloons and
sounding rockets, a program managed by
our facility at Wallops Island, VA.

In coming years, Goddard will man-
age the Earth Observing System (EOS)
program, a cooperative effort with the
European Space Agency and the Japa-
nese Space Development Agency to
understand the Earth as an integrated
system. Unmanned platforms equipped
with remote sensing instruments will be
launched into polar orbit so that all parts
of the Earth can be viewed and studied.
EOS instruments will track global environ-
mental change and document the com-
plex interactions among the land, sea, and
air. The platforms will make measurements
for 15 years, beginning in the latter half
of the 1990s.

As is the case throughout NASA, God-
dard has lost many middle managers and
experienced technicians. Thus, as we
look towards new missions, we must
also recognize the need to strengthen
our human resources. In my estimation,
people remain our most important asset
and the top priority of our current and
future planning is to nurture the center’s
human resources. The second priority is
to reinforce, and in some cases to re-
build, the technology base in instruments,
spacecraft, and ground systems.

JSC’s
Technology
Strategy

Aaron Cohen, Director
Johnson Space Center
Houston, TX

w ith the President’s establishment of
along-term U.S. space strategy, the
Johnson Center now has a focus — a
long-term goal to which we can all work —
and we're ready to step out and ac-
complish great things.

To support the Human Exploration
Initiative, the Johnson Center will be con-
centrating on three areas in 1990: regen-
erative life support, human performance,
and EVA (extravehicular activity). All three
areas are key to future manned explora-
tion. And all three are areas in which JSC
has a wealth of expertise and experience.

| believe that we must have a highly
reliable regenerative life support system
if we're going to be able to build and sus-
tain a lunar base or undertake a manned
Mars mission. Regenerative life support
technology is necessary, for example, to
meet the water and air revitalization needs
of acrew during a long flight to and from
Mars. Without regenerative systems, the
storage and weight demands for water,
oxygen, and carbon dioxide removal sys-
tems would be prohibitive.
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The Johnson Center is investigating a
number of technologies to support future
EVA activities. This illustration shows a
proposed tool cart which would support
surveying and construction work on the
moon.

Human performance is another area re-
quiring special emphasis. We don’t know
how man will be affected by long-duration
zero-gravity, or even long-duration one-
third gravity on Mars or one-sixth gravity
on the moon. We also have much to learn
about the psychological and social as-
pects of long-duration missions, health
maintenance and trauma treatment in
space, and radiation protection. There
are many technical issues in human per-
formance; we will develop our detailed
plans to address and resolve these issues
in 1990.

EVA, the widely-known acronym for
spacewalks, is a third critical area for
technology research and development at
JSC. Even though we have already used
EVA suits on the moon during Apollo and
have a new suit planned for the space sta-
tion, it will take an advanced lightweight
suit designed for walking and climbing to
support lunar and Mars exploration. Hav-
ing a space suit on the Martian surface,
where the astronaut is nine months away
from getting a replacement suit and is
working in one-third gravity, will require
ease of maintenance and high reliability.

JSC has established teams of experts
in each of these areas to assess the cur-
rent and desired states of the technology
and to develop implementation plans to
ensure that we achieve our goals. The
Special Emphasis Technology teams have
made substantial progress in a very short
time. The Regenerative Life Support
Team, for example, has identified four
broad areas of technology focus and is
creating a plan to implement activities in
these areas. In addition, they are devel-
oping a test bed in one of JSC's test
chambers to analyze the interactions be-
tween biological and physical-chemical
life support systems.

JSC has also instituted a center-wide
technology management process de-
signed to regularly assess and provide
direction for the development, transition-
ing, and use of technologies. It includes
a means to strengthen the technologies
base and the planning capability of JSC
down to the division level. Most important-
ly, it provides a way to coordinate tech-
nology development activity across the
center and with other centers and outside
organizations. []
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Kennedy

Prepares For
Nine Shuttle
Flights In ’90

Lt. Gen. Forrest
McCartney, Director
Kennedy Space Center
Florida

e begin the new decade at the

Kennedy Space Center with dedica-
tion to our mission and pride in our past
accomplishments. Since September 29,
1988, KSC has processed and flown all
three orbiters in America’s fleet. This in-
cluded the successful processing of
two Tracking and Data Relay satellites,
two major scientific spacecraft — the
Magellan Venus mapper and the Galileo
Jupiter probe — plus important Depart-
ment of Defense (DOD) cargo. Numerous
secondary payloads were also processed
and flown to increase our understanding
of Earth and our own physiology.

In August of this year, the world mar-
veled as the Voyager 2 spacecraft,
launched from KSC in 1977, sent home
pictures that revealed the mysteries of
Neptune and its moon, Triton. Today we
stand poised on the brink of a golden age
of science, one in which we will probe the
history of our galaxy and unknown vistas
beyond.

The Hubble Space Telescope, the larg-
est astronomical instrument ever placed
into orbit, will be launched as the second
payload of 1990. (The first flight will be
dedicated to a DOD payload.) Working
above Earth’s atmosphere and pollution,
Hubble will expand the volume of visible
space by 350 times over Earth-bound
observatories. It will enable us to see ob-
jects an estimated 14 billion light years
away, giving scientists a chance to ex-
plore the mysteries of pulsars, quasars,
black holes, and other phenomena of a
turbulent universe.

Astronomical sciences will again be the
focus as a later mission carries two ad-
vanced star-searching devices: Astro-1
and the Broad Band X-Ray Telescope
(BBXRT). Astro-1, the first in a series, will
make measurements of Supernova 1987A,
the closest observable supernova in 400
years. The BBXRT will probe the mysteries
of stellar coronae, binary stars, and clus-
ters of galaxies.

Next, the Gamma Ray Observatory will
study stellar and intergalactic phenomena
in deep space. On the same mission,
slated for June, astronauts will perform a
second Solar Backscatter Ultraviolet Ex-
periment to study ozone trends. The first
of these critical experiments was flown in
late 1989 on STS-34.

Following another DOD mission, the
Spacelab Life Sciences will be launched.
The first space shuttle flight dedicated
wholly to life sciences, the SLS-01 will in-
vestigate the effects of weightlessness on
both man and animals. Four major study
areas are planned: cardiovascular and car-
diopulmonary, metabolic and hematology,
vestibular, and general biology.

Scientific research will next focus on
the sun with the October deployment of
the Ulysses spacecraft. Its planned four-
and-a-half-year mission will probe many of

the sun’s mysteries.

A November mission will transport the
German-developed SPAS platform. SPAS
is a free-flying platform designed to carry
a variety of experiments away from the
shuttie and then return to be lifted back
onboard by the remote manipulator arm
for the trip home.

The final 1990 shuttle mission will loft
into space the International Microgravity
Laboratory to study the effects of
microgravity on material and life sciences
processes. From plant physiology to
vestibular (inner ear/balance) research,
this unique lab will gather data vital for liv-
ing and working in space.

But not all the science will be taking
place overhead. Although KSC is primarily
a launch facility, carefully focused re-
search efforts push the leading edge of
technical knowledge in areas ranging
from artificial intelligence to developing
ways to grow plants in colonies away from
Earth.

In the latter project, called the Con-
trolled Ecological Life Support System
(CELSS), experimenters are learning how
to grow edible food in the absence of soil,
gravity, and normal sunlight. Using a
computer-controlled “closed” environ-
ment and a nutrient feeding system, the
team has successfully grown three good
crops of dwarf wheat. That knowledge
may be essential to the success of long-
duration space flight or a lunar colony.

Other ongoing research focuses on the
rapidly-expanding field of robotics. As
humans begin to live in space, robots will
become increasingly important in support-
ing processing, flight, and space habitat
requirements. KSC researchers are cur-
rently studying robotics applications in
hazardous ground operations during Shut-
tle processing. Also under study is the
automation of repetitive and critical pro-
cesses that support the ground proces-
sing of the orbiters and their payloads.

With about $12 million in tunding,
KSC’'s research program is also an
outreach effort. A major goal is to share
knowledge and challenges with not only
other NASA centers, but also with univer-
sities, industry, the medical field, and the
state of Florida. Recently, Florida Gover-
nor Bob Martinez signed a technology
transfer agreement at KSC that will aid the
state in tapping into the center’s ongoing
technology utilization (TU) program. [

Kennedy Center engineers test the electrical
actuators, control assemblies, and ground
support equipment of the ASTRO 1 Instrument
Pointing System.
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Lewis: Building
Achievements

Dr. John Klineberg
Director

Lewis Research Center
Cleveland, OH

t Lewis Research Center we are ex-

cited as we begin the last decade
before the year 2000. As NASA’s lead
center for aircraft propulsion, space pro-
pulsion, and space power, we know that
the work we do today will have an enor-
mous impact on our nation’s ability to
meet its goals for air and space travel in
the 21st century.

In the year ahead, we expect to make
major progress in our propulsion research
for high-speed aircraft, the development
of the Advanced Communications
Technology Satellite (ACTS), the applica-
tion of high-temperature superconduc-
tors, and the development of space power
and propulsion systems for future mis-
sions to the moon and Mars.
High-Speed Aircraft

The growing need to travel quickly to
the economic centers of the Pacific Basin
is expected to create the need for as many
as 1500 supersonic airliners by the year
2025. To help prevent the United States
from losing this significant market to ag-
gressive foreign competitors, NASA’s
High-Speed Civil Transport (HSCT) tech-
nology initiative will help U.S. aircraft
manufacturers determine the feasibility of
building and marketing economical, en-
vironmentally acceptable aircraft that
could fly at two to four times the speed
of sound. This type of aircraft could carry
350 passengers from New York to Tokyo
in four hours.

As part of the HSCT initiative, Lewis
researchers are evaluating a variable cy-
cle propulsion concept that will provide
noise levels acceptable to the communi-
ty, a substantial reduction in fuel con-
sumption, and extended life at sustained
high operating temperatures. Research is
also continuing on the supersonic
through-flow fan concept that may
significantly improve the economics of
future supersonic transport engines.

Moreover, our engineers are designing
air-breathing propulsion systems for
hypersonic/transatmospheric cruise
vehicles that can take off and land on con-
ventional runways, cruise at more than six
times the speed of sound in the at-
mosphere, or accelerate into space.

For the National Aero-space Plane
(NASP) Program — which seeks to build
an experimental hypersonic vehicle by the
end of the decade — we will continue to
provide support in low-speed propulsion,
high-temperature materials and struc-
tures, propulsion controls, computational
fluid dynamics, and cryogenics. We plan
to activate the Hypersonic Wind Tunnel
at our Plum Brook site and have modified
a cryogenic facility to manufacture the
slush hydrogen that will fuel the ex-
perimental flight vehicle.

ACTS

In conjunction with U.S. industry, Lewis

engineers are preparing the Advanced
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For Tomorrow’s

Communications Technology Satellite
(ACTS) for launch aboard the Space Shut-
tle in 1992. ACTS will make satellites more
economical and accessible by serving as
a “switchboard in the sky.” ACTS will
feature onboard digital processing,
storage, and switching using multiple
hopping spot beams. It will enable
satellites to efficiently send signals
simultaneously to thousands of very small
ground terminals. Corporations, univer-
sities, and government agencies who
could benefit from advances in satellite
communications have been invited to
design experiments that will evaluate the
key ACTS technologies.
High-Temperature Superconductivity

Lewis scientists in cooperation with
researchers at Argonne National
Laboratory, are exploring how high-
temperature superconductors can benefit
aerospace technology. Earlier this year,
Lewis researchers used yttrium barium
copper oxide to produce the first elec-
tronic circuit able to operate at 33 to 37
gigahertz, a frequency range more than
three times higher than currently-used cir-
cuits. These super-high frequency circuits
will allow satellites to triple the number
of link-ups they can handle and may
dramatically improve communications
and data systems here on Earth.
Space Power For Future Missions

With space station Freedom scheduled
to be operating by the year 2000, we are
entering the final stages of the develop-
ment and testing of its power system.
Much of what has been learned in creating
this power system will be used to design
components and systems that will assure
sufficient, reliable power for future NASA
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Artist’s conception of the National Aero-Space
Plane

missions such as the lunar outpost and
piloted mission to Mars. In the year ahead,
space power researchers at Lewis will
begin developing very lightweight nickel-
hydrogen batteries for applications on
geosynchronous spacecraft, fuel cells for
planetary missions, and ultra-lightweight
photovoltaic solar cells for new NASA
missions.

Work is continuing on the free-piston
Stirling engine, a dynamic conversion sub-
system for solar or nuclear space power
systems. And we are further refining com-
ponents such as radiation tolerant indium
phosphide solar cells and lightweight car-
bon composite radiators.

Space Transfer Vehicle Propulsion

This will be an especially exciting year
in the area of space propulsion. We will
begin developing a test bed liquid
hydrogen/oxygen engine which could
launch excursion vehicles from low-Earth
orbit to the orbits of the moon or Mars.
And for cargo vehicles needed for future
NASA missions, our scientists are explor-
ing high-performance electric propulsion
systems. [

Towards Future
Flight

Richard Petersen,
Director

Langley Research Center
Hampton, VA

L angley Research Center plays a lead-
ing role in the development of ad-
vanced aeronautics and space technol-
ogy, largely attributable to the quality of
our staff and to our unique research facil-
ities, currently valued at over $1.5 billion.

In 1990 Langley's technology thrusts
will include transatmospheric research,
Earth Observing System experiments, and
the Aeroassist Flight Experiment.
Transatmospheric Research

The transatmospheric research pro-
gram seeks to demonstrate, by the mid-
1990s, the potential for aerospace vehi-
cles to take off and land horizontally from
conventional runways, sustain hypersonic
cruise and maneuver in the atmosphere,
and accelerate to orbit and return to Earth.

Assuming adequate funding, by the end
of 1992 a technology base will be estab-
lished to determine whether sufficient
progress has been made to proceed with
design and development of the X-30 re-
search vehicle, under the National Aero-
space Plane (NASP) Program. In support
of NASP, a major effort in the theory, anal-
ysis, and measurement of laminar to turb-
ulent boundary layer transition will be

completed in 1990. This work, providing
design criteria for both generic vehicle
drag prediction and heat transfer at hyper-
sonic speeds, utilizes the available low-
disturbance wind tunnel facilities at LaRC.
This data is needed by the NASP contrac-
tors to accurately and consistently predict
engine and airframe performance in their
X-30 designs.

Earth Observing System (EOS)

Langley researchers have proposed
four flight experiments for the first EOS
mission: SAFIRE (Spectroscopy of the
Atmosphere Using Far Infrared Emission),
an effort to improve understanding of
atmospheric ozone by conducting and
analyzing global-scale measurements of
important chemical, radiative, and dynam-
ical processes; SAGE Il (Stratospheric
Aerosol and Gas Experiment), which will
provide global profiles of aerosols, trace
gases, cloud top height, and air density
in the middle atmosphere; TRACER (Tro-
pospheric Radiometer for Atmospheric
Chemistry and Environmental Research),
an experiment to measure multi-level
global distributions of carbon monoxide,
presenting a global view of this important
chemical species; and CERES (Clouds
and the Earth’s Radiant Energy System),
designed to expand knowledge of radia-
tive effects of cloud processes and their
interaction with the Earth’s climate.

In 1990 Langley will focus on instru-
ment definition and preliminary develop-
ment along with definition of necessary
data facilities, system engineering, and
payload accommodation studies.

NASA Tech Briefs, December 1989
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Molecu Wir_e: Youy innovagive source
for specialty wire and ribbon

HEN YOUR APPLICA-

tion calls for “impossible”
wire or ribbon, turn to
Molecu Wire to insure your
project’s success.

No matter how tough
your process or product
parameters—and no matter
whether your field is aero-
space or data processing . . .
medical devices or robotics

. consumer electronics,

telecommunications,
appliances or virtually
anything else—Molecu’s
accomplished team of
experts can help make your
application a reality.

To guarantee the
flawless wire or ribbon you
need, Molecu’s full-service
capabilities include
metallurgical and application
R&D, product engineering,
prototyping, complete in-
house tool and diemaking,
full-scale production with
rigorous quality controls
including SPC, and some of
the most sophisticated
testing available anywhere.

Established in 1958,
Molecu is a recognized
leader in custom precision
wire and ribbon design,
engineering and
manufacturing. We work
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with the world’s foremost
companies—from global
giants to small, emerging
firms—to pioneer
tomorrow’s products and
technologies . . . today.
To learn more about
how you can put Molecu’s
one-of-a-kind wire and
ribbon technology to work
for you, call us today at
(201) 938-9473. Or write
Molecu Wire, P. O. Box
495, Farmingdale, New
Jersey 07727.
Fax: (201) 938-3189.
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AEROASSIST FLIGHT EXPERIMENT (AFE)

Mission Profile - Simulates STV Aeropass

Aeroassist Flight Experiment

An important phase of future space
transportation operations is the transfer
of cargo and personnel from low- to high-
Earth orbit. A class of craft known as
aeroassisted orbital transfer vehicles
(AOTVs) has been proposed for this task.
By using the vehicle's aerodynamic lift
and drag forces to capture an orbit,
payloads would be increased over an all-
propulsion braking orbital transfer vehicle
(OTV). Because of the lack of flight data
at the high altitudes and velocities of the
AQTVs, a precursor experiment called the
Aeroassist Flight Experiment (AFE) will be
performed.

The AFE will investigate critical design
issues for aeroassisted space transfer
vehicles. Aerodynamic braking maneuvers
will occur in upper regions of the Earth’s

Space Station
On Target
At Marshall

Thomas Lee, Director
Marshall Space Flight
Center

Alabama

I n 1990 Marshall Center employees ex-
pect to ““hit the ground running,” step-
ping up the work tempo on space station
Freedom and meeting deadlines for the
launch of the Hubble Space Telescope in
March, while maintaining progress in
many other critical programs and projects.

America’s next big program, space sta-
tion Freedom, remains on target at Mar-
shall, where the U.S. modules are being
designed and assembled. These struc-
tures are to be used for the living area, the
laboratory, logistics, and four resource
nodes required to interconnect the pres-
surized elements and provide key control
functions. Marshall will also have a large
part of the responsibility for integration
of the Japanese and European modules
into the overall assembly, and for the sta-
tion’s environmental control systems.

A national goal which has been under
consideration for years, the U.S. space
station is scheduled to begin operation in
the 1990s in low-Earth orbit where it will
be permanently manned.

The Hubble Space Telescope is
scheduled for action in 1990 and will allow
us to see planets, stars, galaxies, and
other celestial objects with ten times finer
detail than we now can with our best
optical telescopes on Earth. Marshall has
managed the design and development of
the telescope, and will verify that, after at-
taining Earth orbit, the telescope and
20

atmosphere, at or near geosynchronous
return velocities, producing aerothermo-
dynamic environments that cannot be
readily simulated or modeled. The gen-
erically-shaped spacecraft will be de-
livered to low-Earth orbit by the shuttle.
After separation, the AFE’s solid rocket
motor will drive the craft into the upper
atmosphere to simulate speeds for return-
ing from geosynchronous orbit and near
that of lunar return. Data will be obtained
during the high-altitude pass through the
upper atmosphere and the vehicle will
then return to low-Earth orbit, where it
will be retrieved by the shuttle and
transported back to Earth.

In addition to designing the mission,
Langley is responsible for ground-based
tests and development of the integrated
flight experiments package. []

ground support systems operate prop-
erly...a task expected to last several
months.

Marshall will continue to provide the
main engines, external tank, solid rocket
boosters, and Advanced Solid Rocket
Motor for the space shuttle, and will in-
vestigate new ways to meet the nation’s
future space transportation needs. As
NASA'’s lead center for propulsion sys-
tems development, Marshall constantly
studies and reviews the types of space
vehicles which will best serve the nation.

President Bush, in a major space policy
address in July, proposed *“ ... a long
range, continuing commitment. First, for
the coming decade space station
Freedom — our critical next step in all
space endeavors. And next — for the new
century — back to the moon. Back to the
future. And this time back to stay. And
then — a journey into tomorrow — a
journey to another planet — a manned
mission to Mars.”

Marshall’s studies of Heavy Lift Launch
Vehicles will be vital to these plans.

Concepts being studied include both
evolutionary vehicles such as the Shuttle-
C and new vehicles envisioned in the Ad-
vanced Launch System. Shuttle-C uses
the shuttle propulsion system and ex-
isting launch facilities but replaces the
manned orbiter with an unmanned cargo
carrier. If approved for production, it could
be flying relatively quickly. It is designed
to boost payloads of 100,000 pounds or
more into low-Earth orbit and would give
NASA an unmanned test bed for use in
the first flight of an Advanced Solid
Rocket Motor. Advanced Launch System
studies envision both expendable and
reusable vehicles with a payload capabili-
ty ranging from 40,000 to 300,000 pounds.

Photo Courtesy NASA
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INFORMATION
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Whether the application involves space exploration,
earthquake detection, oceanic engineering, or just about
anything related to information management, Federal
information resource managers know who to tumn to.

Oracle.

That's because Oracle software performs on virtually all
types of hardware and operating systems. Fully compati-
ble with industry standards, Oracle software makes
information transparent, and helps you avoid costly
CONversions.

But there’s more to Oracle than simply software. Our
staff and consultant network support you every step of
the way, from requirements analysis and training to sys-
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what total solutions are all about.

For more information and a free brochure, call
1-800-345-DBMS, ext. 6768.

By the way, there’s one more thing to say about total
information solutions: Authorized ADP Schedule Price
List Contract No. GSOOK 88 AGS 5937.
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Compatibility. Portability. Connectability. Capability.

Oracle Federal Division
3 Bethesda Metro Center, Suite 1400
Bethesda, MD 20814
ORACLE is a registered trademark of Oracle Corporation
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Frequency Domain
Processor for LDV
flow measurement. Even in 0.2mm Near-
The 3100 captures a Wall conditions.All

of which can be mon-

Emphasis is on significantly reduced
costs.

Upper stages to be used on space shut-
tle or other expendable launch vehicles
are in various stages of operation and
development at Marshall. The Inertial Up-
per Stage (IUS) is a solid propellant vehi-
cle capable of supporting planetary mis-
sions and boosting heavy payloads from
low- to high-Earth orbit. Its first use on the
shuttle was to launch NASA’s Tracking
and Data Relay satellite. In the future it
will support planetary and other missions
involving large and heavy loads. PAM, or
Payload Assist Module, is also used for
inserting satellites into higher orbits. A
third upper stage is the Transfer Orbit
Stage, which fills the performance gap
between the PAM and the IUS.

An unmanned shuttle cargo vehicle called the
Shuttle-C is being studied at the Marshall
Center.

Marshall is also managing a special
type of upper stage — a reusable, re-
motely-controlled, free-flying vehicle that
can perform many on-orbit services in sup-
port of spacecraft, including retrieval,
reboost, and controlled de-orbit. It is
called the Orbiting Maneuvsaring Vehicle
and it is planned as an extension of shut-
tle and Freedom station capabilities.

Along with the Hubble Space
Telescope, Marshall in 1990 will continue
to manage development of another in
NASA'’s series of great observatories —
the Advanced X-Ray Astrophysics Facili-
ty. It is designed to observe the universe
in the x-ray region of the electromagnetic
spectrum. A free-flying observatory, it will
have a 15-year lifetime and will explore
energetic sources such as quasars, black
holes, pulsars, and active galactic nuclei.
The development schedule calls for a
launch in the 1996 time frame.

In cooperation with the Air Force, Mar-
shall in 1990 will investigate the environ-
ment hundreds of miles above the Earth.
The Combined Release and Radiation Ef-
fects Satellite (CRRES) will perform in-
vestigations in the ionosphere and
magnetosphere using chemical tracer
releases to help researchers gain new in-
sights into conditions that influence the
Earth's magnetic field. CRRES will be
lofted into the upper atmosphere on an ex-
pendable launch vehicle.

Marshall has pioneered in a unique con-
cept to join its engineers with others from
private industry and from the educational
community. In the center's Productivity

(continued on page 98)
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This is a challenge our Whitehall
HIP Department meets every day.
Here we operate one of the larg-
est toll Hot Isostatic Pressing
facilities in the world. In partner-
ship with our customers, we
provide quality service to a broad
range of industries, including
aerospace. So when Textron
Lycoming wanted to strengthen
the AMS 4225 aluminum heads
on their reciprocating aircraft
engines, they came to Howmet
Together we were able to develop
a HIP program that significantly
improved the performance of
their components.

EXTENSIVE

APPLICATIONS FOR HIP,

HIP subjects components to a
high gas pressure anu eievated
temperature sufficient to reduce
shrinkage porosity and close
internal voids. Many engineers
are learning that HIPed cast com-
ponents deliver the consistency
and mechanical properties
expected of forgings. In addition
to titanium and superalloys, per-
formance improvements are also
seen in steel, bronze, cast iron,

Improved microstructural
homogeneity

AMS 4225
cylinder head

THE CHALLENGE:
“DEMONSTRATE HOW HIP ENHANCES THE
PERFORMANCE AND IMPROVES THE FATIGUE

STRENGTH OF ADVANCED COMPONENTS.”

ceramics and aluminum. We also
HIP powder metal components.
HIP lowers life cycle costs,
and not just for the aerospace
industry. HIP is used for high
performance automotive pistons,
rods, crankshafts and engine
blocks. It also has applications for
electronics, ceramic products,
medical implants and pump and
valve components for the oil, food
and chemical industries.

HIP PIONEERS.
We began production HIPing in
1975 and now have one of the
largest capacities in the world,
with capabilities from small
developmental-size presses to
57" indiameter and 80" in height,
pressures to 45,000 psi and tem-
peratures to 4000°F.

This extensive range enables us
to answer virtually any challenge.

HOWMET CORPORATION

Partners. Challenge by Challenge.

THE IMPOSSIBLE MADE
POSSIBLE.

Another service that sets Howmet
apart is our 80,000 square foot
research, development and
engineering center. Here metal-
lurgical teams and laboratory
specialists come up with break-
through solutions to seemingly
impossible challenges. They are
always available to you as a
Howmet customer.

WE INVITE

YOUR CHALLENGES

At Howmet, we will work as a
partner with you, engineer to
engineer, from concept through
design to finished product.
Whether your problem requires a
cost-effective solution or state-of-
the-art technology for complex
applications, we can help.
Impossible? Challenge us.

For more information, write our
Sales Department, Howmet Cor-
poration, 475 Steamboat Road,
Greenwich, CT 06836-1960. Or
contact the manager of the White-
hall HIP Department, 1600 South
Warner Road, Whitehall, M|
49461, telephone (616) 894-5686.

WHITEHALL HIP DEPARTMENT, WHITEHALL, MI
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I you're aregular reader of TECH BRIEFS, then you're already
making use of one of the low-and no-cost services provided by
NASA’s Technology Utilization (TU) Network. But a TECH
BRIEFS subscription represents only a fraction of the technical
information and applications/engineering services offered by
the TU Network as a whole. In fact, when all of the components
of NASA's Technology Utilization Network are considered,
TECH BRIEFS represents the proverbial tip of the iceberg.
We've outlined below NASA’s TU Network—named the
participants, described their services, and listed the individuals

HOW YOU CAN BENEFIT
FROM NASA'S

TECHNOLOGY

m‘m. you can contact for more information relating to your specific
needs. We encourage you to make use of the information,

access, and applications services offered by NASA's
Technology Utilization Network.

How You Can Utilize NASA’s Industrial Applications Centers—A nationwide network offering abroad range
of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “‘user friendly’’ IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the ten IACs located throughout the nation. The IACs also offer technical consuitation services and/or linkage with other experts
in the field. You can obtain more information about these services by calling or writing the nearest IAC. User fees are charged for IAC information services.

Aerospace Research Research Triangle Park, NC 27709 NASA/UK Technology NASA Industrial Applicati
Applications H. Lynn Reese, Director Applications Program Center

Center (ARAC) (919) 549-0671 University of Kentucky University of Southern California
Indianapolis Center for Advanced NASA Industrial Applications 109 Kinkead Hall Research Annex

Research Ctr. 823 William Pitt Union Lexington, KY 40506-0057 3716 South Hope Street

611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director
(317) 262-5036

Central Industrial Applications
Center/NASA (CIAC)

Rural Enterprises, Inc.

P.0O. Bov 1335

Durant, OK 74702

Dickie Deel, Director

(405) 924-5094

North Carolina Science and
Technology Research Center
(NC/STRC)

Post Office Box 12235

If you represent a public sector organization with a particular need, you can contact NASA’s Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P. 0. Box 12194, Research Triangle
Park, NC 27709. Doris Rouse, Director, (919) 541-6980

University of Pittsburgh
Pittsburgh, PA 15260

Dr. Paul A. McWilliams,
Exec. Director

(412) 648-7000
NASA/Southern Technology
Applications Center

Box 24

Progress Ctr., One Progress Blvd.
Alachua, FL 32615

J. Ronald Thornton, Director
(904) 462-3913

(800) 354-4832 (FL only)

(800) 225-0308 (toll-free US)

William R. Strong, Director
(606) 257-6322

NERAC, Inc.

One Technology Drive
Tolland, CT 06084

Dr. Daniel U. Wilde, President
(203) 872-7000

Technology Application Center
(TAC)

University of New Mexico
Albuquerque, NM 87131

Dr. Stanley A. Morain, Director
(505) 277-3622

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

(800) 642-2872 (CA only)

(800) 872-7477 (toll-free US)
NASA/SU Industrial Applications
Center

Southern University Department
of Computer Science

P.O. Box 9737

Baton Rouge, LA 70813-9737
Dr. John Hubbell, Director

(504) 771-6272

How You Can Access Technology Transfer Services At NASA Field Centers:

Technology Utilization Officers & Patent Counsels—Each NASA Field Center has a Technology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.
If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If aTSP is not available,
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested

in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number
at the end of the Tech Brief.

Ames Research Ctr.
Technology Utilization
Officer: Laurance Milov
Mail Code 223-3
Moffett Field, CA 94035
(415) 694-4044

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11

Moffett Field, CA 94035

(415) 694-5104

Lewis Research Center

Technology Utilization
Officer: Anthony F.
Ratajczak (acting)

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5568

Patent Counsel:

Gene E. Shook

Mail Code 301-6

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

John C. Stennis
Space Center
Technology Utilization
Officer: Robert M.
Barlow

Code GA-00

Stennis Space Center,
MS 398529

(601) 688-1929

John F. Kennedy
Space Center
Technology Utilization
Officer: Thomas M.
Hammond

Mail Stop PT-PMO-A
Kennedy Space
Center, FL 32899
(407) 867-3017

Patent Counsel:
James O. Harrell

Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(407) 867-2544

Langley Research Ctr.

Technology Utilization
Officer: John Samos
Mail Stop 139A
Hampton, VA 23665
(804) 864-2484

Patent Counsel:
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 864-3523
Goddard Space Flight
Center

Technology Utilization
Officer: Donald S.
Friedman

Mail Code 702.1
Greenbelt, MD 20771
(301) 286-6242

Patent Counsel:

R. Dennis Marchant
Mail Code 204
Greenbelt, MD 20771
(301) 286-7351

Jet Propulsion Lab.
NASA Resident Office
Technology Utilization
Officer: Gordon S.
Chapman

Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4849

Patent Counsel:

Paul F. McCaul

Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2734
Technology Utilization
Mgr. for JPL: Dr. Nor-
man L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Counsel:

Bill Sheehan

Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code IC-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(202) 453-8377
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(202) 453-2424

A Shortcut To Software: COSMIC®™— For software developed with
NASA funding, contact COSMIC, NASA's Computer Software Manage-
ment and Information Center. New and updated programs are announc-
ed in the Computer Programs section. COSMIC publishes an annual
software catalog. For more information call or write: COSMIC? 382
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)

542-3265

If You Have a Question. . . NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA’s Technology
Utilization Network and its services and documents. The STl staff sup-
plies documents and provides referrals. Call, write or use the feedback
cardinthisissue to contact: NASA Scientific and Technical Informa-
tion Facility, Technology Utilization Office, P.O. Box 8757, Baltimore,
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242,
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Planar Antennas on Thick Dielectric Substrates
Features include ease of fabrication and wide range of operating frequencies.

NASA's Jet Propulsion Laboratory, Pasadena, California

Planar antennas on thick dielectric sub-
strates have been built for use at millimeter
wavelengths. To obtain directional and im-
pedance characteristics nearly independ-
ent of frequency from 40 to 400 GHz, the
antennas were made in four-lobe log-peri-
odic (see Figure 1), two-lobe log-periodic,
and two-arm log-spiral configurations.

Antennas of this general type are quasi-
optical structures, for which expensive,
precisely machined waveguides are not re-
quired. They can be made easily by stand-
ard photolithography and integrated with
planar mixers or detectors to form arrays.
Because such an antenna radiates (or re-
ceives) mostly on the dielectric side of the
metal conductor, it has enhanced directivi-
ty without a back plane. One disadvantage
of a thick substrate is the excitation of un-
desired surface electromagnetic modes.
At the cost of additional losses in the di-
electric, these modes can be suppressed
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Note: Feed points are at the
four inner radii.

Figure 1. In this Four-Lobed Log-P