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GAS Software
Brings Graphics To Life




YOU'RE LOOKING AT
TWO 8MM TAPE DRIVES.
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This camera can be used for
high-resolution, low light
applications including x-ray
imaging and densitometry

Medical College of Georgia.)

KAF-4200 CCD
(2048 x 2048 pixels)

Also in Europe: Photometrics GmbH, Sollner Str. 61

D-8000 Minchen 71, Germany, Telefax: 0 89-79-97-15, Telephone: 0 89-79-95-80
ARGENTINA: Laser Optics SA., tel: 01-466-754 m FRANCE: Sofretec, tel: 1-34-23-30-00

ISRAEL: New Technology RK Ltd., tel: 03-324181 a JAPAN: Seki Technotron Corp., tel: 03-3820-1712
KOREA: Eusung International Corp., tel: 02-785-1368 s TAIWAN: Gorman Co., Ltd. tel 02-3923170
SINGAPORE: Astro Scientific Centre, tel: 567-4163

(Image on right courtesy of the
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Photometrics introduces the world’s first
2048 x 2048 pixel CCD camera with a
direct digital output and 12 bits per pixel
(4096 gray levels). This ultra-high resolution
camera interfaces directly to Macintosh I,
286/386 AT bus computers, or VME-based
systems.

This camera features:

B A scientific-grade CCD image sensor with
2048 x 2048 pixels (Eastman Kodak KAF-4200)

B Thermoelectrically cooled camera head
providing 12-bit dynamic range (4096 gray
levels per pixel)

B A direct digital interface, plug-in
programmable controller for Macintosh I,
286/386 AT bus, or VME computers

B Software for camera control, image
acquisition, and calibration

This new Photometrics camera is ideal for
use in film digitization, electron and optical
microscopy, medical diagnostic imaging
(with phosphor screens), photodigitization,
color separation, densitometry, and other
applications demanding high resolution and
high dynamic range.

Photometrics has a complete line of cooled
CCD cameras from 512 x 512 to 2048 x
2048 pixels with 12, 14, or 16 bits per pixel.
For end-user and OEM applications
assistance, please call (602) 889-9933.

Photometrics

World Leader in High Performance CCD Imaging

For More Information Circle No. 562

Photometrics, Ltd
3440 East Britannia Drive = Tucson, Arizona 85706
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WITH A VIEW!

That’s right! Our new RD-125T/135T Series dual speed
DAT data recorders offer double the bandwidth of
conventional, single speed DAT recorders - 4 channels
at 20 kHz or 8 channels at 10 kHz. Plus, we’ve added a
unique option, QuikVu", powerful new data acquisition
software that lets you set triggers, preview information
and review data as you’re recording.

There’s more. Each model is multi-channel switchable.
We simplified the controls for easy set-up and opera-
tion. Put it into a compact, lightweight package. Then
loaded it with useful features like a signal-to-noise ratio
exceeding 70db and an analog filter with built-in anti-
aliasing and 64 fs oversampling of the digitized signal.

And because our RD-125T/135T operate on either AC
or DC power (or optional battery pack), they’re ideal
for gathering data . . . in the lab or in the field.

So, whether you need single or dual speed recording
TEAC’s RD125T/135T DAT data recorders give you
the right combination.

For high-resolution, versatility and quality in DAT
recorder technology, zero in on TEAC.

TEAC.

INFORMATION PRODUCTS DIVISION
7733 Telegraph Road, Montebello, CA 90640
West 213-726-0303 Ext. 461 East 508-683-8322

For More Information Circle No. 604
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The Choice for Complete
PC Data Acquisition Systems

National Instruments gives you more than great plug-in boards.

Graphical User Interface

We pioneered the use of graphical user
interfaces for instrumentation software and
remain a leader in this technology, with our
LabVIEW® and LabWindows® application
software products.

Driver Software

QOur NI-DAQ™ driver for DOS, Microsoft
Windows, and the Macintosh, which is
shipped with all our data acquisifion boards,
is like a data acquisifion operafing system
with over 100 basic | /0 routines,

data and buffer manager capabilities, and
 resource manager.

Plug-in Boards

We continue to infroduce new technologies
on our boards for the PC/XT /AT, EISA and
PS/2. Innovations include an instrumen-
tation amplifier that settles so fast that
accuracy is maintained ot all gains and
sampling rates, antialiasing ﬁ?ters that

cut off at the rate of 90 dB in one-sixth
octave, and integrated multiboard
synchronization with our RTSI® bus.

Signal Conditioning

The National Instruments SCXI system is a
high-performance, multichannel signal con-
diioning and signal routing front-end system.

For More Information Circle No. 681

SCXI conditions signals from thermocouples,
RTDs, themistors, strain gauges, voltage
sources, and current sources.

Our DAQ Designer™ system configuration
software tool wifhelp you design a complete
data acquisition system.

Call us for your FREE copy:

(512) 794-0100
(800) 433-3488
(U.S. and Canada)

Wﬁ‘#ﬂ%’ﬁ‘é‘hs@

Tbe Software is the Instrument ®

6504 Bridge Point Parkway
Austin, TX 78730-5039
Fax: (512) 794-8411

Branch Offices: Australia 03879 9422 » Belgium 02757 00 20 » Canada 519 622 9310 « Denmark 457673 22« France 1 48 65 3370 » Germany 089 714 5093 « Italy 02 48301892
Japan 03 3788 1921 » Netherlands 01720 45761  Norway 03 846866 * Spain 91 896 0675 « Sweden 08 98 49 70 » Switzerland 056 27 00 20 » U.K. 0635 523545

Product names listed are trodemarks of their respective manufacturers. Company nomes listed are trademarks o trode names of their respective companies. © Copyright 1992 National Instruments Corporation. Al rights reserved.

See us at Science Innovation booth #225

See us at the National Conference of Standards Laboratories booth #B19
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SPACE DOESN'T LOOK SO BIG WE

In fact, with Garrett Fluid Control and Fluid
Management Systems, space will never look quite
the same again.

As the world leader in fluid systems, it doesn't
matter whether the mission is a low-earth orbit
200 miles up or a nuclear powered voyage to Mars.

If your space vehicle or space platform program
has fluids that need to be controlled — cryogenic,
gaseous or liquid — we have the experience to get
the job done. At temperatures from minus 452
to plus 4,500 degrees Fahrenheit —

N YOU HA

with pressures to 12,000 psi.

We satisfy fluid management needs with our
components and systems including pressure
regulators, relief and vent valves, tank prevalves,
emergency drain valves, thruster valves for
attitude control, mono propellant tank pressur-
ization systems, as well as fluid pumping systems.

To assist customers in the design of compon-
ents and systems, we offer extensive analysis
and modeling capabilities complimented with
complete cryogenic, hot and high pressure test




VE GARRETT FLUID SYSTEMS TO MANAGE IT.

facilities — including a remote test site capable
of handling materials such as hydrogen, oxygen,
solid propellant gas generators, hydrazine and
nitrogen tetroxide.

Our technology is already solving the challenges
of today’s most advanced programs — Space Station
Freedom, Brilliant Pebbles, the National Aero-
space Plane (NASP), the Lightweight Exo-Atmos-

pheric Projectile (LEAP), Atlas and Titan launch
vehicles and Space Nuclear Thermal Propulsion.
So give us your space fluid control challenges.
Yearning to explore the cosmos — no matter how
many zillion light-years away your space vehicle
may take you, we're prepared to go the distance.
Garrett Fluid Systems Division, 1300 West
Warner Road, Tempe, AZ 85284. (602) 893-4420.

llied
Signal Aerospace

For More Information Circle No. 515
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Graphics courtesy Ames Research Center/Sterling Software

NASA is developing an array of software tools to visualize
& . scientific data, making research results easier to understand.
MlSSlon ACCOmpI'Shed ------------------ 1 4 One example is the Graphics Animation 3ystem (GAS)_
detailed on page 68—which animates computational fluid
dynamics (CFD) simulations such as the above graphic
showing particle traces over a space shuttle orbiter and the
cover illustration of shock waves around a shuttle.
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I the Perfect Fit

TransEra’s HTBasic combines the effortless program- can make developing your application much less puzziing.
ming of HP-style BASIC with advanced application devel-
opment system features such as scientific instrument
control, data analysis, and graphic presentation.

Powerful facilities for data acquisition and
IEEE-488.2/RS-232 instrument control,
COMPLEX arithmetic, CSUB capabili-
ties, matrix mathematics, and com-

plete HP-style graphics make HTBasic
the answer for all levels of users.

With HTBasic, your PC becomes a scientific workstation
that is compatible with the HP9000 Series 200/300.
In fact, the transfer utility included with HTBasic
lets you port your current HP Basic programs
to the PC and run them with little or no mod-
ification while adding all of the function-
ality of industry standard PC
hardware and software. You can share
data with spreadsheet and database pro-
grams, use standard graphics displays, output

TransEra’s 32-bit Compiler for HTBasic rou- 3
devices, even networks.

tines gives access to significant performance
increases in high-speed math calculations. And a full For Speed, Power, Flexibility, and Functionality,
library of pre-compiled subroutines for FFT’s, curve- . HTBasic for the PC is the perfect fit.

fitting, waveform analysis, and digital filtering/windowing Call o wiite todiy,

TransEra

Engineering Excellence for 15 Years™

3707 N. Canyon Road, Provo, UT 84604 « (801) 224-6550, FAX (801) 224-0355
For More Information Circle No. 574
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THEY BOTH RELY ON
MITSUBISHI
TO GATHER INTELLIGENCE.

Whether you're teaching first graders
to be better prepared for a brave new
world, or surveying troop movements
in the field, Mitsubishi’s Professional
Electronics Division (PED) has a video

presentation product to make your job

TR~ .
easier.
For
example,
CP-10U: Mitsubishi offers the
Color Video : ,
Printer industry’s

broadest line of

video printers, each
delivering clean, crisp,
inexpensive prints.
You can choose from
monochrome or color
printers with a full
array of video and
digital inputs.

Some units even
automatically scan to
accommodate a wide
variety of sources while delivering over
16 million colors.

When it’s time to show and tell,
Mitsubishi offers a comprehensive line of
' 26- to 35-inch large
screen, direct-view
presentation
monitors. With

automatic scanning

SMR-2601R:

Presentation

AND HRST

(GRADERS
HAVE IN
COMMON?

technology, they can serve all types of
equipment, including computer-based
interactive systems. In fact, our monitors
have become the worldwide standard for
videoconferencing applications.

To see
the “big

picture,”

count on

Mitsubishi’s video VS-1202:
Video
projection systems. They Projector

deliver brilliant images up to 10 feet wide
with striking clarity and detail.

S-VHS VCRs add
even more depth to
our video presentation
family. They combine
professional features
and rugged construction
with outstanding
picture quality. Thanks
to an RS-232 serial
interface, they’re also
the perfect choice for a
wide variety of multi-
media systems.

Mitsubishi PED. Innovative products
for people who

present

everything R =i lﬂ
: .

fom lesson e “
plans to battle plans. SB\YH?%:!
Call 1-800-PED-VIEW for all

the details, including the authorized

Mitsubishi dealer nearest you.

For More Information Circle No. 653

2= MITSUBISHI

PROFESSIONAL ELECTRONICS DIVISION

TECHNICALLY, ANYTHING IS POSSIBLE®

©1992 Mitsubishi Electronics America, Inc. 800 Cottontail Lane, Somerset, New Jersey 08873

SEE US AT SIGGRAPH BOOTH #320
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1.4 Million Pixel Resolution

Why settle for some of the information when
you can get the complete picture? With the
new KODAK MEGAPLUS Camera, Model
1.4, you get a 1.4 million pixel image in a
1317(H) X 1035(V) square pixel format. And
up to four times the resolution of other
electronic cameras.

The MEGAPLUS Camera delivers maximum
performance for advanced image processing.
Its 256 gray levels are output as 8-bit digital
video, making it the ideal format for
computer image enhancement, manipulation
and analysis.

Square Pixels and 100% Light Sensitivity

No spaces between pixels provides the
ultimate in sub-pixel accuracy and up to five
to ten times the sensitivity of other electronic
cameras. Square pixels also ensure
dimensional measurements in any direction.

The MEGAPLUS Camera is designed for

increased functionality, simplicity of
setup and ease of operation. The
Model 1.4 features a small,

8 /ightweight camera with C or F

- mount. The separate control unit,
“¢ s

with built-in power supply, offers

 The new vision of Kodak [

external controls for quick and
easy adjustment. And the
MEGAPLUS Camera is fully plug-compatible
with third-party capture, display and
processing hardware.

Diverse Applications

For document digitization, metrology,
microscopy, machine vision, medical
imaging and other high-resolution
applications, only the MEGAPLUS Camera
offers premium image quality at a value
price. Call today for more information or
the name of your nearest representative.
Eastman Kodak Company, Motion Analysis
Systems Division, 11633 Sorrento Valley
Road, San Diego, CA 92121. Telephone
(800) 462-4307, ext. 9040, or fax inquiries
to (619) 481-9142.

For More Information Circle No. 609



Cable assembilies for your toughest applications.

Or your tenderest.
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Your need may be defined by signal
requirements: the speed demands of
today’s ‘hot’ designs. Or your need may
derive from the environment a signal
passes through, or even the signal’s
source. High-performance cable assem-
blies from AMP come in just as many

types as you have needs. With the level
of reliability—and support — you require.
Microminiature cable assemblies for
the medical field serve in environments
where space, weight, and maneuverability

AMP is a trademark of AMP Incorporated.

i

are critical, and ‘friendliness’ isn't a nicety,
but a necessity. We design and manufac-
ture assemblies to meet your most
demanding requirements. They offer
outstanding signal fidelity. They're rugged
enough for heavy use. Yet they're aston-
ishingly small, flexible, and easy to handle.

Our cable assemblies for high-speed
data applications answer to a different
challenge: moving your signals transpar-
ently. Fast data streams require coaxial
or transmission-line assemblies for




effective signal management. We custom-
engineer around your performance
requirements —matching cable, connec-
tor, and termination technology to the
critical impedance/risetime needs of
your design. And meeting your critical
business needs for a cost-effective,
time-effective solution.

The know-how we bring to your
high-performance interconnect needs can
be extended as much as you need, too:
we offer services that pick up from your

initial design concept and take you all
the way to production. Starting with in-
depth analysis and verification, we can
provide board layout and routing, full
software simulation of and proof of first
article, thermal and electrical analysis,

THIS IS AMP TODAY.

package design, and fabrication.

For more information, contact
our Product Information Center at
1-800-522-6752 (fax 717-986-7575). AMP
Incorporated, Harrisburg, PA 17105-
3608. In Canada call 416-475-6222.

For More Information Circle No. 613
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n innovative “filmless” camera
.q designed and built by the
Eastman Kodak Company,
Rochester, NY, has provided space
shuttle astronauts with a valuable im-
aging tool and holds promise for a wide
range of Earth applications. Kodak’s
digital camera system (DCS)
more than doubles the reso-
lution of still video systems;
for an astronaut in orbit, the
difference between 500,000
pixel and 1.3 million pixel res-
olution can mean the differ-
ence between sighting an
indeterminate shape near
the Earth and swiftly identi-
fying a 747.

Last November, astro-
nauts aboard the shuttle Atlantis tested
the camera as part of the Military Man In
Space (MMIS) program, designed to
evaluate the ability of men in orbit to
support military operations. From an
altitude of 195 nautical miles, the astro-
nauts were able to identify ships, parked
aircraft, and other objects at sites around
the globe.

The DCS answers the need for real-
time image assessment, according to
Air Force Captain Rick Shimon, direc-
tor of Department of Defense space
experiments. “The increase in experi-
mental data has been dramatic — on
the order of twenty-fold,” he said,
adding, “The astronauts can look at
the images on a high-resolution moni-
tor immediately after a 30-second fly-
by, which enables them to recall more
than if they had to store the information
in their heads.”

Kodak’s DCS marries the Nikon F3,
a 35 mm camera used by many gov-
ernment and media professionals, with
state-of-the-art digital imaging tech-
nology. The Nikon body accepts stan-
dard telescopic and telephoto lenses
and, despite its enhanced capabilities,
operates in essentially the same way
‘as if the camera held film — aper-
ture settings, metering, shutter speeds,
and focusing are controlled in the fam-
iliar way.

Weighing just 5-1/2 pounds with the
14

ccomplished

Through the technology transfer process, many of the systems,
methods, and products pioneered by NASA are reapplied in the
private sector, obviating duplicate research and making a broad
range of new products and services available to the public.

Photo courtesy Eastman Kodak Co

Kodak’s new electronic camera system captures color or black and white images which
can be viewed instantly on an LCD screen, then transmitted by modem over ordinary
phone lines and/or downloaded to a Macintosh computer for editing.

lens, the DCS comprises three prin-
cipal components: a color or mono-
chrome camera back, which contains
the system’s electronic “heart,” a 1280
x 1024 pixel sensor that transforms
optical images into electronic signals; a
winder that operates at up to 2.5 cap-
tures per second; and the digital stor-
age unit (DSU), which can store up to
158 uncompressed or 400 to 600 com-
pressed images. Tethered to the cam-
era and carried in a shoulder case, the
DSU is powered by a 12-volt, 2.3-amp-
hour rechargeable battery that can fill
its 22 MB drive with uncompressed
images. The DSU’s 8 MB DRAM buffer
stores up to six images in one continu-
ous burst; an optional 32 MB buffer can
store up to 24 images per burst for
recording fast-moving events.

Images captured by the DCS can be
viewed immediately on the DSU'’s four-
inch LCD monitor, then captioned for

quick recall or deleted. They can be
transmitted via modem over ordinary
phone lines directly to any computer
capable of receiving ANPA/IPTC files.
Once downloaded, the images are eas-
ily retrieved for enhancement and color
balancing using image processing soft-
ware such as Adobe Photoshop.One
practical application: a photojournalist
workingin aregion remote from any film
processing facilities can, in matter of
seconds, provide a high-resolution im-
age captured with the DSC to his news-
paper thousands of miles away.

A Space-Based Technology

NASA, which pioneered the art of
digital image processing and enhance-
ment in the 1960s, was instrumental in
the development of the DCS, according
toJohn Richardson, manager of Kodak’s
commercial electronicimaging systems.
“Suggestions from reviewersat NASA’s

NASA Tech Briefs, July 1992



Johnson Space Center helped us to select parts and materials
that would survive the rigors of space launch while not emitting
gases or producing electromagnetic interference that might
endanger other systems,” he recalled.

A new facility at NASA’s Kennedy Space Center will assess
the system’s performance in ground-based image acquisition
and process documentation for shuttle flight preparation.
Nancy Pope, project control specialist for photo and video
services at Kennedy, believes the DCS will be useful in quickly
disseminating information from spacecraft. “If the particulars
of a shuttle problem were made available on a local area
network,” she said, “ground-based experts could review them
simultaneously to facilitate a solution.”

The same technique could be employed for industrial
design verification, allowing numerous engineers to examine
a design at once. Similarly, photographers in aircraft could
relay images of natural disasters such as floods and, while still
inthe air, receive instructions from ground-station reviewers to
take additional shots from different angles.

Designed to work in concert with other instruments, the
DCS readily snaps onto the Nikon mounts of microscopes
used in VA hospitals, providing high-resolution images to aid
doctors in diagnosing illnesses. The system also could help
assess the health of forests and wildlife. Fitted with a special
filter, the camera can show areas where trees are in decline.
And it allows wildlife managers to monitor flocks of birds and
animal herds at a safe, nonintrusive distance.

High-speed digital imaging could bring a new dimension to
crime fighting. “Imagine a team of investigators maintaining
surveillance as a suspect departs on an airline flight,” ex-
plained Dr. Gary Conners, vice president and general man-
ager of Kodak’s Government Systems Division. “Our digital
system would allow a high-resolution, full-color image of the
suspect to be in the hands of law enforcement officials when
the suspect arrives at his destination.”

The DCS
captured this
shot of the
space shuttle
Atlantis on the
launch pad.

Photo courtesy
Eastman Kodak Co

.
=
2

As the list of potential applications for portable, high-quality
digital imagery broadens, Kodak continues to refine its sys-
tem. According to John Richardson, the company is currently
working on a tetherless model with improved image clarity and
color balance.

Will digital camera systems make film obsolete? Answered
Richardson: “Film will continue to be the medium of choice for
many, many years. But in cases where you need high-resolu-
tion images instantaneously, digital offers an exciting new
capability.” O

For more information about the technology described in this
article, contact: John Richardson, Eastman Kodak Company,
1447 St. Paul Street, Rochester, NY 14650; (716) 253-1853.
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dNowal
igit
calibratiop
accuracy is
portable.

The versatile, new
AMETEK Digital Calibra-
tion System takes high
accuracy where you
need it.

The AMETEK Model CP Digital
Pressure Calibration System
goes where the work is with
precision accuracy of
+0.05% FS. =1 LSD, for
calibration of electronic
pressure transmitters,
transducers, switches,
gauges, and other pres-
sure instruments.

The Model CP simul-
taneously reads both
the applied pressure
and the instrument
milliamp output on a
unique cycling dis-
play. Seven select-
able pressure units
are standard in-
cluding PSI, inches of
H50 (60 F), inches of
H,0 (20 C), inches of Hg., Bar,
KPA and Kg/CM? Two current units include
milliamps and percent of 4 to 20 milliamps. Available
ranges are 0-10, 0-30 and 0-200 PSI.

Pressure switches can be tested by an internal test
circuit and LED indicator. The Model CP also functions
as a digital test gauge for high accuracy calibration.

The AMETEK Model CP Digital Calibrator is available
with or without an M&G pneumatic hand pump. It
operates on two 9 VDC alkaline batteries and will auto-
matically shut off when unused for 15 minutes in order
to extend battery life.

For more information, contact AMETEK, Mansfield &
Green Division, 8600 Somerset Drive, Largo, FL 34643.
Tel: 813-536-7831. Fax: 813-539-6882.

AMETEK

MANSFIELD & GREEN DIVISION
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Self-Collimating Unstable-

Resonator Diode Lasers
These diode lasers would produce colli-

mated output beams without the help of

external collimating optics. Potentially,
there is a large market for these lasers.

New Product Ideas

Operating at powers of %2 to 10 W, they
could be used as pumps for optical-fiber
amplifiers and for other solid-state lasers
and as sources of light for free-space
communications.

(See page 54)
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DERIVE is a registered trademark of Soft Warehouse, Inc

DERIVEs, A Mathematical Assistant is now available for palmtops through 486-based PCs.

matrices.

plot windows.

» Performs arithmetic to
thousands of digits.

expressions

probability functions.

The DERIVE® + Symbolic math from algebra
program through calculus.
solvesboth . pits in both 2-D and 3-D.
symbolic 3 ;
andnumeric  * Simple, letter-driven menu
problems, interface.

and it plots  Solves equations exactly

beautifully too. . \jnqerstands vectors and
* Split or overlay algebra and

* Displays accepted math notation.

» Simplifies, factors and expands

* Does exponential, logarithmic,
trigonometric, hyperbolic and

» Taylor and Fourier series
approximations.

» Permits recursive and iterative
programming.

» Can generate Fortran, Pascal
and Basic statements

System requirements

PC version: MS-DOS 2.1 or
later, only 512Kb RAM and one
3.5" or 5.25" disk drive.
Suggested retail price is $250.

ROM-card version: Hewlett-
Packard 95LX Palmtop comput-
er. Suggested retail price: $289.

Contact Soft Warehouse for a
list of dealers. Or, ask at your
local computer store, software
store or HP calculator dealer.
Dealer inquires are welcome.

2000 Years of Soft Warehouse, Inc. » 3660 Waialae Ave

Mathematical Know- Iort wnl‘ehOUJ‘cz Ste 304 « Honolulu, HI, USA 96816-3236

ledge on a Disk maanassss HONOLULU-HAWAII Ph: (808) 734-5801 » Fax: (808) 735-1105
16 For More Information Circle No. 474

New Product Ideas are just appropriate section in this at the end of the full-length article

a few of the many innovations issue. If you are interested in or by writing the Technology
described in this issue of developing a product from Utilization Office of the sponsoring
NASA Tech Briefs and having these or other NASA innova- NASA center (see page 18). NASA's
promising commercial applica-  tions, you can receive further patent-licensing program to

tions. Each is discussed further  technical information by encourage commercial develop-

on the referenced page in the requesting the TSP referenced ment is described on page 18.

Durable, Low-Surface-Energy
Treatments

A chemical treatment for glass, ceram-
ics, and other protonated surfaces creates
a very thin semipermanent film with ex-
tremely low surface tension. Such a film
can form water- and oil-repellent surfaces,
antimigration or corrosion barriers, mold-
release agents, and self-cleaning surfaces.
(See page 64)

Orbital Welding Head Held
by Robot

An orbital welding head is positioned by
a robot that also controls the motion and
the voltage of an arc-welding torch mount-
ed in the head. The unit is intended for
welding pipes or similar round parts.
(See page 87)

Shape-Memory Wires Switch
Rotary Actuator

A rotary actuator uses two thermally ac-
tivated shape-memory wires. The wires are
heated alternately to rotate a shaft back
and forth.

(See page 72)

Compact Visible and Infrared
Spectrometer

A portable prototype spectrometer
measures spectral intensity from 3,700 to
11,700 A, with a resolution of 12 A. The
instrument weighs 15 kg and fits into an
envelope of 37 by 37 by 48 cm.

(See page 58)

Phosphor Scanner for Imag-
ing X-Ray Diffraction

An optoelectronic scanning apparatus
is used in conjunction with a phosphor to
generate an image of an x-ray diffraction
pattern or other image recorded on the
phosphor. The apparatus can be used in
x-ray crystallography, medical radiography,
and molecular biology.
(See page 32)

Hidden Fastening-and-
Unfastening Mechanism

A proposed mechanism to be placed
behind a panel can fasten or unfasten the
panel from the underlying structure. The
panel can be joined or separated without
cutting.

(See page 71)
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When we say the Gould TA4000
has all the features you need to
get the most accurate trace
available, nothing could be
closer to the truth.

First, Gould signal
conditioners. Not only do we
offer the industry’s widest
selection, but also the most
accurate. So no matter what
your application, you always
have the right answer.

Second, the dedicated
controls. Features like auto-setup
and simple trace positioning
make start-ups a breeze and
minimize operator errors.

Then, its 15” printhead
records 8 to 24 channelsin

either separate

or overlapping
modes, with no gap
in the center.

And finally, our
exclusive Micropulsing®
circuitry maintains brilliant
contrast at all chart speeds and
every signal frequency.

All this, backed by
the largest sales and
support organization in the
recorder industry.

Call Gould today at
1-216-328-7000 or for
immediate response fill out the
coupon and FAX it to us today.
And we'll give it to you straight.

=2 GOULD

Electronics

Please (] Rush me a TA4000 brochure

[J Have a Gould Sales Representative call
Name:
Title:
Company:
Street:
City: State: Zip:
Telephone:
Send to: Gould Inc., Test and Measurement Group, 8333 Rockside
Road, Valley View, Ohio 44125, Fax: (216) 328-7400.

For More Information Circle No. 484




If you're a regular reader of TECH BRIEFS, then you're already making use of
mdhwmmwwwnmmm

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, de-
scribed their services, and listed the individuals 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 Technol-
ogy Utilization Network.

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.

f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not
Iavailable. 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:Geoffrey S. Lee
Mail Code 223-3
Moffett Field, CA 94035
(415) 604-4044

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11
Moffett Field, CA 94035
(415) 604-5104

Lewis Research Center
Technology Utilization
Officer: Anthony F.
Ratajczak

Mail Stop 7-3

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

Patent Counsel:

Gene E. Shook

Mail Code LE-LAW
21000 Brookpark Road
Cleveland, OH 44135

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

Code HA-30

Stennis Space Center,

MS 39529
(601) 688-1929

John F. Kennedy
Space Center
Technology Utilization
Officer: James A.
Aliberti

Mail Stop PT-PAT-A
Kennedy Space
Center, FL 32899
(407) 867-3017
Patent Counsel:

Bill Sheehan

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

Langley Research Ctr.
Technology Utilization
Officer: Joseph J.

Mathis, Jr.

Head, TU & AO Office
Mail Stop 200

Hampton, VA 23665-5225
(804) 864-2484

Patent Counsel:

Dr. George F. Helfrich
Mail Stop 143

Hampton, VA 23665-5225
(804) 864-3221

Goddard Space Flight
Center

Technology Utilization
Officer: Dr. George Alcorn
Mail Code 702
Greenbelt, MD 20771
(301) 286-5810

Patent Counsel:

R. Dennis Marchant
Mail Code 204
Greenbelt, MD 20771

Jet Propuision Lab.
NASA Resident Office
Technology Utilization
Officer: Arif Husain
Mail Stop 180-801D
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4862
Patent Counsel:
Thomas H. Jones
Mail Code 180-801G
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-5179
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
Patent Counsel:
Robert L. Broad, Jr.
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
(703) 557-5598
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(202) 453-2424

(216) 433-5753 (301) 286-7351

How You Can Utilize NASA’s Regional Technology Transfer Centers (RTTCs) — A nationwide network
offering a broad range of technical services, including computerized access to over 100 million documents worldwide.
ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or meeting your information needs. The “user friendly”
RTTCs are staffed by technology transfer experts who provide computerized information retrieval from one of the world's largest banks of technical
data. Data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, are accessible through the six RTTCs located throughout the
nation. The RTTCs also offer technical consultation services and/or linkage with other experts in the field. You can obtain more information about these
services by calling or writing the nearest RTTC. User fees are charged for information services.

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs)

RTTC Directors
NORTHEAST SOUTHEAST MID-CONTINENT FAR-WEST
Dr. William Gasko Mr. J. Ronald Thomton Mr. Gary Sera Mr. Robert Stark

Center tor Technology Southern Technology Application Texas Engineering Experiment Station Technology Transfer Center

Commercialization Center Texas A&M University System University of Southemn California
Massachusetts Technology Park University of Florida 237 WERC Colige Station, 3716 South Hope Street,
100 North Drive College of Eng. Texas 77843-3401 Suite 200
Westborough, MA 01581 Box 24 409-845-8762 Los Angeles, CA 90007-4344
(508) 870-0042 One Progress Boulevard B00-548-1536 (toll-free US) (213) 743-6132
Alachua, FL 32615 (800) 642-2872 (CA only)
MID-ATLANTIC (904) 462-3913 MID-WEST

Ms. Lani S. Hummel (800) 872-7477 (toll-free US)

University of Pittsburgh
823 William Pitt Union

Dr. Joseph W. Ray
Great Lakes Industrial Technology Center
25000 Great Northemn Corporate Center

(800) 354-4832 (FL only)
(800) 225-0308 (toll-free US)

Pittsburgh, PA 15260 Suite 450
(412) 648-7000 Cleveland, OH 44070-5310
(800) 257-2725 (toll-free US) (216) 734-0094

If you are interested in information, applications, research, training, and services relating to satellite and aerial data for Earth resources, contact NASA’s
transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2808 Central, S.E., Albuquerque, NM
87131-6031; Dr. Stan Morain, Director (505) 277-3622.

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.O. Box 12194, Research
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

A Shortcut To Software: COSMIC®—For software developed with NASA
funding, contact COSMIC, NASA's Computer Software Management and Informa-
tion Center. New and updated programs are announced in the Computer Programs
section. COSMIC publishes an annual software catalog. For more information call
or write: COSMICY, 382 East Broad Street, Athens, GA 30602 John A. Gibson,
Director, (706) 542-3265; FAX (706) 542-4807.

If You Have a Question..NASA Center For AeroSpace Infor-
mation can answer questions about NASA’s Technology Utilization Network and
its services and documents. The CASI staff supplies documents and provides
referrals. Call, write or use the feedback card in this issue to contact: NASA Center
For AeroSpace Information, Technology Utilization Office, P.O. Box 8757,
Baltimore, MD 21240-0757. Walter M. Heiland, Manager, (410) 859-5300, Ext. 245.
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KD Updale

Providing accurate results for
your application is the objective
of computational fluid dynamics
software. This edition of CFD
Update will give you important
information on how to achieve
this goal.

Select Proven Software.
The CFD software you select
must have a proven track record
of success. Longevity in the
marketplace and user satisfaction
are paramount.

For a powerful, general-
purpose CFD tool, consider
FIDAP from FDI. On the market
over eight years, FIDAP now has

more than 600 licenses. Customer

satisfaction is so high that more
than 85% of FIDAP users renew
their licenses.

Next, look at the software’s
theoretical basis. With today’s
powerful hardware and
sophisticated algorithms, the
finite element method (FEM) is
the technology to choose.

FEM allows more straight-
forward definition of arbitrary
geometries. It provides easy
interaction with structural
analysis packages — all of which
use FEM. And, it gives more
accurate results, FIDAP is based
on FEM. In fact, it was the first
CFD software to successfully cap-
italize on finite element methods.

Look at the software’s
development history. It should
have timely releases and updates

to take full advantage of advance-
ments in hardware and software.
FIDAP has introduced five

successful releases in the last eight

years, with another one due in
1992. In addition, FIDAP

WHEN ACCURATE

RESULTS ARE
ESSENTIAL.

typically issues four or five
updates for each release. FIDAP
releases and updates enjoy a
widespread reputation for error-
free operation.

Look For Comprehensive
Support. Your CFD choice
involves more than just the
program itself. Look for a full
package of support services and a
knowledgeable support staff.
When you choose FIDAP, you get
comprehensive support via a
hotline, training classes, and con-
sulting services. You also receive
documentation generally regarded
as the best in the industry.

The cornerstone of support is
people. FDI has worked hard to
ensure that its support people are
knowledgeable and experienced.
All are experienced engineers. All
are full-time employees — not
academics or graduate students.
This means you get support from

people familiar with the problems
you need to solve every day.

Select a Proven Company.
CFD software is a substantial
investment. Not just in money,
but in the time and effort required
to learn the software and to
get satisfactory results. Thats
why its important to make
sure your CFD supplier will be in
a position to support you today
and tomorrow.

FDI has been in business over
eight years and has consistently
shown high growth throughout its
history. FDI has an established
and stable management team.

The company is owned and oper-
ated by its officers, not outsiders.
FDI5s original vision was to

create a powerful, general-
purpose CFD tool for simulating a
wide range of applications, from
the creeping flow of plastic to the
turbulent flow of air. Time — and
FIDAP — have proven the value of
this approach.

Discover how FIDAP can give
accurate results for your
applications. Call or write today
for more information.

.JJ L‘ FLUID
DYNAMICS
INTERNATIONAL

500 Davis Street, Suite 600
Evanston, IL 60201
Tel: 708-491-0200, Fax: 708-869-6495
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20 Preventing Blooming in CCD 24 Cooled Low-Noise HEMT Books and Reports
Images Microwave Amplifiers 30 Designing a Beam Waveguide
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v Preventing Blooming in CCD Images
A simple clocking scheme prevents smearing of images and eliminates residual images.
NASA's Jet Propulsion Laboratory, Pasadena, California

A clocking scheme for a charge-coupled-
device (CCD) imaging photodetector pre-
vents smearing of bright spots in the scene
and eliminates the residual images of bright
spots that can remain when the optical
stimulus is removed. The scheme works
under almost any lighting conditions (ex-
cept, of course, those that cause perma-
nent damage to the CCD).

The smearing of bright spots in televi-
sion images is well known and is called
“blooming"” in the industry. In a CCD, it oc-
curs because excessive brightness causes
the local excessive accumulation of im-
age charge, which then spreads to neigh-
boring, less illuminated (and, therefore, in-
itially less charged) picture elements.
Although antiblooming structures have
been incorporated into some CCD's, they
are complicated, and they degrade quan-
tum efficiency. The antiblooming clocking
scheme.not only prevents blooming (see
Figure 1) but also imposes a charge-col-
lecting electric field of optimum-full-well
configuration, minimizes nonuniformities
among picture elements, keeps dark cur-
rent low, and eliminates residual images.

Figure 2 helps to illustrate the antibloom-
ing clocking scheme applied to a three-
phase CCD. During the integration of charge
in phase 1, phases 2 and 3 are inverted
and phase 1 is biased into surface full well
(slightly above optimum full well). If the il-
lumination is too bright, the electrons col-
lected in phase 1 eventually fill the surface
full well up to the surface (the “‘surface”
being the interface between the Si and
SiO,), and electrons become trapped in
quantum electron-energy states of the Si/
SiO, interface. Such trapped electrons
can give rise to residual images.

To obliterate the trapped electrons, a bar-
rier phase (in this case, phase 2) is biased
high (+4 V) while phase 1 is biased into
inversion (—8 V). Electrons trapped under
phase 1 then recombine with the inversion
layer of holes supplied by the channel-stop IMAGE FROM OVEREXPOSED CCD
regions_ The bias Vonages and clock S|g OPERATED IN ANTIBLOOMING CLOCKING MODE
nals are then returned to their initial states.
This process is repeated as many times
as necessary during integration of charge

IMAGE FROM OVEREXPOSED CCD

r 4 3
§
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-
- -
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Figure 1. These Images From an Overexposed CCD illustrate the benefit of the anti-
blooming clocking scheme.
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Mil Specs & Logistics Data at your Fingertips
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Need A
Reliable
Source for
Power

& Small Quantity, Same Day
Shipments From Stock

@ Immediate Pricing and
Delivery on Production Orders

B Free Technical Assistance

Apex has more than 65 models of power
operational amplifiers. Many of which
are in stock and ready for immediate
shipment. Certain Apex models are also
M/883 certified and available as DESC
SMD (Standardized Military Drawing)

parts.

Here’s just a sampling:

Second Source
Apex Part # Alternatives
PA02 OPA541, LM12
PA07, PA10 OPA541, LM12
PA12 OPA512, LM12
PA51, PA61 OPA501, OPA541
LM12
PA73 3573
PA82, PA83, PA84 3580-84

Call Apex Today at
1-800-862-1032

PEX’
I ‘p tech
APEX MICROTECHNOLOGY CORPORATION
5980 N. Shannon Road, Tucson, AZ 85741
Product and Applications Assistance Call

1-800-862-1032 or FAX (602) 888-3329
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Figure 2. These Potentials Are Applied in Sequence to the phases of a three-phase
CCD in the antiblooming clocking scheme.

to prevent charge from blooming and reach-
ing the barrier phases. When integration
is terminated, the normal CCD-readout se-
quence of clock signals is resumed.
This work was done by James Janesick

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 71 on the TSP Request Card.
NPO-18363

Spatial Light Amplifier Modulators

of|

Unlike other spatial light modulators, these would provide gain.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Spatial light amplifier modulators (SLAM's)
are conceptual devices that would, as the
name suggests, effect two-dimensional
spatial modulation (including switching) in
optical computing and communication sys-
tems. The spatial light modulators (SLM’s)
in use at present are characterized by op-
tical losses because they effect modula-
tion through variations in absorption, re-
flection, refraction, and/or diffraction. Unlike
SLM'’s, SLAM's could also provide optical
gains.

Optical processors that incorporate

22 For More Information Circle No. 585

SLAM's could be designed to operate in
the reflection or transmission mode (see
Figure 1). Each element of a planar SLAM
array would be an optical amplifier — eg.,
a surface-emitting diode laser. The array
would be addressed electrically with ac
modulating signals superimposed on dc
bias currents supplied to the lasers.
One of the advantages of the configura-
tion of a reflection-mode processor is that
it would permit the incorporation of a ther-
moelectric cooler in the back plane of the
reflecting array (see Figure 2). As a result,
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PRINCIPLES OF QUALITY MEASUREMENT: FOURTH IN A SERIES.

ACCURACY AT SPEED

Your precision measurements At Nicolet we understand the
don’t stand still. You face exotic new challenges you face. We make the
materials to test, more intelligent world’s most accurate oscilloscopes
controllers to design and relentless and transient recorders. With the
pressure to drive up quality. Work resolution of a laboratory volt meter —
like this raises the speed limit for 0.006% at 5 MS/s or 0.025% at 20 MS/s—
precision — and the quality limit for these are instruments you need for
every measurement. yvour most demanding projects today.

And every project

LOmMorrow.

 608/271-3333, FAX 608/273-5061
\Jn Canada Call: 800/387-3385

Five NEW models in the Nicolet
series of Pro Digital Oscilloscopes
establish new benchmarks for high-
resolution measurements — 14 bits at
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the limit on power to be dissipated could
be extended by an order of magnitude, and
as a further consequence, it might also be
feasible to increase the size of (and num-
ber of picture elements in) the array.

The feasibility of the concept was dem-
onstrated by use of a channel substrate
buried heterostructure (CSBH) InGaAsP
laser excited by light from a commercial
laser at a wavelength of 1,299 nm. The
CSBH InGaAsP laser could be made to
operate not only as an amplifier but also
as a switch, modulator, or detector, depend-
ing on the optical excitation and on the dc
and ac components of the electrical input.
Optical isolation as high as 50 dB and op-
tical gain as high as 20 dB were attained
in dc operation. The combination of an on/
off ratio of 22 dB with a gain of 10 dB was
achieved in pulse operation. Small-signal
gain modulation at a frequency of 1 GHz
was found to be possible. When the CSBH
InGaAsP laser was used as a signal-moni-
toring tap with simultaneous gain, it exhib-
ited a maximum detection responsivity of
12 V/W.

In general, solid-state laser devices that
are candidates for use as SLAM switching
elements should exhibit sufficient gain in
the “on” state and sufficient loss in the
“off"" state to provide a large dynamic
range. At the same time, the spontaneous
emission should be low enough not to dis-
turb the detection of the amplified and
modulated signal. To complete the devel-
opment of a SLAM, a satisfactory surface-
emitting diode amplifier must be developed.
In the favored arrangement, two surfaces
of an epitaxial layer would serve as the
reflecting surfaces of the resonator, and
the light output would be taken perpendic-
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Figure 1. Optical
Processors could
incorporate SLAM's
operating in the
transmission or re-
flection mode.
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Figure 2. Each Pic-
ture Element of a
Reflection-Mode
SLAMwouldinclude
adiode laser. Aheat
sink or thermoelec-
tric cooler could be
built into the back
plane.

O Light-Emitting
Diode

V Optical Switch
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ularly from the surface of the substrate.

A suitable SLAM device could provide
both the desired modulation and enough
optical gain to enable the splitting of the
output signal into many optical fibers with-
out excessive loss of power. The optical
amplifiers in the SLAM would also be de-
signed to provide amplification and detec-
tion simultaneously. For typical computing,
switching, and processing applications,
the array should contain at least one mil-
lion resolution cells, have a contrast ratio
of at least 100, have a dynamic range of
at least 20 dB, and have a framing speed
of the order of megahertz.

This work was done by Sverre T. Eng
of Caltech and N. Anders Olsson of AT&T
Bell Laboratories for NASA’s Jet Propul-

Output Light Input Light

Substrate

Active
_—"Region

S s [V

22275
L Heat Sink or -
Thermoelectric Cooler

sion Laboratory For further information,
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!‘ Cooled Low-Noise HEMT Microwave Amplifiers

The potential advantage is lower cost with a more-reliable refrigeration system.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Several prototype cooled low-noise mi-
crowave amplifiers are based on high-elec-
tron-mobility transistors (HEMT's) integrat-

ed with impedance-matching microstrips
and microstrip-to-waveguide transitions.
Amplifiers of this type are being consid-

ered as replacements for the cooled ruby
masers that are now used as low-noise
receiver-front-end amplifiers in communi-
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Figure 1. This Two-Stage Amplifier contains two HEMT's optimized to provide high gain and low noise at an operating temperature

of about 12 K.
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The HEMT's were fabricated on selec-
tively n *- and n-doped Al, Ga, _, As/GaAs
heterostructures grown by molecular-
beam epitaxy. All levels were defined by
electron-beam lithography. On the basis
of previous studies, the concentration of
n dopant (10’ cm—3) and the mole frac-
tion, x, of aluminum (0.23) were chosen
to provide a compromise between the de-
sired high-gain, low-noise performance at
low temperature and the need to suppress
photoconductivity. Ti/Pt/Au gate electrodes
with T-shaped cross sections were made
by a trilayer resist technique to obtain low
gate resistance.

The length of the gates was chosen to be
0.25 um, which is the conventional value
for reliable, high-gain, low-noise HEMT's.
The width of the gates was chosen to be
75 pm on the basis of compromises among
optimum matching of impedances, band-
width, intermodulation distortion, and the
capability to handle and dissipate power.

Two- and three-stage amplifiers (see
Figure 1) designed for optimum perfor-
mance at a frequency of 32 GHz were built
and tested at operating temperatures from
12 to 300 K. The data from the tests (see
Figure 2) show, among other things, that
the lowest noise temperature for the two-

stage amplifier at 32 GHz was 35 K, with
an associated gain of 16.5 dB. For the
three-stage amplifier, the lowest noise tem-
perature was 39 K, with an associated gain
of 26 dB. Both amplifiers were found to be
insensitive to light.

This work was done by J. Javier Bautista
and Gerardo G. Ortiz of Caltech and
Kuanghann George Duh of General Elec-
tric Co. for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 123 on the TSP Request Card.
NPO-18235

Notch Charge-Coupled Devices

Degradation of charge-transfer efficiency by energetic particles is reduced.
NASA's Jet Propulsion Laboratory, Pasadena, California

Notch charge-coupled devices are im-
aging arrays of photodetectors that operate
much like other charge-coupled devices
but are designed to satisfy two special re-
quirements: (1) to exhibit the high charge-
transfer efficiencies that are necessary for
proper operation in an ultra-large array;
and (2) to be less vulnerable to degrada-
tion by energetic protons, neutrons, and
electrons. The first requirement pertains
to high-resolution imaging in general; the
second pertains to imaging in high-radia-
tion environments like those encountered
in the nuclear industry and in military and
outer-space applications.

As shown in Figure 1, the main channel
of a horizontal register in a notch charge-
coupled device includes a deeper and rel-

atively narrow inner channel (the notch).
Small packets of charge remain confined
to the notch as they are transferred along
the channel. Larger packets of charge spill
over into the rest of the channel and are
transferred in the usual way.
Imperfections in the crystal lattice of the
device, some of which are generated by
impacts of energetic particles, are distrib-
uted throughout the device. These imper-
fections can degrade the charge-transfer
efficiency by trapping some of the charges.
Confinement to the notch reduces the num-
ber of imperfections encountered by pack-
ets as they are moved along, thereby re-
ducing the amount cf charge trapped and
restoring some charge-transfer efficiency.
The notch concept has resulted in charge-

transfer efficiencies as high as 0.9999995:
at this high efficiency, for example, only 1
electron would be lost from a packet of
2,000 electrons transferred along a row of
1,000 picture elements. The notch charge-
coupled device has also been tested in a
high-radiation environment, where it exhib-
ited a significantly smaller loss of signal
charge at low signal levels than did a
conventional charge-coupled device (see
Figure 2).

This work was done by James Janesick
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 65 on the TSP Request Card.
NPO-18362
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packet of electrons.
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Books and Reports

These reports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number
is cited; otherwise they are available fromthe
National Technical Information Service

Designing a Beam
Waveguide for Multiple
Frequencies

Defocusing caused by
diffraction at lower
frequencies can be reduced
by shaping the input pattern.

A theoretical paper addresses some in-
terrelated defocusing and diffraction ef-
fects that are important in the design of
a beam waveguide. (A beam waveguide
is a quasi-optical, quasi-antenna structure
that includes such components as a wave-
guide terminated in a feed horn, reflectors,
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and/or antennalike electromagnetic lenses.)
In this study, the basic design requirement
is that the beam waveguide feed power
to a large paraboloidal primary antenna
reflector at two or more widely different
frequencies.

The electromagnetic behavior of the
beam waveguide can be characterized by
the approximations of geometric optics
more closely at the higher frequency, but
diffraction plays a greater role at the lower
frequency. A more precise analysis that
takes account of diffraction effects shows
that the phase center of the beam wave-
guide at the lower frequency differs from
the focal point of geometric optics. If the
antenna system is optimized for the higher
frequency, this shift in the phase center
causes some defocusing, with consequent
loss of signal, at the lower frequency.

This study poses the problem of com-
pensating for the defocusing loss by re-
shaping the amplitude and phase distribu-
tion of the input-to the beam waveguide
at the lower frequency. A beam waveguide
that includes a feed horn, an offset first
reflector, and a second reflector is mathe-
matically modeled as two circular apertures,
and the illumination of the first reflector
is considered to be circularly symmetrical.
Various distributions of amplitude of the
illumination pattern are considered, rang-
ing from a purely Gaussian function of ra-
dius through partly Gaussian and partly
uniform to uniform. The aperture phase
surface is assumed to be spherical. Dif-
fraction effects between the two apertures
are treated by the theory of physical op-
tics, using a spherical-wave expansion,
and the computations are performed for
various sizes and separations of the
apertures.

The numerical results indicate that de-
sign tradeoffs on spillover loss (the portion
of power lost because of diffraction be-
tween the reflectors) and defocusing can
be accomplished by changing the ampli-
tude and phase distribution of the input
wave front. For a given distance between
small reflectors, it is found that there is little
control of defocusing; this problem is typi-
cally encountered at low frequencies. One
way to avoid this problem is to design a
beam-waveguide system such that the
phase of the high-frequency input wave is
maodified to bring its output phase center
to the location of the low-frequency out-
put phase center.

This work was done by Victor Galindo,
William A. Imbriale, and Sembiam R.
Rengarajan of Caltech for NASA’s Jet
Propulsion Laboratory. 7o obtain a copy
of the report, “Amplitude and Phase Shap-
ing Effects in Beamwaveguides,” Circle
164 on the TSP Request Card.
NPO-18341
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Predictive Display for Teleoperation With Delay

The predictive image helps the operator control the remote manipulator.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computer-graphical simulator helps
an operator control a robotic manipulator
located so far away that controlling and
monitoring signals are delayed significantly
in transmission. The simulator displays a
phantom image of the robot superimposed
on the delayed “‘real’” monitoring image
of the robot (see figure). The phantom re-
sponds to control signals immediately —
that is, without transmission delay. Its mo-
tion predicts that of the real robot. After
the transmission delay, the real image of
the robot follows the motion of the phan-
tom image.

The system includes a high-fidelity, real-
time computer-graphical display. It gives
the user depth, perspective, and lighting
cues that improve control.

The simulator operates in conjuction with
a bilateral force-reflecting hand controller,
which gives the operator force feedback
(delayed, of course, by the transmission
time). The delay between the issuance of
a command and the reception of a force
response to it makes the operator lose a
sense of cause and effect, and perform-
ance suffers. By effectively eliminating the
delay in the visual feedback, the simulator
enables the operator to compensate partly
for the delay in the force feedback, thereby
exerting more-effective control.

The hand controller drives the graphical
phantom image of the robot in real time
by use of the same mathematical transfor-
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mation that is used to drive the real robot.
The simulator includes a commercial com-
puter workstation for both computation and
graphical display. It can draw 400,000
three-dimensional vectors or 40,000 four-
sided polygons per second with lighting
and removal of hidden surfaces. Thus, the
images of the robot can easily be updated
at the 60-Hz frame rate of the workstation.

The phantom image of the robot arm
is constructed from only six types of graph-
ical objects: 6 boxes, 12 cylinders, 1 fore-
arm, 1 upper arm, 1 wrist, and 4 finger
halves. Special circuits in the computer-
graphical equipment perform the calcula-
tions pertaining to lighting and the removal
of hidden surfaces.

The operator uses a mouse and popup
menus on the screen to select viewing

angles and positions of lights, control the
robot arm, and calibrate the camera. Cali-
bration involves alignment of the phantom
image of the robot with the real image to
establish a reference condition for compu-
tations of images during future manipula-
tions. The operator uses the mouse to pick
out points on the phantom image, then
picks out corresponding points on the real
image. The simulator then uses the calibra-
tion data thus obtained to compute a cam-
era-calibration matrix.

This work was done by Antal K. Bejczy,
Won S. Kim, and Steven C. Venema of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 104 on
the TSP Request Card.

NPO-18277

Phosphor Scanner for Imaging X-Ray Diffraction

Sensitivity and resolution exceed those of previously available scanners.
Marshall Space Flight Center, Alabama

An improved optoelectronic scanning
apparatus is used in conjunction with a
phosphor (eg., the fluorohalide BaFX:Eu)
to generate a digitized image of an x-ray
diffraction pattern or other x-ray image re-
corded in the phosphor. The scanner-and-
phosphor combination is intended for use
in x-ray crystallography, medical radiogra-
phy, and molecular biology. It is designed
to offer sensitivity greater than that of im-

32

aging phosphor detectors based on
charge-coupled devices and to eliminate
the skewing of edge picture elements and
some of the background optical noise that
occur in prior mechanical-scanning im-
agers based on photomultipliers.

When stimulated with light from a he-
Iium/neon laser, the phosphor luminesces
in proportion to the intensity of the stored
x-ray image. In the scanning apparatus

(see figure), light from the laser is sent
along an optical fiber to one side of an in-
tegrating sphere, then from the other side
of the sphere along another optical fiber
to a scanning probe, and the luminescence
is reflected back along this fiber to the in-
tegrating sphere. The probe holds the end
of the fiber close to the phosphor. The
diameter of a pinhole at the end of the fiber
governs the resolution, which is < 100 um.

NASA Tech Briefs, July 1992
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The scanning probe is pressed lightly
against the phosphor to insure proximity
of the end of the fiber, thereby maximiz-
ing both resolution and the collection of
luminescence. The scanning probe is coat-
ed with polytetrafluoroethylene to enable
it to slide smoothly across the phosphor.

The luminescence carried back to the
integrating sphere is detected by a photo-
multiplier tube. A blocking filter prevents
light of the laser wavelength from enter-
ing and damaging the photomultiplier. A
pulse preamplifier and discriminator con-
vert the raw output pulses from the photo-
multiplier into transistor/transistor-logic-
level photon-counting pulses.

The scanning probe is stepped horizon-
tally and scanned vertically across the
phosphor by a two-axis translation stage,
which is omitted from the figure for the
sake of clarity. The horizontal motion is
produced by a stepping motor, while the
vertical motion is produced by a dc gear-
head motor equipped with a shaft-angle
encoder for measurement of the vertical
position. Part of the circuit that counts
photon pulses also counts encoder pulses,
so that each photon count can be iden-
tified by position. Each encoder pulse rep-
resents an increment of 10 um. The resolu-
tion can be changed easily by changing
the number of encoder pulses counted
before the count of photon pulses is latched
and sent to the computer that processes
the image data.

integrating
Sphere

Counting
Circuit

To Computer
for Processing = e
of Image Data

Pulse Preamplifier
and Discriminator

The Scanning Fiber-Optic Probe supplies laser light that stimulates luminescence in the
areas of the phosphor previously exposed to x rays. The luminescence passes back through
the probe and fiber to an integrating sphere and photomultiplier.

This work was done by Daniel C. Carter,
Diana L. Hecht, and William K. Witherow
of Marshall Space Flight Center. For fur-
ther information, Circle 55 on the TSP Re-
quest Card.

This invention is owned by NASA, and

a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page 18]. Refer to MFS-28563.

Dual-lon-Trap Frequency Standards With Overlapping Cycles

Degradation of performance by fluctuations in local oscillators would be reduced.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed scheme for enhancing the
performances of atomic frequency-stand-
ard apparatuses calls for two or more ion
traps (instead of one trap) per apparatus
interrogated in alternation by radio-fre-
quency pulses. The scheme would provide
a more nearly constant level of interaction
between the atomic oscillators (the trapped
ions) and the quartz-crystal or other elec-
tronic oscillator that generates the inter-
rogating radio-frequency signal; stated
somewhat differently, the scheme would
provide more nearly constant feedback gain
or sensitivity, thereby providing more near-
ly constant corrections for fluctuations in
the frequency of the local oscillator.

In a one-trap frequency-standard ap-
paratus of the type in question, the ions
(typically, °Hg* ions) are first illuminat-
ed to “pump”’ them into a desired quan-
tum state, then irradiated with one or two
interrogating radio-frequency pulses nomi-
nally of the frequency to be determined
(about 40.5 GHz in the case of '%°Hg);
these pulses induce a precisely known
atomic-level transition, putting some of the
ions into another desired quantum state,
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This Atomic Frequency Standard would include two ion traps instead of the usual one. Each
trap would be interrogated during the "dead time" of the other to obtain more nearly constant
interaction between the local oscillator and the atomic oscillators.

NASA Tech Briefs. July 1992



in which they scatter light. The intensity
of scattering as a function of time is meas-
ured and used to correct the frequency of
the oscillator. The operating cycle and the
various optical and radio pulses are of the
order of seconds or fractions of seconds
long.

The best performance would theoreti-
cally be obtained if the sensitivity or feed-
back gain could be maintained constant
and the observation time could be infinitely
long. In practice, the sensitivity is not con-
stant with time during the interrogation por-
tion of the cycle. Furthermore, the sensitivi-
ty is necessarily zero during the *‘dead
time” (which includes the optical-illumina-
tion period needed to prepare for the inter-
rogation period of the next cycle) because
during this time the atomic-interrogation
process cannot be used to sense and cor-
rect the frequency of the oscillator: any
fluctuations in the frequency of the oscil-
lator during this time remain uncorrected,
with consequent degradation of overall
performance.

The figure illustrates a frequency-stand-
ard apparatus according to one version of
the proposed scheme. The two traps would
be operated in alternation, each being in-
terrogated by double radio-frequency pulses
during the dead time of the other. The
cycles could be timed to provide some
overlap of the alternating interrogation
periods. The radio-frequency pulses would
also be amplitude-modulated to compen-
sate for the inherent variation of the gain
of the interrogation interactions with time,
yielding an overall feedback gain that
would be nearly constant with time.
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This work was done by G. John Dick
and John D. Prestage of Caltech for
NASA’s Jet Propulsion Laboratory. For

further information, Circle 106 on the TSP
Request Card.
NPO-18447

Real-Time Connected-Element Radio Interferometry

Differences between times of arrival of signals are measured with high accuracy.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Connected-element interferometry (CEI)
is a form of radio interferometry in which
the differences between times of arrival
of signals at two antennas are measured
more accurately than they are in very-long-
baseline interferometry (VLBI). In CEl, the
baseline between antennas is typically of
the order of tens of kilometers — much
shorter than the intercontinental baselines
of VLBI. The increase in accuracy of the
time measurements offsets the effect of
the shortening of the baseline, so that the
accuracies of the angular positions of
radio sources observed by CE| approach
those of VLBI.

CEl is being developed at the Goldstone
Deep Space Communications Complex,
primarily to track the angular positions of
spacecraft. Some of the techniques of CEl
may also be adaptable to radio laboratories
and navigation systems that require the
distribution of precise time signals and ac-
curate measurements of time. In CEl, a

NASA Tech Briefs, July 1992

common clock signal and a common
standard frequency signal are fed along
optical fibers to receiving stations at both
antennas to provide fully coherent opera-
tion. In addition to enabling more precise
time and frequency references, the shorter
CEl baseline (in comparison with VLBI)
greatly diminishes the differential effects
of atmospheric propagation, which can
corrupt the observed interferometric obser-
vables; the errors are reduced so much
that the more-precise phase delay be-
tween signals can be used in CEl (instead
of the less-precise group delay used in
VLBI). The fiber-optic links can also be
used to transmit the raw observed signals
in real time to a correlation processor (in-
stead of recording them on magnetic tape
for postprocessing).

The figure gives an overview of the
planned CEl system at Goldstone. The
standard-frequency signal — a 100-MHz
sinusoid — will be generated at station B

and transmitted to station A along an op-
tical fiber. Incoming S- and X- band signals
at each station will be fed to a VLBI data-
acquisition terminal, which will perform
downconversion to baseband, sampling,
quantization, time-tagging, and formatting.

As many as fourteen, 2-MHz channels
will be sampled, providing a maximum ag-
gregate bit rate of 56 Mbit/s. The 14 parallel
channels of data formatted at station B will
be converted to a high-rate serial bit stream,
modulated onto an optical carrier, and trans-
mitted along a second optical fiber to sta-
tion A, where the 14 parallel channels of
digital data will be recovered from the
serial bit stream.

The streams of data from both stations
will be fed to a real-time correlator. A com-
puter will generate mathematical models
for use by the correlator, collect the out-
puts of the correlator, and generate the
final output data.

This work was done by Charles D.
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Edwards, Jr., of Caltech for NASA's Jet Propulsion Labo-
ratory. For further information, Circle 48 on the TSP Re-
quest Card. NPO-18309

Automatic Flight Controller
With Model Inversion J

(N
The system assists the pilot in coping

with nonlinear responses and extreme

flight conditions.

Ames Research Center, Moffett Field, California

An automatic digital electronic control system based on
the inverse-model-follower concept is being developed for a
proposed vertical-attitude-takeoff-and-landing airplane. Like
many other advanced aircraft, this one includes compli-
cated, interacting sets of engine-controlling actuators and
aerodynamic control surfaces, its aerodynamic and propul-
sion characteristics include large nonlinear features, and it
would be called upon to maneuver precisely under extreme
flight conditions that include various combinations of inclem-
ent weather, darkness, high acceleration, high velocity, and
proximity to other objects (aircraft, land vehicles, vessels, or
terrain features).

These features and requirements are expected to impose a
large workload and demands for great skill and endurance on
the pilot. The automatic control system is needed to ease the
pilot's burden. For example, the system could enable the pilot
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This Inverse-Model-Follower Control System provides for direct
command of the trajectory of an advanced aircraft.
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to command a precise position and veloci-
ty with relative ease while performing a
precise and difficult maneuver like landing
in the vertical attitude on a fixture on the
side of an aircraft carrier at night in bad
weather.

Inverse-model-follower control has been
discussed in previous articles in NASA
Tech Briefs. The basic idea is to place an
inverse mathematical model of the dynam-
ics of the controlled plant (in this case, an
inverse model of the force- and torque-gen-
erating processes of the airplane) in series
with the control actuators of the controlled
plant (in this case, the real airplane) so that
the response of the combination of model
and plant to a command (in this case, a
commanded acceleration) is unity (that
is, the actual acceleration approximates
the commanded acceleration closely). Of
course, the control system also includes
feedback to compensate for uncertainties
in the mathematical model and for dis-
turbances imposed from without.

The figure is a simplified block diagram
of the control system and airplane. The
system receives rough trajectory com-
mands (A, V; R) (where A, V, and R de-
note acceleration, velocity, and position,
respectively). These commands can be
supplied, for example, by tr~ Lilot, by an
air-traffic-control system, or as predeter-
mined trajectory commands stored in a

computer. These rough commands may
be incomplete or discontinuous; they are
processed through a command generator,
which converts them into complete,
smooth, executable commands (A, V.,
R.). A regulator compares feedback in-
dications of the actual velocity and posi-
tion (V, R) with the commanded velocity
and position (V,, R.) to produce a dif-
ferential acceleration command (AA,). A,
and AA, are then added to obtain the
total acceleration command, A;, which is
fed to the control actuators via the inverse
model.

To generate the approximate inverse mod-
el from the forward model of the dynamics
with all zeros removed, six computer pass-
es are made through the forward model
in the forward direction with small pertur-
bations of six control and attitude varia-
bles. The data thus generated are used to
construct a 6 X6 Jacobian matrix of par-
tial derivatives. The matrix is then inverted
and used to convert A into force com-
mands, U. In a computer simulation, the
complete inversion procedure was carried
out in a computer cycle of 0.05 second.

This work was done by George Meyer
of Ames Research Center and G. Allan
Smith of Yale University. For further infor-
mation, Circle 21 on the TSP Request
Card.

ARC-12849

Encoding Television Signals for Better Color
A zigzag scan replaces the standard interlace.
John F. Kennedy Space Center, Florida

A coding scheme for the transmission of
color-television pictures reduces the
crosstalk between the chrominance and
luminance signals. The scheme is applica-
ble to color-video cameras with solid-state
image-sensing devices using the National
Television System Committee (NTSC) stan-
dard color-television system and can be
modified for use in other television systems
or tube-type cameras.

Inthe camera, the identical image is pro-
jected optically onto three image sen-
sors — one for each of the three primary
colors red, green, and blue. Each image
sensor contains a rectangular array of
photodetectors (one for every picture ele-
ment) arranged in 488 rows and 1,344 col-
umns. In the odd-numbered rows, the pic-
ture elements are centered in the odd-
numbered columns. In the even-numbered
rows, the picture elements are centered in
the even-numbered columns (see figure).
Altogether, there are 327,936 picture
elements.

The odd and even arrays are each sam-
pled in about 1/60 second by progressive

and vertically progressive wideband lu-
minance and color-difference (red-minus-
yellow and blue-minus-yellow) signals.

A luminance scan converter processes
the luminance signal into a horizontally and
vertically interlaced wideband luminance
signal having four fields per frame and a
frame duration of about 1/15 second.
Within the luminance scan converter, the
picture-element sampling signal is shifted
in phase by 180° every row interval. The
phase is advanced by an additional 90°
during fields 2 and 4 with respect to fields 1
and 3, respectively.

In field 1, the picture elements are
sampled in the following sequence: row 1,
columns 1, 5,9, 13 ....; row 3, columns 3, 7,
11,15...;row 5,columns 1, 5,9, 13 ...; and
so forth. In field 2, the sequence is as
follows: row 2, columns 2, 6, 10, 14 ...; row
4, columns 4,8, 12, 16 ...; row 6, columns 2,
6, 10; and repeated similarly for the rest of
the even-numbered rows and columns.
Likewise, in fields 3 and 4 the remaining
odd and even picture elements, respec-
tively, are sampled at four-column intervals

Folsom, CA 95630
tel: 916.983.1500
Jfax: 916.983.7236

in each row.
The color-difference scan converters
process the two horizontally and vertically

NASA Tech Briefs, July 1992

horizontal and vertical scanning. A matrix
circuit converts the raw signals from the
I sampled picture elements into horizontally
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progressive wide-band color-difference Column 1

signals into two horizontally and vertically Column 1344
interlaced narrow-band color-difference Sppai s

signals. The picture elements are sampled l

in contiguous groups of seven odd or even

columns in each row. The color-difference
value is averaged over the seven columns
to obtain a single value for each group and e LA
assigned to the physical position of the ele-
ment in the column at the middle of the
group. The groups are sampled in zigzag,
interlaced fashion in a manner similar to
that of the luminance signal.

The two horizontally and vertically in- Row 2 ——
terlaced outputs of the color-difference
scan converters are used to modulate a
chrominance subcarrier. The resulting
chrominance signal is combined with the . .
horizontally and vertically interlaced output . .
of the luminance scan converter to form i N
the composite color signal. Standard AR
blanking, synchronizing, color-burst, equal-
izing, and vertical-interval-reference sig-
nals are added for NTSC standard trans-
mission. The transmitted signal can be
used as is by an NTSC standard receiver.
However, for further reduction of chromi- L IS BRI Y
nance/luminance crosstalk, the receiver
can use scan converters to recover the hori-
zontally and vertically progressive scans in
displaying the red, green, and blue images.

This work was done by R. H. Marchman Center. For further information, Circle 51
of Lockheed Corp. for Kennedy Space on the TSP Request Card. KSC-11359
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The Picture Elements are arranged in a zigzag pattern to accommodate the scanning
sequence.
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Semiautomated Management of Arriving Air Traffic
An integrated system of hardware and software provides a hierarchy of advisory information.

Ames Research Center, Moffett Field, California

A system of computers, advanced color
graphical computer workstations, and spe-
cialized computer programs is being devel-
oped for the semiautomated management
of the approach and arrival of numerous
aircraft at an airport. The system is designed
with high regard for human factors and is
not intended to restrict the decisions of air-
traffic controllers. On the contrary, it is in-
tended to assist them by providing a hier-
archy of advisory information that they can
use, according to their best judgement, to
achieve the safe, orderly, and expeditious
movement of traffic.

The system comprises three intercon-
nected subsystems: the traffic-manage-
ment advisor, the descent advisor(s), and
the final-approach-spacing tool. The traffic-
management advisor includes algorithms,
a graphical interface, and interactive soft-
ware tools for use by the traffic manager
at the control center in controlling the flow
of traffic into the terminal area. The primary
algorithm is a real-time scheduler that gen-
erates efficient landing sequences and
landing times for approaching aircraft that
are within about 200 nmi (370 km) from
touchdown. The graphical interface enables
the traffic manager to modify the compu-
ter-generated schedules for specific air-
craft while allowing the automatic schedu-
ler to continue generating schedules for
all other aircraft. The graphical interface
also provides convenient methods for mon-
itoring the traffic and changing scheduling
parameters during operation.

The descent advisor(s) generate(s) in-
formation that is integrated into a plan-view
display of traffic on a high-resolution col-
or monitor. Estimated arrival times of air-
craft are presented graphically on a time
line, which is also used interactively in com-
bination with a mouse input device to se-
lect and schedule times of arrival. Other
graphical markers indicate the locations
of fuel-optimum top-of-descent points and
the separation distances between aircraft
at designated points. Advisory notices gen-
erated by computers provide speed and
descent clearances, which the controller

Arrivals
Controller
Team

CONTROL
CENTER

é EN-ROUTE

East
Arrivals
Controller
Team

Handoff
Coordination

This System of
Computers and Dis-
plays, which inter-
faces with existing
sensors and air-traf-
fic-control equip-
ment assists control-
lers in the manage-
ment of heavy arriv-
ing air traffic.

TERMINAL RADAR
APPROACH-CONTROL FACILITY

Aircraft-Tracking
Data, Flight-
Plan-Data, and
Wind Profiles

Data Link to
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can issue to pilots to help them arrive at
the scheduled times or with specified sep-
aration distances. Any of several horizon-
tal guidance modes, selectable by the con-
trollers, provides advisories for managing
the horizontal flightpaths of aircraft under
various conditions.

The final-approach-spacing tool is used
by the controllers at the terminal radar ap-
proach-control facility. These controllers
assume responsibility for each aircraft
when it arrives at a feeder gate, which is
a desigriated point in the sky about 30 nmi
(56 km) from the airport at an altitude of
10,000 ft (3 km) above the ground. These
controllers merge the traffic converging on
the final approach path while making sure
that aircraft are properly spaced. If the
controllers at the control center have de-
livered aircraft to the feeder gates on time
by use of the descent advisor, the con-
trollers at the terminal radar approach-con-
trol facility will ordinarily need to make only
small corrections in the relative positions
of aircraft to obtain the desired spacing.

The final-approach-spacing tool assists the
controllers ‘in making these corrections
with high accuracy and a minimum num-
ber of heading vectors and speed clear-
ances. The precise spacing of aircraft on
final approach will ensure that the rate of
landing will be close to the theoretical ca-
pacity of the runway. Another subsystem
helps controllers to replan traffic quickly
in response to missed approaches, chang-
es in runways, and unexpected conflicts.
This work was done by Heinz Erzberger
of Ames Research Center and William
Nedell of San Jose State University. Fur-
ther information may be found in NASA TM-
102201 [N89-24290], “‘Design of Automated
System for Management of Arrival Traffic.”
Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650. Rush
orders may be placed for an extra fee by
calling (800) 336-4700.
ARC-12631

Onboard System Processes SAR Data

Data can be assessed almost immediately instead of after days or months of postflight analysis.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The Aircraft Flight Correlator (AFC) is a
computing system that is mounted in an
airplane along with the AIRSAR synthetic-
aperture-radar (SAR) system operated by
NASA's Jet Propulsion Laboratory. Hereto-
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fore, the SAR data have been recorded on
high-density digital tape for postflight (on-
ly) analysis, which took days or months.
The AFC supplements the recording and
postflight analysis, processing a portion of

the stream of SAR data in real or nearly
real time to provide limited imagery for
rapid evaluation, thereby facilitating diag-
nosis of the SAR equipment or adjustment
of the parameters of the SAR experiment

NASA Tech Briefs, July 1992
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1-800-486-8800 ProbucTs FOR SCIENTISTS & ENGINEERS

INSTRUMENTATION

Turn your PC into a Digital Benchtop Instrument

New from Keithley/Metrabyte, the PCIP
#PCI 8ST | product line of PC Instrument Products,
includes full-featured instruments con-
tained entirely on boards that fit into your PC
Computerized Instruments without the
hassles (or the e se) of GPIB instru-

s mentation. All of the PCIP products come
& TRIANGLE WAVE with easy-to-use software. Perfect for
FUNCTION GENERATOR Automated Test Systems & field service
#PCI AWG 5MHz, 2-Channel Arbitrary Wavefor Generator Card w/Software......$850
#PCI CAL +199.99mV to +19.999V Voltage Reference/Calibrator Card w/Software ..$899
#PCIDLA 20MHz, 16-Channel Digital Logic Analyzer Card with Software.......$1295
#PCl DMM 4.5-Digit Multimeter Card with Easy-to-Use Menu-Driven Software $750
#PCI DSO 10MHz (20MHz Sample Rate) 2-Chan. Digital Oscilloscope Card w/SW ...$1099
#PCI PPS Triple-Output Programmable Power Supply & 3.5-Digit Multimeter Card.$1099
#PCI SST  Sine, Square, & Triangle Wave Function Generator Card w/Software............ $999
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DATA ACQUISITION

Directly Interface to Any Type of Transducer
When you need to measure several types of
inputs, but your budget won't support the
high cost of signal conditioning modules
there is only one solution: UPC Direct Sensor
Input Cards from Validyne Engineering.
* Directly connects to Thermocouples, Strain
Gauges, RTD's, LVDT's, RVDT's, Voltage
Sources, and Resistance Devices
* 16 A/D Inputs with 14-Bit Resolution
* Acquisition at 20,000 samples/second
» Perfect for Portable PC DAS Systems
e Complete with Easy Sense Menu-Driven
Software, Drivers in BASIC & C, and a
specially-designed Screw Terminal Panel
#UPC 601 20KHz Direct Sensor Input Card w/Software & Term. Panel
#UPC 608 20KHz Direct Sensor Acquisition Card with 2 D/A’s & 16 DIO's
For More Information Circle No. 360
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Low-Cost Multiplexers Provide More Chan

Taking m urements to ensure that a process is

within specifications can often involve far more than

the 16 sensors a data acquisition board is designed

to monitor. If you have 40 test points, you'd normally

need three LSDAS-16 boards to monitor all of them

Now Analogic has a more affordable solution. The new

MUX 16TC multiplexes 16 differential low-level analog

signals to one A/D board channel. MUX 16TCEX panels

may be daisy-chained off of the MUX 16TC to provide

up to 128 channels in all, sampled by a single HSDAS .

or LSDAS data acquisition board. The MUX 16TC allows full access to the

remaining A/D, D/A, & Digital I/O channels on your DAS board, with CJC on

either a DAS board input or a multiplexer channel. C software libraries included
#MUX 16TC  16-Channel Thermocouple/Low-Level Analog Multiplexer-.........$399
#MUX 16TCEX 16-Channel Extension Multiplexer Panel (for inputs #17-128)....$325
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PC Systems Handbhook

for Scientists & Engineers

This Combination Tutorial/Catalog Includes
Many Examples of PC-based Systems

The CyberResearch PC Systems Hand-
book for Scientists & Engineers describes
over 1400 unique and hard to find items
for PC-based engineering. Packed with
useful technical information and easy-to-
read diagrams, this invaluable reference
should be part of every engineer’s library.

Fax, Call, or Write for a complimentary copy.
For More Information Circle No. 366
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Elma Rack-Mount Kevhoards
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(eg., aircraft trajectory or polarizations of
the radar signals). The AFC can also be
used as an aid to navigation.

The AIRSAR operates in 4 combinations
of transmitting and receiving polarizations
at each of 3 frequencies, yielding SAR data
in a total of 12 channels. A principal com-
ponent of the AFC is the interface box,
which is a custom-made digital subsystem
that acts as an “intelligent” interface be-
tween the 12 channels of the AIRSAR sys-
tem and the rest of the AFC (see figure).
The interface box can be programmed to
demultiplex and synchronize the “live”

Aircraft Flight Correlator
r- b Control
12 Channels of
(Mutiplexed)[, - i i ]

SAR Data | -
¢ Input/ Data ideo
SAR o | Interface <100 g S

> Output icrocomputer lay
System_ l Box Port — -
| Array Ty
.| Processor =
Disks 9-Trac
e e e e e SO ]

The Aircraft Flight Correlator processes data from 1 of 12 SAR channels into lower-
resolution imagery in real time or higher-resolution imagery in nearly real time.

signal from 1 of the channels or to pass

FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

Save a pile on

temperature measurement.

With Hydra, you don’t need a stack of
PC boards and signal conditioners to
measure temperature with a PC.
Hydra is proof that less is more. With
a Hydra, your PC can tackle virtually any
multipoint temperature measurement.
Hydra is extremely easy to set up and
reconfigure. Instead of fussing with extra
hardware, use its Universal Input Module
to connect up to 20 thermocouples or RTD
inputs. Just plug the module into Hydra,
push a few buttons to set up measure-
ments, and then connect Hydra to your
PC via RS-232. The payoff is immediate.
Speedy data acquisition and analysis.
No additional expense for hardware.
Our model 2620A can be connected
realtime to your PC. The
2625A has built-in mem-
ory for data buffer-
ing. Both are PC-based
and include PC appli-

cation software. And they're compatible with
popular analysis and spreadsheet packages.
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if you're looking for a complete temperature
measurement system, get a Hydra. And save
a heap.

For a free demo disk or more information,
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John Fluke Mfg. Co., Inc. P.0. Box 9090, Everett, WA
98206. U.S.: (206) 356-5400. Canada: (416) 890-7600.
Other countries: (206) 356-5500.
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along all 12 signals to the input/output port
of a 40-Mflop array processor that aug-
ments a microcomputer. In addition, the
signals are always passed to the high-den-
sity recorders for conventional recording
to allow postflight processing. The micro-
computer in the AFC is equipped with (in
addition to the array processor) three 1.2-
Gbyte disks, a 9-track tape drive, a text
printer, a gray-level image printer, and a
video image-display subsystem.

The real-time data rate of the AIRSAR
system is limited, by the capability of the
high-density digital recorders, to 10 Mbytes/s.
The data rate of the AFC is limited, by the
capabilities of the bus and disks of the mi-
crocomputer, to about 1 Mbyte/s. However,
the interface box and the interface between
the input/output port and memory of the
array processor can handle data at rates
up to 10 Mbytes/s. If data are to be stored
on a disk in real time, the rate at which
data come out of the array processor —
i.e., processed data — must be reduced
by a factor of about 10.

The AFC has been programmed in FOR-
TRAN. Subroutines that run on the array
processor are also programmed in FOR-
TRAN, with calls to scientific subroutines
provided by the manufacturer of the array
processor. At present, the software pro-
vides for operation in either of two modes:
One is the “‘quick-look’* mode, in which the
data from one of the channels are record-
ed on disk for 68 seconds, then processed
in about 10 minutes into a high-resolution
image, which can be displayed on the
video terminal and/or printed by the gray-
level printer. The other mode is the “real-
time”” mode, in which the data from a se-
lected channel are processed in real time
to a reduced resolution consistent with the
capability of the array processor. In this
mode, the stream of output data is reduced
by filtering and/or look summation to a rate
within the capability of the disks.

This work was done by Richard E.
Carande of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 38 on the TSP Request Card.
NPO-18252

NASA Tech Briefs, July 1992




Efficient and Versatile Heat Exchangers for
e Space Simulators ¢ Wind Tunnels e Jet Engine and Rocket
Engine Test Stands e Sub-zero Cooling of Superconductive Materials

Tranter, inc. and Dean Products, Inc.
have supplied efficient and flexible
PLATECOIL®, PANELCOIL® and
CRYOPANEL® prime surface heat
exchangers for a wide variety of
space age projects—from large and
small solar simulator space chambers,
to components for jet and rocket
engine fest stands, to heat exchange
surfaces for helium cryopumping, to
bell jar shrouds.

With the acquisition of Dean
Products' assets and the addition of a
large, dedicated location for production
of special space-oriented heat
exchangers at its Wichita Falls, TX

facility, Tranter is now producing

PANELCOIL and CRYOPANEL products,

in addition to PLATECOIL units.

These outstanding heat exchangers
can be supplied with grit blasted and
blackened interior surfaces for low
emissivity and high absorptivity to
enhance acceptance of radiation from
test objects. Outside surfaces can be
electropolished for high emissivity and
low absorptivity, reflecting radiation to
reduce cryo-liquid usage.

Discover the unparalleled versatility
of PLATECOIL, PANELCOIL and
CRYOPANEL units, and the potential
efficiency and savings they can bring
For More Information Circle No. 594
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to your operation. Call us at (817)
723-7125, or contact your local
Tranter representative. Better still, ask
your local Tranter &

representative about our @

Heat Transfer Symposiums.
The heat transfer answer.

Cranter

TRANTER, inc., Texas Division
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ReaL-TIVE
WINDOWS

Continuous data acquisition and at 1 KHz
while Windows multitasks in real-time!

With LABTECH for Windows, you get a real-time environment for
Microsoft Windows, and an icon-driven application package that lets you
start collecting data and controlling your system immediately.

With support for over 50 vendors of data acquisition hardware, you'll never
be locked in to anyone's proprietary software. We support hardware from
ADAC, Advantech, Analog Devices, Burr-Brown, Computer Boards,
Cyber Research, Data Translation, Keithley/ Metrabyte, Hewlett-Packard,
Industrial Computer Source, Fluke, National Instruments, and Omega
Engineering, as well as GPIB and RS-232 devices.

For help setting up a real-time system for Windows, call us.

@ 1-800-TRY-LABTECH

Tel: (800) 879-5228 or (508) 657-5400
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video
mirror

If you've been looking at things backward, a
Video Mirror is the solution. The new Model 420
electronically switches left with right on your
video display.

Turn things around: contact Colorado Video.

colorado video, inc.

Box 928 Boulder, Colorado 80306 (303) 530-9580 FAX (303) 530-9569
Contact Colorado Video anytime you require unique video instrumentation.

For More Information Circle No. 513

Books and Reports
These reports, studies
able fromNASAasTe
ages (TSP's)when aR
s cited; otherwise they

National Technica

handbooks are avail-
nical Support Pack-
equest Card number
y are available fromthe
Information Service

Spaceborne Radar Would
Measure Rain and Clouds

Measurement data would
contribute to understanding
of atmospheric phenomena.

A report describes the conceptual de-
sign of a spaceborne radar system that
would map precipitation (principally, rain)
and clouds at mid-latitudes. The proposed
system would be placed in operation short-
ly after the year 2000, to provide data for
a program of research on global weather
and climate.

The system would include one satellite
placed in a precessing orbit of 60° inclina-
tion at an altitude of 400 km. In principle,
global coverage with adequate space-time
sampling would require two satellites in
polar orbit at a greater altitude, but this
would cost too much. The proposed single-
satellite system would cost less, yet pro-
vide adequate diurnal sampling over a
period of about 6 weeks. The system
would not scan the entire Earth, but the
resulting loss of data may be acceptable
because the portions poleward of +60°
account for only about 5 percent of the
global precipitation.

The radar would operate at two frequen-
cies. The lower frequency, 35 GHz, would
provide vertical profiles of rainfall at rates
up to about 20 mm/h and would enable
the probing of cirrus clouds but would be
inadequate for quantitative measurement
of the reflectivities of stratus clouds. The
higher frequency, 94 GHz, would enable
the detection and quantitative measure-
ment of clouds of all types and would
provide rain profiles at rates up to about
10 mm/h.

The dual-frequency beam would be
transmitted and received by a fixed cylin-
drical-reflector antenna with an aperture
of 5 m by 5 m and steered electronically
by use of a phased array of radiating ele-
ments. After pulse averaging to enhance
the detection sensivity, the system would
achieve a horizontal resolution of 4 km in
a swath 300 km wide across the ground
track, and a vertical resolution of 500 m.

The radar system should be able to de-
tect precipitation at the tops of rain cells
(at the bases of clouds) ranging from light
(0.1 mmy/h) to intense (100 mm/h) and pre-
cipitation on the ground at rates from 0.1
mm/h to the aforementioned moderate
rate of 20 mm/h. The radar system should
be able to detect virtually all cloud sys-
tems. By taking averages of about 100 in-
dependent samples of radar data, it should

NASA Tech Briefs, July 1992




AEROSPACE Konvemsiya in the ex USSR
TAG International ANNOUNCES PUBLICATION OF
" COMPREHENSIVE GUIDE: DOING BUSINESS WITH
SOVEREIGN SOVIET REPUBLICS"
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THE FALL OF THE USSR NOW ENHANCES —
VIA MASSIVE MILITARY-INDUSTRIAL CONVERSION
— ACQUISITION OF AEROSPACE HARDWARE AND
TECHNOLOGY FROM PRIVATIZED SOURCES.
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SPACE AND MISSILE EXPERTS, THE GUIDE OFFERS
FIRST-HAND ANALYSIS OF AN EMERGING
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A Gold Mine Of Ideas

This December, the nation’s top technology managers will gather in
Baltimore, MD to explore a gold mine of innovative ideas they can
use to solve engineering problems, create new products, and help
their businesses grow.

The event is Technology 2002, and you are invited.

Sponsored by NASA and NASA Tech Briefs magazine, Technology
2002 is more than a conference...more than a trade show...it is a vital
resource that will put you in direct contact with the premier technol-
ogy developers and tech transfer experts in federal laboratories and
industry.

Technology 2002 will show you how to tap into the government’s
$70 billion technology storehouse and turn taxpayer-supported inno-
vations into profitable products. And it will alert you to a wealth of
patent licensing and cooperative R&D opportunities in areas defined
by the White House as critical to the nation’s future.

You can attend dozens of meetings this year and spend countless
hours searching for new ideas to improve your business...or you can
invest three days at Technology 2002 and discover — in one place,
at one time — the best technology America has to offer.

Technology 2002 will feature:

A Over 100 presentations spotlighting important new inventions in
Materials, Manufacturing, Information and Communications,
Biotechnology and Life Sciences, and Energy and Environment
— areas defined as National Critical Technologies;

Information-packed sessions on university-based and interna-
tional technologies U.S. industries can use to bolster their
competitiveness and productivity;

A special workshop on how to do business with federal agencies
and laboratories, covering patent licensing, cooperative R&D
agreements, and Small Business Innovation Research grants;

60,000 square feet of exhibits by govt. agencies, their prime
contractors, and other high-tech companies, universities, and
state organizations with cutting-edge innovations available for
license or sale;

The third annual Technology Transfer Awards Dinner, offering
an unparalleled opportunity to network with government leaders
and industry executives in an elegant setting—the Hyatt
Regency’s Grand Ballroom. Norman Augustine, CEO of Martin
Marietta Corp., will be the dinner speaker.




| Tuesday, Dec. | |

8:30 - 9:45 am Welcome and Keynote Address

10:00 - 11:30 am  National Critical Technologies (6 Tracks)
1:00 - 3:00 pm National Critical Technologies

4:00 - 6:00 pm Workshop: How To Do Business With

The U.S. Government

|Wedne5day, Dec. 2]

8:30 - 8:55 am Wednesday Keynote Address
9:00 - 11:00 am  National Critical Technologies (6 Tracks)
1:00 - 3:00 pm National Critical Technologies
4:00 - 6:00 pm University Technology Transfer
Opportunities (Track #1)
International Technology Forum (Track #2)
7:00 - 10:00 pm  Technology Transfer Awards Dinner

(Thursday, Dec. 3|

8:30 - 8:55 am Thursday Keynote Address
9:00 - 11:00 am  National Critical Technologies (6 Tracks)
1:00 - 3:00 pm University Technology Transfer

Opportunities (Track #1)
International Technology Forum (Track #2)

Exhibit Hall Hours

Dec. 1-3: 10:00 am - 5:00 pm

Mail your completed preregistration form with check or money
order (if applicable) payable to the Technology Utilization
Foundation, or fax it with credit card data to (212) 986-7864. To
register by phone, call (800) 944-NASA. Government organiza-
tions may register using a purchase order. Deadline for preregis-
tration is November 20.

Choose from four types of registrations:

A Complete registration—includes symposia, workshops, and
exhibits for all three show days; tickets to the opening
reception on Monday evening, Nov. 30 and to the Awards
Dinner on Wednesday, Dec. 2; and a set of the official
Technology 2002 proceedings:

A Three-Day Symposia/Exhibits—covers symposia, workshops,

and exhibits Tuesday through Thursday;
A One-Day Symposia/Exhibits;
A Exhibits Only.

Early-Bird Bonus: The first 100 paid registrants will receive a
complimentary Technology 2002 T-shirt.

By 11/20 On-Site
Complete Registration $240 $285
Three-Day Symposia/Exhibits $150 $195
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be possible to estimate reflectivities to ac-
curacies of better than 20 percent. Other
characteristics, such as the heights of
clouds, the thicknesses of clouds and rain
cells, and the horizontal extents of cells,
could also be extracted from the data.
Some extension of present technology
would be required to implement the pro-
posed radar system. It would be neces-
sary to develop 2.5-W, 35-GHz solid-state
transmitting/receiving devices, which
would be embedded in elements of the
feed array (at present, a typical device
capable of operating at 35 GHz puts out
only 0.5 W). Power supplies rated at 40 kW
and packaging for electron-beam ampli-

fiers operable at 94 GHz must be designed
for the particular spaceborne application.
A quasi-optical feed and distribution net-
work must be developed. Finally, there is
a need to develop an electronic subsystem
and computer program to compensate for
phase distortion produced by the anten-
na structure.

This work was done by Eastwood Im
and Kent H. Kellogg of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, ‘‘Spaceborne Radar for
Rain and Cloud Measurements — a Con-
ceptual Design,” Circle 43 on the TSP Re-
quest Card.

NPO-18274
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Digital Extraction of
Doppler Shift in an
Advanced Receiver

The ARX Il outperformed
the Block IV receiver.

A report describes a demonstration of
the ability of the Advanced Receiver Il
(ARX 1) to extract Doppler shifts in radio
telemetry signals from spacecraft by digital
processing. The ARX Il is the successor
to the ARX |, which was unable to extract
the Doppler shift because the frequency
of its sampling clock was not fixed but
was, instead, an integer multiple of the te-
lemetry-symbol rate.

In the ARX I, the frequency of the sam-
pling clock is fixed and is derived from a
frequency-and-timing subsystem. Although
this can result in a noninteger number of
samples per symbol, it enables the digital
extraction of the Doppler shift. The ARX
Il includes a phase-locked loop that tracks
the residual carrier component of the re-
ceived signal. The loop can be closed by
analog or digital means, switching be-
tween them by means of a software com-
mand. In digital extraction of the Doppler
shift, the estimate, by the phase-locked
loop, of the phase of the incoming wave-
form is “‘tagged” with time according to
the frequency-and-timing subsystem.

In the demonstration, the ARX |l was
operated along with an older receiver of
a type called “Block IV." Both receivers
were operated simultaneously, tracking
signals from the Pioneer 10 and the Voyag-
er 2 spacecraft. The Doppler-tracking out-
puts of the receivers were recorded along
with other data relevant to performance.
The recorded data were analyzed, using
the Allan variances of the Doppler resid-
uals as measures of performance. [The
Doppler residual is defined by

fa = foo—fu—1r

where f, is the Doppler residual, fy, is
the Doppler observable (the Doppler shift
as indicated by the output of the receiver),
fuy 1s the Doppler shift computed from a
mathematical model of the trajectory of
the spacecraft), and f; is the correction
for the effect of propagation of the signal
through the troposphere.] The analysis
showed that the ARX |l performed at least
as well as, and in most cases better than,
the Block IV receiver did.

This work was done by Sami M. Hinedi,
Peter W. Kinman, Roland P Bevan, Hector
M. Del Castillo, and Remi C. La Belle of
Caltech for NASA’s Jet Propulsion Lab-
oratory. 7o obtain a copy of the report,
“Digital Doppler Extraction Demonstration
With the Advanced Receiver,” Circle 88 on
the TSP Request Card.

NPO-18199
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Fluorescence Imaging Reveals Surface Contamination

Contaminants are illuminated with ultraviolet light to make them fluoresce.

Marshall Space Flight Center, Alabama »

In a technique to detect surface contam-
ination, the object to be inspected is illumi- w0l
nated by ultraviolet light to make the con- 3 g§
taminants fluoresce, and a low-light-level Z8% ol
video camera is used to view the fluores- ] - § §§
cence. The source of ultraviolet light is a Igftrf::i?:g A"gi; igﬁ
100-W mercury discharge lamp. Optical in- Doped With Fluo-  £8% e
terference filters allow the fluorescence rescent Dye indi- = g
light to travel to the camera lens while cated that contami- 101
blocking scattered or ambient light. Image- nants in surface con-
processing techniques enable quantifica- CaiRGEE R A8 low as g : , - : '
tion of the distribution of contaminants on 2 pg/em? can be de- 0 2 4 6 8 10 12
the inspected surface. If the intrinsic flu- t:cted R e Sstece O o

que. of Contaminant, uglem

orescence of a material that is expected
to contaminate a surface is not intense
enough, that material can be tagged with
a low concentration of a fluorescent dye.

In experiments designed to test the sen-
sitivity of this technique, low-level contam-
ination of the surface of a clean, sandblast-
ed mild steel plate was simulated by the
application of anticorrosion oil doped with

dye at 200 parts per million and applied
in a solvent that then evaporated. As shown
in the figure, this procedure resulted in the
detection and quantification of contami-
nant surface concentrations as low as 2 ug/
cm?. In this case, doping with fluorescent
dye increased the detection efficiency by
a factor = 40; oil without dye was detected

at approximately 80 pg/cm?

This work was done by Richard Schirato
and Raulf Polichar of Science Applications
International Co. for Marshall Space Flight
Center. For further information, Circle 156
on the TSP Request Card.

MFS-28615

Stronger Source as Reference for Weaker Source in VLBI

The stronger source serves as a phase reference, enabling longer observations.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Observation of a weak astronomical
radio source [eg., a star, pulsar, or quasi-
stellar radio source (quasar)] by very-long-

This "Dirty Map" of
the radio appearance
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baseline interferometry (VLBI) can be en- 7 VZ = 1 ,(:: 2)22?1 %g‘; i‘/g's'

hanced by using, as a phase reference, o & z et ] made with the help of
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i i & - 4 urce
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be limited to prevent the loss of coherence - -

that would otherwise be caused by fluc- L ]
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in the independent clocks used in the sta- b o J_‘mmlmol

tions of the VLBI array. Consequently, a
weak radio source for which the required
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signal-fo-noise ratio cannot be built up by
integrating over a coherence time of a few
minutes cannot be observed by conven-
tional VLBI.

In this VLBI technique, the strong source
and the weak source are observed alter-
nately for a few minutes each during an
entire measurement session, which can
last several hours. The observations of the
strong source make it possible to monitor
the fluctuations in the troposphere and in-
stabilities in the clocks. Direct detection
of signals from the strong source provides
reference delays and rates of change of
delays that can be used to integrate the
instantaneous radio visibilities of the weak
source during each observation period of
a few minutes. The integrated visibilities are

then added coherently over the entire meas-
urement session, using the observed phases
of the strong source as references. The ad-
dition is done by Fourier inversion of the
integrated visibilities to produce a phase-ref-
erenced “‘dirty map'’ that shows the weak
source in angular coordinates of right as-
cension and declination relative to the
angular coordinates of the strong source.

The technique was applied in observa-
tions of the stellar system Algol (see fig-
ure). The reference source for these ob-
servations was the extragalactic radio
source known as 0309+411, which lies
about 1° away in the field of view. These
sources were monitored for 7 h at a fre-
quency of 5 GHz at radio observatories
in California, New Mexico, West Virginia,

Massachusetts, and Germany. The meas-
urements were conducted on a cycle of
150-s integration of time for Algol, 30-s time
to slue the antenna, and 120-s integration
time for 0309+ 411. The combination of the
individual VLBI observations yielded an ef-
fective coherent integration time of 4.2 h
for Algol, with a consequent effective sig-
nal-to-noise ratio of 12.

This work was done by Jean-Francois
Lestrade and Robert A. Preston of Caltech
and A. E. E. Rogers, A. R. Whitney, A. E.
Neill, and R. B. Phillips of Haystack Obser-
vatory for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 165
on the TSP Request Card.

NPO-18165

Fields of View of X-Ray-Telescope Collimator Tubes
The shape of a tube may be important in screening out background radiation.

Goddard Space Flight Center, Greenbelt, Maryland

A theoretical analysis was conducted
to determine the fields of view and the ir-
radiation patterns of collimator tubes of
various shapes, on the assumption that no
radiation penetrates the walls of the tubes.
The results of the analysis indicate that,
while the background flux incident on the
surface at the outlet end of a tube is deter-
mined mainly by the ratio between the

diameter and length of the tube, the shape
of the cross section of the tube may also
be important.

In conducting such an analysis, which
is applicable to a tube of any cross-sec-
tional shape, one first derives an equation
for the two-dimensional shape of the field
of view. Because the outlet end of the tube
is not merely a point but has a finite area,

the shape of the field of view is not nec-
essarily the same as that of the cross sec-
tion of the tube. For example, the field of
view of a tube of triangular cross section
is hexagonal, but the field of view of a tube
of square or hexagonal cross section is
square or hexagonal, respectively.

Next, one calculates how the received
flux depends on the direction of the inci-
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dent radiation. For this purpose the direc-
tion of incidence is specified by (1) its
“zenith’" angle, measured from the axis of
the tube, and (2) its “azimuth” angle,
measured around the axis of the tube. A
question of particular interest is how the
received flux, integrated over the zenith
angle (across the field of view), varies as
a function of azimuth. This would be a
factor to consider if the axis of the tube
were pointed stably in a given direction but
the tube remained free to rotate about the
axis. In such a case, the variation of the
received flux with changes in azimuth
would give rise to a variation in the ratio
between the signal flux and the back-
ground flux, which variation might com-
plicate the analysis of measured fluxes.

Calculations of the azimuthal variation
of received flux were carried out for a few
selected shapes, on the assumption that
the background radiance is constant over
the field of view. Of course, if the radiance
were constant, the total received flux, in-
tegrated over the entire field of view, would
not depend on the azimuthal orientation
of the tube, but the azimuthal variation
would still provide a meaningful measure
of the effective deviation of the tube from
circularity. (For a circular tube, the total
received flux would not depend on the
azimuthal orientation, even if the back-
ground radiance were nonuniform over the
field of view.)

The results of the calculation show that,
for an equilateral triangular shape, a varia-

tion of about 16.6 percent can be expect-
ed, for a square shape, the variation should
be about 3.9 percent; for a regular hex-
agonal shape, it is expected to be about
0.7 percent. Thus, a hexagonal shape is
clearly better than a square shape, as
would be expected. However, if the degree
of variation is not critical, then a square
shape might be considered; this could be
so especially if, for example, it is easier to
fabricate an array of square tubes than to
fabricate an array of hexagonal ones.

This work was done by Harvey G.
Safren of Goddard Space Flight Center.
No further documentation is available.
GSC-13429

Self-Collimating Unstable-Resonator Diode Lasers "

External collimating optics would not be needed.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Unstable-resonator diode lasers of a pro-
posed type would produce collimated out-
put beams without the help of external
collimating optics. Heretofore, most unsta-
ble-resonator diode lasers have included
diverging andor flat mirrors, which give
rise to strongly divergent output beams
that must be collimated externally. One

device proposed in 1986 would include
confocal internal mirrors configured to pro-
duce a collimated beam without external
optics, but the beam would have a hole
in the middle. The new proposed lasers
would produce solid beams and would be
somewhat simpler to construct (see Figure
1). There is a large potential market for these

1-800-552-6267
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sensor lets you resolve microscopic displacements down to 4 micro-
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Kaman Instrumentation Corporation, 1500 Garden of the Gods Road,
Colorado Springs, CO 80907. Phone 719-599-1825. FAX 719-599-1823.
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single-lateral-mode diode lasers, which
would operate at powers of /2 to 10 W they
could be used as pumps for optical-fiber
amplifiers in telecommunications, pumps
for other solid-state lasers, and sources of
light for free-space communications.
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A laser of the new type would include
a highly internally reflective mirror facet of
larger radius R, and an anti-reflection-coat-
ed (partly reflective) output mirror facet of
smaller radius R, (see Figure 2). The de-
sign of the laser involves calculations of
the relationships among Ry; R,; the longi-
tudinal distance, £, between mirror facets;
the widths and angles of convergence or
divergence of the beam at various loca-
tions; and the index of refraction, n, of
the laser-resonator material. Given n, one
chooses R;, Ry, and [ to satisfy (1) the
geometrical constraints on an unstable
resonator; (2) the requirement that the out-
put beam refracted through the R, sur-
face be a narrow, diffraction-limited, col-
limated beam; and (3) the requirement that
the beam not come to a focus within the
laser resonator.

Calculations for an AlGaAs laser like the
one shown in Figure 2 show that a self-
collimating unstable resonator without an
internal focal spot is possible if the mag-
nification is chosen to be less than 1.833.
The lower part of Figure 2 shows the rel-
ative dimensions at a magnification of 1.5.

This work was done by Robert J. Lang
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 69 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
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Figure 2. This AlGaAs Laser exemplifies the proposed self-collimated, unstable-resona-
tor concept.
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Magnetic Lens for Plasma Engine

i

Electromagnet coils would reduce the divergence

of the plasma beam.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Low-field electromagnet coils placed
slightly downstream of a plasma engine,
polarized oppositely to a higher-field but
smaller radius coil in the nozzle of the en-
gine, would reduce the divergence of the
plasma jet generated by the engine, ac-
cording to new calculations. It is desirable
to reduce the divergence because so doing
increases the fraction of the total kinetic
energy directed along the axis of the en-
gine, thereby increasing the efficiency of
the engine.

The concept was tested by computer
simulation based on a simplified mathe-
matical model of the plasma, engine, and
coils. The plasma was assumed to be
cold, collisionless, and quasi-neutral. The
effects of random thermal energy were
neglected, consistent with the cold-plasma
approximation, except that the energy as-
sociated with the electron cyclotron mo-
tion (with small Larmor radii) was taken into
account because this motion imparts
diamagnetism to a plasma. The motion of
the plasma was treated by the Lagrangian
formulation of fluid mechanics for an elec-
tron fluid and an ion fluid that interact via
an induced ambipolar field to enforce the
quasi-neutrality.

The engine, plasma, and coils were
taken to be axisymmetric. The equations
of motion were written in the r, 8, z (radius
from the z axis, azimuthal angle about the
z axis, distance along the z axis) coordinate
system. Because of the axisymmetry, the

electrical current in the plasma was taken
to flow in the azimuthal direction only;
because of the quasi-neutrality, the r and
z coordinates of the ion and electron
fluid elements were taken to be equal.
These assumptions resulted in a set of
ordinary first-order differential equations
that were amenable to numerical solution
by computer.

The engine was assumed to be located
at z = 0.05 m and to generate a plasma
with initial electron kinetic energies of 200
eV. The electromagnet coil in the nozzle
of the engine was assumed to have a
radius of 0.2 m and a current of 2.5x10%
A. Each external (magnetic-lens) coil was
assumed to have a radius of 0.6 m and
a current of —100 A; there were assumed
to be four such coils, located at z = 0.4,
0.525, 0.65, and 0.775 m.

The equations of motion were solved
numerically, with and without the current
in the external coils, to obtain streamlines
of seven plasma fluid elements. The seven
streamlines started from z = 0.05 m and
from r = 0.005, 0.010, 0.015, 0.020, 0.025,
0.030, and 0.035 m. The figure is a plot
of the computed trajectories. The trajec-
tories are noticeably less divergent in the
presence of the magnetic lens.

This work was done by Joel C. Sercel
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 147 on the TSP Request Card.
NPO-18188
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Compact Visible and Infrared Spectrometer

This small, lightweight spectrometer covers wavelengths from 3,700 to 11,700 A
Marshall Space Flight Center, Alabama

Compact spectrometers of a new type
operate over broad wavelength ranges
with moderate spectral resolution. The pro-
totype is designed to measure the spec-
tral intensity simultaneously at all wave-
lengths from 3,700 to 11,700 A, with a
resolution of about 12 A . This instrument
is readily portable: it weighs only 15 kg and
fits within an envelope of 37 by 37 by 48
cm. Heretofore, one or more larger, heavi-
er spectrographs, possibly equipped with
scanning mechanisms, would have been
necessary to obtain spectral coverage like
that of this instrument.

As shown in Figure 1, light from the
source to be analyzed enters the instru-
ment through a rectangular hole in a baf-
fle and strikes an off-axis paraboloidal mir-

ror, which images the field of view onto
an entrance slit. The slit is followed in the
optical train by four side-by-side concave
laser-ruled holographic diffraction gratings,
each of which is independently adjustable
and optimized for a 2,000-A portion of the
overall 8,000-A wavelength range. Each
grating is corrected for aberrations and
acts as a dispersing, focusing, and field-
flattening element combined into one.
The portion of the spectrum from each
grating is focused onto one of four strips
on a 40-mm-diameter photocathode on the
faceplate of an image intensifier. Half the
faceplate is coated with S1 photocathode
material (sensitive primarily in the near in-
frared); the other half is coated with S20
photocathode material (sensitive primari-

Entrance
Shit

Paraboloidal
Mirror

ly in the visible). The output of the image
intensifier is coupled and minified by a fiber-
optic taper onto an 11.4-by-8.8-mm charge-
coupled-device array (see Figure 2). Both
the photocathode and the charge-coupled
device are cooled by Peltier devices.
The optical portion of the spectrometer
is moderately fast (aperture about ' the
focal length) and suitable for the observa-
tion of such weak phenomena as nocturn-
al airglow. The instrument has a dynamic
range of 10°, so that it is also suitable for
observation of bright auroras and dayglow.
This work was done by Marsha R. Torr
of Marshall Space Flight Center. For fur-
ther information, Circle 100 on the TSP Re-
quest Card.
MFS-28570
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then coupled via a fiber-optic taper onto a charge-coupled-device

Manganese Nitride Sorption Joule-Thomson Refrigerator

Measurements of sorption in manganese nitride suggest feasibility.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Measured pressure-vs.-composition
isotherms for the reversible chemisorption
of N, in Mn N suggest that it may be
feasible to mcorporate an Mn Ny chemi-
sorption stage in a Joule-Thomson cryo-
genic system. With their lack of vibration
and with few moving parts subject to wear,
sorption refrigeration systems have distinct
advantages in situations in which long life
is crucial. Unfortunately, however, sorption
refrigeration systems that cool to about 80
K tend to require more power than do me-
chanical refrigerators.

To obtain a sorption refrigeration system
of increased power efficiency, it has been
proposed to combine an Mn,N, sorption
refrigeration stage with the PrCeQ, (PCO)
chemisorption compressor and C/Kr

58

physisorption system described earlier in
“‘Regenerative Sorption Refrigerator”
(NPO-17630), NASA Tech Briefs, Vol. 15,
No. 3 (1991), page 51. In this system (see
figure), high-pressure nitrogen at a pres-
sure of about 32 atm (3.2 MPa) would
be generated by heating manganese
nitride compounds, designated generally
as Many, from 625 °C (898 K) to about
900 °C (1,173 K). The waste heat from the
Many would pass via a gas-gap thermal
switch to the PCO subsystem, heating the
PCO from 275 °C (548 K) to 600 °C (873
K) and thereby causing the PCO to give
off oxygen gas at a pressure of 14 atm (1.4
MPa). Finally, gas would be injected into
the gas gap between the PCO and the
carbon/krypton sorption stages, heating

the C/Kr from —13 °C (260 K) to 275 °C
(548 K). This would generate high-pressure
krypton, which, when precooled and ex-
panded to 2.5 atm (0.25 MPa), would pro-
duce net cooling at 125 K. This precool-
ing stage would then precool both the
nitrogen and oxygen, which would both be
expanded through Joule-Thomson valves
to cool an instrument or experiment to
80 K.

On the basis of the Mn,N, chemisorp-
tion isotherm data, it has been estimated
that a refrigeration system of this type
would consume about 68 W of power per
watt of cooling at 80 K. This is about 12
percent less than the power required by
a comparable refrigeration system to pro-
duce the same cooling effect without the

NASA Tech Briefs, July 1992
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“Rad.” means “radiator.”

“TEC" means “thermoelectric cooler.”

“HX" means “heat exchanger

“LO2" means “liquid oxygen.”

“PCO" means “praseodymium cerium oxide (PrCeOy).”
“J-T" means “Joule-Thomson valve.”

“LN»o" means “liquid nitrogen.”

The Mn N,-PCO-C/Kr Triple Regenerative Sorption Compressor is potentially more
power- effncuent than is the corresponding PCO-C/Kr system.

manganese nitride stage.

The operating temperatures of the sys-
tem require high temperature alloys to con-
tain the Mn N, and high temperature
heaters. This in turn leads to concerns re-
garding dimensional stability of the con-
tainment and reliability of both the contain-
ment vessel and the heaters. It should also
be noted that the kinetics of the system
have been found to vary with purity, and
additions of iron may be required to cat-
alyze the chemisorption process.

The above considerations, coupled with
present technology, suggest that the PCO-
C/Kr system without Mn,N,, may be pref-
erable for sorption Joule-Thomson refrig-
eration systems in the 75-K range. Other
high-loading oxides and/or nitrides may

NASA Tech Briefs, July 1992

eventually be found, and these might be
used in a similar regenerative cryogenic
system in which the sorbents would re-
quire less heat.

The discovery of the Many chemisorp-
tion system, however, represents the first
known reversible nitrogen chemisorption
compression system, and it may have po-
tential in such areas as nitrogen-isotope
separation, nitrogen purification, or con-
tamination-free nitrogen compression, just
as the advance of hydrides has done for
hydrogen.

This work was done by Jack A. Jones
and Wayne M. Phillips of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 105 on the TSP
Request Card. NPO-17811 2
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Books and Reports

These reports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number is
cited; otherwise they are available from the
National Technical Information Service

Diffusion of Mass in
Evaporating Multi-
component Drops

Compositions of sprayed
fuel drops are altered
by evaporation.

A report summarizes a study of the dif-
fusion of mass and the related phenomena
that occur in the evaporation of dense and
dilute clusters of drops of multicomponent
liquids. This report is one of a series of re-
ports by the same authors that discuss
various aspects of the evaporation and
combustion of sprayed liquid fuels. In earli-
er studies in this series, the drops have
consisted of single-component liquids. The
multiple-component liquids considered in
this study are intended to represent more
realistically such fuels as oil, kerosene, and
gasoline, each of which includes compo-
nents of greater and lesser volatility.

In this as in the previous studies in the
series, a cluster of drops is represented
by a simplified mathematical model, in-
cluding global conservation equations for
the entire cluster and conditions on the
boundary between the cluster and the am-
bient gas. As before, the differential equa-
tions of the model are integrated numeri-
cally. One major difference between the
present and previous models is that the
composition of the drops is no longer con-
sidered to be homogeneous. Each drop is
treated as consisting of a liquid core with
a thin boundary layer on its surface. Within
the core, the motion of the liquid is de-
scribed by a Hill-vortex solution, and the
mass fraction of the highly volatile com-
ponent is assumed to be uniform. The
boundary layer is considered to be quasi-
steady because it is assumed that the cir-
culation time of the Hill vortex is much
smaller than the regression time of the
drop.

A parameter, B,, which represents the
ratio between the rate of regression of
mass and a characteristic volatile diffusion
rate appears naturally in the analysis. The
assumption of the quasi-steady boundary
layer is consistent with B, <<1 when dif-
fusion is important and inconsistent with
B, >>1 when diffusion is not important.
When B, >>1, the transfer of the high-vol-
atility fuel from the liquid core to the gas
phase is no longer controlled by diffusion
into the boundary layer, but instead by sur-
face layer stripping; that is, by the rate of
regression of the drop.

60 For More Information Circle No. 608

It is further assumed in this model that
the kinetic rate of evaporation of the vola-
tile component is much larger than the
sum of the rates of diffusion of mass and
of loss through regression of the surface.

As in previous studies by the authors,
it is found that the evaporation time is in-
sensitive to turbulence in the surroundings
if the cluster is dilute and is very sensitive
to turbulence in the surroundings if the
cluster is dense. The evaporation time is
found to be insensitive, in both the dense
and dilute regimes, to the initial mass frac-
tion of the highly volatile component in the
liquid phase when it does not exceed 10
percent.

Most important, plots of B, versus the
residual drop radius show that diffusion of
mass exerts a controlling influence in a
dilute spray but not in a dense cluster,
wherein the loss of the volatile component
is dominated by surface layer stripping.
Basically, in the dense regime, the slip
velocity between drops and gas relaxes
very fast because the cluster exposes a
large area to the gas, and circulation in
the drop ceases when the residual radius
is still very large. In the absence of circula-
tion, diffusion of mass is too slow to con-
trol evaporation, and evaporation proceeds
at a basically frozen drop composition.

This work was done by Josette Bellan
and Kenneth G. Harstad of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “‘On the Im-
portance of Mass Diffusion During the
Evaporation of Dense and Dilute Clusters
of Multicomponent Fuel Drops,” Circle 2
on the TSP Request Card. NPO-18206

Propagation Characteristics
of Weakly Guiding
Optical Fibers

Coupling, power-dividing,
and transition dielectric-
waveguide structures
are analyzed.

A report discusses the electromagnetic
propagation characteristics of weakly guid-
ing optical-fiber (and, equivalently, of di-
electric-waveguide) structures that have
complicated shapes with cross-sectional
dimensions of the order of a wavelength.
In this study, the basic data on propaga-
tion characteristics were computed by the
scalar-wave, fast-Fourier-transform (SW-
FFT) technique, which is based on the
numerical solution of the scalar version of
the wave equation by a forward-marching
fast-Fourier-transform method. When ap-
plied to a given structure, the SW-FFT tech-
nique yields the spatial configuration of the
electromagnetic field in and around the
structure and the power intensity on the
cross section and along the guiding dimen-

NASA Tech Briefs, July 1992



sion(s). A subsequent spectral analysis of
the power-intensity data yields character-
istics of electromagnetic modes; eg., prop-
agation constants and relative amplitudes.

SW-FFT computations were performed
for three widely used optical-fiber/dielec-
tric-waveguide structures. The first struc-
ture was a fiber-optic coupler consisting
of two close, parallel, round optical fibers,
in each of which the index of refraction
decreased parabolically with radius from
a peak on the axis. The odd and even
modes and coupling characteristics of this
structure were analyzed. The second struc-
ture was a round fiber or waveguide with
a conical transition between two sections
of different diameter. For this case, the
effect of the degree of taper on mode con-
version was studied. The third structure
was a branching junction at which one
fiber or waveguide is split into two. For
this structure, the analysis focused on
the mode-filtering and/or power-dividing
properties.

The algebraic and numerical results for
the coupled parallel fibers show that power
is handed back and forth between them
with a spatial periodicity characterized by
a coupling length. The coupling length was
found to increase with either the radius of
the fibers or the distance between them.
The variation of the coupling length with
distance was found to become steeper
with increasing distance for a given con-
stant radius.

In the case of the conical-transition
waveguide, one major design objective is
to enable the local normal mode of lowest
order to propagate without cumulative
transfer of power to local normal modes
of higher order. The SW-FFT analysis of
such a structure showed that, as one
would expect intuitively, there is more
mode conversion at tapers of greater
slope. The analysis also showed (nonin-
tuitively) that the proportion of power fed
to modes of higher order is fairly insen-
sitive to the slope at both high and low
slopes but sensitive at intermediate slopes.

For the branching fiber or waveguide,
the results of the SW-FFT analysis indicate
that various degrees of mode splitting and
division of power between the branches
can be obtained, depending on the
specific configuration. As expected from
previous theoretical and experimental
studies, it was found that (1) such a struc-
ture acts as a power divider at larger
slopes and as a mode splitter at smaller
slopes and that (2) in the case of asym-
metrical branching at low slope, no power
is propagated into the narrower branch.

This work was done by Farzin Manshadi
of Caltech for NASA’s Jet Propulsion
Laboratory. 70 obtain a copy of the report,
“Propagation Characteristics of Optical
Fiber Structures With Arbitrary Shape and
Index Variation,” Circle 90 on the TSP Re-
quest Card.

NPO-18108
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Modeling Characteristics
of Surfaces for
Radar Polarimetry

Mathematical models
for the interpretation

of polarized radar back-
scatter are discussed.

A paper reviews mathematical models,
developed by the authors of this and other
papers, of the polarimetric radar backscat-
tering characteristics of various types of
terrain; eg., forests, grasslands, and lava
fields. The paper represents an approach

to imaging radar polarimetry in which one
accumulates models that predict realistic
polarization signatures and represent dis-
tinct scattering processes, without nec-
essarily attempting full vector solutions of
Maxwell’s equations in all cases. The idea
is to develop the ability to invert the models
to identify unknown terrain depicted in po-
larimetric radar images.

Different models are required for differ-
ent types of terrain. For bare surfaces, one
can choose among semiempirical models,
models based on the known scattering
characteristics of distributed bodies of sim-
ple shape, and models that represent the
statistical distribution of surface height.
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General vegetated surfaces have been
modeled in the radiative-transfer approach,
in the random medium approach (in which
the vegetated layer is considered to be a
continuous medium of randomly fluctuat-
ing electrical permittivity), and in the dis-
crete-scatter approach (in which each com-
ponent of vegetation structure is represented
by a simple shape for which the complete
polarimetric scattering can be computed).

The authors model grasslands by use
of long, thin dielectric cylinders that are
oriented statistically about the vertical and
that stick up out of a slightly rough dielec-
tric surface. They take account of direct
backscatter from the grass, direct back-
scatter from the ground, and forward scat-
tering from the ground followed by bistatic
scattering from the grass. The authors
model forests by use of a discrete-scatterer
model in which a bottom layer of nearly
vertical dielectric cylinders represents the
trunks of trees and a top layer of random-
ly oriented dielectric cylinders represents
the leaves and branches.

The paper describes the models, ma-
jor scattering characteristics predicted by
the models, and the interpretation of those
characteristics in terms of dominant scat-
tering mechanisms. The authors find that,
for the most part, the models predict real-
istic polarization signatures.

The authors’ approach to the inversion
of the models involves the computation of
a distance, d, between the measured and
predicted Stokes matrices (which express
the polarimetric backscattering character-
istics) according to

4 4
d=) 3 WlR —M;)2
I'=Y.j=1

where P denotes the measured Stokes
matrix, M denotes the Stokes matrix pre-
dicted by the model, W is a weighting coef-
ficient, and / and j represent the row and
column, respectively, of a given matrix ele-
ment. The inversion algorithm varies the
parameters of the model until the mini-
mum distance (taken to represent the best
fit) is obtained. This approach is illustrated
by applying it to the predicted and meas-
ured Stokes matrices for a lava surface.
From stereoscopic photography from a
helicopter, it was deduced that the root-
mean-square (rms) height of surface rough-
ness lay in the range between 2.28 and
5.06 cm. The rms surface-roughness height
inferred from the Stokes matrices was
413 cm.

This work was done by Jakob J. Van Zyl,
Howard A. Zebker, and Stephen L. Durden
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“Approaches to Modeling Polarization
Characteristics of Surfaces for Radar Po-
larimetry,”’ Circle 74 on the TSP Request
Card.

NPO-18064
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Bacteriorhodopsin Film for Processing SAR Signals

Erasable “instant’ film would enable processing in nearly real time.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

“Instant” photographic film based on
the semisynthetic retinal pigment bacter-
iorhodopsin has been proposed for use in
the optical processing of synthetic-aper-
ture-radar (SAR) signals. Because such a
film requires no chemical development, it
would enable optical SAR processing in
nearly real time. The fast response and
high resolution (> 2,000 lines/mm), of
bacteriorhodopsin film are well suited for
this application. In addition, bacteriorho-
dopsin film can be reused, with concomi-
tant reduction in the cost of SAR processing.

Figure 1 illustrates conventional optical
SAR processing. The radar return signal
is used to generate a line-scan image on
a cathode-ray tube while exposing a con-
ventional photographic film moving per-
pendicularly to the scan, thereby creating
a raster-format hologram on the film. The
film is developed, then used as an input
mask in the optical SAR processing ap-
paratus: this film is rolled along the input
plane of the apparatus, while a second film
is rolled along an output plane to record
the processed image. In the case of bac-
teriorhodopsin film, processing would be
similar except that the input image would
be recorded on the film by use of a laser
operating at the writing wavelength of the
bacteriorhodopsin, and the output image
would be recorded on a computer by use
of a standard frame-grabber.

Figure 2 is a simplified schematic dia-
gram of the photoinduced transitions among
quantum states of the bacteriorhodopsin
molecule. A photon at the writing wave-
length (\,) induces a transition from the
normal state (called “BR570" by specia-
lists in the field) through a short-lived ex-
cited state called “BR*"" to a relatively long-
lived intermediate called “M412." In the
M state, the molecule can absorb a photon
at the reading wavelength (\,), causing it
to make a transition through a short-lived
excited state M* back to the normal state
BR570. Thus, in regions of the film ex-
posed to light at A, the film becomes ab-
sorptive at \,; that is, a negative of the im-
age can be seen by illuminating the film
with light at .

A major problem is posed by the fact
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that in restoring the film to the normal
state, the readout process erases the im-
age. The problem is solved by making the
reading laser beam much weaker than the
writing laser beam so that the holographic
image remains for a time long enough to
complete the generation of the final SAR
image. In any event, the \, images in bac-
teriorhodopsin films fade in the dark in
times that range from a few seconds to

a few hours; these times are long enough
so that adequate two-dimensional raster
patterns can be recorded and read out
before the patterns deteriorate appreciably.

This work was done by Jeffrey W. Yu,
Tien-Hsin Chao, Ruth Margalit, and Li-Jen
Cheng of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 4 on the TSP Request Card.
NPO-18242
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Durable, Low-Surface-Energy Treatments

A chemical treatment produces durable nonwettable surfaces.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A chemical treatment for the creation
of durable, low-surface-energy coatings
has been developed for glass, ceramics
and other protonated surfaces. The treat-
ment, which is easily applied, creates a
very thin semipermanent film with extreme-
ly low surface tension. The coating exhibits
excellent stability, and surfaces can be re-
treated to renew the effect if the coating
becomes damaged or eroded. The many

possible uses of this treatment include
water-repellent surfaces, oil-repellent sur-
faces, antimigration barriers, corrosion
barriers, mold-release agents, and self-
cleaning surfaces.

Very few low-surface-energy treatments,
are commercially available, and these prod-
ucts all lack permanence. The new treat-
ment employs (1) chemical groups that
create a strong bond to the substrate, and

Kaiser
Aerotech-

The name to know
for high temperature
solutions

Kaiser Aerotedh's high
strength carbon-carbon, fabric
reinforced composites are
heat resistant and light-
weight. They are easily
machined. Costs far less

than advanced ceramics.
Available in off-the-shelf
shapes, fasteners and
wstom-made parts.

San Leandro, (A 94577
Phone (415) 562-2456
Fax (415) 568-6420
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(2) a synergistic chemistry that results in

very-low surface tensions.

The treatment involves applying an alco-
hol solution to the clean surface to be
modified. The solution consists of methanol
containing the following ingredients:

* 0.8 percent of a linear or branched per-
fluoroalkyl silane, such as tridecafluoro-
1,1,2,2-tetrahydrooctyl-1-methyldichloro-
silane,

* 0.2 percent of a liquid-crystal silane, such
as a long chain alkyl (trimethoxysilyl)
propyl ammonium chloride,

* 0.2 percent of a crosslinking agent, such
as tetraethyl orthosilicate, or bis-1,2<tri-
methoxysilyl)-ethane,

* 0.1 percent of a condensation catalyst;
typically a tertiary amine compound or-
ganotin, or titanate.

The perfluoroalkyl silane provides the
low-surface-energy groups, which become
strongly oriented at the surface in the pres-
ence of the liquid-crystal silane. In this
manner, the entropy is decreased and
the activity of the fluorinated groups is
enhanced. The crosslinking agent also
assists in this orientation and further pro-
motes bonding to the substrate. The con-
densation catalyst promotes chemical
reactions between these compounds, the
mixture now having a synergistic effect.

This solution is *‘autophobic’ and reacts
instantly with glass, producing a surface
that cannot be wetted, even with its own
treating solution. The thickness of the re-
sulting layer is estimated to be about 100
A, and the surface tension has been de-
termined to be about 11 dynes/cm. The re-
sulting film resists wetting by water, alco-
hols, hydrocarbon solvents, and silicone
oil. The film also has moderate resistance
to abrasion, such as rubbing with cloths
and compression molding to polymers and
composite materials.

This work was done by Paul B. Willis,
Paul M. McEiroy, and Gregory S. Hickey
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 61 on the TSP Request Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title
to this invention. Inquiries concerning
rights for its commercial use should be ad-
dressed to

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-18041, volume and number
of this NASA Tech Briefs issue, and the
page number.
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12-Crown-4 Ether Improves Rechargeable Lithium Cells

The ionic conductivity is increased, and the charge-transfer resistance is reduced.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Experiments show that the addition of show that with an operating temperature P
12-crown-4 ether (12Cr4) to a thin film of of 60 °C, the performance of this cell was Cell Without
polyethylene oxide (PEO) and LiBF, re- superior to that of a comparable cell that 12Cr4
duces the charge-transfer resistance of did not contain 12Cr4 in the electrolyte (see
the film and enhances the performance figure). A cell of this type is assembled in
of an electrochemical cell in which the film the discharged state, and the open-circuit J
is the electrolyte, the anode is made of voltage is about 3.8 V. In the charged state, 0
lithium, and the cathode is made of the open-circuit voltage could be as high
Li,CoO,. By increasing the conductivity of as 4.4 to 46 V.
the electrolyte, the 12Cr4 reduces polariza- This work was done by Ganesan l oA mA
tion loss; this, in turn, enables the cell to Nagasubramanian and Alan |. Attia of
sustain higher current. The net result is a Caltech for NASA’s Jet Propulsion Lab- 127V
new type of rechargeable lithium cell. oratory. For further information, Circle 93

In previously developed secondary on the TSP Request Card.
lithium cells, those solvents that contain NPO-18289 Cell Containing
lithium are vulnerable to reductive decom- 12Cr4
position. Also, dendrites form in these cells
at the lithium anodes during charging. Ef-  These de Cyclic Voltammograms were made ’ Jliiely
s ooveroome hesedachariagesied 145541018 | MY, T s °
tothe lpvesugatlon of polymer' elactiolytes current. At this scanning rate, there are 0.2mA
and oxide cathodes for all-solid-state sec- well-defined cathodic and anodic peaks.
ondary lithium cells. The smaller peak splitting in the cell that i

Initial electrochemical measurements  contains 12Cr4 in the electrolyte indicates
on a cell of the type Lifelectrolyte/Li,CoO, a greater reversibility, which is attributed to
with 12Cr4 in the PEO/ LiBF, electrolyte a reduction in charge-transfer resistance.

From The Best Converted Film

Source On Earth Comes The Best
Thermal Blanket Material In Space

Courtaulds Performance Films is the largest and most
capable supplier of converted films on earth.

Now Performance Films provides a wide range of
standard and customer specified film products for thermal
radiative control of spacecraft. Films to meet any thermal
blanket requirement are manufactured to meet particular
aerospace specifications and applicable MIL standards.

Combining metallic coatings with reactively sputtered
indium tin oxide (ITO) gives Performance Films' thermal
blanket materials excellent resistance to static charge build-up
and protection from atomic oxygen attack.

For more information, contact Courtaulds Performance

Films today. 21034 Osborne Street, Canoga Park, CA 91304
-1732 « Telephone: (818) 882-5744 * Fax: (818) 882-6519

a4 COURTAULDS
< PERFORMANCE FILMS

Industrial
JPLs se of Courtaulds Pe : Products
ﬁrm mﬂm&m& mmmbmmm’sm
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* Continuous (free-run), triggered, single-
shot triggered, and negative-time

- triggered (40% negative-time) operation.

operate.  Scrolling display or stationary display
* Works with any VGA monitor. with refresh.
« Provides the features of digital storage e Four-quadrant triggering with level and

oscilloscope. slope control.
Dtsplays 1 to 8 channels with « |nternal or external triggering.
offset and gain. o Auto channel select.

. Scmll rates from milliseconds to hours e Anti-aliasing speed control.

o Automatic grid selection.

MODULAR INSTRUMENTS, INC.

81 Great Valley Parkway « Malvern, PA 19355
(215) 640-9292 Fax: (215) 644-0190

per screen.
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SOLVING CAD PROBLEMS
FOR INDUSTRY

® Easy set-up menu —
No dip switches to set

Available in opaque,
translucent or backlit models

12" x 12" to 44" x 60" sizes
+/-0.005" or 0.010" accuracy
4- or 16-button cursors or dual switch stylus
1" profile

CAD problems invited from: VAR's, OEM's, Systems Integrators

(JNUMONICS

101 Commerce Drive, Montgomeryville, PA 18936
Toll Free: 1-800-247-4517

AccuGrid: THE GREAT AMERICAN TABLET
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General-Purpose Software for
Computer Graphics

67 Displaying Data as Movies

68 Software for Animated Graphics

COSMIC: Transferring NASA Software

COSMIC, NASA's Computer Software Man-
agement and Information Center, distributes soft-
ware developed with NASA funding to industry,
other government agencies and academia.

COSMIC's inventory is updated regularly; new
programs are reported in Tech Briefs. For additional
information on any of the programs described here,
circle the appropriate TSP number.

If you don't find a program in this issue that
meets your needs, call COSMIC directly for a free
review of programs in your area of interest. You can
also purchase the annual COSMIC Software Cata-
log, containing descriptions and ordering informa-
tion for available software.

COSMIC is part of NASA's Technology Utiliza-
tion Network.

COSMIC*® John A. Gibson, Director,

Phone (706) 542-3265 ; FAX (706) 542-4807

The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

e s ]
Computer Programs

These programs may be obtained at a very
reasonable costfrom COSMIC, afacility spon-
sored by NASA to make computer programs
available to the public. For information on
program price, size, and availability, circlethe
reference number on the TSP and COSMIC
Request Card in this issue.

Mathematics and
Information Sciences

General-Purpose Software
for Computer Graphics

NASADIG provides flexible
capabilities for the creation
of plots and drawings.

The NASA Device Independent Graphics
Library (NASADIG) is a general-purpose
computer-graphics package for use in many
computer-based engineering and manage-
ment applications. The library gives the
user the opportunity to translate data into
effective graphical displays for presentation.
The software offers many features that give
the user flexible capabilities for the crea-
tion of graphics. These include two- and
three-dimensional plotting, spline and poly-
nomial interpolation, control of blanking of
areas, multiple log and/or linear axes, con-
trol of legends and text, control of thick-
nesses of curves, and multiple text fonts
(18 regular, 4 bold).

NASADIG contains several groups of
subroutines. Included are subroutines for
definition of areas and axes of plots; setup
and display of text; blanking of areas; setup

NASA Tech Briefs, July 1992



of style, interpolation, and plotting of lines;
control of patterns and of shading of col-
ors; control of legends, blocks of text, and
characters; initialization of devices; setting
of mixed alphabets; and other useful func-
tions. The usefulness of many routines de-
pends on the prior definition of basic pa-
rameters. The control structure includes
a serial-level construct with each routine
restricted for activation at some prescribed
level(s) of definition of problem.

There are three VAX command proce-
dure files that contain the NASADIG source
code and font files. When executed, they au-
tomatically extract and compile the source
code, build the NASADIG object library,
create the NASADIG fonts, and compile
and link the sample demonstrations.

The NASADIG Library is currently 100-
percent compatible with 10 leading operat-
ing systems and 11 leading output-device
drivers.

Porting this code to a new host and/or
operating system or interfacing NASADIG
to a previously unsupported output device
are both relatively simple tasks. For a new
host system, the specific system calls that
are required to perform system-level opera-
tions are placed in the generalized system
routine, starting with a “‘C"" in column one
of each line, and then following with a de-
scriptive name that suggests the hardware/
software host combination. To add a new
device driver to NASADIG, an existing driv-
er can be used as a template, and the ap-
propriate substitutions can be made with
the necessary commands to perform the
initialization, move/draw operations, and
the like. These commands are found in the
operating manuals typically supplied by
the device manufacturer at purchase time.

NASADIG is written in FORTRAN 77
(ANSI X3.9-1978 standard) for DEC VAX-
series computers operating with VMS 5.0
or higher. The program is available on a
9-track, 1,600-bit/in. (630-bit/cm) magnetic
tape in VAX BACKUP format (standard me-
dium) or in VAX BACKUP format on a TK50
tape cartridge. Note: porting the program
requires access to a DEC VAX computer
to create the ASCIl source-code files.)
NASADIG is available either independently
(MSC-21801) or bundled with TRASYS, the
Thermal Radiation Analysis System (COS-
10026).

DEC, VAX, VT-240, and VMS are trade-
marks of Digital Equipment Corp. PostScript
is a registered trademark of Adobe-Sys-
tems Inc. IBM, AT, and PC are trademarks
of International Business Machines Corp.
Tektronix is a trademark of Tektronix, Inc.
HP Lasergrafix is a trademark of Hewlett-
Packard, Inc.

This code was written by Joseph E.
Rogers of Johnson Space Center. For
further information, Circle 78 on the TSP
Request Card.

MSC-21801
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Displaying Data as Movies

The user can choose among
a variety of formats to
enhance comprehensibility.

The NMSB__Movie computer program
was developed to solve the problem of
how to display large sets of data (more
than a million individual values) in a mean-
ingful way. The program, originally written
to present data from three-dimensional ul-
trasonic scans of damaged aerospace
composite materials, has also been used
to illustrate data acquired by thermal-an-
alysis systems that measure the rates of
heating and cooling of various materials.

The presentation by NMSB__Movie is
dynamic, rapidly displaying sequential im-
age “frames” in the main “‘movie’”’ win-
dow. (Single-step advance and reverse
through the data are also implemented.)
Any sequence of two-dimensional sets of
data that can be scaled between 0 and
255 (1-byte resolution) can be displayed as
a movie. Thus, time- or slice-wise progres-
sion of data can be illustrated. Areas of
nonuniform density, temperature, stress,
or other quantities represented by values
on the scale of O to 255 appear as areas
colored differently in each image frame.
As successive frames appear in the movie,
a comprehensible view of changing fea-
tures throughout the data set is generated.

The format of movie files has been kept
simple to enable many data-sampling
systems to use NMSB__Movie. Each file
consists of a two-integer heading that
specifies the number of points in the X and
Y directions, followed by a series of byte
image frames. Features of the movie pro-
gram include optional ruler strips around
the movie window for accurate reading of
the positions of areas of interest, an in-
tensity-distribution histogram displayed be-
side the main window with an adjustable
threshold bar, and quarter-size reference
snapshots of individual frames generated
as the movie is running.

Any frame can be made to display a
three-dimensional surface, bar histogram,
or exploded contour plot, and Macintosh
PICT files of the windows can be saved
for use in other graphical software. Several
color tables, including a gray scale, are
available for the displays. Movies can also
be made to show only those values above
or below specified thresholds. Row- and
column-profile plots of data currently under
the cursor can be displayed, and a text file
of the profile information can be generated
at any time.

NMSB__Movie was developed on a
Macintosh lIx computer with an 8-bit col-
or display adapter and 8 megabytes of
memory using Symantec Corporation’s
Think C, version 4.0. The program has
been implemented on a Macintosh SE

FEETRCTNTN

Plot-IT 2.0 for WINDOWS
Tomorrow's Leader in

P.O. BOX 669  Haslett, M| 48840

Plot-IT 2.0 is gaining international recognition as the most
powerful scientific and statistical program available.

Scientists and engi-
neers are discovering
the power of Plot-IT
for top quality 2D,
3D, SPQC graphing
and highly sophisti-
cated data analysis.

Whatever type of
data you use, Plot-IT
has every feature
needed to easily turn
even the most com-
plex information into
simple, attractive and
easy to understand
graphs and charts.
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We Focus
On Imaging

50 you can focus on quality

’nrroducing Scopeman™ — the lafest advancement in video microscopy. Moritex's line

of Scopeman remote head video microscope imaging systems combines high resolution CCD
chip technology with advanced optics and polymer fiber optic illumination in one small
diameter remote head probe. ® Sample preparation is a thing of the past with Scopeman.
By simply attaching the desired magnification

optic on the end of the probe and placing the e
probe in proper orientation to the subject, you
can see a high resolution image with incredible

depth of field on the video screen. It's that simple.

* Scopeman was designed with flexibility and
expansion in mind. From aviation to machine vision, forensic science to electronics,
Scopeman is a superior inspection tool whatever the application. All Scopeman systems
have standard NTSC and Y/C video outputs that let you add capabilities such as
measurement and documentation as needed. Moritex's full range of control units, probes,
optics and peripherals give you the flexibility to build a system suited to your needs and
budget. ® Call today for a literature package and to arrange for a demonstration at your

facility by an authorized Moritex representative. 1-800-548-7039
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A INCORPORATED
6440 Lusk Blvd Sune D-105, San Diego, CA 9212
Tel: 1-800-548-7039 » Tel: (619) 4537905 * Fax: (619) 4537907
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computer under OS 6.0.5. The executable
program occupies 180 KB of disk space.
1 MB free memory is required (2 MB
recommended) to run NMSB__Movie. The
program can be executed on a computing
system equipped with a monochrome dis-
play, but a color display is recommended
for meaningful presentation of the data.

Macintosh lIx and Macintosh SE are
trademarks of Apple Computer, Inc.

This program was written by Judith G.
Moore of Analytical Services & Materials,
Inc., for Langley Research Center. For
further information, Circle 33 on the TSP
Request Card. LAR-14490

Software for
Animated Graphics

GAS enables the user to
view and render two- and
three-dimensional objects.

The Graphics Animation System (GAS)
is a software package developed in sup-
port of the work of scientists engaging in
computational fluid dynamics (CFD) at
NASA Ames Research Center. The role of
GAS in the software cycle of the graphical
analysis in CFD is to serve as an easy-to-
use, menu-driven program that provides
fast, simple viewing capabilities as well as
more-complex features for rendering and
animation. It is used to display two- and
three-dimensional objects along with com-
puted data and to record animation se-
quences on video digital disk, videotape,
and 16-mm film. Some example applica-
tions have been the distribution of pres-
sure inside the main engine of the Space
Shuttle, vortex flows of the wing/strake sur-
face of F-16 aircraft, and particle traces
over the Space Shuttle orbiter.

The CFD cycle begins with the design
of a test-geometry grid and the execution
of such ““flow solver” programs as INS3D
(COSMIC Program ARC-11794) on a super-
computer. These programs solve the high-
er-order equations that govern flight char-
acteristics, according to the test-geometry
specifications (eg., forward-swept-wing mod-
el with surrounding airspace), and simula-
tion conditions (eg., angle of attack, mach
number, Reynolds number) supplied by the
user as inputs. The numerical solution data
thus generated are collected and convert-
ed into images of flows, distributions of
pressure, shock waves, and particle traces
by use of the PLOT3D/AMES (ARC-12777
through ARC-12789) graphics program.
Then the surface-shading program SURF
(ARC-12381) is used to enhance the im-
ages with shading and coloring. Finally, by
use of device-independent standard graph-
ical-function calls and file formats from
ARCGRAPH (COSMIC Program ARC-12350)
as input, animation sequences are gener-
ated and recorded with GAS.

GAS is a menu-driven program that pro-
vides for viewing windows and mouse con-
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trols. It provides for viewing and render-
ing two- and three-dimensional objects, in-
cluding wire-frame or solid, hidden-surface,
and shaded models. These objects can be
scaled, rotated, translated, mirrored, col-
ored, and combined with legends and text
in animation sequences, which can then
be recorded.

GAS is written in C language for two Sili-
con Graphics computers: the IRIS 2000/
3000- and IRIS 4D-series workstations run-
ning the IRIX operating system. The work-
station should have at least 4 Mb of display
list memory, 32 bit planes, z-buffering, and
z-clipping. GAS requires the Silicon Graph-
ics “include” files (eg., stdio.h, devices.h,
gl.h, etc.). Also, it is assumed that a float-
ing-point accelerator has been installed,
but the need for a floating-point accelerator
can be eliminated by removing certain
compiler switches. The IRIS 2000/3000
version of GAS was developed in 1988.
The port to the IRIS 4D-series workstations
was done in 1991. The program is available
on a 0.25-in. (6.35-mm) streaming-mag-
netic-tape cartridge in UNIX tar format.

Silicon Graphics, IRIS, and IRIX are
trademarks of Silicon Graphics, Inc. UNIX
is a registered trademark of AT&T.

This program was written by F. Merritt,
G. Bancroft, and P, Kelaita of Sterling Soft-
ware for Ames Research Center. For fur-
ther information, Circle 17 on the TSP Re-
quest Card. ARC-12976
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Tapered-Fin Thermal

Interfaces !A

Meshing tapered fins can be designed to have desirable
thermal and mechanical properties.

Marshall Space Flight Center, Alabama

Two meshing sets of tapered fins (see
figure) can be used as a thermal interface
with relatively low clamping forces. Here-
tofore, the standard practice has been to
clamp flat surfaces together with large
forces to increase the contact component
of the transfer of heat.

When in contact, the fins provide a large
area for the transfer of heat, and the effec-
tive area of contact increases with the
height of the fins. The taper ensures easy
mating and demating of the two sets of fins.
The taper also transfers the clamping force
to the fin surfaces in contact; this improves
the contact and the transfer of heat.

A number of parameters can be altered
to achieve the best conductance: these
include the height and thickness of the
fins, the angle of taper, the fin material, the
surface finish, the clamping force, and the

distribution of pressure at the interface.
The interstices between fins can contain
a vacuum, liquid, or solid. The resulting
heat-transfer performance therefore de-
pends not only on direct surface contact
but also on conduction and radiation
through the interstitial material or vacuum,
and the interstitial material or vacuum can
be chosen to affect the performance in a
desired way.

This work was done by Elizabeth C.
Poulin of Foster-Miller, Inc., for Marshall
Space Flight Center. No further docu-
mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18]. Refer
to MFS-26165.
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Tapered Fins Make Thermal Contact, providing high conductance with low clamping
force. The fins may be arranged in rows, concentric rings, or other configurations. Each
fin may be tapered on both sides as shown here, or on one side only.



Enhanced Method of Reduction of Dynamical Models

Reduced models for use in suppressing vibrations of structures are made more accurate.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The enhanced projection-and-assembly
method is a recent product of continuing ef-
forts to model mathematically the dynam-
ics of vibrations of large, flexible structures.
The projection-and-assembly method (with
or without enhancement) is one of several
methods of approximating the dynamics
by use of models of reduced order: one
uses a truncated set of vibrational and
rigid-body modes that capture the salient
features of the dynamics with acceptable
accuracy. These reduced-order methods
could be used, for example, to obtain sim-
plified models for designing control algo-
rithms of control systems.

In the projection-and-assembly method,
modes that contribute significantly to the
control input and output points are select-
ed at the system (overall structure) level,
then projected (not physically, but in an ab-
stract mathematical sense) onto the com-
ponents of the system. The resultant re-
duced-order mathematical models of the
components are assembled, yielding a re-
duced-order model of the system that ex-
actly captures the selected modes of the
system.

These Bode Plots

computed for the
mass-and-spring sys-
tem problem show
that the enhanced
projection-and-as-
sembly method re-
3 sultsinabetter match

to the zeros of the
10! transfer function of
the system than the

original projection-
and-assembly method
does.

105 E T T ST, B L | S SR N A I
-]
2 102F
g 3
= L
_|° 10-1g
F — Full M
9 I ——~ Reduced-Order Model (Original Proj d y
10-4 . e wma s ier e e, iy NI
10-1 100
Frequency, rad/s
105 3 T R o Lo 1T 5 e e e o
= 3
E 3
5 - 3
g 102 E §
= - 3
L 4
)
10-1E
E —— Full Model i 3
» -~ - Reduced-Order Model (E Proj y Method) -
10-4 1 i L= R=t Rt Sy AR RS
10-1 100 101

Frequency, rad/s

One of the undesired effects of the pro-
jection-and-assembly method is that ex-
traneous modes can appear in the re-
duced-order model. Another is that there
can be mismatches between the zeros of
the transfer functions of the full-order and
reduced-order models. This second effect
is particularly disadvantageous in that it

3
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can degrade control computations if the
mismatched zeros lie near the bandwidth
of the control system. The accurate repro-
duction of zeros in the transfer function of
the reduced-order model is also important
in the design of a high-gain control system
because the closed-loop poles of such a
system approach its open-loop zeros when
the gain becomes large.

The development of the enhanced pro-
jection-and-assembly method addresses
the issue of mismatches between the
zeros. In the enhanced version, static cor-
rection modes capture the static contribu-
tions of those modes that are neglected
in the reduced-order model. These correc-
tion modes, in the form of Ritz vectors, can
be added either to the retained set of modes
of the system (in a procedure called *'sys-
tem-level augmentation’’) or to the sets of
modes projected onto the components (in
a procedure called “‘component-level aug-
mentation’’). System-level mode augmen-
tation is preferable because it has to be
done only once, whereas component-level
augmentation must be done as many times
as there are components.

The enhanced projection-and-assembly
method has been tested by computation
on two problems: a 13-degree-of-freedom
mass-and-spring system (see figure) and
the Galileo dual-spin spacecraft as repre-
sented by a finite-element mathematical
model of high order. The system-level and
component-level augmentations produced
almost identical numerical results. When
applied to the Galileo problem, the system-
level-augmented version of the enhanced
projection-and-assembly method signifi-
cantly alleviated the mismatches between
zeros found in previous studies.

The enhanced projection-and-assembly
method entails some disadvantages that
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may be addressed in future research. One
disadvantage is that the addition of the
static correction modes results in more ex-
traneous modes than are generated in the
original projection-and-assembly method.
Another is that unlike the retained eigen-

Short Turnbuckle

End fasteners are offset to reduce length.
NASA’s Jet Propulsion Laboratory,

Pasadena, California

A turnbuckle includes laterally offset eye-
bolts instead of the usual collinear end
fasteners. Its end fasteners can overlap,
unlike collinear fasteners, which abut each
other (see figure). This reduces length, en-
abling the use of the new turnbuckle where
a conventional turnbuckle might be slightly
too long.

The offset turnbuckle ends are held to-
gether by a nut with parallel, oppositely

Hidden Fastening-and-Unfastening Mechanism N\

vectors of the system, the added Ritz vec-
tors depend on the spatial distribution of
external loads, necessitating the use of dif-
ferent Ritz vectors when analyzing the
responses of the system to different ap-
plied loads.

This work was done by Allan Y. Lee and
Walter S. Tsuha of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 68 on the TSP Request
Card.

NPO-18402

The Offset Turn-
buckle provides for .
overlap between end

fasteners, with con-
sequent reduction in
length.

Load @ Load

i
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oLD

NEW

threaded bores — clockwise for one eye-
bolt and counterclockwise for the other.
The turnbuckle can be tightened, like any
other turnbuckle, by turning the nut. A fur-
ther advantage of the offset is that it tends
to prevent the eyebolts from loosening

Access to the fastener would not be necessary.
Langley Research Center, Hampton, Virginia

A proposed mechanism to be placed be-
hind a panel would fasten the panel to, or
unfasten it from, an underlying structure.
The mechanism could be used, for exam-
ple, where the head at the outer end of a
bolt or other fastener is covered with a pro-
tective outer layer on the panel and the
opposite (inner) end of the bolt is inac-

cessible from any location. The principal
advantageous effect of the mechanism
would be to make it unnecessary to cut

when the load is applied.

This work was done by Malcolm J. Mac-
Martin of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 19 on the TSP Request Card.
NPO-18348
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through the protective outer layer on the
panel to join the panel to or separate it
from the underlying structure.
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The bolt would be fitted with a coaxial
drive shaft (see figure). A miniature elec-
tric motor and gearbox on the inner end
of the fastener would turn the shaft and
bolt. The assembly consisting of the motor,
gearbox, shaft, and bolt would be mounted
on the structure to which the panel is to
be fastened.

To prepare for installation of the panel,
a technician would position the panel to
align the bolt with a hole in the panel. The
technician would then activate the motor
to turn the bolt clockwise (for right-handed
threads) as viewed from the inside. The ro-
tating tapered tip of the bolt would engage
a floating nut in the panel. The bolt would
thus draw the panel inward until the force
of contact actuated a small switch at the

¥

interface between the panel and the un-
derlying structure. This would turn off power
to the motor. Alternatively, the increase in
the motor current with the increased tight-
ening torque could be used as a motor-
stopping signal.

To separate the panel from the underly-
ing structure, the technician would apply
reverse current to the motor to make it ro-
tate counterclockwise. This would unthread
the bolt from the floating nut, freeing the
panel so that it could be lifted away.

If the motor should fail, the bolt could
be turned manually. In this case, the tech-
nician would have to remove the protec-
tive outer layer on the panel just above the
bolt to expose the outer end of the bolt.
The technician would apply inward force

to the bolt and shaft to release them (via
a release mechanism actuated by axial
force) from the motor and gearbox, insert
a key in the hollow hexagonal core of the
bolt, and turn the bolt counterclockwise
for removal.

This work was done by lan O.
MacConochie of Lockheed Engineering
& Sciences Co. for Langley Research
Center. For further information, Circle 8
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley
Research Center [see page 18]. Refer to
LAR-14485.

Shape-Memory Wires Switch Rotary Actuator

The length of a wire changes when the wire passes through a transition temperature.
Marshall Space Flight Center, Alabama

A thermomechanical rotary actuator is
based on the shape-memory property of
an alloy composed of equal parts of ti-
tanium and nickel. Below a transition tem-
perature of 125 °F (52 °C), the alloy is in
a martensitic low-strength state; above that
temperature, the alloy is in an austenitic
high-strength state. If the alloy is stretched

while it is below the transition temperature,
it reverts to its original length when it is
heated to above the transition temperature.

A wire made of this alloy is wrapped
around a capstan, with one end attached
to the capstan and the other end attached
to a stationary terminal (see figure). The
wire is stretched by 2 percent of its length
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Two Capstans on the Same Shaft are
wrapped with thermally activated shape-
memory wires. As one wire is heated, it
contracts and stretches the opposite wire.
The wires are heated in alternation so that
they repeatedly switch the shaft between
two extreme angular positions.
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at room temperature when it is installed.
A similar wire is wrapped around a second
capstan on the same shaft and is pulled
taut into tension with the first wire but is
not otherwise stretched.

When the stretched wire is heated above
the transition temperature by passing an
electrical current through it, it shrinks quick-
ly to its original (unstretched) length. This
shrinkage applies a torque to the first cap-
stan, causing both capstans and the shaft
to rotate through an angle of about 90°
This shrinkage also results in a correspond-
ing stretch of the second wire. Heating the
second wire with an electrical current
causes it to contract, thereby causing the
shaft to turn back about 90° to the original
angular position. Thus, by applying current
to the two wires alternately, one can make
the actuator alternate between two posi-
tions; eg., the “on” and “‘off”’ positions of
a rotary valve.

The capstans are made of a material

of high thermal conductivity. Therefore,
they carry heat away from the wires quick-
ly so that they can return to the marten-
sitic low-strength condition almost imme-
diately after heating and contracting.

This work was done by Myron J.
Brudnicki of Boeing Aerospace and Elec-
tronics for Marshall Space Flight Cen-
ter. For further information, Circle 162 on
the TSP Request Card.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C. 2457(1)],
to Boeing Aerospace & Electronics. Inquir-
ies concerning licenses for its commer-
cial development should be addressed to

Boeing Aerospace & Electronics

P O. Box 399

Seattle, WA 98124-2499
Refer to MFS-28581, volume and number
of this NASA Tech Briefs issue, and the
page number.

Unified Optimization of a Structure
and Its Control System

Costs are coupled via a parameter that becomes,

in effect, a design variable.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Continuing research on the active sup-
pression of vibrations in large structures
has led to a method for the unified opti-
mization of a structure and its vibration-
suppressing control system. Although the
method was developed to optimize large,
flexible structures to be erected in outer
space, it is also applicable to such ter-
restrial problems as designing buildings
with control actuators to prevent damage
by earthquakes.

The method involves the extension of
established techniques of optimization via
an approach based on homotopy, in which
the cost function that is used as the cri-
terion for optimization of the control system
(J¢) is coupled to the corresponding cost
function of the structure (Jg) via a new
parameter, \. Heretofore, a typical design
would be optimized by optimizing the struc-
ture first, then optimizing the control sys-
tem based on the optimized structure; this
involved the evaluation of different designs

of the structure in the search for the one
that minimized J,, followed by the evalua-
tion of different designs of control systems
(consistent with the now-optimized struc-
ture) in the search for the one that mini-
mized J;.

Accordingly, in the present method,
one seeks to minimize the cost functions
of the structure and the control system
simultaneously by minimizing

Jy = (1=NJg+ NJ¢

where 0 < \ < 1. Now, in addition to find-
ing the optimal design parameters, one
must also determine the correct value of
\. This is done by treating A as, in effect,
another one of the possibly many design
parameters. Following an approach based
on homotopy (or continuation), one starts
at A\ = 0 (which represents the first step
of the conventional approach, in which Jg
is minimized first), then follows the path
that emanates from the solution of the op-
timization problem as \ is increased.

Beam of Rectangular Cross Section
and Height Varying Along Length

Control
Torque

dq d2 d3

This Simple Struc-
ture-and-Control
Problem illustrates
the method of uni-
fied optimization of
structuraland control
subsystems.

{ Disturbance

|| Applied

at Free End

dy4
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3M Publishes
Heat-Shrink
Cross Reference
Chart

Helps OEM designers find
best fit for standard tub-
ings, molded shapes and
shield terminators.

AUSTIN, Tex. — Finding the best heat-
shrink tubing fast is the purpose behind
3M’s new heat-shrink tubing cross refer-
ence chart.

It includes hundreds of descriptions
and drawings, all cross referenced with
part numbers for quick ordering.
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ports, strain relief and environmental
protection.

Standard tubings handled through dis-
tributors are stocked for shipment within
three working days. Special materials,
adhesives, sealants and shapes are avail-
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These teams also offer assistance in
preparing proposals.

For more information, contact a 3M
Electrical Specialties Division representa-
tive or authorized distributor, or call
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The method has been demonstrated by
applying it to the design of a flexible beam
attached to a rigid hub to which a control
torque is applied to counteract a unit-im-
pulse disturbance applied at the free end
(see figure). The homotopy strategy was
implemented by an iterative optimization
in which Jg represented the mass of the
beam and J, represented a weighted sum
of (1) the displacement at the free end and
(2) the energy that had to be expended by
the control actuators to minimize the dis-
placement of the free end. The numerical
results led to the following conclusions,
among others:

* J.. decreased with X while Jg increased
with \. This is consistent with the notion
that a stiffer structure requires less con-

trol energy.

¢ At \ up to about 0.1, where the total mass
dominates the minimization of J, the op-
timal shape tends to have a small nega-
tive slope from d, to d, to dj, followed
by a sharper negative slope from d, to
d,. As \ increases, the minimization of
Jg becomes less important, while the
minimization of J, becomes more impor-
tant. As a result, the beam becomes grad-
ually stiffer, and the monotonic negative
slope associated with small A gradually
disappears at about A\ = 0.45, and then
gives way to a pronounced inflection of
slope from d, to d, at A = 0.45. This re-
sults in a larger allocation of mass to the
tip. This type of shape is physically con-
sistent with the requirements of the two

parts of the control objective:

* A structure that is stiffer (heavier) near the
hub and lighter toward the free end has
the best distribution of mass while min-
imizing the tip-displacement response.
On the other hand, a large mass at the
tip (where the disturbance exists) makes
the disturbance less effective — thus re-
quiring less control effort.

This work was done by Mark H. Milman,
Robert E. Scheid, Moktar Salama, and
Robin J. Bruno of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 64 on the TSP Request
Card.

NPO-18306

More About Gravitational Bumps and Repeating Orbits

Bumps in the gravitational field of the Earth can be estimated with less computation.

NASA's Jet Propulsion Laboratory, Pasadena, California

An improved algorithm reduces the
amount of computation needed to esti-
mate the dynamics that affect the trajec-
tory of a satellite in orbit around the Earth
with an approximately repeating (within
about 1 km) ground track. The underlying
dynamical concepts were presented in
“Computing Gravitational Bumps From
Repeating-Orbit Data” (NPO-17925), NASA
Tech Biriefs, Vol. 15, No. 5 (May 1991), page
52. That article described the estimation
of the orbital and dynamical parameters
(including parameters that represent small
perturbations in a simplistic initial estimate
of the gravitational field) by application of
an iterative least-squares algorithm to sat-
ellite-tracking data from the Global Posi-
tioning System (GPS).

A satellite with an approximately repeat-
ing ground track is presumed to undergo
approximately the same gravitational per-
turbation upon each near-repetition. Track-
ing data from multiple nearly repeating
arcs can be collected into segments called
“bins’’ and processed together to reduce
(by averaging) the effects of random er-
rors and thereby obtain more-accurate es-
timates of the dynamical parameters. The
perturbations for arcs with approximately
the same ground track can be represented
by a relatively small set of parameters,
called the “‘bin parameters,” that represent
the dynamic effects of the local gravita-
tional field. The epoch state (the initial ve-
locity and position) is specific to each arc,
and the bin parameters are common to all
nearly repeating arcs.

The choice of nearly repeating ground
tracks and the local gravitational field for
mathematical modeling of the dynamics
results in a representation that involves a
sparse measurement matrix that can be
partitioned and transformed in ways that
reduce the amount of computation. More
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specifically, the improved algorithm is de-
rived from a regression equation in which
the measurement data from multiple arcs
are combined and represented in the form
of matrix A in the equation

y = AX +¢€
where y is the measurement column vec
tor and € is the measurement-noise col
umn vector. The column vector x denotes
the parameters that have been classified
into arc-specific and arc-common param-
eters. The measurement matrix, A, con-
tains the partial derivatives and can be par-
titioned into an arc-specific part and an
arc-common part:

A = [A|A))
where the submatrix A, contains partial
derivatives of arc-specific parameters and
is block diagonal, with each block corre-
sponding to one arc. The submatrix A,
contains partial derivatives of arc-common
parameters and is generally full.

The algorithm is based on the square-
root information filter, which involves an or-
thogonal transformation of A and the
measurement data to obtain the solution
and its covariance. The algorithm includes
the following five steps:

1. Partition A matrix by arc-specific and arc-
common parameters.

2. Eliminate parameters that pertain to GPS
clocks by use of double differencing or
Householder transformation.

3. By use of the Householder transforma-
tion, partially triangularize the portion of
A that pertains to each arc (see figure).

4. Combine the lower parts of the triangu-
larized submatrices from all arcs to solve
for the arc-common parameters; name-
ly, the bin parameters.

5. Return to the upper part of the partially
triangularized A submatrix of each arc to
perform back-substitution and solve for
arc-specific parameters, including the
terms for adjustment of the initial state
of the satellite.

These steps yield an accurate estimate
of the trajectory without relying on a highly
accurate mathematical model of the gravi-
tational field obtained from other sources.
As an additional benefit, an estimate of the
gravitational field can be extracted with
little additional computation.

This work was done by Jiun-tsong Wu
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 5 on the TSP Request Card.
NPO-18189
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Self-Aligning, Spline-Locking Fastener
Self-alignment and actuation by simple movements facilitate operation by robot.
Goddard Space Flight Center, Greenbelt, Maryland

The mechanism shown in the figure
(simplified for clarity) is a general-purpose
fastening device that could be used, for
example, to join two parts of a structure,
to couple two vehicles, or to mount a pay-
load in a vehicle. The actuation of the de-
vice requires only one tool and simple
movements. Also it cannot be cross thread-
ed despite the fact that it provides large
force multiplication through a low lead
thread. These features, coupled with its
tolerance of initial misalignments, makes
it suitable for both robotic and manual
operation.

The mechanism includes two housings,
each of which is attached to one of the
two structures or other objects to be joined.

Allen Wrench SHcrew
(Hexagonal Driver) = i 9ed
in Drive Socket 1

7

Housing
1

5 . Detent
O:Ring ® Groove
Spring
Spline_| Screw
Nut V/
// //[
Housing 2
Retaining
Nut
Horizontal
Lifting Face

Vertical
Driving Face

Fitting

The Self-Aligning, Spline-Locking Fastener
is a two-part mechanism that can be op-
erated by a robot, using only one tool and
simple movements.

NASA Tech Briefs. July 1992

A right-handed screw that turns in hous-
ing 1 includes a large head containing a
drive socket, which receives an allen
wrench or similar tool. The screw is spring-
loaded toward housing 2 (downward as
oriented in the figure). A spline nut turns
freely on the threaded part of the screw
near its lower end and is retained by a
smaller nut on the lower end that is locked

against turning once it is installed. The
spline nut includes peripheral tabs that,
when properly aligned, can pass freely in
the axial (vertical in the figure) direction
through the spaces between the teeth of
a mating spline fitting in housing 2. Each
vertical tab includes a vertical driving face
and a horizontal lifting face.

Alignment is provided by mating con-
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ical surfaces on two housings, each of
which is attached to one of the two ob-
jects to be joined. As the two objects to
be joined are brought together, the con-
ical protrusion on housing 1 settles into the
conical receptacle of housing 2, and the
O-ring on housing 1 snaps gently into the
detent groove in housing 2 to act as a soft-
docking spring. During this movement, the
spline nut comes to rest on top of the
spline fitting (unless by chance it was in-
itially aligned to pass through) and pushes
the screw upward against the spring in
housing 1.

The operator or robot then inserts the
tool in the drive socket and pushes down-
ward while turning to the left to bring the
spline nut into alignment with the spline
fitting, at which point the spline nut passes
downward through the spline fitting. Con-
tinuing to push downward, the operator or
robot turns the tool to the right until the

vertical driving surfaces on the spline nut
come to rest against the corresponding
surfaces of the teeth.

The operator or robot continues to turn
the tool and screw to the right, causing
the spline nut to ride upward on the screw
thread until the horizontal lifting surfaces
on the spline nut make contact with the
bottom horizontal surfaces of the teeth on
the spline fitting. Further turning to the right
locks the housings together by building up
an axial preload on the conical mating sur-
faces and the points of contact between
the spline components. Turning is stopped
when the operator or sensing-and-control
circuitry in the robot determines that the
applied torgue has risen to the level that
corresponds to the desired preload.

To detach the two objects, the operator
or robot inserts the tool and pushes down-
ward while turning to the left. Once the
preload reaches zero, the spline nut turns

to the left and becomes aligned to pass
through the spline fitting. The operator or
robot then withdraws the tool, allowing the
spring to push the screw upward and
make the spline nut pass upward through
the spline fitting. This sequence of motions
places the housings in the soft-docking
condition, in which they can be pulled
apart.

This work was done by John M. Vranish
of Goddard Space Flight Center. For fur-
ther information, Circle 152 on the TSP Re-
quest Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 18]. Refer to GSC-13378.

Real-Time Estimation of Aiming Error of Spinning Antenna

Spinning-spacecraft dynamics and amplitude variations in the

communications links are studied from received-signal fluctuations.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A mathematical model and an associat-
ed analysis procedure provide real-time

estimates of (1) the aiming error of a remote
rotating transmitting antenna that radiates

constant power in a narrow, pencillike beam
from a spinning platform and (2) the cur-

e Inframetrics Model 760.

[t goes where you go,

44

m

i

I

works where youwork.




rent amplitude, A, (1), of the received sig-
nal. The estimates of the aiming error and
A, (t) are useful in analyzing and enhanc-
ing the calibration of the communication
system, and are useful in analyzing com-
plicated dynamic effects (eg., the slosh-
ing of fuel) in the spinning platform and the
antenna-aiming mechanism.

The model and procedure were con-
ceived for use in analyzing spacecraft dy-
namics from signals transmitted from the
spinning Galileo Spacecraft. However, they
could be modified for application to other
spacecraft (eg., gecstationary communi-
cation satellites). According to the model,
the total aiming error (“‘pointing error’" in
aerospace parlance) is given by the vec-
tor equation

Z(t) = O(t)+N(t)+S(t)
where t = time, Z denotes the total aim-
ing error, © denotes the relatively slowly
varying component of error comprising in-
itial error plus drift, N denotes the com-
ponent of error attributable to nutation of
the spinning platform, and S denotes the
component of error attributable to wobble
of the platform at the frequency of spin.
The vectors N and S rotate in the error
plane with angular frequencies wy =
2wfy and wy, = 2mf,, respectively (see
figure).

The beam radiated by the antenna is as-

sumed to be symmetrical about the anten-
na-boresight axis, although a model of the
antenna pattern is all that is needed; that
is, the relative gain is assumed to depend
onlyon Z = |Z|. (In the case of the Galileo
Spacecraft, the relative gain is proportional
to cos®[aZ(t)], where a is a constant.) It
is assumed that A, (t)/A(t) = the relative
gain. Then the problem is to (1) use the
measured fluctuations in the signal and the
known relative gain as a function of Z to
estimate |8/, [N|, and | S|, and the phase
relationships among them and (2) use
these estimated quantities to reconstruct
the spacecraft dynamics and to quantify
A (]A(R).

Assuming that the transmitting anten-
na occasionally aims precisely at the re-
ceiving antenna and that A (t) reaches its
maximum value on these occasions, one
can use the observed maxima of A, (t) to
estimate the presumably very slowly vary-
ing A(t). Then using A,(t)/A(t), one can
estimate Z(t). In an algorithm being devel-
oped for the Galileo application, the Z(t)
thus estimated is processed into a discrete
Fourier transform, from which estimates
of fy, fy. |N|, [S|, and |©| are derived.
When the three components of error are
phased correctly, a mathematical model
of the dynamics contained in the algorithm
yields the correct A (t)[/A(t). The parame-

Z,(t) = 6,(t)+ N cos(wpt) + S cos(w,t)
Z,(t) = By(t) +N sin(wpt) +S sin(w,,t)

Looking Along the Line from the transmit-
ter to the receiver, the error in the aim of
the transmitting antenna is represented by
the sum of the vectors ©, N, and S.

ters of the model are adjusted repeatedly
via a software feedback loop to minimize
rapid variations in that computed value of
A(t) that presumably is the best current
estimate after correction for the modeled
aiming error.

This work was done by Shiomo Dolinsky
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 46 on the TSP Request Card.
NPO-17829
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Variable-Compliance Couplings for Heavy Lifting

Couplings can be made more or less stiff as needed.
Goddard Space Flight Center, Greenbelt, Maryland

Coupling devices of a new type contain
manual or electronically controlled, motor-
ized drives that vary their stiffnesses. These
devices can be regarded as advanced flex-
ible couplings intended for use in wrist
joints of robotic manipulators and other
industrial equipment that must lift heavy
objects. It has been made to lift weights
as low as % Ib (114 g).

The compliance in a device of this type
is provided by short sections of cable
clamped at their ends in brackets; in this
respect, the devices resemble prior shock-
isolating and flexible-coupling devices
based on short sections of cable. How-
ever, in the present devices, the length-to-
diameter ratios of the exposed portions of
cable are made larger (the cables are
“skinnier"’) to emphasize compliance and
deemphasize hysteresis, and the positions
of the brackets are made adjustable to
adjust stiffness.

Figure 1 shows a relatively simple, non-
motorized version of a variable-compliance
device on an 800-Ib (360-kg) lifter. In this
case, threaded rods are used to fix the dis-
tances between opposing angle brackets,
to which the cables are clamped. This ad-
justment decreases or increases the stiff-
ness by putting the cables in less or more
tension, respectively.

In a more-advanced variable-compli-
ance device, brackets that hold cables are
moved by a stepping motor via a gearbox
and ball screw. The motor operates under
computer control with position feedback,
and a brake stops the motor shaft when
the brackets reach the position that pro-
vides the desired amount of stiffness or
compliance. Thus, for example, the con-
trol computer of a robot can command
greater stiffness during operations that re-
quire precise positioning. Alternatively, it
can command greater compliance to
accommodate manufacturing tolerances;
for example, to insert a peg in a hole with
which the peg might be slightly misaligned.

A typical variable-compliance device
provides six degrees of freedom (three
translational and three rotational). In a ro-
botic application in which both compliance
and precise positioning are required, it is

78
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Figure 1. Short, Clamped Lengths of Cable provide compliance. By use of the threaded
rods the cables can be stretched, relaxed, or folded somewhat to make the coupling

more or less stiff.

necessary to measure the rotational and
translational displacements attributable to
compliance so that the exact position and
orientation of the robotic gripper supported
by the device can be computed. As shown

in Figure 2, the displacements from the
nominal undeflected position and orienta-
tion can be measured by six linear vari-
able-differential transducers suitably con-
nected to two rigid plates that are coupled

NASA Tech Briefs, July 1992
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Figure 2. Linear Variable-Differential Transducers measure the
displacements of the upper and lower plates (which plates are
coupled by the variable-compliance device) from their nominal
relative position and orientation.

by the variable-compliance device.

This work was done by James Kerley, Wayne Eklund,
Raymond Burkhardt, and George W. Richardson ofGoddard
Space Flight Center. For further information, Circle 30 on
the TSP Request Card. GSC-13368

J-Hook Latching Mechanism
Advantages include relatively light weight
and low actuation torque.

Goddard Space Flight Center,
Greenbelt, Maryland

The J-hook latching mechanism is particularly suited to
joining modules of equipment together and holding cargoes in
vehicles. The mechanism offers several advantages over prior
latching mechanisms:

e |t is relatively simple.

« |t has a high strength-to-weight ratio.

* Thefaying parts are exposed, permitting visual determination
of the status (latched, unlatched, or otherwise configured).

* |t provides a high latching preload when actuated with a
relatively low torque; consequently, it can be driven by a
relatively small motor.

o After being brought into coarse alignment, it pulls itself into
fine alignment during the latching sequence.

NASA Tech Briefs, July 1992
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The J-Hook Latching Mechanism is relatively simple, strong, and self-aligning.

The mechanism consists of an assem-
bly of moving parts mounted on one of the
two objects to be latched together and a
receptacle mounted on the other object.
At the beginning of a latching sequence,
the mechanism is configured as shown in
the figure. The two objects to be latched
together are brought together into coarse
alignment, with the cone on the assembly
positioned loosely in the receptacle. The
cone is mounted on a shaft that is turned
by a motor or manual drive (not shown)
connected to a drive sprocket.

The shaft has a left-handed thread that
engages a nut fixed in the mounting bracket
and a right-handed thread that engages
a traveling nut. The J-hook pivots on a pin
on the traveling nut and is spring-loaded
to turn clockwise about this pin. Initially,
the J-hook is held against the spring load
in its extreme counterclockwise position
by a cam surface on the mounting bracket
that meets a cam surface on the J-hook.

The shaft is turned counterclockwise as
viewed from above, causing the upper ob-
ject, mounting bracket, and fixed nut to
travel downward on the left-handed thread
and the traveling nut to travel upward on
the left-handed thread. This motion moves

the camming surfaces apart, allowing the
J-hook to turn clockwise under the spring
load and reach around under the recep-
tacle. As the shaft continues to turn, the
upper object settles onto the lower object;
then the continuing upward motion of the
traveling nut pulls the hook upward against
the lower surface of the receptacle. The
hook is tightened to the desired preload
by allowing the shaft to stall at the cor-
responding applied torque.

To unlatch the objects from each other,
one simply reverses the torque, turning the
shaft counterclockwise as viewed from
above. The cone bears against the recep-
tacle; the upper object is pushed upward
as the shaft turns against the left-handed
thread.

This work was done by M. Bruce Milam
of Goddard Space Flight Center. For fur-
ther information, Circle 24 on the TSP Re-
quest Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 18]. Refer to GSC-13200.
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Simpie Method for Detection of Intergranular Attack

Replicating tape replaces test coupons and metallurgical inspection.
Marshall Space Flight Center, Alabama

Evidence of the intergranular attack that presents visual evidence of intergranular of Rockwell International Corp. for Mar-
sometimes occurs on chemically milled attack. shall Space Flight Center. No further
and wire-electrical-discharge-machined This work was done by Amy A. Jackson documentation is available. MFS-29798

metal parts can be detected by use of
replicating tape. The use of replicating tape
makes it unnecessary to manufacture and
stock test coupons and to inspect them
microscopically.

Heretofore, test coupons have accom-
panied the parts to be manufactured through
the chemical-milling and wire-electrical-
discharge-machining processes. Theoreti-
cally the postprocess conditions of the
coupons represent the postprocess con-
ditions of the parts. The coupons are de-
structively tested for intergranular attack
instead of testing the manufactured parts.
However, the coupon method is not always
reliable; parts can pass the test while the
coupons fail, and vice versa.

The replicating tape is simply pressed
on a part to be inspected. The tape con-
forms to the surface of the part, to which
it adheres. When the tape is removed, it

Masks for J
Deposition of
Aspherical Optical

Surfaces
Relatively smooth, precise Explore the power of Aufo(AD® Releuse II wﬂh a new
surfaces can be made PC-based tutorial from the maker of AutoCAD
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) ; A easily explore and 3D solids. All for a fraction of
NASA's Jet Propulsion GMULAOR  the basics of 1 the cost of thg actual program.
Laboratory, AutoCAD with-  AutoCAD Simulator—it’s a coach,

, , out having tobuy a teaching tool, and the best intro-
Pasadena, California the real program. duction to the most widely
Masks of improved design are being e supported CAD progr: am in the

developed for use in the fabrication of z gfiz;ﬁr}?g world. Call us for details.
aspherical, rotationally symmetrical sur- setiod of salf: Toll-free (800) 228-3601
faces of mirrors, lenses, and lens molds paced lessons that include the key Refer to Offer AO3
by evaporative deposition onto rotating AutoCAD commands and menus.
substrates. The first published description With AutoCAD Simulator, you
of this method of fabrication appeared in can examine commands like snap,
1936, but the use of the method has been draw, zoom, dimension, copy,
limited because it has resulted in surfaces move, trim and more—including AUTODESK
of unacceptably large roughness that in-
Creased with the depth of asphericity_ © 1992 Autodesk Retail Products 11911 North Creek Parkway South, Bothell, WA 98011, Fax (206) 485-0021, AutoCAD. Autodesk and the Autodesk logo

are registered in the U S Patent and Trademark Office. AutoCAD Simulator is a trademark of Autodesk, Inc

New impetus for the fabrication of deep-
NASA Tech Briefs, July 1992 For More Information Circle No. 504 81




ly aspherical optical surfaces by this meth-
od is provided by modern coating cham-
bers, which can deposit such materials as
tantalum pentoxide, silicon dioxide, lithium
fluoride, silicon, and germanium to useful
depths with relatively smooth surfaces.
The combination of the improved masks
and modern coating chambers is expected
to provide optical surfaces comparable or
superior to those produced by convention-
al polishing, computer-controlled polishing,
replication from polished molds, and dia-
mond turning, and to do so at considerably
less cost in material, labor, and capital
expense.

In the deposition chamber, the source

and mask are aligned with the axis ¢* ro-
tation of the substrate (see Figure 1). The
chamber is evacuated, and the material
to be deposited on the substrate is evap-
orated by bombarding the source with an
electron beam. The relative thickness of
deposition as a function of radius from the
axis is nearly proportional to the rotation-
ally smoothed azimuthal opening in the
mask as a function of radius; the absolute
thickness is proportional to the rate of
deposition and the deposition time.

The mask is designed by an iterative pro-
cedure that involves computer modeling
of the deposition process. One begins by
prescribing a mask function M(r) (where
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Figure 1. The Mask Shadows the Source
on the rotating substrate. The azimuthal
opening (as a function of radius) in the
mask is approximately proportional to the
desired thickness (as a function of radius)
to which material is to be deposited on the
substrate.
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Figure 2. Multiple Lobes reduce the sen-
sitivity of the deposited surface profile
to decentration of the mask.
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r = radius) that denotes an azimuthal
mask opening (as a function of radius) pro-
portional to the depth (as a function of
radius) of the desired aspherical profile /(r).
The finite size of the source and the dis-
tance of the mask from the substrate give
rise to a blur, which is included in the com-
puter model. Also included in the model
is the measured or theoretical directional
distribution of the intensity of the source.
The mathematically modeled deposited
profile S(r) that results from these com-
bined effects is compared with the desired
profile /(r), and an error function E(r) =
In— S(r) is computed. E(r) multiplied by the

applicable scale factor is added to M(r) to
obtain a new M(r), other corrections to im-
prove accuracy at the edges and center
are made, and the process is repeated un-
til E(r) becomes tolerably small.
Multiple lobes (see Figure 2) are used
to make the profile of the deposited sur-
face less vulnerable to decentration of the
mask. In addition, a small compensatory
cusp error is deliberately incorporated to
reduce and/or smooth out the more-severe
cusp error that would otherwise occur.
(Cusp error is the spike or hole that forms
in the deposit because the azimuthal
opening at the center of the mask is nec-

essarily either 0° or 360°, regardless of
the required opening, and the resulting er-
ror increases with decentration.) The com-
pensatory cusp error is implemented by
modifying M(r) so that it becomes 0° or
360° anyway within a circle slightly larger
than the circle of centration tolerance.

This work was done by John R. Rogers
and John D. Martin of the University of
Rochester for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 150 on the TSP Request Card.
NPO-17995

Reusable Cryogenic-Liquid Tank With Replaceable Liner

The tank could not only be reused but would also weigh less.

Langley Research Center, Hampton, Virginia

A conceptual main tank equipped with
a replaceable liner would hold liquid pro-
pellant and would be suitable for reuse in
such spacecraft propulsion systems as
those of Earth-to-orbit transports. Current
tanks for containment of cryogenic pro-
pellants are not reusable because of the
tendency of the insulation in them to crack.
Al large tanks up to the present have been
expended after one use apiece.

According to the new concept, a thin,
lightweight metallic foil or organic film would
be used as an impermeable barrier to leak-
age for the containment of a cryogenic
or storable propellant within a composite
pressure vessel lined with insulation. The
main components of the reusable tank are
(1) a composite outer shell for containment
of pressure, (2) a replaceable membrane
liner, and (3) a foam-filled honeycomb
sandwich bonded to the inside of the tank
to serve as an insulator and stabilizer to
prevent buckling of the wall of the tank.

A new liner (see figure) would be inflated
and leak-tested in a clean room. After leak-
testing, the liner would be collapsed and
bundled. The bundled liner would be fed
into one of two access ports in the domes
of the tank while the tank was oriented ver-
tically. The preferred opening would be the
forward or upper end, where the smaller
pressurization and vent lines are located,
and the weight of the liner would aid the
extension of the liner.

Retaining rings would be installed to
secure the two ends of the liner at each
access port. A vacuum would then be
drawn on the void between the outside of
the liner and the wall of the tank by use
of a multiplicity of small ports through the
honeycomb sandwich and composite
outer wall of the tank. A network of vac-
uum tubes could be used for this purpose.
End plates for pressurization would be in-
stalled, and the liner would be tested in
place. The end caps would then be re-
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Graphite composite materials exhibit
the highest specific strengths of state-of-
the-art materials that are candidates for
propellant tankage. By use of this concept,
it would be possible to maximize the po-
tential of filament-wound composite pres-
sure shells that conservatively have
strength-to-density ratios five times those
of comparable aluminum shells typically
used for tankage in propulsion systems.

The concept is intended to solve the
reusability problems for future Space Shut-
tles with internal tanks. However, the con-
cept could be applied equally well to ex-
pendable tanks. The estimated reduction
in weight below that of the current expend-
able tank or a tank with composite over-
wrap and thick metal liner could be as
much as 50 percent. Custom-built, single-

use liners could be inexpensively proof-
tested for each flight, eliminating concern
for inspection, maintenance, and repair
associated with a metal liner or all-metal
tank. By employing a new liner on each
flight, the fracture-mechanics issues as-
sociated with reuse and concern for poten-
tial damage would be eliminated.

This work was done by William T.
Freeman, Jr., and Charles F. Bryan, Jr., of
Langley Research Center and /an O.
MacConochie and Charles A. Breiner of
PRC Kentron, Inc. For further information,
Circle 151 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Langley Research Center [see
page 18]. Refer to LAR-14172.
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Marshall Space Flight Center, Alabama

A proposed mounting scheme for a glass,
sapphire, or other optical element of an
instrumentation window in a pressure ves-
sel would ensure a truly hermetic seal
while minimizing the transmission of stress
to the optical element. The brazed metal
seal would be superior to conventional
gaskets of elastomer, carbon, asbestos, or
other material compressed between the

optical element and the wall of the vessel.
Those seals are not hermetic. Further-
more, elastomeric seals have limited tem-
perature ranges and are prone to deteriora-
tion with age.

The proposed seal around the edge of
the optical element would include a metal
ring of U-shaped cross section (see figure).
The inner edge of the ring would be brazed

Col
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Hermetic Glass-to-Metal Seal for Instrumentation Window

A metal pressure-assisted seal would be brazed to metalized glass.

to a metalized area on the cylindrical sur-
face of the optical element. The inner edge

Direction of
Viewing

Compression
Ring
Wall of

Low-Pressure

/ High-Pressure
Elastomeric Side
Seal

CONVENTIONAL

Direction of
Viewing

wall of
Vessel

-
- \ 'Opt’»c;iiv

| Element |
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Side

\+

/ High-Pressure
Ring Brazed Here Side
to Metallized Area

on Optical
Element

Ring Brazed Here
to Wall
of Vessel

PROPOSED

-
=——nl

A +0.200 in, ——=
DETAIL OF SEALING RING

Concentric Brazed Joints in the proposed
seal would bond the metal ring to the wall
of the vessel and to the optical element. The
U-shaped cross section would allow the ring
to flex under pressure. The inner diameter
of the gasket (dimension A) may range from
as little as 0.05 in. (1.3 mm) to more than
0.5in. (13 mm).

NASA Tech Briefs, July 1992



of the ring would be brazed to the metal
wall of the vessel, in which the optical ele-
ment would be mounted.

To minimize thermal stresses, the ring
would be made of a sheet of an iron/nickel/
cobalt alloy like Kovar (or equivalent) that
has a low coefficient of thermal expansion.
The thin sheet-metal ring would also act

as a pressure-assisted seal; that is, it would
seal itself more securely as the differen-
tial pressure across the window increased.
This work was done by Arthur J. Hill of
Rockwell International Corp., for Marshall
Space Flight Center. No further docu-
mentation is available.
MFS-29778

Algorithm for Simplified Robotic
Tracking of Weld Seams

Small cross-seam corrections are computed from a few data.
Marshall Space Flight Center, Alabama

An algorithm computes small cross-
seam corrections to the programmed path
of a welding robot. The algorithm is intend-
ed for use in conjunction with an add-on
vision system that is loosely coupled to the
robot; more specifically, a vision system
that transmits, along a slow communica-
tion channel, a small amount of informa-
tion about part of the weld seam ahead
of the welding torch. Unlike older control
algorithms, this one does not need data
on the position of the torch and does not
transform the data on the seam to another
reference frame. The robot instrumenta-
tion is therefore simpler, and the computa-
tional delay attributable to transformations
of coordinates is eliminated.

The algorithm constructs a map of the
seam in an arbitrary coordinate space. To
provide data for the map, the vision system
locates points along the seam within a
“window’’ ahead of the torch (see figure).
As the robot moves and new vision data
are acquired, the window is advanced, the
last point along the seam in the old win-
dow serving as an intermediate point in the
new window. The lines that connect the
points in the old and new windows are
aligned by correlating those data points
that are common to both windows. Then

using the programmed speed of the torch
at the current time and location (as sup-
plied by the robot-control system a few
times per second), the algorithm updates
the position of the torch in the window
coordinates by calculating the distance the
torch should have traveled along the seam
from its old estimated position during the
window period. The robot-control system
then uses the cross-seam error in the cur-
rent estimated position of the torch to cor-
rect the movement of the torch.

With time, the map of the seam be-
comes less accurate because of errors in
correlation and speed. The error is small,
however, inasmuch as data are needed
only for the span between the torch and
the current window; previous data can be
discarded.

The algorithm is equally effective if both
the torch and the workpiece are moving.
The motion of the workpiece simply
causes the coordinate space to move.

This work was done by David A. Gutow
and Vincent Y. Paternoster of Rockwell In-
ternational Corp. for Marshaii Space
Flight Center. For further information, Cir-
cle 20 on the TSP Request Card.
MFS-29737
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The Position of the Welding Torch in the reference frame of a moving window is estimated
on the basis of data on the weld seam and on the speed of the welding torch.

NASA Tech Briefs, July 1992
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Tool for Making Curved Holes

An electrical-discharge-machining electrode follows a curved path into the workpiece.

Marshall Space Flight Center, Alabama

A tool for use in electrical-discharge
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machining (EDM) guides an EDM elec-
trode in making holes, the longitudinal
axes of which are circular arcs. The tool

)

apinp
Bupesoq
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is intended for use on a machine equipped
with an additional “C"* axis (rotation of a
spindle). The tool includes an arm attached

via a dowel at one end to the axis of rota- uld 1émog

J

/ jo sixy O

a|puidg

tion of the spindle. A curved guide rod is
mounted in a slot at the other end of the
arm (see figure). A replaceable copper elec-
trode is attached to the tip of the guide rod.

The radius of curvature of the guide rod
equals that of the hole to be made. When
EDM is started, the electrode burns into

SIXV O ONOTV M3IA

the workpiece while the arm rotates on the
spindle. The discharge thus cuts a hole of
the same radius of curvature.

This work was done by Robert Allard,

Andrew Calve, Edwin Pastreck, and
Edward Padden of United Technologies
Corp. for Marshall Space Flight Center.
No further documentation is available.
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
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Space Flight Center [see page 18].Refer
to MFS-28601.

IF MIR.C USED 8L

Although Mr. Chameleon’s tongué usually sticks’ da
to its prey, Mr. Butterfly lived to see anothbr day -
albeit with a headache. |

' And while Mr.Chhds no wayto perfect his
stroke other than practice, researchers and design-

ers can use a KODAK Motion Analy8is System to
freeze those critical moments that'make all the
difference between success and failure.

The Guide Rod fits in the slot in one end of the arm, which moves through an arc. The mo-
tion of the arm thus drives the electrode into the workpiece along the desired curved path.

Providing up to 12,000 digital pictures per
second, Kodak can help you analyze fluid mech-
anics, bullet trajectories, electrical arcing, high-
speed printer head impacts, tire behavior at 90
mph, production machine design and much,
much more.

There are so many fascinating applications, in
fact, that we’ve published a primer on the subject.




Orbital Welding Head Held by Robot

Round parts in confined spaces can be welded robotically.

Marshall Space Flight Center, Alabama

Duct To Be
Welded

Orbnta-l
Welding
Head

ey

The Orbital Welding Head Encircles a duct while arobot arm holds the head in position.

TR o, SR

An orbital welding head is positioned by
a robot, which also controls the motion and
the voltage of an arc-welding torch mount-
ed in the head. The orbital welding head
is intended for welding pipes or similar
round, stationary parts

Previously, an orbital welding head had
to be positioned manually by clamping it
on a straight section of the part. Thus,
short parts without an adequate mounting
space could not be welded

The new head encircles the part at its
torch end and is held and manipulated by
the robot arm at the opposite end (see
figure). With it, the entire welding opera-
tion — including positioning of the head
— can be automated. Thus, it is useful for
operations in hazardous environments.

This work was done by Kenneth J. Gangl,
Benny F. Graham, Malcolm F. Nesmith,
and David C. McFerrin of Rockwell Inter-
national Corp. for Marshall Space Flight
Center. For further information, Circle 53
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18].Refer
to MFS-29832.
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Entitled “How Motion Analysis Helps
Solve Tough Research, Design & Test
Problems,” it will show how a new
frame of reference can make a world
of difference in your work. Call
800-462-4307, ext. 4000 or write us
at 11633 Sorrento Valley Road, San
Diego, CA 92121.
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General-Purpose Software for Computer
Graphics

Displaying Data as Movies

Software for Animated Graphics

Software for Allocation of Tolerances

Expertise on design and manufacturing would be reflected in a comprehensive program.

Marshall Space Flight Center, Alabama
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A collection of computer programs is
being developed to assist engineers in al-
locating tolerances to dimensions of com-
ponents and assemblies. When fully devel-
oped, the software system will reflect the
tolerancing expertise of both design and
manufacturing engineers; as such, it will
help all engineers on a project to main-
tain the comprehensive tolerancing policy
and overview that might otherwise get lost
or be difficult to maintain when attending
to the details of complicated and inter-
dependent designs and manufacturing
processes.

It is necessary to allocate tolerances for
three main reasons:

1. No manufacturing process produces a
component of exact dimensions. Toler-
ances allow for variations in the dimen-
sions of components as manufactured.

2. To serve the purpose of an assembly of
two or more components, the dimen-
sions of both or all should lie between
specified limits (eg., to assure interfer-
ence fits, clearance fits, or satisfaction
of tolerances on overall dimensions of the
assembly).

3. A part that wears out or is otherwise re-
quired to be replaced during the lifetime
of an assembly must be made to satisfy
tolerances to assure that it will fit in place.
The allocation of tolerances is a decision-

making process. The developmental soft-

ware is intended to provide an easy-to-use,
menu-driven system that will aid this proc-
ess (see figure). The system incorporates
programs in several computing languages.

The initial assembly and component draw-

ings are prepared by use of AutoCAD, a

computer-aided-design program. The draw-

ings are modified by use of AutoLISP.

A procedure called “‘feature extraction’
is an essential part of the tolerance-allo-
cation process. This procedure is the com-
puterized version of the manual process
of reading and interpreting blueprints and
identification of manufactured surfaces. In
the developmental software system, fea-
ture extraction is done in AutoLISP with
the help of data bases and codified exper-
tise. The features extracted from a draw-

NASA Tech Briefs, July 1992
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This Flow Chart illustrates the major functions of the developmental software. The output of the software would be the allocation
of tolerances to the various dimensions in engineering drawings.

ing (9., data on straight and curved lines,
circles, dimensions, attributes, and text)
are stored in a data base along with such
relevant information as coordinates of the
features. By use of a program written in
dBase Il Plus, the data base is reorgan-
ized to facilitate programming and proc-
essed to indicate details of, and assembly
relationships among, mating parts.

The system allocates tolerances by in-
teraction with the user in either of two
ways called ‘‘simple analysis’’ and *‘com-
plex analysis!’ In simple analysis, the
system (1) retrieves the record on the com-
ponent and dimension in question from the
data base prepared by feature extraction,
(2) asks the user for information regarding
the type of fit and/or intended use of the
component, (3) taking account of the
user's response, invokes a rule-based ex-
pert-system program that extracts the re-
quired information from a data base of
standard tolerances, and (4) updates the
part of the data base that contains the
dimensions by adding the relevant toler-
ance to il.

Complex analysis has not yet been im-
plemented. In complex analysis, the user
could choose among several mathemati-
cal models of tolerance; eg., the worst-
case model or the statistical model. The
worst-case model would result in no re-
jects but would dictate the tightest com-
ponent tolerances and, consequently, the
greatest manufacturing costs. The other
models might allow a few rejects but could
reduce the cost per component by relax-
ing tolerances. In complex analysis, the
system would perform iterative calcula-
tions, using the chosen model, to obtain
a solution that would optimize a specified
objective function (eg., minimize the over-
all cost).

This work was done by Ken Fernandez
of Marshall Space Flight Center and
Shivakumar Raman and Simin Pulat of the
University of Oklahoma. For further infor-
mation, Circle 134 on the TSP Request
Card.

MFS-27256
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Mathematical Model for Engineering Analysis and Optimization

System-sensitivity analysis is combined with extrapolation to form a model of design.
Langley Research Center, Hampton, Virginia

Computational support for the engineer-
ing design process basically has two func-
tions: first, to reveal the behavior of the de-
signed physical system in response to
external stimuli; and second, to find out
how that behavior can be modified by
changing physical attributes (design vari-
ables) of the system. For a large engineer-
ing system, the conventional evaluation of
the effects of changes in design variables
via repetitive simulations of behavior for
perturbed variables is impractical because
of excessive cost and inadequate accura-
cy. In an alternative method, recently de-
veloped system-sensitivity analysis is com-
bined with extrapolation to form a model
of design (see figure). This model of design
is complementary to the model of behavior
and is capable of direct simulation of the
effects of changes in design variables.

The first function of computational sup-
port calls for system analysis. The second
function answers the “‘what if"" types of
questions and is performed by sensitivity
analysis. The design model answers the

What and When?

What If?

What Is the Best?

The Design Model Complements the Behavior Model and extends the array of mathe-
matical tools that assist the engineer in the design of an optimal physical system.

“what if"" questions concerning effects of
the design variables on behavior — the
questions that must be answered in the
quest for an optimal design.
System-sensitivity analysis quantifies
answers to such questions via computa-
tion of the derivatives of behavior with re-
spect to design variables, without the cost-
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ly finite differencing of system analysis.
Sensitivity analysis yields derivatives of the
first and higher orders that may be cou-
pled with an extrapolation based on these
derivatives to form a model of design. This
model is capable of answering the design-
er's queries about the effects of design
variables nearly instantaneously.

Complementing the model of behavior
with the model of design affords the op-
tion of obtaining answers to three basic
questions that occur in the design process.
The “what now’' question about the re-
sponse of the system is answered by the
model of behavior. The ‘“‘what if”’ question
about the effects of a design variable is
answered by the model of design. Finally,
the question, *“What is the best?"' in the
search for an optimal setting of many
design variables, under complex and pos-
sibly competing considerations, can be
answered by a formal optimization that
calls on both models.

The algorithms developed for this meth-
od should be applicable to the design of
large engineering systems, especially
those that consist of several subsystems
that involve many disciplines. The array of
mathematical modeling tools provided by
these algorithms has potential for adding
to the general body of knowledge in the
engineering community.

This work was done by Jaroslaw
Sobieski of Langley Research Center.
Further information may be found in NASA
TM-101616 [N90-10308], ‘“Approximate
Simulation Model for Analysis and Op-
timization in Engineering System Design.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650. Rush
orders may be placed for an extra fee by
calling (800) 336-4700.

LAR-14364
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requirements. Let us help determine which are best
for you. Write or call for a brochure.

 SIGMUND

Sigmund Cohn Corp.
121 South Columbus Avenue

Mount Vernon, New York 10553
(914) 664-5300
cone. Fax: (914) 664-5377

For More Information Circle No. 665
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Rugged Video System for
Inspecting Animal Burrows

A slim camera is used to find gopher
tortoises in deep, dark holes.

John F. Kennedy Space Center, Florida

A video system is designed for use in examining the
interiors of the burrows of gopher tortoises. The system,
made largely of commercial components, is used to probe
the tortoises' burrows which are 5 in. (13 cm) in diameter or
greater, to a depth of 18 ft. (about 5.5 m).

The burrows are examined to survey the population of
gopher tortoises. The species, Gopherus polyphemus,
which is in decline because of building in their habitat, is a
major benefactor to wildlife in the southeastern United States,
especially Florida. Its burrows provide a refuge not only for
the tortoises themselves but also for more than 80 other
species. The bare soil exposed by tortoises' digging also
provides open sand for vegetation and other animals. The
survey is intended to help preserve the species by measur-
ing population and population trends, as well as variations in
the occupancy of burrows with seasons and weather.

The video system includes a video camera, video cas-
sette recorder (VCR), television monitor, control unit, and a
power supply, all carried in a backpack. The camera is
enclosed in a waterproof aluminum housing of 3-in. (7.6-cm)
diameter. The camera can be equipped with a built-in light
source. The power supply was modified and separated
mechanically from the camera while remaining electrically
connected to the camera by a cable and waterproof connec-
tors. Thus shortened, the camera can negotiate the sharp
turns common in the burrows.

A pair of polyvinyl chloride (PVC) poles, 1/2 in. (1.3 cm)
indiameter, is used to maneuver the camera into (and out of)
burrows. The video scenes are observed on the television
monitor and recorded on the VCR. The poles are stiff enough
to push the camera into the burrow but flexible enough to
bend around curves.

Adult tortoises and most other burrow inhabitants are
readily observable, although young tortoises and such small
animals as mice can be obscured by sand or debris. The
camera, although it is waterproof, cannot focus in water and
thus cannot be used in flooded tunnels. Plans call for the
camera to be replaced by a newly developed camera that
produces high-resolution underwater images in color.

The work was done by Dick Triandafils and Art Maples of
Kennedy Space Center and Dave Breininger of Bionetics
Corp. For further information, Circle 160 on the TSP Request
Card. KSC-11468

Official NASA Cap
In black with gold leaves and official NASA
insignia. Only $9.95 each. Please add $4.00 for
shipping and handling. Mail payment to:
NASA Tech Briefs, Dept F,
41 East 42nd St., NY, NY 10017
For credit card orders call (212) 490-3999
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New on the Market

| Morton International’s advanced }

| materials facility, Woburn, MA, has
| developed a technology for mass
| production of bulk CVD (chemical
. vapor deposited) beta silicon car-

reaction of gases that forms a poly-
crystalline solid, providing a highly-

| polishable, theoretically dense ma- |

terial with very high stiffness and
thermal conductivity, as well as ex-
| cellent thermal shock resistance at
| high temperatures (1500°C).
| For More Information Circle No. 800
The NP-600 color network printer
from Codonics Inc., Middleburg
| Heights, OH, is designed to work
with any homogeneous or heteroge-
neous TCP/IP-based network. Uti-
lizing dye-sublimation technology
with 16.7 million simultaneously
printable colors, the NP-600 can
produce continuous tone format
prints. It recognizes most popular
image file formats, including TIFF,
| GIF, PCX, Macintosh PICT, SUN ras-
ter, PPM, and X11 Bitmap.
For More Information Circle No. 794

bide. The process is based on a |

Sun Microsystems Computer Corp.,
| San Francisco, CA, has introduced
| the industry’s fastest desktop work-
| station, the SPARCstation™ 10.
| Built around the new superscalar
SuperSPARC™ chip from Texas In-

tures a modular design and achieves
a multiprocessing performance rat-
| ing of up to 218 and more than 400

struments, the SPARCstation 10 fea- |

| MIPS in its four-microprocessor con- |

| figuration.

|
|
|

The Hewlett-Packard Co., Palo Alto,
CA, has produced a new data acqui-
sition card for the modular HP 16500
series logic-analysis system that pro-
vides five to ten times the memory
depth of any available 100 MHz
logic analyzer. Dubbed the HP
16542A, itprovides 2 MB of memory
with 100 MHz state/timing analysis
across 16 channels, important for
digital-data-stream and micropro-
cessor designers who collect and

For More Information Circle No. 792

TOUCH SCREEN PROJECT?

We stock touch screens,
decoding electronics
and software for
immediate

delivery.

* Analog and matrix
touch screens.

* * Decoding electronics

and software (enables
screen to function as
a mouse).

* High gloss and anti-
@ glare surface finishes.

¢ Custom manufactured
screens also available.

W.H. BRADY CO.
L THIN FILM PRODUCTS

8225 W. Parkland Ct. » P.O. Box 571 * Milwaukee, Wl 53201
Phone: 414-355-8300 ¢ Fax: 414-354-0453

Copyright 1991 W.H. Brady Co. All rights reserved.

For Moieilnfo[ma(iorn Circle No. 637

ERIGHION

YOU CAN COUNT ON

analyze large data streams.
For More Information Circle No. 790

$i* ) MATERIAL ML6

T

A high-performance, portable infra-

x 4.2" x 9.5" and weighs less than

indium antimonide staring focal ar-
ray. The camera features a self-con-
tained, closed-cycle Stirling cooler
and is designed for use in surveil-
lance, predictive maintenance, pro-
cess control, and materials evaluation.

red camera is available from Amber |
Engineering, Santa Barbara, CA. The |
RADIANCE 1, which measures 5.2" |

five pounds, acquires images at 60 |
frames per second with a 256 x 256 |

For More Information Circle No.798 |

Synergistic Detector Designs, Fre-
mont, CA, has announced a super-
high-resolution x-ray inspection
camera that produces the highest

out microfocus sources and image
magnification. The system, firstused

line characterization of NPR (new
production reactor) target particles,
provides a spatial resolution greater

For More Information Circle No. 796

resolution 2D images availablewith- |

for rapid x-radiographic, production |

than 45 lp/mm 4096 intensity steps. |

NASA Tech Briefs, July 1992

The PDDR-12 portable radio mo-
dem from Pacific Crest Instruments,
Sunnyvale, CA, provides wireless
data communication for field appli-
cations where hard-wired connec-
tion is impractical. Both asynchro-
nous and synchronous modes of data
communication are supported, en-
abling point-to-multipoint network
applications. The RS-232 interface
can be programmed for hardware or
software handshake and communi-
cates with the DTE atup to 9600 bps.
For More Information Circle No. 788

| E ]

(W]

Ultra high friction, low wear.

Precision molded: O.D. tolerances of
0.001" T.I.R. without grinding!

Low volume production & prototypes.
Rebuild-reface existing parts.
Superior to rubber & urethane.

Increase machine speed and productivity
while eliminating downtime.

Proven by twenty years of actual use.

Material ML6 can be applied to any metal surface or provided as a
slip-on assembly. ML6 is available in an assortment of colors and
hardnesses. Send us a sample part to coat and see how ML6 can
solve your friction problem.

P.O. Box 156
Middleton, WI 53562

meridian laboratory
800-837-6010

or 608-836-7571 (FAX 608-831-0300)

For More Information Circle No. 488




ofoItNS READY SOLUTIONS

NEW -
HARD
STANEX MOUNT e
WORKHORSE !

CUSTOM
COOLING

CUSTOM
STORAGE

EDAK cases provide cost-effective protection for
transportable electronics, in transit and in operation,
EDAK cases offer the ruggedized solutions you re-
quire — MiL-spec reliability, shock isolation, EMI
shielding, custom cooling and custom storage. EDAK
also offers off-the-shelf standards (ask for STANEX)
which can be custom retrofitted. And now EDAK of-
fers a new line of HARD MOUNT cases, for solid pro-
tection where shock mounting is not required.

Call our U.S. manufacturing headquarters to discuss
your project’s specifications. Give us your problem.
We'll solve it.
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For More Information Circle No. 655

Did You Know?
it’'s DIOP for

IMAGING OPTICAL ASSEMBLIES

* FOCAL PLANE ARRAYS

3.0-5.0 MICRONS 8.0-12.0 MICRONS

® SINGLE & MULTI-FIELD OF VIEW

® FOCAL LENGTH'S 25-100 MM

® 100% COLD SHIELD EFFICIENT

* {/NUMBERS -1.2 - 3.0, 21MM FORMAT

® INTERCHANGEABLE LENS ASSEMBLIES
* MATCH MOST STANDARD CAMERAS

DIO

Diversified Optical Products, Inc.

282 Main Street, Salem, New Hampshire 03079
Tel. No. (603) 898-1880 Fax 603-898-3970

For More Information Circle No. 553

New on the Market

Industrial Perception Systems Inc.,
Allison Park, PA, has announced an
advanced color-processing machine
vision system called PHOTON that
provides acquisition and processing
operations in RGB or HSI param-
eters. Applications include spatial
processing, edge finding, shade gra-
| dientinspection, color parts sorting,

and color verification, as well as |

standard vision functions such as
defect detection, gauging, sorting,
and robot guidance.

For More Information Circle No. 772

Ahand-held, clamp-on power mea-

| surement instrument that incorpo-
rates both multimeter and oscillo-
scope functions has been intro-
duced by LEM USA, Milwaukee,
WI. The portable ANALYST™ 2000-

| P Power Meter displays DC and AC
current or voltage, true power, and
apparent power in alphanumeric and
bar graph notation, and can display

| voltage and current in oscilloscope-
like waveforms. ]

A scientific workstation providing
| 64 MegaFLOPS performance for
| computer graphics visualization is
| available from Lazerus, Oakland,
CA. The new Visualization Solution
features display resolution from
NTSC/PAL to high resolution; true
| colororsoftware selectability from 1
to 32 bits/pixel; real-time 3D graph-
ics; and real-time, true-color image
| and motion compression/decom-
| pression with an image digitizer.

For More Information Circle No. 776

The HDB gear sets from Harmonic
Drive Technologies, Peabody, MA,

| are compact, end-of-roll mounted

1:1 differential drives that provide
dynamic registration of rotating ele-
ments. Integrating both driving and
| trimming capabilities at the end of
the rolling element, the HDB is suited
| for web presses and other machines
that require constant monitoring and
adjustment of rotating cylinders,
wheels, cams, cutoff knives, and
| indexing devices.

1 For More Information Circle No. 778

For More Information Circle No. 784 |

The VISIONplus-AT Modular Frame
Grabber (MFG) from Imaging Tech-
nology Inc., Bedford, MA, is the first
AT-based image processor to dis-
play a live video image within Mi-
crosoft Windows on a high-resolu-
tion PC display. The MFG combines
plug-on camera interface modules,
an on-board VGA adaptor, flexible
memory architecture, and high-reso-
lution, flicker-free display. It displays
images from virtually any camera
and can be configured for a range of
monochrome, true color, or vari-
able-scan applications.

For More Information Circle No. 766

Banner Engineering Corp., Minne-
apolis, MN, has introduced a photo-
electricsensor that connectsdirectly
to a distributed control network,
eliminating the need for a PLC. The
new OMNI-BEAM™ sensors are in-
corporated into a high-performance,
distributed control system called
Seriplex®that can control up to 510
digital I/O points using only a single
four-wire cable. One Seriplex sys-

tem can replace up to 1024 indi- |

vidual control wires, reducing sen-
sor installation time and expense.

Two ultra-compact, portable GPS
receivers have been introduced by
GARMIN International, Lenexa, KS.

which tracks up to eight satellites
from horizon to horizon forimproved
coverage and precision, and pro-
| vides updates every second. Capable

held units feature reversible ten-route
| storage capacity and AutoStore™

For More Information Circle No. 764

The GPS 55 and GPS 55 AVD use |
GARMIN’s MultiTrac™ technology, |

of speeds up to 695 knots, the hand- |

| for instantaneous waypoint storage. |

‘ For More Information Circle No. 774
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Englewood, CO, has released an
easy-to-use International Semicon-
ductor Directory (ISD) database that
includes over 400,000 devices from
over 500 manufacturers. The cost-
effective ISD database—priced at
$249—describes the components,
provides part numbers and avail-
ability data, and identifies manufac-
turers, sales offices, and distributors.
For More Information Circle No. 762

D.A.T.A. Business Publishing,{

IN* Voice Command, developed by
Command Corp. Inc., Atlanta, GA,

Swearless Tools Corp., Boulder, CO,
has designed a tool for turning line-
fitting nuts that consists of a drive
head and a set of geared sockets that
open to fit around a hydraulic line
and then lock shut for operation. The
heads attach to a range of commer-
cial electric drive tools to provide a
fast and efficient means of removing
! hydraulic lines, installing linefitting,
| and adjusting torque, The tool comes
| with flexible drive shafts that permit
| access to lines blocked by other
| lines or obstructions.

| For More Information Circle No. 760

Imaging Services, Santa Barbara, CA,
offers atomic force and scanning
tunneling microscope services us-

images with true 3D resolution at the
nanometer scale. Scan sizes range
from the atomic scale to 125 mm x
125 mm, and samples can be im-
aged in air or a variety of fluids.

For More Information Circle No. 780

Festo Corp., Hauppauge, NY, has
introduced photoelectric sensors
designed to close the gap between
diffuse sensors and fiber-optic cables.
Only 8 mm in diameter and 56 mm
long, the optical reflex sensors oper-
ateon 10to 30 VDC and feature non-

| contact sensing distances up to 50

mm at 1 kHz switching frequency
| with 100 ma output.

| ForMore Information Circle No. 768
L =
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ing state-of-the-art equipment for |

integrates speech recognition with
Sun SPARCstations to permit voice
control of Sun’s OpenWindows user
interface and voice command input

| to applications running on
SPARCstations. The manufacturer
cites studies that indicate voice com-
mand input can speed up command-
intensive applications such as CAD
by 35 to 40 percent.

For More Information Circle No. 782

’ The industry’s first eight-channel
serial communications controller,
‘called the Enhanced Serial Commu-
nications Controller-8 (ESCC-8), is
available from Siemens Corp., Santa
Clara, CA. The ESCC-8, which re-
duces board space requirements by
15 cm? and system energy needs by
40 mW, can replace up to four two-
channel controllers. Itsupports multi-
master BUS configurations, plus in-
ternational protocolsincluding X.25,
LAPB, ISDN, LAPD, HDLC, SDLC,
ASYNC, and BYSYNC.
For More Information Circle No. 770

Chessell, Newtown, PA, has unveiled
a 250 mm, 56-channel, hybrid strip
chart data processing recorder that
features an unique alphanumeric-
symbolic touch-screen keyboard,
visible only when desired, for front-
panel configuration of all software-
based attributes. The new model

4200 has a three-color vacuum fluo-

rescent display that presents data
clearly as digital readout and on
analog scales. The recorder can pro-
cess data to derive other parameters,
display results on a color operator
panel, trace or log inputs and calcu-
lated values in six colors, scan all

| points for alarms, and update up to
45 trended points in one second.
For More Information Circle No. 786

Industrial Portable Computer

Need to carry a lot of data?
Laptop - Not enough? Rackmount - Too much?

80 MB Hard Disk Drive * (2) 1.44 MB Floppy Disk Drives
VGA LCD, 640 x 480 * 6 slot passive backplane
Complete internal shock mounting ¢ Only 25 Ibs (fully loaded)
' 2 Year Warranty

Now Available with Color TFT Display!

Call now:

1-510-770-8350

1-800-835-1400
“Industrial Computer Trends In Control”

L For More Information Circle No. 410

THROUGH!
Statistical Software & Workshops

PC Software
Free 30 day trial!

BDESIGN-EASE® V2
Find Ee%/ufactors with DOE:
2-level tull & fractionals,
Plackett-Burman. ($395)
"Extremely easy to use,
[lexible and accurate!”

Pro Stat, 12/91 issue, pp17-21.

mDESIGN-EXPERT® V3
Locate peak response with
3D contour plots. Optimize
numerically. Study process
factors (CCD, small CCD,
d-optimal designs) or mix-
ture components ésimplex,
extreme vertices .elens
constrained d-optimals).
Mouse supported. ($795)

} Actual

[ 3D
Mixture
Plot

Workshops (3% day)
$100,000's saved by
Stat-Ease clients!

From 1991 survey. Resuits on file.

mDOE Made Eas
Improve product/process
quality with design of
experiments (DOE). ($995)

mAdvanced DOE

timize via response sur-
gge methods (RER)'I )-($995)

mDOE for Formulations
Mixture designs to ogtlm-
ize your product.($995)

mSPC Made Eas
Eliminate upsets with Dem-
ing's methods. ($795)

Advanced SPC

E
Obtain utmost capability
with special tools. ($795)

Call Now! 800/325-9810

—— STATPASE.

2021 East Hennepin Ave., Suite 191, Minneapolis, MN 55413
Phone (612) 378-9449 « Fax (612) 378-2152
“Statistics Made Easy’;,

Europe: QD Consulting, UK, call 0763-852446
AustralAsia: IQC Associates, Singapore, call 5325575

For More Information Circle No. 493
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ADHESIVE LOWERS
TCE BY 200%

MASTER BOND
EP3OLTE
EPOXY SYSIEM

e

B TCE 12x10°° in/in°C
B Room temperature cure
M Durable, high-strength bonds
to similar & dissimilar materials W@ Low
outgassing properties M Superior chemical resistance
B Low shrinkage upon cure - less than O.0002 in/in
B Outstanding electrical insulation properties B Con-
venient packaging in any size or quantity.

For information,

call or write:

Master Bond Inc.

154 Hobart Street
Hackensack, NJ 07601
201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings

For More Information Circle No. 444

License to exceed
normal limits ___

Fiber-Based Materials

offer limitless possibilities

When you need exceptionally high tempera-

tures, low thermal conductivity or resistance

to chemical attack, choose one of Zircar’s

Zirconia fiber-based materials. Bulk fibers,

flexible textiles, rigid boards or cylinders:

nobody knows how to take Zirconia to the
limit like Zircar!

) |
Zircar

P.0. Box 458, Florida, NY 10921
5 Tel: (914) 651-4481 Fax: (914) 1651-3192
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For More Information Circle No. 521

New on the Market

The Clean Work Station was de- |
signed by HEMCO Corp., Indepen-
dence, MO, to provide individual
users with a contamination-free
work area for medical, pharmaceu-
tical, food and dairy, and electronics
manufacturing applications. Avail-
able in two- and four-foot widths, it
maintains a Class 100 environment
with HEPA filtration that is 99.99%
efficient on .3-micron particles. A
molded fiberglass body contains the
filterand clear plexiglass side panels
with aluminum framework allow
viewing from all sides.

For More Information Circle No.756 |

Arizona Packaging Software Inc.,
Tucson, AZ, has introduced the
AZtec™ system for modeling and
simulation of advanced electronic
packaging designs. The unique sys-
tem provides rigorous solutions for
prediction of pulse shape, delay,

For More Information Circle No. 752

Ananalytical video camera for com- |

| puterized imaging systems was de-
| signed by Image Technology Meth-

ods Corp., Waltham, MA, to provide
exceptionally clean images for a
wide range of low-light-level appli-
cations without resorting to camera
cooling or intensification imaging.
The ITM Model 250-1 SOFCAM™
provides image sensitivity on the
orderof 10 lux, achieved with 98% |
preservation of the dynamic camera
range response.

The latest version of Origin™ scien- ;
tific graphics and data analysis
software from MicroCal Inc.,
Northampton, MA, features an en-
hancement called Active Graphic

1 Objects™ (AGOs) that allows the

user to associate a LabTalk™ script
with a graphical object—moving, |
drawing, or clicking on the object
executes the associated script. AGOs |
can be copied and pasted, stored,
and reused in other analyses.

For More Information Circle No. 748

and crosstalk. It features package
parasitics modeling for interconnect
capacitance, inductance, and skin-
effect resistance; and rapid digital
pulsesimulation for multiple coupled
transmission lines.

For More Information Circle No. 754

tive/parallel processing computer i
built by Loral Defense Systems, Ak-

| ron, OH, isdramatically smallerand

faster than other computers in its
class. Loral’s ASPRO-VME isa modu-

‘ lar, open architecture computer pro- |

grammable in Ada. In its basic con- |
figuration, it consists of three 6U
VME modules and can perform
150 million FLOPS and five billion
operations per second of integer

| arithmetic.

For More Information Circle No. 750

‘L For More Information Circle No. 746

‘ Bubble Alumina is prefired, contains
| An advanced high-speed associa- |

Integrated Systems Inc., Santa Clara,
CA, has released the Xmath™ Signal
Analysis Module (SAM), a CAE envi-
ronment for signal processing and
communications systems analysis.
The Xmath SAM combines the flex-
ibility of custom user design with a
comprehensive library of system and
signal models. It also supports com-
plex envelope analysis to improve
CAE efficiency.

Zircar Products Inc., Florida, NY,
has introduced a rigid, low-density
insulating refractory material that
comprises Zircar Insulating Bubble |
and a refractory cement. The new |

no organics, and is well-suited to
high-temperature applications
where high strength and low ther- i
mal conductivity are required.

For More Information Circle No.758 ‘
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New Literature

The Rodan Division of Ketema Inc.,
Anaheim, CA, has released a product
guide for its advanced industrial ther-
mistors. The 24-page publication
highlightsthe company’s NTC (nega-
tive temperature coefficient) and
silicon PTC (positive temperature co-
efficient) thermistors. Dimensional
drawings, conversion tables, curves,
and flow charts illustrate the prod-
ucts for easy determination of appli-
cations. A glossary is also included.
For More Information Circle No. 702

THERMISTOR
PRODUCT GUIDE

Portescap US Inc., Hauppauge, NY,
has published a 116-page catalog of
escap® motion systems. Featured
products include ironless DC motors
with precious metal commutation
and with “Rotafente” graphite for
high-current commutation, DC mo-
tor drive circuits, brushless DC mo-
tors, sensorless drivers, DC tachom-
eters, and optical encoders. Sample
motor calculations and a compre-
hensive listof technical definitions is
provided.

For More Information Circle No. 706

Level control products, including |
new microwave sensors for solids
flow and point level detection, are
featured in afour-color brochure from
Monitor Manufacturing, Elburn, IL.
Featured products include the non-
contacting SFD-1 solids flow detec-
tor with nonintrusive flush mounting
for use in material handling lines and
feeders; the BBD broken bag detec- ‘
tor which signals when unaccept- |
ably high volumes of particulate
matter pass through baghouse filter
outlets; and the MBB-3 microwave
beam breaker, a noninvasive point
level detector for use with bulk material
or in peak level detection.

For More Information Circle No. 712

Metal single-layer (MSL) superabra-
sive products are described in a four-
page brochure from Amplex Corp.,
Bloomfield, CT. MSL products fea-
ture a crystal attachment that ensures
high performance at low grinding
speeds and with soft or temperature-
sensitive materials. In comparison to
plating, they offer stronger particle
retention and bond uniformity, greater
particle exposure, longer tool life,
andsufficientchip clearance. Amplex
produces products in both diamond
and cubic boron nitride abrasives,
mesh sizes from 20/30 through 270/
325, and three abrasive densities.

For More Information Circle No. 704

3
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A product selection chart to aid MIL-
STD-1553 data bus design engineers
is available from ILC Data Device
Corp., Bohemia, NY. Itprovides quick
reference for monolithic chip, McAir
compliance, monitor, dual redun-
dant, VME-VXI, Unibus, Multibus,
IBM PC bus, Flat Pack, and SEAFAC
testing. The two-sided chart lists over
60databus products, includingsingle
and dual transceivers, bit processors,
RTUs, interfaces, card assemblies,
and testers.

For More Information Circle No. 708

=

A test and measurement handbook
and buyer’s guide from EIL Instru-
ments Inc., Hunt Valley, MD, details
more than 2500 electronic systems
from over 100 manufacturers. The
guide compares features and lists
specifications, prices, and applica-
tions. Products include multimeters,
recorders, printers, data/telecommu-
nications testers, power supplies,
function generators, frequency
counters, and logic testers.

For More Information Circle No. 718

Jemtec Electronics Co., Columbus,
OH, hasannounced an 88-page elec-
trical transducer catalog and engi-
neering guide that provides detailed
specifications, photographs, wiring
diagrams, and application informa-
tion. The guide describes Jemtec’s
signal conditioners, alarms, DC iso-
lation amplifiers, analog-to-pulse and
pulse-to-analog converters, watt

Litton Systems’ Electron Devices Di-
vision, Williamsport, PA, has released
a full-color brochure spotlighting mi-
crowave power devices. In addition
todescribing the company’s research
facilities, it provides selection charts
for medium-power klystron amplifi-
ers and oscillators; magnetrons in S-
band through Ku-band frequencies
including coaxial, vane and strap,
and injection-locked models; and
crossed-field amplifier tubes.

For More Information Circle No. 728

transducers, watt/watthour meters,
and transducer calibrators. A refer-
ence section provides calibration
formulas, application notes, and a
glossary.

For More Information Circle No. 714

Recent advancements in timer/
counter technology are described in
five new application notes from John
Fluke Mfg. Co., Everett, WA. Topics
include the growing importance of
modulation domain measurements
in such applications as frequency-
agile radios and oscillator testing;
sources of error in time interval mea-
surements; characterizing rapidly
changing frequencies and frequency
bursts; and using arming delay.

For More Information Circle No. 724

Matrix Information Services, Lathrup
Village, Ml, has introduced VR Moni-
tor, anewsletter for the field of virtual
reality. Each issue provides news
and analysis of industry activity
worldwide, expert technical tips for
hardware and software, calls for bids
and proposals, application stories,
and new product announcements.
The newsletter focuses on immersive
VR, including head-mounted displays,
position sensing, 3D sound, and tactile/
force feedback.

For More Information Circle No. 722

Emerson & Cuming Inc., Woburn,
MA, is offering a selector guide for its
UNICOAT® line of one-component,
solventless, low viscosity, and low-
stress urethane, silicone, and acry-
late conformal coatings. The coat-
ings provide environmental protec-
tion for printed circuit boards and
electronic components and can be
applied by dip, spray, flood, brush, or
screen methods.

For More Information Circle No. 710

A new design handbook for fixed
frequency filters is available from
Telonic Berkeley Inc., Laguna Beach,
CA. The 32-page publication con-
tains a filter selection guide, fre-

Magnavox Electro-Optical Systems,
Mahwah, NJ, is offering a catalog
highlighting its infrared components,
including a range of dual-opposed
piston splitStirling cryogenic coolers.
The catalog describes the new
MX7045L linear-resonantsplit Stirling
cooler, which utilizes clearance seal
technology, needs no lubricants, and
operates on a 17-32 VDC bus.

For More Information Circle No. 730

quency and bandwidth tolerance
curves, and passband relationship
curves. It also describes Telonic’s
low pass and bandpass tubular fil-
ters; highpass filters; and cavity,
interdigital, combline, and miniature
bandpass filters.

For More Information Circle No. 716

1 inch equipment. The catalog pro-

A 200-page technical manual and
catalog from Environmental Con-
tainer Systems Inc., Grants Pass, OR,
details over 300 standard transport-
able electronic enclosures for 19-

vides design information for enclo-
sures, cases, and reusable contain-
ers; an overview of the company’s
extensive plastic and composite
molding capabilities; and acomplete
color chart. The technical section
features line drawings of components,
dimensions, EMI/RFI/ESD shielding
data for conductive composites, and
shock- and vibration-protection char-
acteristics.

For More Information Circle No. 726

R&B Enterprises, West Consho-
hocken, PA, hasannounced the 1992
edition of ITEM, The International
Journal of EMC. The 384-page design
guide and directory addresses mea-
surement, reduction, and control of
electromagnetic interference and
electromagnetic environmental ef-
fects. Featured sections cover archi-
tectural shielding, filters, TEMPEST,
EMP, lightning, ESD, shielded
cabinetry, and susceptibility sources.
For More Information Circle No. 720

THE INTERNATIONA

NAL OF EMC
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3nels
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To order, circle the corresponding number on the Reader

Action Request Form (page

97).

UKA OPTICAL
PRODUCTS
PLUS

Complete engineering,
design and manufac

NIVERSE KOGAKU (AMERICA), 1N

turing of optical lenses
and optical compo-
nents. Custom design
and off-the-shelf lenses
with superior precision
of computer design

Full sales and customer
service support. Bro-

chure available at your request

Universe Kogaku (America), Inc.

For More Information Circle Action No. 301

FREE

s ENGINEERING
P FINDINGS
» X CATALOG

Featuring 272 pages of
components, materials
and select tools in this
new 1992/1993 catalog
Among the hard-to-find
items are small gauge
304 & 316 type stainless
steel hypodermic tubing,
shrink

stainless steel guide wire, Torx, and metric machine

Teflon tubing,

screws. Will furnish small quantities for R&D, or large
quantities for economical pilot production.

Small Parts, Inc.

For More Information Circle Action No. 302

FIBER OPTICS
EDUCATION
KIT

Laser Tools and Tech-
nics LF-4310 system is
an integrated FO-com-
munications and electro-
optics instruction kit
System integration pro-
vides higher perfor-
mance and more experi
ments at a lower price

The 20 labs cover basic
to advanced fiber prin-
ciples, from cutting fiber to use of lock-in amplifiers and
fiber interferometers.

Saguaro Scientific Corporation

For More Information Circle Action No. 303

“mmmsc | ADVANCED
Sz | COMPOSITE

WORKSHOPS

The brochure describes
six different "hands-on"
workshops in advanced
composite materials
technology covering fab-
rication, tooling, repair,
engineering design for
specialized repairs, and

composites. Emphasis is

on prepreg carbon and
aramid fiber material and processes, utilizing vacuum
bagging and high-temperature curing methods. Work-
shops vary from 3 to 8 days in length

Abaris Training Resources, Inc.

For More Information Circle Action No. 304

ultrasonic inspection of

CVILASER OPTICS | VW
‘AND CoxtvGs. | LASER OPTICS

& |CATALOG

, This new, 300-page cata-

log contains many special
laser optics—femtosecond
mirrors, anamorphic
prisms, ultra-broadband

polarizers—as well as ex-

M CVI LASER

Lo P P8 8 e 848 PYEY

tensive listings of such
other high damage thresh-
oldoptics as lenses, prisms,

mirrors, and wave- plates

CVI Laser

For More Information Circle Action No. 305

WASHERS
= AND
SPACERS

Boker’s 28-page cata-
log ‘92 offers 10,000
nonstandard sizes with
no tooling charges
QOutside diameters are

PR 0.080 to 2.631, with
-~ e numerous inside di-
ameters and thick-
nesses. 2,000 material

variations, including
plastics, create millions of possibilities.

Boker’s, Inc.

For More Information Circle Action No. 306

X FREE DATA
ACQUISITION
SOFTWARE
TOOL

DAQ Designer is a free
software tool that helps
determine the best hard-

ware and software com-

binations fora PC-based

data acquisition system

It will (1) ask questions

about application, (2)

analyze answers to de-
termine a system's needs, (3) describe what hardware
and software is needed to develop the system.

National Instruments

For More Information Circle Action No. 307

NEW
SPECIFICA-
TION CHART
FOR ALUMI-
NUM GAS
CYLINDERS

Aluminum cylinders are
used for the safe storage
and transportation of

compressed gases. Cor-

rosion resistant, light

weight, and preferred for

specialty gases. Specifi-
cation chart and pricing for 23 sizes of cylinders—
from 32 ounces to 20 pounds CO, capacity—pres-
sures up to 3000 psi service pressure

Cliff Impact Div.

For More Information Circle Action No. 308

POTENTIO-
“5% | METERS AND
, DIALS

| Catalog describes full
! line of potentiometers;

- l .
‘ﬁ - linear motion, multi-

| turns and single turns,

- as well as concentric and

digital turns counting

| dials. Engineering draw-

| ings and schematics for

each unit included. Ap-

pendix describes mount-

ing techniques and limit

switches. Information vignettes explain topics such as
linearity, hybrid elements and resolution.

ETI Systems

For More Information Circle Action No. 309
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FAST 950 V
PULSE/DELAY
GENERATOR

The programmable
6040/310H generates
pulses to £950 V at rates
to 1| MHz with 5 ns
risetime. Peak current is
19 A into 50 ohms. The
instrument also functions
as a synchronous digital
delay generator and
double pulse or variable
gate-width source with |
ns-step resolution and 50 ps jitter.

Berkeley Nucleonics Corp.

For More Information Circle Action No. 310

™~

PRECISION
POSITIONING &
MOTION
CONTROL

155-page catalog includes

Precision
Positioning
Components & Systems
e ——

single/multi-axis tables, ro-
tary & high vacuum stages,
air bearings, RS 232 index-
ers, stepper/servo drive
modules, programmable
controllers, customsystems,
system integration, speeds
to I18"/sec., stage travels:

" - 30", and repeatability of | micron.

New England Affiliated
Technologies (N.E.A.T.)

For More Information Circle Action No. 311

ELECTRIC
LINEAR
ACTUATORS

Three series of elec-
tric rodless and stan-
dard cylinders and
controls are covered in
this 136-page catalog.
It provides perfor-

= Eleetric Linear

mance data, compari-
sons, dimensions, and
accessories. Addi-
tional sections provide
sizing and selection design considerations and
applications.

Industrial Devices Corp.

For More Information Circle Action No. 312

ELECTRICAL
TRANSDUCERS

OSI's 80-page catalog fea-
tures their line of UL-listed
products. This line of elec-
trical measurement trans-
ducers and instrumenta-
tion includes transducers
to monitor voltage, cur-
rent, watts, VAR, watt
hour, power factor, phase
angle, and test consoles
for use on ac, dc, or vari-
able frequency power sys-
tems. Also includes complete line of current relays, signal
converters, and current transformers.

OHIO SEMITRONICS, INC.

:!ndnuomg
o
Equipment

Ohio Semitronics, Inc.

For More Information Circle Action No. 313

STANDARD
REFERENCE
MATERIALS
CATALOG

The New Standard Ref-
{ erence Materials catalog
| from NIST lists some
1300 SRMs in 70 major
categories. SRMs are
well-characterized mate-
rials produced to im-
prove measurement sci-
ence and serve industry.

National Institute of Standards
and Technology

For More Information Circle Action No. 314

MAS 1000

Compact M& Matrishs Anslysbs

COMPACT
MeV
MATERIALS
ANALYSIS

This brochure describes
the MAS1000 analysis
instrument, which per-
forms elemental analy-
sis, depth profiling and
channeling in crystals.
In most cases the analy-
sis is non-destructive
and quantitative. The
brochure describes the
capabilities of standard RBS analysis as well as other
analytical techniques capable with the MAS1000.

National Electrostatics Corp.

For More Information Circle Action No. 315

REAL-TIME
NETWORK

The SCRAMNet™ net-
work combines the
real-time speed of
replicated  shared
memory with the flex-
ibility of a fiber optic
LAN to get microsec-
ond response from
multi-vendor comput-
ers. It offers distinct
advantages in critical
simulations. Brochure highlights system’s features.

Systran Corp.

For More Information Circle Action No. 316

TEMPERATURE
SENSORS

Bulletin TS-102 features
resistance temperature
detectors (RTD's), ther-
|* . mocouples, and transmit-
| ters for precision tem-

® TEMPERATURE SENSORS

| perature sensing. Shown
are sensor probes and ac-
cessories, stator and bear-
ing detectors, and flex-
— ible Thermal-Ribbon™

sensors. The 104-page
bulletin includes a list of stock models, technical data,

MINCO

and a custom design guide.

Minco Products, Inc.

For More Information Circle Action No. 317

COATING
ADHESION
TESTERS

Measures the strength
of paints, coatings, and
adhesives, Surface can
be smooth, rough, or
porous. True tensile
strength is measured
with a pneumatic pis-
ton, up to 10,000 psi
Analog and digital
models meet ASTM
D4541.

SEMicro Corp.

For More Information Circle Action No. 318

1992 DATA
ACQUISITION
CATALOG

From Keithley Metra-
Byte—new free 288-
page catalog describ-
ing Data Acquisition
hardware and soft-
ware. The catalog pro-
vides facts om all plug
in boards, Data Acqui-
sition Software, IEEE-
488.2 interfacesand PC
instrumentation for IBM PC and Micro Channel.

CATALOG &

o e

|
J

Keithley MetraByte

For More Information Circle Action No. 319

REVIEW
OXYGEN
ANALYZERS

A four-color brochure

O, ANALYZERS

introducesa line of oxy-
gen analyzers for the
aceumar oevous macas
O o e ot o
o

laboratory or process
line. Suited for moni-

toring the oxygen lev-
els in all types of gas
streams, Trade oxygen

levels from ppbto 100%

are accurately deter-

mined by these ruggedly
constructed instruments. No periodic maintenance or
special operator skills required. Intrinsically safe and
battery-operated versions are also available.

lllinois Instruments, Inc.

For More Information Circle Action No. 320

1992
NEWPORT
CATALOG

It's here! The new 1992
Newport Catalog! Our
' 560-page catalog fea-

M NEWPORT

tures a complete line of
optics, instruments, me-
chanical positioners for
optics and fiber optics,
= optical tables, motion
control products and
bio-instrumentation.

Newport Corp.

For More Information Circle Action No. 321
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AIR FORCE
INDUSTRIAL
BASE TECH-
NOLOGY
TRANSFER
BULLETIN

Recurring publication
highlights applications
of industrial technolo-
gies with proven or
probable worth to in-
dustry and the Air
Force. Also airs initiatives within the Air Force Industrial
Base Program, and provides an awareness of technologies
and initiatives to foster an interaction between industry
and the government to benefit the defense industrial base.

For More Information Circle Action No. 322

o FIBROUS
CERAMICS
l Manufacturers & fabrica-
tors of high-performance,
high-temperature fibrous
ceramic thermal, electri-
cal, and structural insula-
tion products. Fiber types
offered include: zirconia,
alumina silica, and other

FIIADUS CERAMICS

High Temperature Fibrous Ceramic
Thermal, Electrical, Structural
Insulation Products

refractory oxide compo-
| sitions. Product forms in-

clude: bulk fiber, powders,

cements, hardeners, felts,
cloths, papers, boards, cylinders, ceramic composite
shapes, and engineered insulation assemblies in standard
and custom shapes. Heating elements and accessories are
also available.

For More Information Circle Action No. 323

VXlbus
PRODUCTS
CATALOG

Free catalog details
KineticSystems’ exten-
sive VXIbus (VMEbus
Extensions for Instru-
mentation) product line,
including new analog
and digital VO, count-
ers, pulse generators,
signal conditioners,
transient recorders, and
ARINC-429 and MIL-STD 1553 interfaces.

X1 Product Catatog

Ik\.

KineticSystems Corporation

For More Information Circle Action No. 324

7 ' LASER PUMP
e ' CHAMBER

. GUIDE
. Designing your own la-

ser, or have specific re-
quirements? KENTEK
i has high efficient state-
| of-the-art single, dual,
four flashlamp pumped
water cooled units, for
rods from 2mm to 10mm
diameter. Custom and
OEM requirements.

KENTEK Corporation

For More Information Circle Action No. 325

WORK
STATIONS,
LAB
FURNITURE

20-page illustrated guide
covers the Teclab line of
technical work stations and
laboratory systems furni-
ture. Included are versatile
work stations of different
lengths, combined with a

choice of cabinets, shelves,

parts drawers, partitions,

and accessories. Typical

arrangements and dimen-
sions are shown. The catalog describes work surfaces,
and has a convenient color selection guide.

Teclab

For More Information Circle Action No. 326

NEW HIGH
PERFOR-
MANCE DMM

Keithley offers a new
high performance DMM
with 18 functions and
7Y: digit resolution
The Model 2001 has
18 ppm DCV accuracy,
0.03% ACV accuracy,
and 2000 readings/sec.

It also measures 1 Hz -

2 MHz ACV band-
width, peak spikes, AC crest factor, and frequency
from | Hz - 15 MHz.

Keithley Instruments, Inc.

For More Information Circle Action No. 327

] DRY LUBRI-
HI-T-LUBE’ | CANT PRE-
VENTS WEAR

Syneraistic Coating

Literature delineates the
HI-T-LUBE™ dry-film
lubricant coating for

* gears, bearings and
other metal parts solves
h wear, galling and fret-
¢ i ting problems at high
and low operating tem-
peratures. Works under
high compression loads,
in a vacuum, and in high radiation environments
Consists of a matrix of metallic layers and becomes a
permanent, integral part of the base metal.

General Magnaplate Corp.

For More Information Circle Action No. 328

PROGRAM-
MABLE
MOTION
CONTROLLERS

16-page catalog de-
scribes full line of servo
motion controllers. In-
cludes box-level indus-
trial controllers; multi-
axis plug-in boards; and

Moving Toward Tomorrow ;
el v o Sy low-cost, single-axis

motion cards. PC/XT/

AT, STD, VME and RS
232 interfaces available. Linear and circular interpola-
tion, gearing, programmable 1/0, and memory. Also
power amplifiers, servo motors and support software.

Galil Motion Control, Inc.

For More Information Circle Action No. 329

B FREE

J DESIGN AID

Save layout time and
eliminate detailing with
this 16-page template
. - o catalog. This catalog
F2 shows full size drawings
of many tooling com-
ponents used in design-
ing jigs and fixtures. It
includes spring & ball
plungers, nuts, bolts,
washers, knobs and
many otheritemsall with
sizes and part numbers. Also included will be a copy
of the current catalog listing prices of all items.

TRACING TEMPLATES

Toaling Camponens lor Jigs and Fistures

Northwestern Tools, Inc.

For More Information Circle Action No. 330

CONSTANT
TEMPERA-
TURE BATH/
CIRCULATORS

NESLAB Instruments
offers an entire line of
constant temperature
bath/circulators for life
science applications
suchas cell culture, elec-
trophoresis, incubation,
diffusion, amino acid
analysis, etc.

NESLAB Instruments, Inc.

For More Information Circle Action No. 331

DATA
ACQUISITION
SYSTEMS
CATALOG

Both general and special-
ized data acquisition sys-

High Accuracy High Speed
Oata Acquisition Systems
with built-in

Processing & Analysis

ET tems are set forth in this
*- new catalog from Hi-

Techniques. Modular in
ﬂﬁ design, these products

contain all the software

for acquisition of signal
data, calculation of data

parameters, and output of finished documentation for
both research and routine test applications.

Hi-Techniques, Inc.

For More Information Circle Action No. 332

DESIGN &
CIRCUIT
BOARD
MANUFACTURE
Douglas CAD/CAM
Professional System for
circuit board design on
the Macintosh computer
includes schematic cap-
ture, digital simulation,
parts placement, manual
and autorouting. Designs
can be printed, plotted,
or translated to Gerber or Excellon files. Manufacturing
and photoplotting also available directly.

Douglas Electronics

For More Information Circle Action No. 333
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| CLAMPING

i AND
| WORKHOLDING
| DEVICES

| Featuring 80 pages of
| clamping and work-
[ holding devices, this
i new De-Sta-Co catalog
| covers the company's

full line of manually and
\ power-operated toggle

clamps. Also portrayed

is their Hydra-Dyne line
of air/hydraulic clamping systems and a number of
unique workholding devices.

De-Sta-Co

For More Information Circle Action No. 334

LISTS
FEDERAL
CONTRACT
ACTIVITY

Get federal prime con-
tracts on CD-ROM toiden-
tify new sales leads, sub-

Make Winning
Decisions . ..
OSSR

Contracts |

contracting opportunities
and teaming partners. CD-
ROM lists all activity on
90,000 annual federal con-
tracts; 45,000 vendors;
2,500 product categories;
Requires

900 purchase offices; 200 federal agencies.
IBM-compatible desktop with 512K RAM.

Eagle Eye Publishers

For More Information Circle Action No. 335

TURBO-
MACHINERY
ENGINEERING

Free brochure shows
how companies that
produce or operate
compressors, pumps, or
turbines can benefit
from NREC’sadvanced
engineering consulting
expertise, specialized
CAE/CAM software,

and precision manufac-
turing services

Northern Research
and Engineering Corp.

For More Information Circle Action No. 336

DATA
ACQUISITION

| AND COMMU-
NICATION
HANDBOOK

Quatech’s 1991-1992
handbook features 86
pages of the latest infor-
mation on our complete
line of communication,
data acquisition, and
waveform synthesizers.
Most products are avail-
able for PC XT, AT, and MicroChannel buses. Software
available.

Quatech, Inc.

For More Information Circle Action No. 337

LASER
COMPONENTS
-UVTO IR

A 32-page catalog of opti-
cal components and coat-
ings for ultraviolet, visible
and infrared applications,
including lenses, windows,
prisms, beamsplitters, mir-
rors, and filters. Broad
range of zinc selenide, ger-
manium and silicon optics
for CO, lasers. Specialists
in uplic;]l coatings for high-
power applications.

Laser Optics, Inc.

For More Information Circle Action No. 338

CALORIM-
ETER OFFERS
CALIBRATION
STANDARD

Bird Electronic Model
6091 is a high-accu-
racy, broadband RF
power calorimeter. Ma-
jor application benefits
include accuracy, re-
peatability and trace-
ability. The Model 6091
is a calibration standard
with +/-1.25% measurement uncertainty. The unit's
measurements are repeatable over time and the model
6091 is traceable to NIST standards.

BIRD Electronic Corp.

For More Information Circle Action No. 339

HIGH ACCURACY, BROADBAND
RF CALORIMETER

PROGRAM-
MABLE
POSITION
CONTROL

A complete 416-page
engineer’s guide with
il specifications, dimen-
sions, and performance
data presents brushless
servos, microstepping
motor systems, indexers,
linear motors and abso-

lute encoders.

Compumotor Div.,
Parker Hannifin Corp.

For More Information Circle Action No. 340

POSITIONING
| SYSTEMS AND
COMPONENTS

Daedal’s 200-page catalog
provides specifications for
cross roller and ball slides;
| center and side drive cross
roller tables; closed and
open frame motorized
| tables: rail tables; manual
and motorized rotary tables;
digital micrometer stages;
single- and multi-axis mo-
tion controllers; half step, microstepping and servo motor
drives; and optical positioners and hardware.

Daedal Div.,Parker Hannifin Corp.

For More Information Circle Action No. 341

INDUSTRIAL
WORKSTA-
TION GUIDE

Pro-Log's new 300 Se-
ries line of workstations
includes four models
The top-of-the-line
model is based on a 25
MHz 80486 processor
running MS-DOS 5.0.
Other models feature a
- 25 MHz 386SX/AT, a
20 MHz 80C286, or an
integrated PLC (IPLC) configuration, Designed for use
in all industrial environments.

\ndustrie!

Pro-Log Corp.

For More Information Circle Action No. 342

ACTUATOR
. “2’”:""5 BROCHURE

This guide makes linear
and rotary voice coil se-
lection easy. Features
motor and winding con-
stants for BEI's compre-
hensive, high-perfor-
mance actuator line. De-
tailed dimensional in-
formation includes size,
mounting, configura-
tion and lead termina-
tion. Available in stan-
dard, modified or custom designs.

BEI Motion Systems Co.,
Kimco Magnetics Div.

For More Information Circle Action No. 343

LAB/TEST
OVENS
BULLETIN

A 20-page catalog (Bulle-
tin 3610) describes lab/test
ovens manufactured by
Applied Test Systems. Ov-
ens available in box and
split-box types, and stan-
dards plus custom ovens.
Features include: stainless
steel shell, uniform tem-
perature, fast heat-up, low
power consumption, low shell temperature, rigid construc-
tion, and temperatures from -300“F to + 1150°F.

Applied Test Systems, Inc.

For More Information Circle Action No. 344

ELECTRONIC
HARDWARE
CATALOG

Broadest selection of
hardware for electronic
assemblies. 300-page

NE WEEK
ELIVERY!

SCILS, O

free catalog includes a
full range of standoffs,
captive screws and
nuts, chassis fasteners,
handles, ferrules, spac-
ers and washers. Spe-
cial sections—new/un-

usual products, metric information, and Mil-plating
specifications. Full inventory, fast turnaround, samples.

Accurate Screw Machine Co.

For More Information Circle Action No. 345
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_ | INSTANT
w8 connecTor/
e e | POTTING KIT

Quickly make durable,
inexpensive copies of

THERE ARS
A MaLON
- Nes
UTTLE 80X
countless connector con-
figurations for test, pro-
totype and R&D appli-
L cations. Using connec-
(S
tor contacts and polyeth-
ylene cartridges, a con-
nector mate can be injec-
tion molded on the spot.
Adhesive cartridges can also be used for encapsulation or
spot bonding.

Wiring Analyzers, Inc.

For More Information Circle Action No. 346

TOOLING

p&:h COMPONENTS
& EQUIPMENT

New 346-page catalog of-

fers full range of tooling
components and equip-
ment. ltems include
handwheels,
knobs, spring & ball plung-
o | ers, leveling pads, clamps,
set-up accessories, locating

handles,

devices, cutting tools, riv-
ets, thread inserts, hard-to-
findtools, and metric items.
Contains specifications and pricing. Items are stocked for

same day shipment.

Reid Tool Supply Company

For More Information Circle Action No. 347

201,000 Reasons Why
Your Ad Belongs Here

NASA Tech Briefs'Literature Spotlight sec-
tion offers a low-cost way to reach over
201,000 industry and government LEAD-
ERS with your advertisingmessage. These
are technology managers, design engi-
neers, and scientists with tremendous buy-
ing power. The October 1992 issue is your
next opportunity to use this high-impact
sales tool. For more information or to re-
serve space in Literature Spotlight, contact
your NASA Tech Briefs sales representa-
tive (listed on page 10 in this issue) or call
Joseph Pramberger at (800) 944-NASA.

For More Information Circle Action No. 348

3kW HV
GENERATOR
FOR X-RAY
DIFFRACTION

New XRD power supply
is for x-ray diffraction
and similar applications.
The supply is capable of
0-60 kV, 0-80 mA at
3 kW max and contains
=1 the filament supply and
emission loop. This unit

incorporates adjustment
for both high voltage and emission current, fail safe
interlock, fail safe x-ray on lamp circuit, water flow, and
extensive remote interface capabilities.
Spellman High Voltage Electronics Corp.
For More Information Circle Action No. 349

AIR FORCE
MANUFACTUR-
ING
TECHNOLOGY
PROJECT
BOOK

Brief descriptions of over
200 upcoming, active,
and completed Air Force
MANTECH programs.
" Areas covered include

MANTECH
PROJECT

metals, nonmetals, elec-
tronics, CIM, concurrent engineering, repair technol-
ogy, and manufacturing science. Learn more about tech-
nologies available for transfer to the industrial base.

Lawrence Associates, Inc.

For More Information Circle Action No. 350

4kW HIGH
VOLTAGE
POWER SUPPLY

Extremely compact and
rugged power supply in
voltages from | kV to 60
kV at 4 kW. The SA4
is housed ina 5%" H x
19" W x.22" D rack
mountable chassis. The
supply provides 0.1%
ripple, 0.005% voltage
regulation, 0.05% current
regulation and low EMI and RFI due to sine wave
conversion. Flexible remote interface is standard. Float-

‘Secios Resonant Convarter
NV Power Suppies.

|

ing filament supplies are available.
Spellman High Voltage Electronics Corp.

For More Information Circle Action No. 351

| FastCAD-
POWERPACKED
WORKHORSE
FOR CAD

FastCAD works for you!
Savetime and money with
FastCAD's blazing speed
and dynamic user inter-
face. If you are serious
about generating fast, de-
tailed CAD drawings,
then request our free in-

formation.

Evolution Computing

For More Information Circle Action No. 352

PORTABLE
CABLE,
SLEEVING &
WIRE MARKER

The Hotmarker is a high
quality low cost foil
marking system. Dial
thousands of different
character combinations
or change imprint color
in moments in produc-
tion or on the job. Mark
almostany material from
AWG#20 to 5/8" O.D. cable and shrink sleeving.

Wiring Analyzers, Inc.

For More Information Circle Action No. 353

e AAOEON
CONTROL
HANDBOOK

Four-color 44-page
book sets forth the basic
DSP fundamentals: mo-
tion controller, servo fil-
ters, background PLC,
circular interpolation
@ moves, blended moves,
cubic spline moves. In-
cludes 10 progamming
examples. Summarizes
PMAC command and
variables with G-code section. Details PMAC's options
and accessories together with PMAC's hardware and

Progranimable Multi Axis Controfier

software.

Delta Tau Data Systems, Inc.

For More Information Circle Action No. 354

WORKMAN-
SHIP
STANDARDS
MANUALS

Workmanship Stan-
dards were developed by
Martin Marietta touse as
guidelines in manufac-
turing electromechani-
cal and electronic sys-
tems that perform to ex-
acting government/de-

fense requirements. Pho-
tographs and clear instructions provide the individual
with a clear definition of what is required on the produc-
tion line and in training programs,

Martin Marietta Information Systems

For More Information Circle Action No. 355

LISTS BOOKS,
PROCEEDINGS,
JOURNALS

Free 1992 publications

3 catalog lists books, con-
: ference proceedings, and

! = journals available direct

} from the publisher. Sub-

ject categories include:

d telecommunications, con-

trol engineering, elec-

1992

PUBLICATIONS
CATALOG

tronic devices, electro-

magnetic waves, electri-
cal power systems, computing and signal processing, and
much more.

The Institution of Electrical Engineers

For More Information Circle Action No. 356

PSRN COMPUTER
TSN GRAPHICS
: SERVICES

Brochure shows how to
communicate ideas, sell
proposals, evaluate de-
signs, and display fin-
ished products. Work-
ing with your concepts
and CAD files, we use
IGRAP™ and Wave-
front, as well as custom
graphics applications, to
create 3-D photorealistic animations on broadcast qual-
ity or VHS videotape.

Graphics Simulation Group, ATR

For More Information Circle Action No. 357
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rcame ey

PTFE IMPREG-
NATED HARD
ANODIZE

An electrochemical pro-
cess for building a lubri-
cative aluminum oxide
\.U;Hlﬂ!: on aluminum for
better wear and mold re-
lease qualities. HARD-
TUF hard anodizes with
aluminum and then im-
pregnates the surface with
our PTFE lubricants. The
surface becomes resistant

to abrasion and corrosion, exhibits high dielectric strength
and resistance to chemical attack in addition to superior

Tiodize Co., Inc.

For More Information Circle Action No. 358

release.

MICROFOCUS
X-RAY
SOURCES

The KM series microfocus
x-ray tubes and power sup-
plies offer focal spots of 10
microns CU\CF"‘I:J a range
of operating voltages up to
160 KV. Ideal for inspec-
tion of printed circuit
boards and mechanical
parts, the PXS series fea-
ture self-contained tube

and high voltage supply
with spot sizes of 10 microns and a range of voltages up to
70 KV. They are suitable for portable use operating from a
12VDC source.
Kevex X-Ray

For More Information Circle Action No. 359

SOFTWARE
FOR ELEC-
TROMAG-
NETIC DESIGN

The legendary vector
fields suite of software
combines classical fi-
nite element techniques
with user friendly inter-
active graphics in 2D
and 3D for high accu-
racy simulation and de-
sign of all type of elec-
tromagnetic equipment

\F VECTOR FIELDS

Vector Fields, Inc.

For More Information Circle Action No. 394

FREE FOAM
SAMPLE
MATERIALS

Ingluded are separate speci-
fication sheets, as well as a
standard-grade property
comparison chart listing
sizes, densities, strengths,
and other properties for the
usage and selection of
foams. Sample pieces fea-
ture: Volara—irradiation
crosslinked polyolefin,

Volara S-types—second-generation cross-linked foams,
Volextra—acomposite that has beenenhanced, and Minicel.

Voltek, Div. of Sekisui America Co.

For More Information Circle Action No. 361

HIGH-
RESOLUTION
| DATA
ACQUISITION

FREE booklet shows

many ways to auto-
mate data collection
using your personal

computer. It comes with

a FREE Instatrend Real-
| Time Graphics Demo
Disk.

Dianachart, Inc.

For More Information Circle Action No. 362

STANDARD
PLASTIC
FASTENERS &
COMPONENTS

High technology plastic
fasteners and compo-
nents for the electron-
ics, computer, aero-
space, communications,
chemical, and commer-
cial markets. New cata-
log No. 2004 describes
our standard products:
screws, washers, nuts, spacers, bushings, pipe fittings,
caps, snap fasteners, clamps, manufactured in state-of-
the-art plastics.

Craftech Industries, Inc.

For More Information Circle Action No. 363

8.5" & 10"
SUPER-VGA
COLOR
MONITORS

These Super-VGA moni-
tors offer 800x600 resolu-
tion 8.5" SONY Trinitron
or 10" Hitachi CRTs.
Available in tilt and
swivel enclosures, indus-
trial metal enclosures, or
open frame chassis. Also
come in standard indus-

Modgraph

trial 19" rack assemblies with single monitor mount or
dual side-by-side monitor mount. Touch screens and
12/24 VDC power optional

Modgraph, Inc.

For More Information Circle Action No. 364

NOISE
CONTROL
PRODUCTS

New color brochure de-
scribes SONEX and
SONEX | sound-absorb-
ing materials with pat-
ented shapes that control
noise better than standard
acoustical treatments.
Brochure explains basic
noise control techniques
and presents many forms,
sizes, and colors of SONEX products for industrial,
office and OEM noise control. Brochure shows applica-
tions and includes information on acoustical performance

llibruck, Inc.

For More Information Circle Action No, 395

SONEX

LVDT TRANS-
DUCER
DESIGNER'S
HANDBOOK

Sourcebook for LVDT
gauging and displace-
ment transducers as well

LVOT Transducer
Designer's Handbook

as conditioning electron-
ics. This 74-page, spiral-
bound guide highlights
product features, benefits
and specifications of
LVDT transducers. In-
cludes electronics features
and compatibility charts, product technology overview, ap-
plications diagram and glossary to help provide design solu-

tions.
Schlumberger Industries

For More Information Circle Action No. 396

INCREASE
VACUUM
PROCESS
PRODUCTIVITY

This free brochure fea-
tures productivity enhanc-

Granville-Phillip

INg vacuum gauges, con-
B trollers and valves used to
Overvaow measure and control pres-
sure from atmosphere 1o
ultra-high vacuum. The

instrumentation can be

configured to your spe-
cific application needs.

Granville-Phillips

For More Information Circle Action No. 367

| e R HIGH
Vimsenstroké RESOLUTION
— FLOW
VISUALIZATION

The Laserstrobe™ offers
ultra short pulse width,
high intensity visible light
at high framing rates
(32kHz). Applications
include: ballistics, wind
tunnel studies, spray
analysis, particle image
velocimetry, flow visual-
ization, and engine and combustion analysis. For imme-
diate response call 1-800-222-3632.

Oxford Lasers, Inc.

For More Information Circle Action No. 368

SOFTWARE
SOLUTIONS
CATALOG

New catalog features
38 innovative software
packages developed and
tested within AT&T.
Applications include
communications, opera-
tions and network man-
agement software, de-
velopment and perfor-
mance tools, math/stat

AT&T
SOFTWARE
SOLUTIONS

CATALOG

INOVATION YOU CAN DEFEND ON

I

packages, and more, for various platforms/systems. Ideal
source for remarketers and end users.

AT&T Software Solutions Group

For More Information Circle Action No. 369
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THERMO-
COUPLES,
MAKE YOUR

OWN

The HOTSPOT allows
thermocouple wire to be
formed into freestand-
ing junctions, or welded
to metal surfaces. It pro-
vides a simple means of
fabricating thermo-
couples "when needed
and where needed”.
Brochure and specification sheet available.

DCC Corp.

For More Information Circle Action No. 397

MAKE YOUR OWN

GPS TIMING
FOR PC AND
VMEBUS

This information folder
from Bancomm de-
cribes new PCbus and
VMEbus board-level
Global Positioning Sys-
tem (GPS) Satellite Re-
ceivers. These products
provide world-wide pre-
cision time (100 nano-

GPS TIMING
FOR PC AND VMEBUS

second) and frequency
(1 part in 10E7) refer-
ences inside the host computer.

Bancomm

For More Information Circle Action No. 371

SCIENTIFIC
AND
ENGINEERING
SOFTWARE
TOOLS

A demo-disk and cata-
log is available for the
Quinn Curtis line of
scientific and engineering software tools for C and

Pascal programmers. Scientific charting, numerical
methods, real-time graphics, measurement and con-
trol, and huge virtual array libraries are discussed in
detailed data sheets.

Quinn-Curtis

For More Information Circle Action No. 372

| TUFOIL OIL
 ADDITIVE—
| SLIPPERIER
THAN TEFLON

So unique, it's patented.
Spectacular low friction
and wear confirmed by
U.S. Government lab.
Next time you change
| your oil, change it into a
| patented engine treat-

ment. Enjoy fast starts,

smooth operation, better
acceleration, and longer engine life. Lubrication is our
business!

Fluoramics, Inc.

For More Information Circle Action No. 398

HIGH-
PERFORMANCE
ALLOY

Elgiloy® is a high-per-
formance nickel-cobalt
alloy. This brochure de-
scribes its characteristics
and properties as well as
processing information.
Elgiloy® is offered in
stripand wire and is used
in a variety of special-
ized applications.

Elgiloy® Limited Partnership

For More Information Circle Action No. 374

SUPER-VGA
PORTABLE
WORK-
STATIONS

The Modegraph portable
workstations are 800x600
resolution, 256 color Su-
per-VGA portables. Pow-
ered by 386 or 486 pro-
cessors, all equipped with
2-4 16-bitexpansionslots,
harddrivesto 540 MBytes,
and built-in5.25" and 3.5"
diskette drives. Included are an external VGA monitor port
supporting resolutions up to 1024x768 , and one parallel and
two serial ports.

Modgraph, Inc.

For More Information Circle Action No. 375

Modgraph

STEREOVIEWING

HANDBOOK
77-page CrystalEYES
Handbook shows how en-
gineers and scientists use |
proprietary stereoviewing
hardware for scientific vi-
sualization, molecular
modeling, mapping,-
CAD/CAM/CAE, remote ,
video. Users increase de-
sign productivity, reduce
time to market, improve
design implementations,.
understand complex images on all workstations.

StereoGraphics Corp.

For More Information Circle Action No. 376

OPTICAL
REFERENCE
CATALOG

Edmund Scientific's free
204-page, full-color an-
nual reference catalog
features one of the largest
selections of precision
optics, and optical instru-
ments, plus a complete
line of components and

accessories for both large

volume OEM users as well

as smaller research facili-
ties and optical laboratories. It contains over 8,000 hard-
to-find items.

Edmund Scientific

For More Information Circle Action No. 377

SPACE
PRODUCTS
AND
CAPABILITIES

Descriptions and speci-
fications of Motorola's
space products and ca-
pabilities, for both space
and ground support
equipment. Opens into
a colorful wall chart

. showing the history of
Motorola and electronic products.

Motorola Strategic
Electronics Division

For More Information Circle Action No. 378

oz INTERNA-
TIONAL SEMI-
CONDUCTOR
DIRECTORY

DATABASE

The ISD database pro-
vides part numbers, manu-
facturers, and distributor
istings in a logical com-
puter database. Featured
are 400,000 semiconduc-
tors from over 500 manu-
facturers and is designed
for IBM®PC®/ATs-286/386/486 or compatible and can
be installed on a Novell®network. Order before August
31, 1992 at the introductory price of $249.

D.A.T.A. Business Publishing

For More Information Circle Action No. 379

CATALOG
COMBINES
ESQ AND
EMCOR |
ENCLOSURE
LINES

Emcor Products describes
its ESQ and Emcor 1
modular enclosure sys-
tems in this free, color
catalog. This inclusive,
72-page catalog summa-
rizes new options, features metric conversions, dimen-
sional diagrams, and contains an easy ordering guide.

Emcor Products

For More Information Circle Action No. 380

LABORATORY
CORROSION
TESTING

Corrosion laboratory
| : provides testing of met-
| | als, alloys, composites,
coatings. Capabilities
include: bench-top, elec-
| trochemical, autoclave,
[ stress corrosion crack-
ing, erosion-corrosion,
corrosion fatigue, salt

— spray evaluations. Stan-
dardized or custom-designed testing is available.

h Cus'_s

" laGueCenter |

LaQue Center For Corrosion
Technology, Inc.

For More Information Circle Action No. 381
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FREE DEMO
DIGITAL SINE
VIBRATION
CONTROLLER

First in a series of low-
cost Expansion Card &
5 Software Packages from
. 1:_ VTS converting 386 DX
. = personal computer to a
Digital Sine-Servo Vibra-
tion Controller. The DSC-
loffers easy set-up, simple
operation and low-cost. It
has a full-color screen. A DRC-I Random Controller
conversion will be available in October '92. VTS produces
Vibration Test Systems from 25 to 600 pounds force.

Vibration Test Systems

For More Information Circle Action No. 382

MEASURING
MASS FLOW

ABB K-Flow® Coriolis
meters measure mass flow
at 0.25% accuracy: plus
they also measure density,
temperature, multi-phase
constituency (% solids/lig-
uids/mass), specific grav-
ity, net flow and concen-
tration. For flows from a
few cc's to 2,500 Ibs/min.,
for hundreds of fluids,
ABB K-Flow®meters are economical and unmatched in
capability. Engineering data package available.

ABB K-Flow, Inc.

For More Information Circle Action No. 383

"
10 Next Genseration

. ARB

TEFLON SEAL
DESIGN
MANUAL

Describes seals made
from PTFE AND PTFE
based compounds for
rotating, reciprocating,
and static applications.
Lists seals in inch, met-

BAL SeAL W2

ric, and custom sizes.
Coverage explains seal
types, unique spring
loading operation, ma-
terial compositions, correct selection, and typical ap-
plications. Sections detail surface finishes and installa-
tion procedures.
Bal Seal Engineering Co., Inc.
For More Information Circle Action No. 384

- o -

IR
CALCULATOR

AND CATALOG
EG&G Judson's IR calcu-
lator is an easy to use slide
rule with instructions for
calculating spectral char-
acteristics of blackbody
sources without complex
analysis. Together with
Judson's IR catalog, it can
be used to determine the
ideal detector type for dif-
ficult applications. Judson's 49-page catalog features a
full range of detectors and accessories for the 0.8um
to40um wavelength region.

EG&G Judson

For More Information Circle Action No. 385

INVESTMENT
CASTINGS

PMI brochure describes
our ferrous & nonferrous
investment castings. Near-
net-shape, internal com-
plexity, great surface fin-
ish designed in for parts
10 pounds or less. 200 al-
loys, withexpanded capac-
ity for aluminum & ductile
iron. Engineering & pro-
totype services.

Precision Metalsmiths, Inc.

For More Information Circle Action No. 386

MULTILOOP
PID
CONTROL-
LERS

Reports show ANA-
FAZE offers multi-loop
PID controllers from 4
upto512PID loops. All
take T/C, RTD, Infra-
red, mA and mV sensor
inputs, and offer all the

MLS
MODULAR LOOP, f‘«s TEM

popular control fea-
tures, including Auto-
tune. Special strengths are communications I/O, with
controllers networked with ANASOFT™ PC-software
as well as most other control s/w packages.

Anafaze Measurement

& Control
For More Information Circle Action No. 387

B92 CATALOG
This new catalog coin-
cides with Berg's silver
anniversary. Founded in
1967, Berg is a leading
manufacturer and sup-
plier of miniature preci-
sionmechanical compo-
nents. B92 includes ex-
panded product lines as
well as new items. Fea-
turing 60,000 standard
components, 80% of
which are shipped from stock. The new metric ver-
sion of catalog M92 follows in September.

W. M. Berg, Inc.

For More Information Circle Action No. 388

COSMOS/M FEA
TOOLS

Full function modular fi-
nite element analysis sys-
tem offers mainframe ca-
pabilities on the desktop
fordesign, analysis and op-
timization. Performs stat-

i

— ics, dynamics, nonlinear,
"S5 | heat transfer, fluid flow,
. electromagnetics and de-

sign optimization. FREE
50 note working version.

Structural Research and
Analysis Corp.

For More Information Circle Action No. 389

FREE
CATALOG
AND
APPLICATION
NOTES

VXlbus is the solution
toautomatic instrumen-

SOLUTIONS

tation needs. Learn
about the latest instru-
mentation standard.
Racal-Dana is a de-

RACAL
nTh oN
R TAUMENTAT

signer, manufacturer
and integrator of VXIbus
products and systems. They include: mainframes,
switching, digital, time and frequency, RF products,
breadboard prototyping, and integration services.

Racal-Dana Instruments, Inc.
For More Information Circle Action No. 390

ABRASIVE

BLAST SYSTEM
The Micro-Jet 200 is a
miniature, low-cost sys-
tem for the shockless ma-

chining, cutting, and etch-
ing of the hardest materi-
als such as glass, ceram-
ics, gem stones, carbides.
Employing a pressure feed
system for producing the
air/abrasive jet, its opera-
tional performance is the
equal of more expensive
competitive systems. Applications include: cutting, drill-
ing and shaping: etching and marking; micro-deburring
and deflashing; cleaning; surface finishing.

Hunter Products, Inc.

For More Information Circle Action No. 391

SR620 TIME
INTERVAL
COUNTER

A reciprocal interpolating
counter-timer with 25 ps
rms, 4 ps LSD single shot
resolution for time inter-

e 300y 05 Race-Sowr PO = P 4 |

PC Systems Handbook
for Scheatists amd Ingineers

vals and 11 digits of reso-
lution forone second mea-
surements of frequency.
It can measure time inter-
val, period, phase, pulse
width, risetime, and fall-
time, and frequency to 1.3 GHz. Statistical functions
programmed into the instrument include mean, min.,
max., standard deviation, and Allan variance for up to |
million samples. U.S. list price of the SR620 is $4500.

Stanford Research Systems

For More Information Circle Action No. 392

PC SYSTEMS
HANDBOOK

Designed for scientists
and engineers, this
handbook combines
tutorial information
and catalog of hard-
to-find products for
PC-based data acqui-
sition, motion control,
signal conditioning,
and “instrumentation.
This new 1992 edition
includes 196 pages of
detailed technical and product information.

Cyber Research

For More Information Circle Action No. 393
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201,000 Reasons Why

MAGNAFORCE TEMPERA-

SYSTEM TURE Your Ad Belongs Here
S Scleanfic: da- INDICATORS NASA Tech Briefs' Literature Spotlight sec-
scribes its magnaforce Literature describes put-

tion offers a low-cost way to reach over
201,000 industry and government LEAD-
ERS with your advertising message. These
are technology managers, design engi-
neers, and scientists with tremendous buy-
ing power. The October 1992 issue is your
next opportunity to use this high-impact
sales tool. For more information or to re-
serve space in Literature Spotlight, contact
your NASA Tech Briefs sales representa-
tive (listed on page 10 in this issue) or call
Joseph Pramberger at (800) 944-NASA.

For More Information Circle Action No. 401

system in free literature.
The system measures
actual pull or repulsion
forces created by a nidg-
netic field without a
gaussmeteror fluxmeter
and associated correla-
tions. Adaptable to
charging, conditioning
or static application.
Magnets may be set to a required force. All systems built
to customer requirements.

ting a Mini-Celsistrip®
temperature monitor on
any surface. The tempera-
ture indicating spots turn
black when the surface to
which the monitor is af-
fixed reaches a specific
"switch” temperature
level of that spot. Avail-
able in multiple se-
quenced temperature increments from 40°C to 93°C.
Other temperature indicators available to 260°C.

Solder Absorbing Technology, Inc.

For More Information Circle Action No. 400

Walker Scientific, Inc.
For More Information Circle Action No. 399

A

ACTUATORS
Shape-memory wires
switch rotary actuator

page 72 MFS-28581
AIR TRAFFIC
CONTROL
Semiautomated manage-
ment of arriving air traffic
page 40 ARC-12631

ALGORITHMS
Algorithm for simplified
robotic tracking of weld
seams
page 85 MFS-29737
ANIMATION

Software for animated
graphics
page 68 ARC-12976
ANTENNAS

Real-time estimation of
aiming error of spinning
antenna
page 76 NPO-17829
APPROACH CONTROL
Semiautomated manage-
ment of arriving air traffic
page 40 ARC-12631

ARC WELDING

Orbital welding head held
by robot
page 87 MFS-29832
AUTOMATIC FLIGHT
CONTROL

Automatic flight controller
with model inversion
page 36 ARC-12849
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‘Subject Index

BEAM WAVEGUIDES
Designing a beam
waveguide for multiple
frequencies
page 30 NPO-18341
BOLTS

Hidden fastening-and-
unfastening mechanism
page 71 LAR-14485

C

CENTRAL
PROCESSING UNITS
Spatial light amplifier
modulators
page 22 NPO-17567
CHARGE COUPLED
DEVICES

Notch charge-coupled
devices

page 28 NPO-18362

Preventing blooming in
CCD images
page 20 NPO-18363
CLOUDS
(METEOROLOGY)
Spaceborne radar would
measure rain and clouds
page 44 NPO-18274

COATINGS

Durable, low-surface-
energy treatments

page 64 NPO-18041

CODING

Encoding television
signals for better color
page 38 KSC-11359

COLLIMATION
Self-collimating unstable-
resonator diode lasers
page 54 NPO-18386

COLLIMATORS
Fields of view of x-ray-
telescope collimator
tubes
page 52 GSC-13429
COLOR TELEVISION
Encoding television
signals for better color
page 38 KSC-11359

COMPUTATIONAL
FLUID DYNAMICS
Software for animated
graphics
page 68 ARC-12976
COMPUTER AIDED
DESIGN

Software for allocation of
tolerances
page 88 MFS-27256
COMPUTER
ANIMATION

Displaying data as
movies
page 67 LAR-14490
COMPUTER
GRAPHICS
General-purpose software
for computer graphics
page 66 MSC-21801

Predictive display for
teleoperation with delay

page 32 NPO-18277
Software for animated
graphics

page 68 ARC-12976

CONDUCTIVE HEAT
TRANSFER
Tapered-fin thermal
interfaces
page 69 MFS-26165
CONNECTORS

Short turnbuckle

page 71 NPO-18348

COUPLINGS
Variable-compliance
couplings for heavy lifting
page 78 GSC-13368

CRYOGENIC ROCKET
PROPELLANTS
Reusable cryogenic-liquid
tank with replaceable
liner
page 83 LAR-14172
CRYOGENICS
Manganese nitride sorp-
tion Joule-Thomson
refrigerator

page 58 NPO-17811

D

DATA MANAGEMENT
Displaying data as movies
page 67 LAR-14490

DATA PROCESSING
Onboard system proc-
esses SAR data

page 40 NPO-18252

DESIGN ANALYSIS
Mathematical model for
engineering analysis and
optimization
page 90 LAR-14364
DIFFRACTION
PATTERNS

Designing a beam
waveguide for multiple
frequencies
page 30 NPO-18341
DIGITAL TECHNIQUES
Digital extraction of Dop-
pler shift in an advanced
receiver

page 48 NPO-18199

DIRECTIONAL
ANTENNAS

Real-time estimation of
aiming error of spinning
antenna
page 76

DISPLAY DEVICES
Predictive display for
teleoperation with delay
page 32 NPO-18277
DOPPLER EFFECT
Digital extraction of Dop-
pler shift in an advanced
receiver
page 48

NPO-17829

NPO-18199

DROPS (LIQUIDS)
Diffusion of mass in
evaporating multi-
component drops

page 60 NPO-18206

DYNAMIC MODELS
Enhanced method of
reduction of dynamical
models

page 70 NPO-18402
EARTH ORBITS

More about gravitational
bumps and repeating
orbits

page 74 NPO-18189
ELECTROCHEMICAL
CELLS

12-crown-4 ether im-
proves rechargeable
lithium cells
page 65 NPO-18289
END EFFECTORS

Variable-compliance

couplings for heavy lifting

page 78 GSC-13368
ENDANGERED
SPECIES

Rugged video system for
inspecting animal
burrows

page 92 KSC-11468
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Expert briefings by over

When you bring your questions to America’s
event on sensing technology,

275 knowledgeable exhibitors . ..

—

THE CONFERENCE AND EXPOSITION

OF SENSORS AND SYSTEMS
O'HARE EXPOSITION CENTER, CHICAGO, ILLINOIS
SEPTEMBER 29 - OCTOBER 1, 1992

Whether you're trying to design a product, control a process,
or automate a factory, integrating the right sensors and
sensor-based systems can significantly increase your
productivity and control costs.

And when the application calls for sensor-based systems, only

one event meets all your requirements ... SENSORS EXPO,
the only national event exclusively devoted to sensing
technology for every type of industrial, commercial and
consumer product application.

At SENSORS EXPO, you can discuss your sensing technol-
ogy needs with over 275 leading suppliers. Evaluate and
compare thousands of sensing products hands-on. And
discover innovative, cost-effective solutions to your most
difficult application requirements.

Explore the full range of related equipment
for sensor-based systems

More than just sensors and transducers, SENSORS EXPO
offers the full range of related equipment necessary to create
a complete sensor-based system. This year, you'll find more
control and motion products, data acquisition systems,
instrumentation and other equipment you need to satisfy the
most complex applications.

And to keep you on top of the latest developments in sensor
technology, SENSORS EXPO features a Technical
Conference offering seminars and full-day short courses

This year's event will also feature a special Robotics Pavilion
sponsored by the Robotics Industry Association (RIA) to
showcase the role of sensor technology in the emerging
robotics and machine vision industries.

Whether you're a product and systems design engineer,
control engineer, corporate manager, QC/test professional
or R&D scientist, when the application calls for sensors or
sensor-based systems, only one event meets all your
requirements — SENSORS EXPO.

Mail coupon today for FREE Exhibit Hall Admission!

Sponsored by Sensors magazine and produced by Expocon Management Associates, Inc,.

YB' | want to attend SENSORS EXPO —the one even_t]
that meets all my applications requirements for sensors
and sensor-based systems.

Please send me:
1 FREE Conference Brochure as soon as it is available.
(1 Application for FREE admission to the Exhibit Hall.

2 Information on how | can exhibit at SENSORS EXPO.

e 2T s
Company Name
Address g -
Oy e Srow e gl i chIare Ty
State 3 bl Zip P b
Phone Number ( ’

M

Mail to: SENSORS EXPO, Expocon Management Associates, Inc.
7 Seven Cambridge Drive, P.O. Box 1019, Trumbull, CT 06611.

|
|
|
|
|
|
| Name = =L SIeIRES
|
|
|
|
|
|
|

geared to helping end-users and OEMs select the right
sensors and sensor-based systems for their specific needs. LFAX 203/374-9667. Phone: 203/374-1411, Ext. 127

© 1992 Expocon Management Associates, Inc.
For More Information Circle No. 529



M A R KET P LAC E To Advertise—Call (212) 490-3999

4 MEG VIDEO Model 10

Flexible Image Processor and

Application Accelerator For The PC/AT
« 8 to B0OO Pixels per Line

2 to 19 MHz sampling/display rate

10 MIPs Programmable Accelerator
+ 4 Megabytes of Reconfigurable Image Memory

RS-170, RS-330, and CCIR input/output

Variable timing for nonstandard formats

Genlock to external timing sources

Analog or digital inputs

Software programmable timing/resolution

@EPIX®

3005 MacArthur Blvd., Northbrook, IL 60062
708-498-4002 FAX: 708-498-4321

| For More Information Circle No. 675

Intelligent Data
| Acquisition

| Ty

Microstar Laboratories Data Acquisition
Processor™ has on-board intelligence: a
real-time software environment for quick
development and fast operation. It runs
| underDOS, Windows, or OS/2. Learn about
| this new hardware and software solution
| from aleader in the field. Free color catalog
| includes an easy-to-use approach to DSP.
Call now — 206-453-2345.

Microstar Laboratories, Inc
2265 116th Avenue NE

|

|  Bellevue, WA 98004 MICROSTAR

| Tel (206) 453-2345

| Fax(c06)453-3198  LLABORATORIES;

; For h!qLeJqformatiqu Qircle No. 450 |

[ il

i1

FREE!
130
Page
Catalog

“Optics
or

ik i) Indlustry”

Free 130 page product catalog from Rolyn,
| world’s largest supplier of “Off-the-Shelf” optics.
| 24-hour delivery of simple or compound lenses,
| filters, prisms, mirrors, beamsplitters, reticles,
‘ objectives, eyepieces plus thousands of other
| stock items. Rolyn also supplies custom prod-
| ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

For More lnlormatlon C|rcle No 551 |
110

INTRODUCING RACK MOUNT AND RUGGED
SUN SPARC WORK STATION

Standard Features Include:

@ Spark Engine 2 CPU with 16MB RAM

207 MB Hard Disk, 150MB Tape Drive

644 MB CDROM, Removable Hard Disk
1.44 MB Floppy, 2 RS-232 and S Bus Ports
SCSI-2 and Ethernet Interface

16-inch Rack Mount Color Monitor

@ Keyboard, Mouse and SunOS 4.1

For further details contact:

IBI Systems Inc., 6842 NW 20M Ave., Ft. Lauderdale,

FL 33309, 305-978-9225, Fax: 305-978-9226

' For More Information Circle No. 661

PEM" SELF-CLINCHING &
BROACHING FASTENERS

@ strong, quality
threads in metal
and P.C. boards
too thin to be
tapped.

@ variations
include free-
running, self-
locking, floating
and blind hole
types meeting Unified, ISO and MIL
standards.

® Available in steel, stainless steel and
aluminum.

For your FREE condensed catalog, circle
the number below. However, for a complete

fastener specifications & design data cata-
log, call 1-800-237-4736. Or EAX us at
215-766-0143.

X

Ounbors, PA 188161000 USA

104 ©1991

Record MIL-STD-1553 on
Standard Video Recorders

Merlin ME-981F airborne 1553-
to-video encoder converts two
separate MIL-STD-1553 databus
channels to video for standard
video cassette recording.

A =~

ME-981F
ENCODER

Mrlin
1888 Embarcadero Road, Palo Alto, CA 94303
Phone (415) 856-0900 + Fax 415/858-2302

. For More Information Circle No. 439

Vacuum Pump
Vibration Isolator

NEC Vibration Isolators effectively remove turbo
molecular and cryo pump vibrations.

They are available in elastomer and air-isolated
versions, UHV compatible, have short insertion
lengths and high conductance. A wide variety
of flanges are available.

National
Electrostatics
Corp.

310 Graber Road, Middleton, WI 53562 USA
Tel. (608)831-7600 + Fax (608)256-4103

For More ln[ormation Circlg No. 480 | For More Information Circlg No. 435 |

REAL-TIME NETWORK

The SCRAMNet Network™ combines the real-

time speed of replicated shared memory with the
flexibility of a fiber optic LAN to get microsecond
response from multi-vendor computers. It allows
you to connect dissimilar computers at 150/Mbits/
sec over fiber optics, with zero software overhead. |
This replicated shared memory network offers

data filtering, programmable byte swapping, and a
sophisticated interrupt structure.

Systran Corp., 4126 Linden Avenue,
Dayton, OH 45432-3068 USA

Phone (513) 252-5601 or 1-800-252-5601.

One Tough Position

Transducer
for harsh environments

* High vibration
and shock.

* Temperatures:
10°K to 160°C.

* Unaffected by
dust or oil films.

Linear and rotary

Inductosyn® position transducers

for military, space, and automation programs.
Standard or custom designs to solve absolute
and incremental positioning requirements.

Call 914/761-2600 or fax 914/761-0405.
il FARRAND CONTROLS

DIVISION OF RUHLE COMPANIES, INC.
99 WALL STREET — VALHALLA, NY 10595
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MAR KETP_ LACE - Advertise—Call (212) 490-3999

|
MCB-4 |
FEATURES: |
B Up to 2 Amp per
|

|

|

* C Programmable
» Data Acquisition

 Control / Test

* Excellent Support
* From $159 Qty 1

| | » NewKeyboard
Display Modules

motor winding

B Simultaneous
operation of all
motors

B Optoisolated power
section

RUGGED & HIGH PERFORMANCE
| COMPUTER SYSTEMS WITH FOLD DOWN
inputs KEYBOARD & VGA MONITOR FOR RACK,

Use our Little Giant™ and Tiny Giant™ miniature control-
lers to computerize your product, plant or test department.
Features built-in power supply, digital /0 to 48+ lines,
serial 1/0 (RS232 / RS485), A/D converters to 20 bits,
solenoid drivers, time of day clock, battery backed
memory, watchdog, field wiring connectors, up to 8 X 40
LCD with graphics, and more! Qur $195 interactive Dy-
namic C™ makes serious software development easy.
You're only one phone call away from a total solution.

B Limit and home

BENCH OR PORTABLE APPLICATIONS
STANDARD FEATURES INCLUDE:
@ 12 SLOT PASSIVE BACK PLANE. 250W POWER SUPP
* 80386 CPU CARD AT 20/2533 Mz, unomorzenowm‘
| ® SONY TRINITRON TUBE, HIGH RESOLUTION VGA (640X480)

MCB-4 COMPLETE 4 STEPPING le ROOM 10 MOUNT THREE HALF HEIGHT DRIVES ‘
MOTOR CONTROLLER/DRIVER | 2 SERIAL, 1 PARALLEL PORT, MS DOS/GW BASIC \
HIGH PERFORMANCE, INTELLIGENCE AND RELIABILITY | | wn%g‘mmw%?u‘;%&ﬁ&”%%'{‘ VARIOUS |
|1BI SYSTEMS INC., 6842 NW 20 AVE.
| FT. LAUDERDALE, FL 33309. 305-978-9225
FAX 305-978-9226 TELEX: 529482 IBI SYSTEMS

~ For More Information Circle No. 572 For More Information Circle No. 502 LFor More Information Circle No. 519

B RS-232 and RS-485
communication port

B User friendly
instruction set

Z-World Engineering
1724 Picasso Ave., Davis, CA 95616
(916) 757-3737 Fax: (916) 753-5141
Automatic Fax: (916) 753-0618
(Call from your fax, request catalog #18)

For more information on other products available, please contact

[ A C S_y ADVANCED CONTROL SYSTEMS CORP.
Tel: (617) 740-0223  Fax: (617) 740-4227

ENGINEERING
DRAWINGS
General-purpose software
for computer graphics
page 66 MSC-21801

Software for allocation of
tolerances
page 88 MFS-27256
EVAPORATION

Diffusion of mass in
evaporating multi-
component drops

page 60 NPO-18206

F

FASTENERS

Hidden fastening-and-
unfastening mechanism
page 71 LAR-14485

Self-aligning, spline-
locking fastener
page 75 GSC-13378

FIELD OF VIEW
Fields of view of x-ray-
telescope collimator

tubes

page 52 GSC13429
FINS

Tapered-fin thermal
interfaces

page 69 MFS-26165

FLIGHT CONTROL
Automatic flight controller
with model inversion

page 36 ARC-12849
FLIGHT

MANAGEMENT
SYSTEMS

Semiautomated manage-
ment of arriving air traffic
page 40 ARC-12631

FLUID DYNAMICS
Software for animated
graphics

page 68 ARC-12976
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FLUORESCENCE
Fluorescence imaging
reveals surface
contamination
page 50 MFS-28615
FRAMES (DATA
PROCESSING)
Displaying data as
movies
page 67 LAR-14490
FREQUENCY
STANDARDS
Dual-ion-trap frequency
standards with over-
lapping cycles
page 34 NPO-18447
FUEL SPRAYS

Diffusion of mass in
evaporating multi-
component drops

page 60 NPO-18206

G

GALLIUM ARSENIDE
LASERS

Self-collimating unstable-
resonator diode lasers
page 54 NPO-18386

GRAVITATIONAL
FIELDS

More about gravitational
bumps and repeating
orbits

page 74 NPO-18189

H

HEAT TRANSFER
Tapered-fin thermal
interfaces

page 69 MFS-26165

HIGH ELECTRON
MOBILITY
TRANSISTORS

Cooled low-noise HEMT
microwave amplifiers
page 24 NPO-18235

HOOKS

J-hook latching
mechanism

page 79

IMAGE
ENHANCEMENT
Preventing blooming in

CCD images
page 20

GSC-13200

NPO-18363

IMAGING RADAR
Onboard system proc-
esses SAR data

page 40 NPO-18252

IMAGING

TECHNIQUES

Notch charge-coupled
devices

page 28 NPO-18362

Phosphor scanner for im-
aging x-ray diffraction
page 32 MFS-28563

INFRARED
SPECTROMETERS
Compact visible and in-
frared spectrometer

page 58 MFS-28570

INSPECTION
Fluorescence imaging
reveals surface
contamination
page 50 MFS-28615
INTERFEROMETERS
Real-time connected-
element radio
interferometry
page 35 NPO-18309
INTERGRANULAR
CORROSION

Simple method for detec-
tion of intergranular
attack
page 81 MFS-29798
ION ENGINES

Magnetic lens for plasma
engine

page 57 NPO-18188

ION TRAPS
(INSTRUMENTATION)
Dual-ion-trap frequency
standards with
overlapping

page 34 NPO-18447

J

JOULE-THOMSON
EFFECT

Manganese nitride sorp-
tion Joule-Thomson
refrigerator

page 58 NPO-17811

L

LATCHES
J-hook latching
mechanism
page 79 GSC-13200
LENSES

Masks for deposition of
aspherical optical
surfaces
page 81 NPO-17995
LIGHT MODULATION
Spatial light amplifier
modulators
page 22 NPO-17567
LINKAGES

J-hook latching
mechanism

page 79 GSC-13200

Short turnbuckle
page 71 NPQO-18348

LITHIUM

12-crown-4 ether im-
proves rechargeable
lithium cells

page 65 NPO-18289

MACHINING
Tool for making curved
holes

page 86 MFS-28601

MAGNETIC LENSES
Magnetic lens for plasma
engine
page 57 NPO-18188
MANIPULATORS
Variable-compliance
couplings for heavy lifting
page 78 GSC-13368

MASKING
Masks for deposition of
aspherical optical

surfaces

page 81 NPO-17995
MATHEMATICAL
MODELS

Modeling characteristics
of surfaces for radar
polarimetry

page 62 NPO-18064

MECHANICAL
DEVICES

Hidden fastening-and-
unfastening mechanism
page 71 LAR-14485
Self-aligning, spline-
locking fastener

page 75 GSC-13378

METAL SURFACES
Simple method for detec-
tion of intergranular
attack
page 81 MFS-29798
METEOROLOGICAL
SATELLITES
Spaceborne radar would
measure rain and clouds
page 44 NPO-18274

MICROWAVE
AMPLIFIERS

Cooled low-noise HEMT
microwave amplifiers
page 24 NPO-18235

MIRRORS

Masks for deposition of
aspherical optical
surfaces

page 81 NPO-17995
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MOTION PICTURES
Displaying data as
movies

page 67 LAR-14490

N

NONDESTRUCTIVE
TESTS

Simple method for detec-
tion of intergranular
attack

page 81 MFS-29798

o

OPTICAL COMPUTERS
Spatial light amplifier
modulators
page 22 NPO-17567
OPTICAL DATA
PROCESSING
Bacteriorhodopsin film for
processing SAR signals
page 63 NPO-18242

OPTICAL FIBERS
Propagation
characteristics of weakly
guiding optical fibers
page 60 NPO-18108

OPTIMIZATION
Enhanced method of
reduction of dynamical
models

page 70 NPO-18402

Mathematical mode! for
engineering analysis and
optimization

page 90 LAR-14364

Unified optimization of a
structure and its control
system

page 73 NPO-18306

P

PHOSPHORS

Phosphor scanner for im-
aging x-ray diffraction
page 32 MFS-28563

PHOTOGRAPHIC FILM
Bacteriorhodopsin film for
processing SAR signals

page 63 NPO-18242

PHOTOMETERS
Notch charge-coupled
devices
page 28 NPO-18362
PLASMA ENGINES
Magnetic lens for plasma
engine
page 57 NPO-18188
PLOTTING
General-purpose software
for computer graphics
page 66 MSC-21801

POLARIMETRY
Modeling characteristics
of surfaces for radar
polarimetry
page 62 NPO-18064
PORTS (OPENINGS)
Hermetic glass-to-metal
seal for instrumentation
window

page 84 MFS-29778

AN "N "
Flexible Bladders

OUR DESIGN OR YOURS

PRESSURE VESSELS
Hermetic glass-to-metal
seal for instrumentation
window
page 84 MFS-29778
PROPELLANT TANKS
Reusable cryogenic-liquid
tank with replaceable
liner

page 83 LAR-14172

R

RADAR IMAGERY
Modeling characteristics
of surfaces for radar
polarimetry
page 62 NPO-18064
RADIO ASTRONOMY
Stronger source as
reference for weaker
source in VLBI

page 50 NPO-18165
RADIO
INTERFEROMETERS

Real-time connected-
element radio
interferometry
page 35 NPO-18309
RADIO RECEIVERS
Digital extraction of Dop-
pler shift in an advanced
receiver
page 48 NPO-18199
RADIO SOURCES
(ASTRONOMY)

Stronger source as
reference for weaker
source in VLBI

page 50 NPO-18165
RADIO
TRANSMITTERS

Real-time estimation of

aiming error of spinning
antenna
page 76 NPO-17829
RAIN

Spaceborne radar would

measure rain and clouds
NPO-18274

e Actuators
¢ Dampers
e Bumpers
e Fuel Cells

¢ Collapsible Tanks

® Drums
® Plugs
e |nflatables

page 44

REFRIGERATORS
Manganese nitride sorp-
tion Joule-Thomson

e Diaphragms s - SRS
e Accumulators ROBOTICS

Algorithm for simplified

robotic tracking of weld

seams

page 85 MFS-29737
Orbital welding head held
by robot

page 87 MFS-29832

ZA"K"K. Acro Tec Laboratorie
Spear Road Industrial Park, Ramsey, NJ 07446

112 For More Information

Call our TOLL FREE Design Line (800) 526-5330

(in N.J. 201-825-1400) FAX: 201-825-1962 TLX: 642-730 ATL INC

s, Inc.

Circle No. 588
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Predictive display for
teleoperation with delay

page 32 NPO-18277
RODS

Short turnbuckle

page 71 NPO-18348

S

SATELLITE ORBITS
More about gravitational
bumps and repeating
orbits
page 74 NPO-18189
SCANNERS

Phosphor scanner for im-
aging x-ray diffraction
page 32 MFS-28563

SEALS (STOPPERS)
Hermetic glass-to-metal
seal for instrumentation
window

page 84 MFS-29778
SEMICONDUCTOR
DEVICES

Cooled low-noise HEMT
microwave amplifiers
page 24 NPO-18235

Preventing blooming in
CCD images
page 20 NPO-18363
SHAPE MEMORY
ALLOYS

Shape-memory wires
switch rotary actuator
page 72 MFS-28581

SOLID STATE LASERS
Self-collimating unstable-
resonator diode lasers
page 54 NPO-18386

SORPTION
Manganese nitride sorp-
tion Joule-Thomson
refrigerator
page 58 NPO-17811
SPACECRAFT
TRACKING

Real-time connected-
element radio
interferometry
page 35

SPARK MACHINING
Tool for making curved
holes

page 86

NPO-18309

MFS-28601

SPECTROMETERS
Compact visible and in-
frared spectrometer

page 58 MFS-28570

SPLINES

Self-aligning, spline-
locking fastener

page 75 GSC-13378

STANDARDS
Dual-ion-trap frequency
standards with over-
lapping cycles
page 34 NPO-18447
STORAGE BATTERIES
12-crown-4 ether im-
proves rechargeable
lithium cells
page 65 NPO-18289
STRUCTURAL
VIBRATION

Enhanced method of
reduction of dynamical
models

page 70 NPO-18402

Unified optimization of a
structure and its control
system
page 73 NPO-18306
SURFACE FINISHING
Durable, low-surface-
energy treatments

page 64 NPO-18041

SURFACE PROPERTIES
Fluorescence imaging
reveals surface
contamination
page 50 MFS-28615
SYNTHETIC
APERTURE RADAR
Bacteriorhodopsin film for
processing SAR signals
page 63 NPO-18242

Onboard system proc-
esses SAR data
page 40 NPO-18252

SYSTEMS
ENGINEERING
Mathematical model for
engineering analysis and
optimization

page 90 LAR14364

in bold caps. Count box numbers as six words.

50 words or less

Over 50 words each additional word
Bold Face words
Check or money order must accompany order to:

$240.00

T

TANKS (CONTAINERS)
Reusable cryogenic-liquid
tank with replaceable
liner
page 83 LAR-14172
TELEOPERATORS
Predictive display for
teleoperation with delay
page 32 NPO-18277

TELEVISION
TRANSMISSION
Encoding television
signals for better color
page 38 KSC-11359

TOLERANCES
(MECHANICS)

Software for allocation of
tolerances
page 88 MFS-27256
TOOLS

Tool for making curved
holes
page 86 MFS-28601
TRACKING (POSITION)
Algorithm for simplified
robotic tracking of weld
seams

page 85 MFS-29737

TRANSMISSION
Propagation
characteristics of weakly
*guiding optical fibers
page 60 NPO-18108

TURTLES

Rugged video system for
inspecting animal
burrows

page 92 KSC-11468

V

VALVES

Shape-memory wires
switch rotary actuator
page 72 MFS-28581

VAPCR DEPOSITION
Masks for deposition of
aspherical optical
surfaces

page 81 NPO-17995

Classifieds
Classified advertising rates and specifications are as follows:
Setin 6 point light type face, with up to five words at beginning of copy

Classified Advertising Manager, NASA Tech Briefs, Suite 921,

41 East 42nd Street, New York, NY 10017-5391

SYNCHRONIZE VIDEO RECORDING WITH GPS TIME
RECORD VIDEO WITH GPS TIME AND LOCATION
The FP-50/GPS1 generates industry standard SMPTE time-code synchronized to GPS
time/date information from your receiver, providing a direct link between recorded video
images and GPS time and location stored in your GPS data logger. GPS2 adds continuous
multiplexing of GPS position data into the user-bits of the SMPTE time-code. Priced at $968
and $1367, complete system also reads and video displays SMPTE time-code, plus RS-232
2-way comm with PC, time-code videotape logging and TC-ToolKit™ programs. Contact |
HORITA Co., P.O. Box 3993, Mission Viejo, CA 92690 (714) 489-0240
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VAPORIZING

Diffusion of mass in
evaporating multi-
component drops

page 60 NPO-18206

VERTICAL TAKEOFF
AIRCRAFT

Automatic flight controller
with model inversion
page 36 ARC-12849

VERY LONG BASE
INTERFEROMETRY
Stronger source as
reference for weaker
source in VLBI
page 50 NPO-18165
VIBRATION DAMPING
Enhanced method of
reduction of dynamical
models

page 70 NPO-18402

Unified optimization of a
structure and its control
System
page 73 NPO-18306
VIDEO EQUIPMENT
Rugged video system for
inspecting animal
burrows
page 92 KSC-11468
VISIBLE SPECTRUM
Compact visible and in-
frared spectrometer

page 58 MFS-28570

W

WAVE PROPAGATION
Propagation
characteristics of weakly
guiding optical fibers
page 60 NPO-18108

WAVEGUIDES
Designing a beam
waveguide for multiple
frequencies
page 30 NPO-18341
WELDING

Algorithm for simplified
robotic tracking of weld
seams

page 85 MFS-29737

Orbital welding head held
by robot
page 87 MFS-29832
WETTABILITY

Durable, low-surface-
energy treatments

page 64 NPO-18041

WINDOWS
(APERTURES)
Hermetic glass-to-metal
seal for instrumentation
window

page 84 MFS-29778

X

X RAY DIFFRACTION
Phosphor scanner for im-
aging x-ray diffraction
page 32 MFS-28563

X RAY TELESCOPES
Fields of view of x-ray-
telescope collimator
tubes

page 52 GSC-13429

PC/XT/AT/386 Users!

 DIRECT
CONNECT

Atime-cutting
approach to
plug-indafa

acquisition

time with ADAC's
DIRECT CONNECT™ data acquisition
modules. FREE DIRECT VIEW™ Board
Tutorial and Data Acquisition software
means a shorter learning curve and
quicker results. CALL FOR A FREE COPY,

Save valuable project

Thermocouple 8 Channel
A/D Board $650
«Direct Connection to Thermocouple
wires and shields
+01°C resolution
«Software selection of JKTIRS&B
Strain G?c?e 8 Channel
A/D Boa $795
«Direct Connection to 3 & 4 wire
Strain Gages

«1 pstrain resoiution
*Quarter, Half & Full bridge completion
*On-board excitation voltage

RTD 8 Channel

A/D Board $795
«Direct Connection to 4-wire RTDs
+0.02° C res, 100 ohm platinum
*1 mA current source per channel

High Resolution 8/16 Channel
A/D Board $895

16 bit A/D resolution
-15Mk£lz throughput (50 kHz option)

Dl
+8 lines digital I/1O
«3 channel counter/timer

Multifunction 8/16 Channel
A/D Board $595

+12 bit A/D resolution

*25 kHz thro&hpuf
*DMA, Prog Gain

+8 lines digital I/O

»3 channel counter/timer

Many other models available, Call:

1-800-648-6589

corporation

e

70 Tower Office Park, Woburn, MA 01801
FAX (617) 938-6553 TEL (617) 935-6668

For More Information Circle No. 477 113
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I admit, when I first read about Mathe-
matica, 1 was a little skeptical. I guess
mathematicians are like anybody else.
Sort of like auto workers being replaced
by robots—some mathematicians were
skeptical of something that might re-
place them. So when my firm offered
an in-house training seminar on Mathe-
matica, 1 decided to see what all the talk

was about.

Photo Courtesy of NASA

That class was fun. I tried to do
things beyond what the teacher was cov-
ering—the rudimentary stuff about
Mathematica syntax. I wanted to do ani-

mation and play with the graphics. I was

taken with the visual dimension of it.

Simulations of the dynamics of the shuttle.

have to solve problems and present my
solutions in a way
others can
under-
stand.
People
respond to a
visualization better
than abstract equations, hand-

waving, or scribbling on a

blackboard. With Mathematica’s

animation, I can make a dynamic
presentation that gives a concrete idea
of what I'm talking about.

Then there’s the symbolic power.
For example, the first project I tackled
with Mathematica involved a nasty alge-
braic equation. I solved it on my own
and then let Mathematica solve it. We
both came up with the same answer.

But my solution took a few hours and

Mathematica’s took a few minutes.

© 1992 Woltram
i Policy Research, Inc . or MathTach, Inc

thematica s 1 o
All other product Photo: Dennis Keim

Working on NASA projects, I

Lynn Purser
Orbital Dynamics Analyst
Huntsville, Alabama

Now I use Mathematica regularly.
I don’t think it will ever replace mathe-
maticians; it acts as an assistant
of sorts. It helps you
explore and de-
velop concepts,
by handling the
tedious details.
In that way,
you're free to
concentrate on
more important
‘ things.

Intersection of fields of
sweep of two sensors in
the shuttie payload bay

Mathematica is available for: MS-DOS,
Microsoft Windows, Macintosh, CONVEX,
DG AViiON, DEC VAX (ULTRIX and
VMS), DEC RISC, HP 9000, HP Apollo,
IBM RISC System/6000, MIPS, NeXT,
Silicon Graphics, Sony, Sun-3, and SPARC-
stations.

Prices in U.S. and Canada start at $595.
Educational discounts are available.

Orders: 1-800-441-MATH

Mathematica.2.0

The Standard for Technical Computing

Wolfram Research, Inc., 100 Trade Center Drive, Champaign, IL 61820-7237, USA; 1 (217) 398 0700; fax: 1(217) 398 0747; email: info@wri.com
Wolfram Research (UK) Ltd., P.0. Box 114, Abingdon, Oxon 0X13 6TG, United Kingdom; +44 (235) 550 440; fax: +44 (235) 550 445; email: info-uk@wri.com
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imple application using

XAMPLE

XAMPLE, SYS$INPU'
Tary:VAXCRTL.EXE/share

oPT
C_EXAMPLE

include <lioset.h> /*

Lude apr.cnp
lude stsdef

local variable

values from channel 2 o
graph on the screen.

» can be compiled, linked, and rur

* STATUS

the DECRTI 1li

t parameter definitions */

* LGPSPLOT

graph titl

Declare data buffer for raw data in LSPSFORMAT_TRANSLATE_ADC. This
is a word (16-bit) array containing 100 elements.

short int raw_data[100);

Declare dat
PSPLOT ro
y containing 100 elements.

float voltages(100);
/* Program execution */

* Set up the AXV1l-C */

buffer for voltages in LSPSFORMAT TRANSLATE_ADC and
tines. This is a single-precision, floating-po

printf(~"C_EXAMPLE, Read data, convert it, plot it\n\n®);

Attach the AXV11-C and set up for

mapped (polled) 1/0.

This routine

call returns an LIO-assigned device ID for the device.

STATUS = LIOSATTACH (&axv_id, &dev_type, GLIOSK MAP);
if(!(STATUS & STSSM_SUCCESS)) LIBSSIGNAL(STATUS);

+ Set up the AXV11-C to use the synchronous 1/0 interface. */

STATUS = LIOSSET I (kaxv_id, &LIOSK ]
$M_SUCCESS) ) l.“SQ'L;hA.,A‘TATL\y

L€(1(STATUS &

* Set up AXV11-C channel 2 for input. *

STATUS = LIOSSET I (kaxv_id, &L
S£(1(STRTUS & STSS$M_SUCK

+ Set up a channel gain of 1.

SYNC!

AN, &1,
$STGNAL(STATUS) ;

STATUS = LIOSSET I (saxv_id, SLIOSK AD GAIN, &1, &l

L£(1(STATUS & STSSM_SUCCESS)) LI

BSSIGNAL (STATUS) ;

LIOSREAD and fill buffer as fast as possible. *
= LIOSSET I (&axv_id, &LIOSK_TRIG, &1, &LIOSK IMM_BURST):

if(1(STATUS & STSSM_SUCCESS)) LIBSSIGNAL(STATUS);

DEC REALTIME INTEGRATOR MAKES IT SIMPLE.

With DEC Realtime Integrator,
you can be working with results
in the time it takes you to wres-
tle with syntax errors. Because
as a omplete graphlcal pro-
gramming environment for
realtime data acquisition and
testing, it makes building an
application as simple as draw-
ing a picture.

And since DEC Realtime
Integrator is open, it lets you
work the way you want to

DIGITAL.

work. It can be used with IEEE-
488 and RS-232 instruments
from any vendor - including

Tektronix, Wavetek and HP -
and runs on any Digital VAX
or RISC platform. Plus it
allows you to send data to
your favorite analysis and
report-writing packages.

For more information, includ-
ing our free video “Realtime In
No Time,’ call 1-800-DEC-RTI-L.
And you'll see that setting up a
test program doesn’t have to

be a test of Hngnuanm
your patience.

THE OPEN ADVANTAGE.

© DIGITAL EQUIPMENT CORPORATION 1992. THE DIGITAL LOGO, DEC AND VAX ARE TRADEMARKS OF DIGITAL EQUIPMENT CORPORATION.
HP IS A TRADEMARK OF HEWLETT-PACKARD. TEKTRONIX IS A TRADEMARK OF TEKTRONIX, INC. WAVETEK IS A TRADEMARK OF WAVETEK CORPORATION
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