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important software innovation in

acquisition history.

After all, a ot of
them have been asking
forit. "It" is DT-Open
Layers,” a set of specifi-
cations that establishes
standards for developing
data acquisition applications for the
Microsoft® Windows " environ-

ment. With these standards,
all data acquisition software and
hardware products you use will be
compatible. Now, and forever.

Consider It
Investment Protection.

If you do data acquisition,
DT-Open Layers will make your
investment in software and program-
ming more secure. Now, when you

What's more, DT-Open Layers will
give you a greater choice of solu-
tions to pick from, making it
possible to integrate hard-
ware and software fro
multiple vendors.
Developers who

-Open
ayefr)s

FOR MICROSOFT* WINDOWS™

This get of programming
apecifications will protect your
doftware investment.

upgrade to new, more powerful hard-
ware, you won't have to rewrite code.

We just developed the most

These powerful, easy-to-use products
perform high speed data acquisition
at the highest rates achievable under
Windows. Display, signal processing,
memory management and all board

write data acquisition
applications will spend
less time in develop-
ment, and get products
to market faster.

That's why a num- functions are supported.
ber of developers are already writing Anle Ard Vot
their applications to conform to the Shall Receive.
DT-Open Layers standards. Call Data

And, of course, we at Data Trans-
lation are making our new products

Translation today,
and we'll rush out

DT-Open Layers compatible. A good your copy of the

example is our GLOBAL LAB® series  DT.Open Layers ~ Our GLOBAL LAB products
of applications and > specs, our latest uwr;}'n!ljl:,lf;rT Il(’;uu?mlw and con-
libraries. 2 handbook, plus A et

information on the most recent
third-party DT-Open Layers

applications.

, So call us at

- 508-481-3700. Because

And now we're really
letting the competition have it.

For More Information Circle No. 349

World Headquarters: (508) 481-3700. United Kingdom Headquarters: (734) 793838. Germany Headquarters. 7142-54025. France Headquarters: 5045-9583. International Sales Offices

Australia (2) 699-8300; Austria (22) 236-7660; Belgium (2) 466-8199; Brazil 11564-6024; Canada (416) 625-1907, China 544-8963; Denmark 42 274511, Finland (0) 3511800; France (1) 69077802; Greece (1) 361-4300, Hong Kong 5448963,
India (22) 23-1040, lsrael 52-545685; ltaly (2) 82470.1; Japan (33) 5379-1971 or (33) 502-5550; Korea 2 718-9521; Malaysia 3-2486786; Mexico (52) 575-6091; Netherlands 70 3996360, New Zealand (9) 415-8362; Norway (2) 53 12 50, Poland (22) 580701,
Portugal (1) 7934834; Singapore 336-7325; South Africa (12) 803-7680/93; Spain (1) 555-8112; Sweden (8) 89 38 90; Switzerland (1) 386-8686; Taiwan (2) 3039836. All trademarks and registered trademarks are the property of their respective holders.



-~ THE ALL NEW ROIRU-MED

MONITOR

1 Astro-Med MT95K2

m No Delay...see full traces on monitor while recording! data, record it, store it, play it back, send it to disk for

m Personal Chart Setups with on-board floppy drive analysis, record it again, and more! Whether you need a
m Data Capture...up to 32 megabytes in RAM; basic 8 channel recorder or a sophisticated 32 channel

120 megabyte internal hard drive; stream to external recording system, the MT95K2 is the perfect platform

drive via SCSI for you today.
w 8 to 32 Waveform Channels...plus 64 events; DCt0 ... rax or write for details!

20 kHz; chart speeds to 500 mm/sec i
= Laser Printer Chart Resolution...300 dpi; clear, AR | Astro -Med, ’nc.

ey iricas , , Astro-Med Industrial Park, West Warwick, Rhode Island 02893
Put simply, the MT95K2 is another major Astro-Med Phone: (401) 828-4000 e Toll Free (800) 343-4039
innovation in “chart recording”: you can preview your Fax (401) 822-2430 e Telex 710-382-6409

Sales and Service Centers in London, Paris, Frankfurt and Milan



WEVE GOT
THE SELECTION
THE FEATURES
b THE PERFORMANCE
THE DRIVERS
AND NOW
B,  THE SOFTWARE

We built the first, and we offer the most extensive line of
DAT data recorders on the market. Choose from 2-16 channel
models with the features and flexibility that make it easy for
you to find a TEAC to fit your specific requirements. Their
light weight, minimal footprint and optional 3-way power .
supply gives you complete portability. And when it
comes to performance, data recording on DAT is
unsurpassed for economy and quality of signal.

And now, to make it easy to set up a computer auto-
mated system, drivers for LabWindows* and other TEAC
software packages are available.

So now the decision is simple. TEAC, the
only place you need to go for the world’s most
complete line of DAT data recorders with the
drivers and software to match.

TEAC.

Information Products Division.

For More Information Circle No. 504
* LabWindows is a registered trademark of National Instruments Corp ©1991 TEAC AMERICA, INC. 7733 TELEGRAPH ROAD, MONTEBELLO, CA 90640 WEST (213) 726-0303 EXT 461 EAST (508) 683-8322



System: Active
Va[ve Stat US

Heating Unit Status:
Unit#l: 72%
Unit#2: 76%
Unit#3 66%

Data Logging: Active

- )

r

1. Install Data Acquisition Board
2. Turn on Computer

3. Launch LabWindows

w hen you start LabWindows’ you'll ~ from low-cost fo hi dgh performance. Select  For a free LabWindows

have allthe software you need o from A/D, D/A, digital | /0, timing 1/0, ~ Demo disk and your free

develop your data acquisition and confrol ~ or DSP oards for rhe P(/XT /A/ EISA copy of DAQ Designer call

system. LabWindows is a data acquisition, ~ and IBM PS/2. And now, with our usat (512) 794-0100

data analysis, and graphical presentation ~ DAQ Designer~ system conﬁgumhon or (800) 433-3488

systerln |ull mfonle Anl()i |tsdbuck(§edS PXIG ;c])ﬁ\gore t'ool Y(t)JU c%n euﬂly de'ﬂlarmme (U. S. and Canada)

complete line of plug-in boards an e best plug-n boards and signa

signal conditioning modules. conditioning products for your application. #gﬂ%’ﬁ%‘i-rsa@
The Software is the Instrument ®

The Choice for Data Acquisition If you're ready to launch your A

With LabWindows, you can use any duta acquisition development, 1(133; %?%853&5%35 '

National Instruments plugin board ranging  Take a Look at LabWindows. Fox: (512) 7948411

For More Information Circle No. 681
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The future of Fortran is here today!

€ Iuture o1 rortran 1s nere toaay:
Whether you are actively developing Fortran programs or The world’s first
maintaining existing applications in Fortran, the future has Fortran 90 Compiler
finally arrived! Meet the worldss first Fortran 90 compiler offers:
available exclusively from NAG. Not a translator or a stretched
Fortran 77 system, NAG offers a solid multipass compiler = Full ISO '
designed specifically for Fortran 90. standard implementation

With development begun in 1987, the NAG Fortran 90 ® Designed specifically

compiler is the result of careful monitoring of the developing for Fortran 90
Fortran 90 standard plus months of extensive testing and actual ;
use. It offers remarkable efficiency and speed, extensive error ® Extensive error message
messages, and a high degree of portability to meet the needs of facilities for rapld
today's heterogenous computing environment. program debugging

Only recently has the ISO approved a standard for Fortran
90. Now you can take advantage of this new power with the
new Fortran 90 compiler from NAG. To enjoy the future today,
call NAG at 708/971-2337.

The future is in the present.

Numerical Algorithms Group Inc., 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702 USA  Tel: 708/971-2337 Fax: 708/971-2706

Numerical Algorithms Group Ltd., Wilkinson House, Jordan Hill Road, Oxford, OX2 8DR, UK Tel: 44 865 511245 Fax: 44 865 310139

Numerical Algorithms Group GmbH, SchieiBheumerstraBe 5, W-8046 Garching bei Munchen, Deutschland Tel: 49 89 32-7395 Fax: 49 89 3207396
For More Information Circle No. 658



BMM AUTOMATED

STORAGE
MANAGEMENT.

Now you can automate all of your data storage needs including
nnattended backup, automatic file restore and scheduled archiving,
as well as other data management operations.

Incorporating maximum performance and storage capacity
in a space-saving footprint, the EXB-10 8mm Cartridge Tape Sub-
system frees up valuable human resources for more important
asks, and eliminates potential human error.

While you sleep, the EXB-10 performs automatic loading
and unloading of up to ten 8mm cartridges, eliminating the need
for manual intervention for up to 28 hours.

Providing access to as much as 50 gigabytes
of native capacity (up to 250 gigabytes with data
compression!), combined with 20-second
average access time and high-speed
search, the EXB-10 is the ideal backup
solution for network and midrange
environments.

For more information on the EXB-10
and the family of 8mm data storage prod-
ucts fron.1 the third fastest growing Company o tes cleaning
in America accordn.lg to Fortune Magazine,  uriridges, and cartridge
call the regional office nearest you today
or 1-800-EXABYTE.

EXABYTE 8mm data

holders provide a total
backup solution.

For More Information Circle No. 563

Eastern U.S. (407) 352-5622, Ext. 82

TURN OFF THE
LIGHTS ON YOUR
WAY OUT.

Central U.S. and Canada (708) 953-8665
Western U.S. (408) 370-6107
Europe (Amsterdam) 31-3403-51347

EXABYTE Corporation

1685 38th Street  Boulder, CO 80301

1992 EXABYTE Corporution  EXABYTE is & registered trademark of EXABY TE Corporation
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Photo courtesy Boeing

A Boeing technician checks instrumentation on a space station

NAS A Patents ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 2 Freedom test module at NASA’s Marshall Space Flight Center.
i Boeing Defense & Space Group is NASA'’s prime contractor for
Letter Writi ng Conlest i 14 the orbiting station’s living, laboratory, and logistics modules,

and its connecting node structures. The test shown above
employed hundreds of electronic sensors to measure how much
the module “stretched” when pressurized to the equivalent of one
atmosphere, or 14.9 pounds per square inch. Such data is used in
finalizing the engineering designs for the actual flight hardware,

hich Boei ill begin buildii 1 t . Fi
TECHNICAL SECTION  ichacenguilveginiuingear nest o Formoro n
. DEPARTMENTS

you can win a free stay at the
United States Space Camp.

Photo courtesy US Space and Rocket Center
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1GB CAPACITY. 35 MS SEEK.
ONE DRIVE. TWICE THE PERFORMANCE.

With a 1.25 MB per secor

optical disk drive saves

protects your data from unpredictal
they're gone fort t data stored on optical disks remains LllL]-\J\ dLuLbblbl
The CY-2000 is perfect for data-intensive applications lll\L lukrop puhhbhlng, multi-
media, digital video, CAD/CAM, medical imaging and more. It’s also ideal for private data-
bases and security-sensitive files because the disks can be removed and stored to prevent
unauthorized access
What's more, it’s fully “plug and play” compatible with your personal computer, mini-
computer, workstation or server
With the CY-2000, each disk stores 1 GB, making it twice the capacity of competitive
optical disk drives ’I he media are erasable, rewrit-
able, and extremely durable. One platter can last
over 40 years. And because the disks are small
and lightweight, you'll enjoy reduced storage and
shipping costs.
The CY-2000 is part of our family of data stor-
oducts that includes QIC tape streamers,
magneto-optical disk drives, and 8mm tape drives
ind tape libraries
If you want gigabyte capacity,
f access, and the security of
a removable media, the CY-2000
perfect fit. Call today for more
(804) 873-9000

C ONI'EMPOHRAR:Y

dl
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GE Plastics




rI:; ensure your company’s pos-
itive performance in today’s keenly
competitive marketplace, start with
advanced materials and resources
available from the engineering
plastics leader.

Get the precise combinations
of properties you need from the
industry’s broadest and deepest
selection of resin chemistries,
copolymers, alloys and composites.
Optimize product design and devel-
opment with hands-on assistance
and proprietary programs like our
unique Engineering Design
Database.

Enhance productivity and cost-
efficiency with the significant pro-
cess advances in progress at
our massive Polymer Processing
Development Center. Profit by
GE Plastics’ worldwide presence
and market expertise.

NOVA Biomedical did, for their
advanced Nucleus™ blood analyzer.
Materials: Lexan® resin, foamable
Prevex® resin, Cycolac® ABS resin.
Resources: Design reviews; mate-
rial, tooling and process selection.
Results: Creative design with
increased functionality and parts
consolidation; reduced assembly
and finishing for significant savings
in cost.

Partnership product develop-
ment—only from GE. For more
information, call: (800) 845-0600.

GE Plastics

® Registered Trademarks of GE.
™ Trademark of NOVA Biomedical.

For More Information Circle No. 615
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Real Time
Video

On
Workstations

The RGB/View™ System
for Mission Critical
Applications

» Text and graphics overlays on video
 Scale, reposition, freeze

« X-Windows compatible

» Cable ready tuner

« Priced from $7500.00

Applications include C3I, robotics,
interactive videodisc training, video
teleconferencing, process control,
surveillance and simulation.

Standalone peripheral and board level
models available.

Al
RGB]
v

950 Marina Village Parkway Alameda, CA 94501
Tel: (610) 814-7000 Fax: (510) 814-7026

NNSA TechBriefs

Official Publication of

National Aeronautics and MP VBPA

Space Administration

NASA Tech Briefs:

Published by .. veshan A iated Busi Publications
Editor-in- Chlet/Pubhsher % Sl . it Y . Bill Schnirring
Associate Publisher/Editor ... ceieiennnnenn. JOS@PH T, Pramberger
Managing Editor ............ccccvvveinnee scE e Rud. Laer
Associate Editor e sk e e ... Sarah L. Gall
Technical Advisor .. Dr Robert E. Waterman
Production Manager ..................... U s I Rita Nothaft
Traffic Manager ... James E. Cobb
AR DIICEOR: o5l ciuss rermsaaripemnsmaminsisoissorsavsavionsiss Pierre Granier
Marketing Director .................. Shbsaspdispmsssntet ... Wayne Pierce
Advertising Coordinator .............cccccceverarnnnns ceereresneen.. Nipa Joshi
Telecommunications Specialist ........... > 3 ....... Evelyn Mars
Reader Service Manager ............. it - Scott Floman

Briefs & Supporting Literature

Provided to National Aeronautics and Space Administration by
International Computers & Telecommunications, Inc.,

NY, NY with assistance from Logical Technical Services, NY, NY

Technical/Managing Editor ..............ccccccocimueuennnne Ted Selinsky
Art Director ..........ccccve : Luis Martinez
NIRRT o1 151 cvcosonipsssvinsiamnpss chemarsats .. Elizabeth Texeira

Chief Copy Editor ..

... Lorne Bullen
Staff Writers/Editors ............

Dr James Buyd Dr. Larry Grunberger,
Dr. Theron Cole, Jordan Randjelovich,
George Watson, Oden Browne

Zinaida Gimpeleva, Vernald Gillman,
Pamela Baynham, Charles Sammartano
- Bill Little, lvonne Valdes,
Susan Kyu Oh, Frank Ponce

Graphics ........

Editorial & Production ...

NASA:
NASA Tech Briefs are provided by the National Aeronautics and Space
Administration, Technology Utilization Division, Washington, DC:
Administrator ........ : Siaiaee .. Daniel S. Goldin
Assistant Administrator 7or Commercual Programs <iee. JORN G. Mannix
Deputy Assistant Administrator(Programs) .. .. Frank E. Penaranda
Deputy Director TU Division(Publications Manager) .. Leonard A. Ault
Manager, Technology Utilization Office, NASA Center

For AeroSpace Information .................... . Walter M. Heiland

Associated Business Publications

41 East 42nd Street, Suite 921, New York, NY 10017-5391

(212) 490-3999 FAX (212) 986-7864

President .............. stessamermessinasssindorinasse DML DSINNOIOG
Executive Vice Presndem . e ......... Frank Nothaft
Vice President/Chief Operatmg Officer Domenlc A. Mucchetti
Operations Manager ........ s Rita Nothaft
Controller Felecia Lahey
Trade Show Director ..... e AR s st .. Wendy S. Janiel
Systems Analyst ............. cisus Sy Patrick Wolfert

Advertising:
New York Office: (212) 490-3999 FAX (212) 986-7864

Account Executives:

i 4 T TN E 0N oMo v o ot o Brian Clerkin
at (201) 366-2751
NJ (Area Codes 201 and 908) ............ccccoveneens i = ... Debby Crane
at (201) 967-9838
PA, DE, NJ (Area Code 609) ........ SR s .. Tara Morie

at (215) 640-3118
John D. Floyd, CBC
at (215) 399-3265

VA, DC, MD, WV ........coccvnrrnn

Eastern MA, NH, ME, RI . vieenn. PaUl Gillespie
at (508) 429 8907 BIII Doucene at (508) 429-9861
Western MA, CT, VT ....c.ccccoeennne s GEOrge Watts

at (413) 253-9881
. Douglas Shaller
at (212) 490-3999
.. Paul Lesher, CBC
at (312) 296-2040

West Central, Southeast, Southwest

Midwest—IL, WI, MN .....................

Northwest—WA, OR ............... O R 4 A [T —— - |l T [T
at (206) 858-7575
West Coast—CA, AZ, NV, NM, UT ...........ccccvmiievnrnnsnnn.. Stillman Group

at (310) 372-2744
for Area Codes 602/702/505/818/805: Paul Sanacore
for 310/619/714: Robert D'Alexander, Tom Stillman

for 408/415/916/209/707/801: Ron Hall

NTBM-Research Center
AOCOUNS SUDBVABOP .v:ivsccvcs siiusarossisssissivssisssanssasasinspyass Lourdes Del Valle

For More Information Circle No. 467

NASA Tech Briefs, June 1992



Your favorite technical handbooks
are now available in soft editions.

3§ -

1 : ‘
A new approach to math. 35 ; (!

Introducing the Mathcad | 2 § B 6113(1:5 e e
3.1 Software System for Microsoft H E : -
Windows or UNIX. It revolutionizes k R Mat.enals.Sclencc and A
math by letting you zip through : 5 h Engineering Handbook contains
problems naturally and logically— : more than 140 tables of data, bit-
because it works the . mappcd 1“115[1‘31’]01'15, and Mathcad

—<— | wayyou think. And plots. Includes densities, melting
i &1 | nowit’sevenmore points and crystal‘s:rucrurcs (_)f
| &= ©1| powerful, thankstonew clements, properties of ceramics and
‘—‘Wﬁf Electronic Handbooks™ supc}r]conducnng materials, and
EDITORS More than a much more.

CHOIC number-cruncher. Alo Awilable:

Mathcad 2.5 With Mathcad 3 1' » Optional Applications Packs—
“sero®s | you type your v:ork s Ecllapm_bllc I\b//llathhcad‘zlmgl.at'its f(g

% Jeapen ectrical, Mechanical, Civil an
Bol's? | amywhereinto the live Chemical Engineering, Statistics,

screen—just like you’d
write on a scratchpad—and Mathcad
does the calculating. Updates answers
when a variable changes. Even graphs
in2-Dor3-D.

Advanced Math, and Numerical
Methods.

» PCDOS and Macintosh® versions
also available.
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Symbolic calculation capabilities Free demo disk.
let you do integrals, Taylor series, or Fora FREE Mathcad demo
infinite sum cairulatior'm with click-n- disk, or upgrade information, call
drag simplicity. 1-800-MATHCAD (or

And when you’re done, Mathcad 617-577-1017, Fax

prints out presentation-quality 617-577-8829). WIx
documents complete with equations Or see your
in real math notation. software dealer. Version now

Fast electronic access to
commonly used methods, formulas
and diagrams.

Mathcad’s new Electronic Handbooks give
you instant access to the formulas, methods,

*Electronic Hand- available
mulas for specific calculations. Change parameters, | books require Mathcad 3.1 and
plots and variables, and let Mathcag automati- Microsoft Windows 3.0 (or higher)
cally calculate your answers within the Handbook. | or UNIX.

Or doubleclick on a Handbook entry and paste

©1992 MathSoft, Inc.

it into your Mathcad document—with TMand ® signify manufacturer’ trademark o registered trademark
v
File Edit Text  Math Graphics  Symbolic  Window Help [hL correct Ulll[b' ' respectively
. SRE SR : Three new optional Mathcad
=§ Thermal (‘unduchvvty of Metals ALUM.MCD “ . % .
: at Cryogemic Temperalures Tharsan) Conachvis ol Alswinin 4 6 l‘,lCCUOnlC Handbooks ‘arc an HV?IJ-
Y Valuos in wanicm 6 ey T able, each created in conjunction with
EY 1) Aottt Cudmiom Coonsin] 0% w«--nn; ';-m"-"- ta aleading publisher of technical reference
i 1 8 a7 0401 A 1+21-10 g 5| handb()okS:
2 R e Thotran) Conductivity of Auminum * Mathcad Treasury of Methodsand &
v L T T T ~
o R e s ~ Formulas offers you a host of the meth-
B ¢ s wr em b 7 ods, formulas and diagrams you use every
o N L S L o\ day, along with interactive explanations of . 4 .
~ I e S every feature and algorithm of Mathcad. B
o | e e ety Ty | I"SU0-MATHCAD
e s o I Hicks’ Standard Handbook of Engincering
an_see B T : Caleulations from McGraw-Hill, contains
- more than 125 practical calculation proce-

Tauo "
St Sl i eyl o . dures including shaft and gear mcchapics, The answer Is

time and power to cut, drill, bore, countersink, ®
openan Electronic Handbook and select your and alot more.
topic. They’re interactive, so you can modlty for- a ‘ : a
NTB 22

MathSoft, Inc. 201 Broadway, Cambridge, MA 02139 USA « Phone: 1-800-628-4223 « 617-577-1017 » Fax: 617-577-8829

Australia: Hearne (03)&661766 Belgium: SC[AOH 55 17 75; Denmark: Engberg 4225 17 77; Finland: Zenex 90-692-7677; France: ISE (1) 46 09 24 00; Germany: Softline (078 02) 4036; Italy: Channel 02-90091773; Japan: CRC 03-3665-9741;
herlands: Klaasing 01620-81600; Sweden: AkademiData (018) 24 00 35; Switzerland: Redacom 032 4101 11; U.K.: Adept Scientific (0462) 480055, In other locations, contact MathSoft, USA.

For More Information Circle No. 421



Thank You
NASA For
Putting Our
Software
Above The
Rest!

FSGALE

Electronic Imagery's ImageScale Plus,

a digital image enhancement and analysis
software, was an integral part of the 13th
flight of Discovery, and for good reason.
From desktop publishing to microscopy
and the space program, ImageScale Plus
delivers a new level of flexibility and
productivity o imaging applications.
Designed to encompass standard image
processing techniques, ImageScale Plus
goes the extra mile with built-in lossless
compression, virtual image processing to
4096 x 4096, full-color process RGB, (MY,
YIQ, VHS, unique resolution pan/zoom,
unlimited macro capability, image collage
generation, word processing, fext,
graphics and much, much more.

ImageScale Tools provides the
industry’s most inferactive imaging tools,
incorporating a layer design and hard-
ware independence. The toolkit includes
executable program files (.EXE), object
modules (.0BJ), menu source code and a
sample program, all written in "C", for
DOS or Windows.

Discover how ImageScale Plus and
ImageScale Tools can put your company

above the rest.

Electronic Imagery, Inc.
1300 Park of Commerce Boulevard, Suite 273

Delray Beach, FL 33445
1-800-645-9657

12 For More Information Circle No. 356

RETENTS

ver the past three decades, NASA has
0 granted more than 1000 patent licenses

invirtually every area of technology. The
Space Agency has a portfolio of 3000 domes-
tic and foreign patents and pending applica-
tions available now for license by businesses
and individuals, including these recently pat-
ented inventions:

exible

(US Patent No. 5,082,293)
Inventors: Bruce M. Steinetz and Paul J.
Strocky, Lewis Research
Center
A flexible thermal barrier seal operates at
temperatures up to approximately 1260° C.
The seal comprises multiple layers of helical
fibers wound over a uniaxial core. The fibers
are made of a heat-resistant material such as
alumina-boria-silicate or silicon carbide, and
are both left-hand and right-hand wound. The
compliant “serpentine” seal is designed to
prevent leakage of hot-pressurized flow path
gases between the movable engine panels and
adjacent engine sidewalls in hypersonic jets.
For More Information Circle No. 690.

(US Patent No. 5,004,575)
Inventors: Norman J.Johnston, Terry L. St.
Clair, Robert M. Baucom, and
John R. Gleason, Langley
Research Center
Polyimides are attractive to the aerospace
industry because of their toughness, thermal
and thermooxidative stability, solvent resis-
tance, and excellent mechanical and electri-
cal properties over awide temperature range.
Processing of these materials has been diffi-
cult, however, due to limited melt flow during
the application of heat and pressure. In the
Langley process, semi-crystalline polyimide
powders are blended with polyamic acid solu-
tions to form slurries, which are used to pre-
pare prepregs for production of structurally
sound, void-free laminates. This technique
yields composite materials with matrices of
tough, thermoplastic aromatic polyimides exhib-
iting excellent melt flow during processing.
For More Information Circle No. 692.

(US Patent No. 5,034,093)

Inventors: Joseph E. O'Tousa, Clark S.
Thomas, and Robert E. Foster,
Marshall Space Flight Center

A solution of hydrochloric acid, phosphoric

acid, ethylene glycol, and an oxidizing agent

is suitable for etching metals or metallic al-

loys. The compound is particularly useful in
preparing metal surfaces for fluorescent pen-
etrant inspection to locate minute surface
flaws and metal defects. It can be produced
easily and quickly, and has a long shelf life.
For More Information Circle No. 693.

fer in Riaid

(US Patent No. 5,062,693)

Inventors: David N. Beratan and Joseph W.
Perry, Jet Propulsion
Laboratory

A novel single-material spatial light modulator

uses direct optical writing and readout; has

high spatial resolution, low switching energy,
and fast switching times; and is easy and
inexpensive to fabricate. Designed to control
the spatial distribution of light intensity, such
asindata processing, the device functions as

a 2D mask (transmission or reflection) oras a

3D volume holographic medium. It can per-

form incoherent to coherent image conver-
sion or wavelength conversion over a wide
spectral range.

For More Information Circle No. 694.

AMisract
VIICT

(US Patent No. 5,055,240)
Inventors: Mark C. Lee, Christopher H.
Schilling, and Taylor G. Wang,
Jet Propulsion Laboratory
Microshells with an outside diameter well
below one millimeter are formed by heating a
material to molten temperature in the pres-
ence of a soluble gas. The resulting solution
is atomized to form many separate droplets
that are cooled during free-fall. Cooling from
the outside traps the dissolved gas and forces
itto form gas bubbles at the droplets’ centers.
Reheating and then cooling them in an envi-
ronment with a lower pressure than the gas
bubbles causes them to expand and form
thin-walled shells. The shells can be made of
a wide variety of materials, including refrac-
tory metals and alloys, for such applications
as filler in reinforced beams.
For More Information Circle No. 695.

(US Patent No. 5,052,817)
Inventors: Laurence J. Bement, James W.
Bailey, and Morry L. Schimmel,
Langley Research Center
Ignition of propellant materials used in rocket
motors, munitions, or even automobile air
bags starts with an initiator that is fired elec-
trically or mechanically. A simple apparatus
provides quantitative measurements of the
efficiency of all types of initiators. The material
is ignited within a cavity and pressure traces
are recorded by an oscillograph and ana-
lyzed. The method candetermine theinitiator's
outputdelay, function time, and ability to ignite
typical propellants.
For More Information Circle No. 696.
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Electronics

Our new recorder
comes with everything
but complications.

= GOULD

Sitting down with our new WindoGraf® recorder is
like sitting down with a trusted friend. WindoGraf
is as easy to use as the recorders we've been
making—and you've been using—for years.

Nearly everything about WindoGraf is familiar,
from its recorder-style speed controls to its
bench-top portability. And when it comes to
signal conditioning, WindoGraf offers just
what youd expect in a Gould recorder: input-
to-output isolation, DC offset (zero suppres-
sion), variable sensitivity, and a selection of
signal conditioners to meet most physical
test requirements. WindoGraf also features
aunigue CRT display that lets you monitor
your signals in real-time without continuously
running paper. And if youd like to see hard
copy, press a button to activate WindoGraf's
4-channel thermal array recorder, which also
operates in real-time.

Press another button, and your

signals are recorded on Windo- VR
Graf's built-in disk drive for
future review or analysis.

"y

WindoGraf. Just another O o (. . o
way Gould is helping you meet Yes! piease rush me a FREE WindoGraf brochure!
your physical test and measure-
ment needs . . . without complications.

(please print, or affix business card) NTB 6/92
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t is fitting that International Space
Year 1992 — a year-long celebration
of space discovery and the down-to-
Earth benefits of space exploration
— coincides with our biannual letter
writing contest. Four years ago, we at
Associated Business Publications, pub-
lishers of NASA Tech Briefs, initiated
this contest so that our elected repre-
sentatives would know that there is a
large segment of the public that is very
much aware of the benefits all of us
down here enjoy because of the work of
NASA and the aerospace industry.
NASA Tech Briefs readers, now
numbering more than 200,000, know
that the Space Agency and its contrac-
tors produce a broad array of import-
ant inventions and innovations that im-
prove daily life and impact the national
economy, so this column isn’t intended
to preach to you, the choir, but to ask
you once again to help us reiterate to
our elected representatives that space
exploration is both worthwhile in and of
itself and beneficial right here, right
now, with far-reaching spinoff applica-
tions. Many NASA Tech Briefs readers
know that a study by Midwest Research
Institute found that for every dollar in-
vested in the space program, nine dol-
lars have rebounded to the American
economy. But our representatives still
seem unaware that this kind of return
on an investment is unique in govern-
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Editorial Notebook

NASA Tech Briefs’
1992 Letter Writing Contest

ment and rare in the private sector.

This year, 14 other organizations
have joined us as cosponsors of the
contest, including the American Insti-
tute of Aeronautics and Astronautics,
Analog, Isaac Asimov’s Science Fic-
tion Magazine, the Challenger Cen-
ter, Final Frontier, High Frontier, the
National Space Society, Omni, Space-
cause, Space Pac, Space Station News,
the US Space and Rocket Center, the
US Space Foundation, and the Young
Astronauts Society. With any luck,
the contest will mushroom inte a
groundswell of support for NASA and
the space exploration process.

Thisis aneasy contestto enter...and
one in which everybody wins. Write a
letter of 200 words or less to the
politician(s) of your choice, asking him
or her to strongly support the US space
program. Although you are welcome to
write on any pro-space theme, we sug-
gest the following: Why It Is Vital We
Support Space Station Freedom (see
accompanying article on the Freedom
program), or Why A Strong, Fully-
Funded Space Program Is Critical To
America’s Economic Future.

Send a copy of your letter to Space-
cause at the address listed below. All
letters received by October 15, 1992
will be judged by a blue-ribbon panel
on strength of argument and creativity.
One adult winner and one children’s

winner (ages 16 and under) will each
receive a free stay at the United States
Space Camp, an educational camp that
simulates an astronaut’s training pro-
gram. The one letter judged best over-
all will be published in the magazines/
newsletters of all of the cosponsors.
NASA Tech Briefs will publish both
winning letters in the December issue,
along with an honor roll listing every
letter writer. In addition, the winners will
be honored at the 1992 Technology
Transfer Awards Dinner that will be
held in Baltimore, MD this December in
conjunction with the Technology 2002
conference and exposition.

The real beneficiaries of this contest
and the strong civil space program it
promotes will be future generations of
Americans who will have a solid foun-
dation of science and technology to
build on. So please, start those letters
flowing to the politicians. Together, we
can make a difference.

Thanks for your support.

: fwux
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SpaceE STAaATION FREEDOM:!

Stepping Stone to the Future

The following is excerpted from an article by NASA’s Office of Space Flight.

n early 1996, NASA plans a space
shuttle launch from the Kennedy
Space Center in Florida to carry into
space the first section of space sta-
tion Freedom, embarking the United
States and its international partners on
a historic journey of discovery and ex-
ploration. During successive years, the
shuttle fleet and its crews will continue
to build onto Freedom until rotating
crews can live and work on the station
permanently by the turn of the century.
Once permanent occupancy of the
station has been achieved, America
and its three international partners—
Canada, the European Space Agency,
and Japan—will enter an unprec-
edented era of human exploration and
the utilization of space for the benefit
of humanity.

Freedom’s microgravity environment
will provide a unique laboratory for
cell research that could result in
improved disease-fighting drugs.

NASA'’s space station is, as Presi-
dent George Bush said, a “critical next
step in all our space endeavors.” Skim-
ming along 250 miles above the cloud
tops of Earth, Freedom will serve as the
crucial next link in the chain of knowl-
edge necessary to further human ex-
ploration of the solar system.

Freedom will serve as the focal point

NASA Tech Briefs, June 1992

Photo courtesy Ames Research Center

for long-duration studies of human
physiology and well-being in space,
research that is necessary before the
nation can prudently embark on long-
range human exploration goals. Free-
dom will serve as a laboratory for learn-
ing how to use the microgravity environ-
ment of space, enabling the study of
new materials, new medicines, and new
technologies. As an engineering test
bed on the high frontier, Freedom will
put humans on the scene to learn by
doing, helping to answer the many
questions and problems which, taken
together, comprise the continuing
challenge of space flight.

“We have elected to treat space
station Freedom as the first step in the
Mission from Planet Earth,” stated the
Report of the Advisory Committee on
the Future of the US Space Program,
“even though it has other valid uses,
such as hands-on extended duration
microgravity research.” Not only will
research aboard Freedom prepare us
for long-term space travel, the report
said, but this endeavor also could be
responsible for “unlocking new devel-
opments in such fields as electronics
and biosciences. The space station is
deemed essential as a life sciences
laboratory, for there is simply no Earth-
bound substitute.”

An Investment In America

Space exploration is an affordable
investmentin our nation’s future. NASA
is 1% of the federal budget, an impor-
tant 1% because it represents an in-
vestment for tomorrow, and space sta-
tion Freedom is a vital component of a
balanced space program. Among the
payoffs for this 1% investment are:

National Vitality. Space exploration
fosters American values of pushing
new boundaries and undertaking
new challenges. Space exploration
represents America’s commitment
to leadership and a national spirit of
excellence.

American Competitiveness. NASA
programs are an important part of

this nation’s investment in aero-
space, one of our most important
industries and one of the few indus-
tries that enjoys a favorable and
rising balance of trade.

High Technology. Freedom is a vis-
ible demonstration of America’s tech-
nological prowess—a promotion for
US products and services.

Knowledge. America’s space program
contributes to the nation’s store-
house of knowledge—knowledge
that is helping to reshape our world,
contributing to our understanding of
our place in the universe and im-
proving our quality of life.

International Cooperation. Programs
like space station Freedom nurture
international cooperation and serve
as models for the way things can
work on Earth.

Education. Space exploration can
stimulate young people’s interest in
mathematics and science. America
will need a technically competent
work force to compete in the global
economy of the future.

Quality of Life. Space research results
in products that contribute to the
quality of life on Earth—communica-
tions satellites, weather satellites,
and medical devices, to name a few.

Employment. The space station Free-
dom program will directly and indi-
rectly employ about 70,000 people,
tapping the professional services of
more than 2000 businesses in 40
states. These jobs will contribute
new ideas, new knowledge, and new
products to our economy.

Freedom is the linchpin of our
nation’s future in space. It will shape
what America does in space and how it
will be done. Freedom, with a perma-
nent window on the universe, will en-
sure that America’s future in space will
be even brighter than its past.

Great nations dare to explore. It's
time for America to take its place on the
final frontier. Q
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Robotic Gripper With Force
Control and Optical Sensors

Anew gripper operates in several modes
to locate, measure, recognize, and ma-
nipulate objects in an assembly-line set-
ting. Developed to handle germanium cut-
tings in a greenhouse, the design can be
modified for handling other objects.
(See page 76)

Airplane-Runway-
Performance Monitoring
System

This system is designed to increase
safety by displaying symbolic “head up”
and “head down'’ information that would
assist pilots in making critical takeoff- or
landing-abort decisions. When fully devel-
oped, the system will be driven by a com-
mon algorithm.

(See page 48)

promising commercial applica-
tions. Each is discussed further
on the referenced page in the

New Product ldeas

technical information by

Shaving Ceramic Tiles to
Final Dimensions

A template and a routing tool are used
to make precise cuts of ceramic tiles on
Space Shuttles to final dimensions. Installed
tiles that are poorly fit can be adjusted on
the spot without removal. The concept could
be adapted to building and home-improve-
ment projects involving ceramic tiles.
(See page 80)

Compliant Walker

This walker supports a person who has
partially disabled legs and lower back. The
person can move about in an upright posi-
tion with a minimal load on the legs and
can rest at will in the walker. Accom-
modating a closed or open frame, this
walker would be helpful in hospitals, nurs-
ing homes, and private care.

(See page 88)

tions, you can receive further

requesting the TSP referenced

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 patent-licensing program
to encourage commercial develop-
ment is described on page 18.

Cameras Would Withstand
High Accelerations

Very rugged cameras proposed for ex-
ploratory spacecraft would use all-reflec-
tive optics. Features would include achro-
maticity and compactness. Potential uses
for these cameras on Earth may be as im-
agersin rough mechanical tests and in the
development of sturdier still and video con-
sumer cameras.

(See page 56)

Magnetically Operated
Holding Plate and
Ball-Lock Pin

A simple, more economical mechanism
is intended to be operated by a robot to
attach or detach one object from another.
The design is an improvement over motor-
ized latches.

(See page 69)

ave hours over your current curve fitting

methods with the new TableCurve v3.0!

TableCurve will fit and rank 3320 linear

and non-linear equations to your dataset
in one highly automated processing step! Step
through ranked equations, view residuals, statis-
tics and graphs — and output data and graphs eas-
ily in a variety of formats! Features include:

4 3,320 Linear and Non-linear equations
Includes polynomial,
rational, peak (Gaus-
sian, Lorentzian, etc),
transition, waveform [
and many others.
Select only the equa-
tion groupings of
interest or let Table
Curve fit all equations
to your data!

a User defined
equations Define your
own equations —
TableCurve fits and ranks them along with the
extensive list of built-in equations.

4 Extensive fitting and ranking choices Choose
curve fitting algorithm (Singular Value Decomp.,
Gauss-Jordan, LU Decomposition), best fit rank-
ing criteria (DOF adj. ¥, Fit Std Error, F-statistic
and Std r*), smoothing functions (polynomial
interpolation, FFT and Lowess) and more!

a High speed processing Automatically fit and
rank all 3,304 linear equations to a 50 point
dataset in 46 seconds (using 80386SX, 16MHz
with math coprocessor). Iteratively fit non-linear
equations are also processed in amazing speed!

4 Unique graphical review process Graphically

Total
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34 TableCurve FI1

Automated Curve Fitting Software

2611803 bet, SIA7

Relative Luminosity

700

0

600
u;ulom;m - o
s [umrifenal]

T o[ ] 1 Joalustad]

view the fit of each equation to your data by
pressing a key. Also obtain a full numerical
review of confidence/ prediction limits, residuals
and other statistics.

4 Flexible data input/output Import a huge
dataset from ASCII, Quattro Pro® Lotus® dBase}’
and other formats. Customize selected graphs
and output to a variety of devices including
LaserJet? Postscript™ printers, or export directly

2591 KERNER BLVD, SAN RAFAEL, CA 94901  PH 415-453-6700 » FAX 415-453-7769 * CALL FOR FREE BROCHURE: 800-874-1888

For More Information Circle No. 680

One Step Fits 3,320 Linear and
s NON-linear Equations to
Your Data—Automatically!

to SigmaPlot® Lotus and more!

a Export programming code for any selected
equation Automatic code generation for pro-
gramming in C, Pascal, FORTRAN, and several
BASIC languages.

a Outstanding ease of use With a superb user
interface, full mouse support and extensive on-
line help, TableCurve brings powerful linear and
non-linear curve fitting to your PC in an easy-to-
use, intuitive format.

TableCurve is reasonably priced, backed by a full
money-back guarantee and one of the strongest
technical support staffs in the industry. Call
Jandel today for more information on TableCurve
and other scientific software: 1-800-874-1888

(inside U.S.) or 1-415-453-6700.
Our European office is:
Schimmelbuschstrale 25
D-4006 Erkrath 2 « FRG
C IENTIFI C 02104/36098
“Microcomputer Tools for the Scientist™  02104/36099
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display system:

The computer interface with the pushbutton feel.

Vivisun Series 2000, now the leading program-
mable display pushbutton system, interfaces the
operator with.the host computer. The user-friendly
LED dot-matrix displays can display any graphics or
alpha-numerics and are available in green, red or
amber. They can efficiently guide the operator
through any complex sequence with no errors and
no wasted time.

They also simplify operator training as well as
control panel design. One Vivisun Series 2000

Vivisun Series 2000
programmable displays. The intelligent
communications system.

programmable display system can do the work of
50 or more dedicated switches. In short, Vivisun
Series 2000 gives the design engineer more control
over the design.

Contact us today.

@ 4erospact opTics INC.

3201 Sandy Lane, Fort Worth, Texas 76112
(817) 451-1141 * Telex 75-8461 * Fax (817) 654-3405

w—
| e,
e , 3
e i
P 4 e . Giaas
- s /);

For More Information Circle No. 309



I you're a regular reader of TECH BRIEFS, then you're already making use of
ane of the low-and no-cost services provided by NASA's Technology Utilization
(TU) Network. But a TECH BRIEFS subscription represents only a fraction of
the technical information and ‘engineering services offered by the
TU Network as a whole. In fact, when all of the components of NASA's
Technology Utilization Network are considered, TECH BRIEFS represents the
proverbial tip of the iceberg.

We've outlined below NASA's TU Network—named the participants, 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 BENEFIT
FROM NASA's

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.

available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not

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 34035
(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) 688-2042

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

Mail Stop PT-PAT-A
Kennedy Space
Center, FL 32899
(407) 867-3353
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 Propulsion 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
Magr. 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.
Kempt, 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.
Y 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 consuitation services and/or linkage with other experts in the field. You can obtain more information about these
services by calling or writing the nearest RTTC. User fees are charged for information services.

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs)
RTTC Directors
MID-CONTINENT

Mr. Gary Sera
Texas Engineering Experiment Station

SOUTHEAST
Mr. J. Ronald Thornton
Southern Technology Application

FAR-WEST
Mr. Robert Stark
Technology Transfer Center

NORTHEAST
Dr. William Gasko
Center tor Technology

Commercialization, Inc. Center Texas A&M University System University of Southern California
Massachusetts Technology Park University of Florida 237 WERC Collge 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

MID-ATLANTIC

Ms. Lani S. Hummel
University of Pittsburgh
823 William Pitt Union

One Progress Boulevard
Alachua, FL 32615

(904) 462-3913

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

800-548-1536 (toll-free US)

MID-WEST

Dr. Joseph W. Ray

Great Lakes Industrial Technology Center
25000 Great Northern Corporate Center

(213) 743-6132
(800) 642-2872 (CA only)
(800) 872-7477 (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

If You Have a Question..NASA Center For AeroSpace Infor-
mation cananswer 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.

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: COSMIC , 382 East Broad Street, Athens, GA 30602 John A. Gibson,
Director, (706) 542-3265; FAX (706) 542-4807.
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High-Performance
Numeric Computation
and Data Analysis

ATLAB has rapidly become an
industry standard for engineer-
ing and scientific research. Its unique
interactive interface, algorithmic foun-
dation, easy extensibility, and speed
make MATLAB the software system of
choice for high productivity and high
creativity research.

Prob]ems and solutions are expressed
just as they are written mathemat-
ically— without the need for traditional
programming. As a result, you can
solve numerical problems in a fraction
of the time required to write a program in
Fortran, Basic, or C. Then plot the
results as 2-D and 3-D graphics, with
publication-quality output to plotters,
dot-matrix printers, and laser printers.

“I can create algorithms so
easily that it almost seems
like cheating.”

Personal Engineering &
Instrumentation News

dd to MATLAB your choice of tools

for digital signal processing,
system identification, control system
design, and more. MATLAB’s open-
system design lets you see the algorithms
and the implementations, even change
them to suit your specific requirements.

ATLAB is developed by The

MathWorks, a leader in software
for data analysis and mathematics. Our
users— in thousands of companies and
universities—know that MATLAB
enables them to work more creatively
and productively. Take a look at how
MATLAB can do the same for you.

Contour Plot of Penny Surface

“MATLAB
is the
undisputed
choice for
computation-
intensive
engineering
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work.”

Macworld

“MATLAB’s

power and
ease of use
go along
way toward
taking the
drudgery
out of
repetitive
analysis
projects.”

IEEE Spectrum

MATLARB is a trademark of The MathWorks, Inc. Other product and brand names
are trademarks or registered trademarks of their respective holders.

Computers
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PCs and ATs
386-based PCs
Macintosh
Sun
Apollo
HP 9000/300
DECstation
VAX/VMS
VAX/Ultrix
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To find out more about MATLAB, call us at (508) 653-1415.
Or simply return the completed coupon to the address below.
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Mlcrostnp Reflectarray Antenna

Potential advantages include light weight, ease of fabrication, and surface mountability.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed microstrip reflectarray anten-
na would provide two or more beams in dif-
ferent directions, without requiring power-di-
viding circuitry. Although the original version
of this antenna is intended for use aboard
a spacecraft, terrestrial versions could be
designed to be mounted on the ground or
on the surfaces of such structures as ships,
land vehicles, and buildings. Because the
major part of a microstrip reflectarray an-
tenna would be flat, its mass and the cost
of its fabrication are likely to be less than
those of a paraboloidal reflector that has
an aperture of equal size, and it could be
mounted more easily, with less supporting
structure.

As the name suggests, a reflectarray
antenna includes a reflecting array of small
antennas or antenna elements fed through
space by another small, low-gain anten-
na. Each antenna element in the array is
connected to a short transmission line ter-
minated in a short or open circuit to make
the element reflect the feed radiation out
into space. The length of each transmis-
sion line is chosen to impart the desired
phase to the radiation field of its antenna
element so that this field adds coherently
with the fields of selected other elements
to yield a beam with high gain in the de-
sired direction and with the desired angular
width. If the element, such as the micro-
strip patch, can have different polarizations
with good isolations, phases of elements
could be chosen at will to yield two or more
beams in different directions. This reflectar-
ry concept works well only when the num-

ber of elements is large (about 65,800
would be required in the original space-
craft application) to avoid large backscat-
tered fields.

The figure shows a simplified version
of the proposed microstrip reflectarray. A
slab of dielectric material with a thickness
=< 0.02 wavelength would be coated on
the side facing away from the feed anten-
na with a thin layer of metal that would
serve as a ground plane. A similar coat of
metal on the side facing the feed antenna
would be etched in a pattern that would
leave many identically sized and shaped
microstrip patches. An open- or short-cir-
cuited microstrip transmission line of the
required length would extend from each
patch. Because the required change in
phase would not exceed 360° for any ele-
ment, none of the microstrip-patch trans-
mission lines would have to be longer than
half a wavelength. Consequently, the inser-
tion losses associated with these transmis-
sion lines should be minimal, and the effi-
ciency of the microstrip reflectarray should
approach that of a paraboloidal reflector
(55 to 75 percent).

A microstrip reflectarray antenna could
be aimed at angles as large as 60° from
the broadside direction; in contrast, a pa-
raboloidal antenna cannot aim more than
a few beamwidths off the broadside direc-
tion. Phase shifters could be placed in the
element phase-shift transmission lines to
steer the beams electronically. One ma-
jor disadvantage would be that a microstrip
reflectarray antenna would provide the de-

Electronic Components and l:il‘l:lllls

Hardware, 'l'oellnlques, 26 Dual-Passband Microwave Effect of Funneling on
and Processes Dichroic Plates Collectod Charge

trip Reflecta 27 Pseudomorphic Single- 30 Rated Temperature of Silver/

i A"::snna g Quantum-Well Lasers Emit Zinc Batteries Is Increased
20 Simple Superconducting at 980 nm 32 Study of dc Modulation Noise
“Permanent” Books and Reports in Magnetic Recording Disks

28 Emissions Tests of Two 33 Performances of Arrays of
I 0y - aorié Convertieds GE:Ga Far-Infrared Detectors

sired beam pattern over only a small fre-
guency range (@ maximum of 3 percent).
One relatively inexpensive way to over-
come this disadvantage is to construct the
reflectarray in multiple layers, so that op-
eration could be optimized at multiple
frequencies.

This work was done by John Huang of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 25 on the TSP Request Card.
NPO-18460

Circular Microstrip
Microstrip Transmission
Patch Line

Feed
Antenna

Radome
Cover

Dielectric
Substrate

The Microstrip Reflectarray Antenna could
be made to radiate several beams in dif-
ferent directions by appropriate choice of
the lengths of the microstrip transmission
lines. In a practical antenna, the number
of microstrip patches would be much
greater than shown here. Although the pat-
ches shown here are round, they could be
square or otherwise shaped to meet the
design requirements.

Simple Superconducting “Permanent” Electromagnet

The design would exploit maximally the anisotropy of a high-temperature-superconducting material.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed short tube made of a high-
temperature-superconducting material like
YBa,Cu;0; would act as a strong elec-
tromagnet. It would be a “‘permanent”
magnet in the sense that once the mag-
netizing electric current was induced, it
would continue to flow as long as the mag-

20

netic field remained below a critical value
and the temperature of the cylinder was
maintained sufficiently below the super-
conducting-transition temperature (about
70 K for YBa,Cuz0;).

Some previous efforts to develop mag-
nets that incorporate superconductors

have involved the use of high-temperature-
superconductor wires. At present, bulk
specimens of these materials have super-
conducting properties superior to those of
wire specimens. Other previous efforts
have involved trapping of magnetic fluxes
in tubes made of bulk superconducting
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STEVENS URETHANE
THIN FILM KEEPS
DEEP-SEA DIVERS
AFLOAT

A key component

in SCUBA buoyancy
compensator vests is
a thin Stevens urethane 9%
film laminated to fabric... 4
a rugged, dependable .
combination that provides
strength, flexibility, and
abrasion resistance in this
critical, adjustable, sealed-air
bladder. Let us show you how
you can design for "can't-fail*
applications with Stevens
urethane films as thin as .001".
Call today for our free

design guide.

STEVE
gim¥°

JPS Elastomerics Corp.
Urethane Products Division
395 Pleasant Street, Northampton, MA 01060
Tel: (413) 586-8750 FAX: (413) 584-6348
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Vacuum Pump
Vibration Isolator

NEC Vibration Isolators effectively remove

turbomolecular and cryo pump vibrations.

Available in elastomer and air-isolated versions,
they are UHV compatible, have short insertion
lengths and high conductance. A wide variety of

flanges are available.

Contact NEC for further details concerning the

Models VI-1 and the VI-2 vibration isolators.
% [ 3

= National
Electrostatics
Corp.

Graber Rd., Box 310, Middleton, WI 53562
Tel. 608/831-7600 ® Fax 608/256-4103
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MAGNETIC FLUX TRAPPED IN
SUPERCONDUCTING TUBE

A Hollow Cylinder of High-Temperature Superconductor would be
energized into a simple solenoidal electromagnet by the well-known
flux-trapping technique.

materials, but have involved the application of magnetic
fields three times as large as the fields eventually trapped.
The design of the proposed superconducting tube would
take maximum advantage of the anisotropy of the bulk high-
temperature superconducting material. Furthermore, mag-
netization could be performed by use of a relatively weak
electromagnet coil aided by the flux-multiplying effect of a
highly permeable core.

The tube would be machined out of a piece of the
superconducting material oriented so that its ¢ crystalline
axis lies parallel, and its a and b crystalline axes lie perpen-
dicular, to the cylindrical axis of the tube. As a result of this
geometry, the electric currents that support the magnetic
field trapped in the tube would have to flow in the a-b plane
(see figure) in which the critical current density (beyond which
the superconductivity is lost) is greater than in other planes.

In preparation for magnetizing the cylinder, one would insert
a solenoidal electromagnet with core of high permeability in

NASA Tech Briefs, June 1992



PRINCIPLES OF QUALITY MEASUREMENT: FOURTH IN A SERIES.

ACCURACY AT SPEED

Your precision measurements
don’t stand still. You face exotic new
materials to test, more intelligent
controllers to design and felentless
pressure to drive up quality. Work
like this raises the speed limit for
precision — and the quality limit for
every measurement.

At Nicolet we understand the
challenges you face. We make the
world’s most accurate oscilloscopes
and transient recorders. With the
resolution of a laboratory volt meter —
0.006% at 5 MS/s or 0.025% at 20 MS/s—
these are instruments you need for
your most demanding projects today.
And every project
LOMOITOW.,

Five NEW models in the Nicolet
series of Pro Digital Oscilloscopes
establish new benchmarks for high-
resolution measurements — 14 bits at
5 MS/s and 12 bits at 20 MS/s. And
they all feature up to 1 megaword
memory/channel to take full advantage
of this remarkable breakthrough in
accuracy at speed.

Athcolgt, we build instruments for

- measurement experts like you.
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the tube and mount an external highly
permeable cylinder and ring for return of
the flux to be generated by the solenoid.
A small current (sufficient to generate
a flux density of about 0.01 tesla in the
absence of the core) would be applied to
the solenoid winding, giving rise to a sat-
uration flux density of about 2 tesla in the
core if, for example, the core were made
of iron. Then the entire assembly would
be cooled below the superconducting-tran-
sition temperature.

Once the tube was superconducting,
the current would be turned off, and the
solenoid and external flux-return pieces

i

would be removed. So long as the tube
remained superconducting, the magnetic
flux would remain trapped in the tube at
a density of about 1 or 2 tesla. The maxi-
mum attainable density of trapped flux
would be limited by the critical magnet-
ic field (or current density) of the super-
conductor and would be a function of the
wall thickness of the tube (typically 0.4 to
0.5 cm).

This work was done by UlIf E. Israelson
and Donald M. Strayer of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 118 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-18271, volume and number
of this NASA Tech Briefs issue, and the
page number.

SNS Device Made With Edge-Defined Geometry

Small-cross-section, normally conducting bridges can be fabricated by present lithographic techniques.
NASA’s Jet Propulsion Laboratory, Pasadena, California

YBayCu,0,_ 5/Au/Nb superconductor/
normal-conductor/superconductor (SNS)
microbridge devices have been fabricated
by use of now-standard lithographic tech-
niques and by use of edge geometry to de-
fine normally conducting links (also called
the “bridges” or “‘weak links") that have
submicron-by-several-microns cross-sec-
tional dimensions. The fabrication of a de-
vice (see figure) begins with the deposition
of a high-critical-temperature superconduc-

tive film of YBa,Cu,0,_ 5 500 to 5,000 A
thick on a substrate. This film is destined
to become the superconducting base elec-
trode. In the same vacuum system, a layer
of Au 100 t0 1,000 A thick is immediately
deposited on the YBa,Cus;0,_5 and a
layer of Nb is deposited on the layer of Au.

The Nb and Au are patterned by photo-
lithography and reactive-ion etching. A
layer of Al,O5 or other insulator is then
deposited to overlap the Nb/Au layers and

THE MODGRAPH PORTABLE PERSONAL WORKSTATIONS
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800x600 Resolution, 256 Colors
Two Serial Ports, One Pamllel Port
2-32 MB of RAM

DOS, 0S8/2
UNIX
Compatible

9" Trinitron Color Multi-Sync CRT

= 2-4 16-Bit Expansion Slots

40-340 MB Hard Disk Drives

« External Super-VGA Monitor Port
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« 525" 1.2MB & 3.5" 1.44MB Diskette Drives
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workstation are built into these true portables. No other portable offers this
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Call Toll-Free 1-800-327-9962 for further information.

83 Second Avenue A ] TEL
Burlington, MA 01803 MOdgraph FAX
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patterned by lithography. Next, the desired
edge is cut in the YBa,Cu,0,_ 5 layer by
milling with Ar ions. The Nb and Al,O;, lay-
ers serve as ion-milling masks so that the
desired edge in the YBa,Cu;0,_; is au-
tomatically aligned with the edge of the

Au

YBapCuzO07 — ¢

Substrate

Al203 l

r

Nb Counterelectrode

SIDE-VIEW CROSS SECTION AT
FOUR STAGES OF FABRICATION

Edge of YBapCu307 4

=

Nb | 0%
Counterelectrode

TOP VIEW AT LAST STAGE

This Edge-Defined SNS Device is shown
at several stages of fabrication.
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C_EXAMPLE.C
“This program reads 100 values from channel 2 of the AXV11-C then
displays the data in a graph on the screen.

This is a simple application using the DECRTI libraries.
This program can be compiled, linked, and run as follows:
SCC C_EXAMPLE
SLIN (AMPLE, SYSSINPUT/OPT

VAXCRTL.EXE/share

SRUI\ c EXAMPLE

* LIO set parameter definitions */
DECRTI routine definitions */

string descriptor definitions */
STATUS value bit definitions */

tinclude <lioset.h>

#include <decrti.h> /
#include descrip

#include stsdef

main()

* Declare local variables */
int STATUS STATUS returned by LIO routine calls +
,axv_id /+ 110-assigned device ID */
,data_length /+ number of data bytes to read */

/* Declare the string descriptors for the string constants */
SDESCRIPTOR (dev_type, “AXAD AXV11-C device type */
SDESCRIPTOR (mod® _ x GPSPLOT mode string v
SDESCRIPTOR (xlabe GP$PLOT x-axis label
$DESCRIPTOR (ylabel, /* LGPSPLOT y-axis label +/
SDESCRIPTOR (title, /* LGPSPLOT graph title */

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 data buffer for volt
LGPSPLOT routines. This is a
array containing 100 elements.
*/

ages in LSPSFORMAT TRANSLATE_ADC and
ingle-precision, floating-point
float voltages(100];
/* Program execution */
+ Set up the AXVil-C *

printf(“C_EXAMPLE, Read data, convert it, plot it\n\n");

Attach the AXV11-C and set up for mapped (polled) I/0. This routine
call returns an LIO-assigned device ID for the device.

STATUS = LIOSATTACH (saxv_id, &dev_type, SLIOSK MAP);
if(!(STATUS & STS$M_SUCCESS)) LIBSSIGNAL(STATUS

/* Set up the AXV11-C to use the synchronous I/0 interface. */

STATUS = LIOSSET I (&axv_id, SLIOSK SYNCH, &0
if(1(STATUS & STSSM_SUCCESS)) Lmssu.m\x (STATUS) ;

/* Set up AXV11-C channel 2 for input. */

STATUS = LIOSSET I (Gaxv_id, SLIOSK_AD CHAN, &1, &2):
if(1(STATUS & STS$SM_SUCCESS)) LIBSSIGNAL(STATUS);

/* Set up a channel gain of 1. */

STATUS = LIOSSET I (kaxv_id, SLIOSK_AD_GAIN,
if(1(STATUS & STSSM_SUCCESS)) LIBSSIGNAL (»TAT US) 5

er as fast as possible. */
SLIOSK _TRIG, &1, SLIOSK IMM_BURST);
ICCESS) ) LIBSSIGNAL(STATUS);

Trigger on LIOSREAD and £ill buff
STATUS = LIO$SET I (saxv_id
if(!(STATUS & ST

DEC REALTIME INTEGRATOR MAKES IT SIMPLE.

Tektronix and HP - and runs

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 complete graphual 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

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,
ing our free video “Realtime In
No Time,” call 1-800-DEC-RTI-1.
And you'll see that setting up a
test program doesn’t have to

be a test ofmngnnan
your patience.

includ-

THE OPEN ADVANTAGE.

© DIGITAL EQUIPMENT CORPORATION 1992. THE DIGITAL LOGO, DIGITAL, DEC AND VAX ARE TRADEMARKS OF DIGITAL EQUIPMENT CORPORATION.
HP IS A TRADEMARK OF HEWLETT-PACKARD. TEKTRONIX IS A TRADEMARK OF TEKTRONIX, INC.
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Al,O,. (After fabrication, the Nb and Au
layers serve as electrical contacts to the
YBa,Cuz0,_, superconductive base
electrode.)

Au is deposited, then in some cases
is patterned by ion milling to remove all
of it except on the aligned edges of the
YBa,Cu,0;_ s and Al,O,. The portion that
remains on the edge of the YBa,Cu,0,_
will become the normally conducting
link. Finally a layer of Nb (or optionally
YBa,Cu;0,_5) is deposited to serve as
the superconducting counterelectrode.
This electrode is reactive-ion-etched or
ion-milled into the required narrow strip
crossing the edge of the YBa,Cu,0,_;
base electrode.

One of the advantages of the edge-de-

fined geometry is that the thickness of the
Au film, which determines the length of the
normally conducting link, is readily made
less than 1,000 A . The significance of this
length is that it is approximately the nor-
mal-conductor coherence length for gold
at an operating temperature of 4.2 K, and
the link must be shorter than a few times
this length to operate in the desired man-
ner. If edge-defined geometry were not
used, other fabrication techniques that are
much more demanding would have to be
used. Another advantage of the edge-de-
fined geometry in general is that it sim-
plifies the fabrication of a link of very small
cross-sectional area.

Yet another advantage of this particular
edge-defined geometry is a consequence

of the fact that the YBa,Cu,0;_ 5 is most
easily deposited with the high-current-den-
sity, long-coherence-length a—b crystalline
planes parallel to the substrate surface.
The edge geometry allows current to flow
only in these planes and takes advantage
of the longer coherence length at the
critical YBa,Cu,0,_ 5/Au interface. As a
result, the sensitivity of the device to dam-
age on the edge of the YBaoCu,0,_ is
reduced.

This work was done by Brian D. Hunt
and Marc C. Foote of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 86 on the TSP Request
Card.

NPO-18303

Dual-Passband Microwave Dichroic Plates

Holes in perforated metal plates are filled with dielectric to improve diffraction patterns.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Dual-passband dichroic plates are being
developed for use in microwave comrhu-
nication systems. Calculations and experi-
ments with prototypes have verified the
basic design concept, according to which
a thick metal plate is perforated with a
regular hexagonal or other suitable pattern
of holes and the holes are filled with a
dielectric material. The arrangement and
sizes of holes, the distances between
them, and the material and dimensions of
the dielectric plugs are chosen to satisfy
design requirements, especially with re-
gard to transmittance, reflectance, dissipa-
tion, and diffraction as functions of frequen-
cy, direction of incidence, and polarization.

The figure shows one of four prototypes
designed to meet the following require-
ments, among others:
¢ Insertion loss < 0.04 dB (nearly total

transmission) at frequencies from 7,145

to 7190 MHz and 8,400 to 8,450 MHz

(the two passbands) at an angle of inci-

dence of 30°, and in both polarizations

(perpendicular and parallel to the plane

incidence);
¢ Insertion loss > 45 dB (nearly total reflec-

tion) at frequencies from 2,090 to 2,320

MHz (the stop band); and
* Ability to maintain these electrical char-

acteristics while passing 100 kW of con-
tinuous-wave power in either or both of
the two passbands or reflecting 100 kW
of continuous-wave power in the stop
band.

Perforated-metal dichroic plates have
been in use for several years, but the holes
in the plates have been left unfilled. The
concept of filling the holes with dielectric
material (in this case, polytetrafluoroethy-
lene) was introduced because it was not
possible to design an unfilled-hole plate
to satisfy the specific requirements men-
tioned above: a plate with unfilled holes

26

would give rise to undesired diffraction-
grating lobes in the 8,400-t0-8,450-MHz
passband at an angle of incidence of 30°.
The theory shows that when dielectric
plugs are used, holes can be made smaller
and closer together; this, in turn, reduces
the grating lobes that arise at 30° and
other angles of incidence.
Antenna-pattern tests of the prototype
dichroic plates did not reveal any unusual

behavior such as might be caused by un-
expected surface waves or unexpected dif-
fraction-grating lobes. The results of the
experiments generally confirmed the theo-
retical predictions.

This work was done by Tom Y. Otoshi
and Robert C. Clauss of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 155 on the TSP
Request Card. NPO-17688

This Perforated Metal Plate With Dielectric-Filled Holes acts as a dual-passband
dichroic microwave plate. The use of the dielectric enables the use of smaller, more-
closely-spaced holes; this, in turn, reduces undesired diffraction-grating lobes.

NASA Tech Briefs, June 1992



Pseudomorphic Single-Quantum-Well Lasers Emit at 980 nm

These lasers are suitable for pumping erbium-doped optical-fiber amplifiers.
NASA's Jet Propulsion Laboratory, Pasadena, California

Narrow-stripe semiconductor lasers that
emit at a wavelength of 980 nm have been
fabricated and tested. A laser of this type
includes a pseudomorphic In, ,Ga, 5 As/
GaAs/Al,Ga,_,As graded-index-of-refrac-
tion, separate-confinement-heterostructure
single quantum well (GRINSCH SQW) with
an overlaid ridge waveguide. These lasers
are suitable for pumping Er3*doped opti-
cal-fiber amplifiers; eg., in optical-fiber com-
munication systems and optical phased-
array ranging (‘‘optical radar’) systems.
The wavelength of 980 nm is chosen as
the one that yields the most efficient pump-
ing because there is no absorption in ex-
cited states at this wavelength.

The laser structure (see Figure 1) is
grown by molecular-beam epitaxy. The re-
quired combination of the thickness of the
quantum well and the concentration of
InAs in the well is determined from calcula-
tions in which strain and quantum size ef-
fects were taken into account. The single-
quantum-well active layer is 60 A thick
and is sandwiched between two GaAs
layers 50 A thick. These layers are sand-
wiched between two graded-index-of-re-
fraction layers of Al,Ga,_,As 1,700 A
thick, in which x varies with depth from
0.05 to 0.5. All of the foregoing layers are
sandwiched between two 1.0-um-thick clad-
ding layers of Al ; sGa,, 5As, one p-doped,
the other n-doped.

Accurate control of the wavelength of
the emitted light is essential to match the
wavelength of maximum pumping efficien-
cy of an Er®+doped optical-fiber amplifier.
The use of the ridge waveguides facilitates
this match in that the fabrication of these
waveguides does not involve postgrowth
high-temperature processing, which could
alter the wavelength of the emission; they
are formed alang the [011] direction by wet
chemical etching. In the prototype lasers,
the ridge waveguides are 6 um wide. The
height of these ridge waveguides, 0.9 um,
is chosen to produce a lateral step of
1x10~3 in the effective index of refrac-
tion to ensure lasing in the fundamental
mode for high coupling into a single-mode
optical fiber.

A layer of SiO, half a wavelength thick
serves as an antireflection coat on the
front facet of each laser, while multiple
layers of SiO alternating with SiO, serve
as a highly reflective coat on the rear facet.
The distance between the front and rear
facets is 600 um. The maximum output
(beyond which failure occurs) through the
front facet is about 220 mW. The maximum
electrical-to-optical power-conversion ef-
ficiency is about 37 percent at an output
power of about 140 mW. The efficiency of
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coupling of the output power into an op-
tical fiber is about 20 percent.

This work was done by Anders Larsson,
Siamak Forouhar, Jeffrey G. Cody, and
Robert J. Lang of Caltech and Peter A.

Andrekson of American Telephone and
Telegraph Company Bell Laboratories for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 1 on the TSP Re-
quest Card. NPO-18264
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Books and Reports

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

Emissions Tests of Two
dc-to-dc Converters

A power converter that
interferes minimally with
delicate scientific
instruments is sought.

A report describes tests to characterize
the unwanted electric and magnetic fields,
at frequencies up to a few megahertz, ra-
diated by two dc-to-dc converters. The
tests were part of an effort to develop a
“‘quiet” power converter for use aboard a
spacecraft. The converter is required to in-
terfere minimally with nearby delicate sci-
entific instruments that would measure
electric and magnetic fields.

One of the units tested was a 20-kHz
square-wave converter; the other, a 33-kHz
sine-wave converter. The unit under test
was placed on a copper-top bench in an
electromagnetically shielded chamber,
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connected to a load bank. A load-current
probe picked up conducted emissions, a
loop antenna picked up magnetic-field
emissions, and other antennas picked up
broadband and narrow-band electric-field
emissions. The dc power supply for the
converter under test and the emission-
spectrum-analyzing equipment were lo-
cated outside the shielded chamber.

With respect to the desirability of mini-
mizing electromagnetic interference with
other equipment, the 33-kHz sine-wave
unit was found to be the better of the two
converters. lts radiated broadband emis-
sions were within the limits specified for
the particular spacecraft application, al-
though its radiated narrow-band emissions
were 3 dB too high at 6.6 MHz and 5 dB
too high at 8 MHz. Its electric- and mag-
netic-field emissions at 33 kHz were also
above specified levels but could likely be
reduced by use of shields made of highly
magnetically permeable metal (“mu metal”).

The conducted emissions from both units

included components at the fundamental
switching frequencies and harmonics.
Electrostatic shielding was installed on the
primary windings of the main transformer
of the 33-kHz sinusoidal unit to reduce
capacitive coupling between the primary
and secondary winding; this reduced noise
currents by as much as 38 dB in some
cases.

The report concludes with several rec-
ommendations to reduce the emissions
from the 33-kHz sinusoidal converter. These
include the following:

* |nstall electrostatic shielding both to re-
duce conducted emissions as stated
above and to reduce radiated electric-
field emissions at 66 kHz and higher
harmonics.

¢ Perform additional tests to determine
whether the placement of a shield on the
secondary side and grounded on one of
the secondary-side ground planes will
reduce load-induced conducted noise on
the main input power bus.

¢ Investigate the use of ferrite beads and
other measures to reduce emissions on
the main input power bus.

¢ Follow strict electromagnetic-interference-
prevention design guidelines to eliminate
leakage of electric fields.

¢ Enclose each transformer in a high-per-
meability shield to reduce its magnetic
emissions.

¢ Until it can fully be demonstrated that the
candidate dc-to-dc converter satisfies all
emission specifications, the fundamen-
tal switching frequency of the converter
should be made a subharmonic of the
frequency of the synchronizing signal
used in the scientific instruments, and the
converter should be synchronized with
the instruments so that the instruments
could be made to gather data between
harmonic emissions.
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This work was done by Colonel W. T.
McLyman of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report, “‘Quiet Converter,” Circle 123
on the TSP Request Card.

NPO-18468

Effect of Funneling
on Collected Charge

The total charge collected
from impact of an ion on a
p/n junction is estimated.

A report discusses the collection of elec-
trical charge from the track of an energetic
heavy ion through a reverse-biased n*/p
junction in a semiconductor device. This
study focuses on the effect of funneling
upon the total charge collected by a low-
impedance (ideally, a voltage source) exter-
nal circuit; this total charge is the current
integrated over the time necessary to re-
cover from the ion hit. As used here, “fun-
neling”” denotes a phenomenon caused by
interactions among the evolving distribu-
tions of electrons, holes, and electrostatic
potentials during the recovery-and-charge-
collection time; funneling is the enhance-
ment, by the voltage drop across the sub-
strate, of the flow of minority carriers (in
this case, electrons) from the substrate into
the depletion region.

The report presents a detailed qualita-
tive description of the collapse of the deple-
tion region and the subsequent recovery.
The collapse involves the rearrangement
of charge carriers within what was initial-
I the boundary of the depletion region.
Because the electric field is much stronger
in the depletion region than it is anywhere
else in the device, the collapse can be
assumed to occur instantaneously upon
formation of the ion track, for purposes of
the analysis.

To simplify the analysis further, it is as-
sumed (1) that densities of injected charge
are large enough that the density of elec-
trons nearly equals the density of holes
in the substrate and (2) that the ratio be-
tween the diffusion constants for electrons
and holes equals the ratio between the
mobilities of electrons and holes. These
assumptions are applied to the basic equa-
tions for the drift and diffusion components
of the electron and ion currents, leading
to the following equation for the total col-
lected charge, Qr:

Qr = (1+p/1)Qp +2 Qg
where Qp, is the charge initially liberated
in the depletion region, Q4 is charge col-
lected by diffusion, u, is the electron mo-
bility, and p,, is the ion mobility.

The report goes on to discuss the esti-
mation of the diffusion current, which in-
volves the solution of a boundary-value
problem to estimate the gradient of the
electron density. Provided that the ion track

is sufficiently long and the device does not
include a thin epilayer, an ambipolar-diffu-
sion equation can be used to calculate
Qgitr- Next, methods of computing (1+ ./
M) Qp are discussed. Finally, numerical
results of equations derived in this study
are compared with those obtained by ap-
plying the PISCES computer program to
the same problem. The equations of this
study are found to overestimate the col-
lected charge at short times and to under-
estimate it at long times, but to agree sub-
stantially with the PISCES prediction at
times ranging from 10 to 20 ns, which are
representative of recovery times of typical
devices.

This work was done by Larry D. Edmonds
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
"A Simple Estimate of Funneling Assisted
Charge Collection,” Circle 145 on the TSP
Request Card.

NPO-18286

Rated Temperature of
Silver/ Zinc Batteries
Is Increased

Batteries can be operated
49 °F (27 °C) above the
previous maximum.

Silver-zinc batteries of a specific com-
mercial type (28 V, 20 Ah, Eagle-Picher
Battery MAR 4546-5) can be operated
safely at higher temperature than previous-
ly thought possible, a report shows. The
report is based on tests in which batteries
of this type were operated at temperatures
up to 239 °F (115 °C) without going into
sustained thermal runaway. Previously,
190 °F (88 °C) was thought to be the thresh-
old temperature for thermal runaway.

In one of the tests, a fully charged bat-
tery was heated to an initial temperature
of 108 °F (42 °C), then placed in a vacuum
and discharged at a constant of 84 am-
peres. During the discharge, its tempera-
ture rose to 239 °F (115 °C). The discharge
was stopped after 19.2 minutes, when the
remaining energy stored in the battery was
less than 1 ampereshour. No thermal run-
away occurred, although the cell vented
electrolyte at 216 °F (102 °C).

The report concludes that silver/zinc
batteries can operate at high temperatures
for short times without going into thermal
runaway. However, it also cautions that
thermal runaway of a silver/zinc battery de-
pends on its size, its internal construction,
and the amount of electrolyte it contains.

This work was done by Derek R Hill of
Martin Marietta Corp. for Marshall Space
Flight Center. To obtain a copy of the re-
port, “'Eagle Picher 28 VoIt 20 Amp Hour
Silver Zinc Batteries Operated at High Tem-
perature,” Circle 72 on the TSP Request
Card. MFS-28608
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Study of dc Modulation
Noise in Magnetic
Recording Disks

Inhomogeneities in the
recording medium are the
dominant sources of noise.

A report discusses dc modulation noise in
the thin-film magnetic medium on a magnet-
ic recording disk. It presents a theoretical
study of the statistical and spectral charac-
teristics of this noise and describes an ex-
perimental study of the dependence of this
noise upon the applied magnetic field, the
thickness of the magnetic layer, and the

roughness of the surface of this layer.
Direct-current modulation noise is the
fluctuating signal superimposed on the
nominal zero output of a recording/play-
back head traveling along a recording
track on a disk after the disk has been first
magnetized with a dc field along the track,
then remagnetized with a field of the op-
posite polarity. In this study, dc modula-
tion noise is attributed to the nucleation
of isolated regions of reversal of magnet-
ization in the recording medium and to the
growth and coalescence of those regions
with increasing reverse applied magnetic
field. The boundaries of these regions,
called “pseudotransitions,” are sources of
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diverging magnetization and of fringing
magnetic fields, which are sensed by the
recording/playback head.

According to this physical model, rela-
tively little reversal of magnetization occurs
and, therefore, little noise is generated
when the peak reverse magnetic field is
significantly less than the coercivity of the
medium. As the peak reverse magnetic
field is increased, more noise appears be-
cause the medium becomes more strong-
ly marked with pseudotransitions induced
by partial reversal. As the peak reverse
magnetic field continues to increase, this
noise diminishes as the magnetization be-
comes more nearly completely reversed
and spatially uniform.

For the theoretical study, the distribu-
tion of the pseudotransitions in time and
space is represented as a statistical event-
arrival process governed by the Weibull
distribution, which can be regarded as a
generalization of the Poisson distribution.
The Weibull distribution is used to com-
pute the autocorrelation function of the dc
modulation noise and the power spectral
density of this noise as a function of the
frequency, the length of the gap in the re-
cording/playback head, the speed of the
head along the track, the expectation value
of the magnitude of magnetization, and a
Lorentzian-pulse-duration parameter.

Experiments were performed on alumi-
num disks plated with cobalt-alloy magnetic
recording layers of various thicknesses
from 25 to 60 nm. Initial saturation-level
signals were written, then erased, then
overwritten with reverse signals, and the
cycle repeated, increasing the reverse sig-
nals in steps until saturation was reached.
After these measurements were taken,
bulk magnetic properties of the disks were
measured, and the roughnesses of their
surfaces were measured with a surface
profilometer.

The playback signals were processed
through a spectrum analyzer and proc-
essed further in a computer. Electronic
noise was digitally subtracted from these
signals; then the theoretical power spec-
tral density was fitted to the measured spec-
trum by an iterative technique. When the
fits were completed, the theoretical model
of dc modulation noise was found to agree
with the experimental data with correla-
tions greater than 0.99. The trends observed
in the experimental data indicate that the
inhomogeneities in the magnetic recording
media, and not the roughnesses of their
surfaces, are the dominant sources of noise.

This work was done by Romney R. Katti
of Caltech for NASA’s Jet Propulsion
Laboratory. 70 obtain a copy of the report,
“Thickness and Roughness Dependence
of dc Modulation Noise in Thin Film Mag-
netic Recording Disk Media,” Circle 14 on
the TSP Request Card.  NPO-18219
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Performances of
Arrays of Ge:Ga
Far-Infrared Detectors

Tests revealed deficiencies
that must be overcome
in future designs.

A report presents an evaluation of the
performances of two electronic modules
that contained few-element linear focal-
plane arrays of Ge:Ga photodetectors and
associated multiplexing readout circuitry.
These modules were tested to demonstrate
preliminarily the feasibility of many-ele-
ment, two-dimensional focal-plane arrays
of far-infrared (or submillimeter-wave) de-
tectors and associated circuitry for use in
astronomical and other low-background
scientific observations.

Module 1 contained eight discrete front-
illuminated 1- by 1-mm detector elements,
only four of which were active. The associ-
ated circuitry included discrete metal ox-
ide/semiconductor field-effect transistors
(MOSFET's). Module 2 also contained
eight 1- by 1-mm detector elements, two
of which were active. The circuitry asso-
ciated with the active elements included
integrated MOSFET's. The arrays in both
modules operated in an integration-and-
reset/multiplexing scheme.

The modules were tested in a low-back-
ground-radiation environment in a cryogen-
ic chamber, in which they were cooled by
liquid helium to 4.2 K and lower tempera-
tures. Infrared radiation from a black body
at various temperatures up to 80 K was
passed to the detectors through a stack
of filters, the output spectrum of which was
centered at 106 um, with 1.25 um full width
at half maximum. The responsivities, noises,
and other parameters of the detectors and
the readout and multiplexing circuits were
measured.

At a temperature of 4.2 K and a detec-
tor bias of —264 mV, the average respon-
sivity was about 300 A/W. At4.2 Kand a
detector bias of 350 mV, the optimum sys-
tem readout noise was 6,100 electrons per
sample, and the noise-equivalent power
was 10~'8 W/VHz. The tests revealed
several deficiencies that must be over-
come to make future designs successful.
The most notable deficiencies are signifi-
cant variations (about 25 percent) among
the responsivities of detector elements, and
low breakdown voltages (about + 300 mV).

The report draws several conclusions
that can be summarized as follows:

* The Ge:Ga arrays are not yet perfected
sufficiently to enable the accumulation of
reliable data on performance, though the
preliminary data are encouraging.

« The nonuniformity of responsivity is a seri-
ous disadvantage that is magnified by the
smallness of the breakdown voltage and
could impose severe limitations even with
detectors at peak performance. The solu-

NASA Tech Briefs. June 1992

tion may involve different types of
MOSFET's that have more nearly uniform
characteristics.

e The charges injected by the MOSFET
switches during reset pulses give rise to
voltages that exceed the detector biases.
Compensation for these transient signals
is not a viable solution because the detec-
tors become unstable and noisy when
their bias voltages cross zero.

* The multiplexing scheme and the integrat-
ed-circuit technology, which are suitable
for detectors that operate at shorter wave-
lengths and that have very large break-
down voltages, may not be suitable for
Ge:Ga photoconductors.

* Low-noise cryogenic field-effect transis-

tors appropriate for use with detectors
that have low breakdown voltages should
be developed for use in arrays of far-in-
frared detectors.

This work was done by C. McCreight of
Ames Research Center and J. Farhoomand
of Orion TechnoScience. Further informa-
tion may be found in NASA TM-102275
[N91-14087], “‘Performance of Multiplexed
GE:GA Detector Arrays in the Far Infrared.”

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.
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Computing Modulation Losses in a Communication System

An improved method involves less computation than a *‘brute-force’” method does.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An improved method accelerates the
computation of the means and variances
of modulation losses in a radio communi-
cation system in which telecommand,
telemetry, and turnaround ranging signals
are transmitted between two stations via
phase modulation with residual carrier sig-
nal. The term ““modulation loss’ is some-
what misleading in that it does not mean
a loss in the usual sense: it denotes the
fraction of the total transmitted power
allocated to (or, if you prefer, “lost t0”) a
designated channel (see figure). The
method was developed to compute the
modulation losses in a spacecraft/ground-
station system but presumably could be
modified for application to any similar ter-
restrial or aerospace system that involves
one-way and]/or two-way transmission, in-
cluding retransmission.

In general, the means and variances of
the modulation losses can be computed
from (1) the nominal values and tolerances

from them) and (2) the probability-density
functions for these parameters. Heretofore,
this has entailed the use of a ‘‘brute-force”
method in which modulation losses are
computed for all possible combinations of
the modulation indices. For example, the
computation of the tolerances on the down-
link-telemetry modulation loss in the case
of simultaneous telemetry, command, and
range operations requires 128 different
combinations of modulation indices.

The improved computational method is
based on uplink and downlink signals that
conform to a standard promulgated by the
Consultative Committee for Space Data
Systems. According to this standard, the
uplink carrier signal is phase-modulated by
a square-wave or sinusoidal uplink ranging
signal and by a sinusoidal telecommand
subcarrier that is, in turn, modulated by a
non-return-to-zero rectangular wave. The
downlink carrier is phase-modulated by a
downlink ranging signal; by a square-wave

rectangular wave; and by uplink noise that
feeds through the ranging transponder filter.

The specific algebraic forms of these
signals are used to derive expressions for
the maximum and minimum values of the
uplink telecommand, the downlink telem-
etry, and the uplink and downlink carrier
and ranging modulation losses. In the uplink
case, these are functions of the modula-
tion indices. In the downlink case, these are

_functions of the modulation indices and

uplink noise. These functions, along with
the appropriate probability-density func-
tions, are incorporated into algorithms that
compute the means and variances of the
uplink and downlink modulation losses.
These algorithms complete the computa-
tions about three times as fast as do the
algorithms of the “brute-force’” method.

This work was done by Tien M. Nguyen
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
109 on the TSP Request Card.
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Power e
/ (P14) J Uplink Ranging Power (PR1) :
Ground \ l Uplink Residual Carrier Power (Pc1) l ngt(:;(;':ﬂ
r Oth =
s ; Commanded
Commanding Downlink Telemetry Power (PT_m) Total i
Station & Downiink
J Downlink Ranging Power (PRo) 1 Power l\
1 Downlink Residual Carrier Power (Pc2) f Pr2) l/
Uplink Telecommand Modulation Loss = Pgp/PT1 Downlink Telemetry Modulation Loss = Pt m/PT2
Uplink Ranging Modulation Loss = PR4/PT1 Downlink Ranging Modulation Loss = PRo/P12
Uplink Carrier Modulation Loss = Pg /P14 Downlink Carrier Power Loss = Pgo/PT2

The Modulation Loss denotes the fraction of the total power allocated to (or, if you prefer, “lost to”") a designated channel. For exam-
ple, the telemetry loss denotes the fraction of power allocated to the telemetry channel.

detector. The improved design was orig-
inally intended to reduce the noise in the
receiver of a frequency-modulated (FM) tel-
emetry link without sacrificing bandwidth.
Its principle of operation is not limited to
telemetry but is applicable to the process-
ing of received FM signals in general.

NASA Tech Briefs, June 1992

Improved PLL for FM Demodulator

The ripple in a phase-locked loop is reduced.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A phase-locked loop (PLL) for a frequen-
cy demodulator contains an improved fre-
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quency-to-voltage converter that produces
less ripple than does a conventional phase
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A conventional PLL consists of three es-
sential elements: a phase detector or com-
parator, which compares the phase of an
incoming signal with that of a signal gener-
ated locally by a voltage-controlled oscilla-
tor (VCO); a loop filter, which smooths the
output of the phase comparator to produce
an error voltage; and the VCO, the frequen-
cy of whichis a function of the applied error
voltage. A conventional multiplying-type
phase detector puts out ripple at twice the
carrier frequency, and the ripple energy is
concentrated in the low harmonics. To
filter this output adequately, it is necessary
to use a low-pass filter, which limits the
bandwidth.

In the improved PLL, the phase detector
is replaced by a state estimator, imple-
mented by a ramp/sample-and-hold circuit.
(see figure) The circuit operates as follows:
Suppose that a reset pulse has just set the
ramp generator to zero. The circuit re-
mains static until a signal comes from the
VCO to start the ramp generator. A short
time later, a pulse comes from the incom-
ing-signal line. This triggers a monostable
multivibrator, which produces a short pulse
that tells the sample-and-hold circuit to
hold. The voltage that appears at the out-
put of the sample-and-hold circuit is thus a
measure of the difference in time between
the VCO and incoming signals. The trailing
edge of the output of the monostable
multivibrator triggers a second mono-
stable multivibrator, arranged to reset the
ramp generator. The second monostable
multivibrator serves to delay the reset until
the sample-and-hold circuit has acquired a
new sample. The sequence then repeats.
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The Ramp/Sample-and-Hold Circuit driven by the VCO and incoming signals performs the
function of a phase detector, and needs little, if any, loop filtering.

Because the ramp/sample-and-hold cir-
cuit is inside the PLL, the difference in time
between the incoming and VCO signalsis a
measure of the difference in phase. Thus,
the ramp/sample-and-hold circuit acts as a
phase detector. The requirements for filter-
ing the output of this circuit are much less
severe than in the conventional multiply-
ing-type phase detector because there is
little ripple energy and it is concentrated
mostly in the high harmonics.

As an FM demodulator, the improved
PLL provides low-noise output with good
frequency response. Another application is
as a tachometer. In the usual tachometer
system, noise is present in the output. Fil-
tering this noise — for example, to reduce
chatter in a speed-control circuit — causes
a lag in the response. The improved PLL
reduces this noise to zero at a steady

speed; therefore, no filtering is required.

This work was done by Harold Kirkham
and Shannon P. Jackson of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 113 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-17792, volume and number
of this NASA Tech Briefs issue, and the
page number.

A Highly Digital Front End for GPS Receivers

Advantages would include compactness, lower cost, greater accuracy, and greater reliability.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

The initial signal-processing steps in the
“front end”” of a Global-Positioning-System
(GPS) receiver translate the signal from
radio frequency (RF) to sample values at
baseband. A highly digital front end can
offer many well known advantages relative
to analog implementations, including
smaller size, better reliability, greater ac-
curacy and lower cost. With regard to ac-
curacy, both delay instability and absolute
delay errors due to the front end can be
reduced to a small fraction of a nanosec-
ond, without continuous calibration. Com-
parable performance is very difficult to
achieve witn analog designs. The adopted
design generates baseband samples in
quadrature with an exactness in quadra-
ture separation that surpasses that of ana-
log implementations.

In its simplest form, the design ap-
proach presented here requires only two
major steps to bring a signal from RF to
a filtered and sampled form at baseband:
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commensurate sampling at RF and a sum.
In commensurate sampling, the sample
rate is chosen so that the aliasing action
of the sampling operation itself down con-
verts the signal from RF to baseband.
Thus, one operation carries out both sam-
pling and down conversion. In contrast,
analog implementations are considerably
more complex and unstable, requiring
steps that mix the signal with a local oscil-
lator (LO) signal, filter to remove the sum
note, and then sample.

In the adopted form of commensurate
sampling, which will be referred to as *‘half-
subharmonic’ sampling, the sample rate
is set equal o 4 f/(2n +1), where n is a non-
negative integer and f is the frequency
component to be down converted to zero
frequency. The advantage of “‘half-sub-
harmonic”’ sampling is that a single sam-
pler at RF, driven by one ‘‘sample-clock’
signal, directly produces both quadrature
components at baseband with exact quad-

rature separation. More specifically stated,
the sampling process directly produces in-
terleaved “‘cosine’” (C) and “‘sine’’ (S)
samples at baseband in the sequence C,
S, C -S C S G -S The indicated sign
reversals on alternate C samples (and S
samples) are easily removed by subse-
quent integrated-circuit (IC) logic.

A top-level functional block diagram of
the simplest adopted design is shown in
the figure for the L1 and L2 components
of the GPS signal. The output of the anten-
na is amplified, passed through a broad-
band RF filter, and then power divided in-
to L1 and L2 branches. On the L1 and L2
branches, the filters are given center fre-
quencies of f , and f, ,, as indicated, and
bandwidths no greater than 450 Mhz and
490 Mhz, respectively. (Since the overall
noise bandwidths for the two branches are
set by these filters, their bandwidths should
be consistent in a Nyquist sense with the
subsequent RF sample rates.)

NASA Tech Briefs. June 1992
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CyberResearch System of the Month Features RTI  DAS from Analog Devices
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Guarantee Valid Data
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conditioning modules serve several purposes
protect your computer, isolate your signal o
est from noise, amplify low-level signals, and
provide power and excitation to transducers
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ditioning: Analog Devices. And CyberResearch
is your Analog Devices distributor carrying every
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low-cost 5B series, and the new, intelligent 6B
series with on-board A/D conversion

Call 800-486-8800 to receive additional mformat@n
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The RTI series of data acquisition boards were de-
signed by Analog Devices with industrial users in
mind. With the lowest failure rate in the industry
these are the boards to choose when reliability is
critical. Designed from the outset to be compatible
with the full line of Analog Devices’ signal condition-

* LABTECH NOTEBOOK menu-driven software
with new lconView diagramming user interface
and drivers for controlling the RTI 815A board

Order #RTI 815LN RTI DAS Combination Package.$1995
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ASYST 4.0 Soﬂware from Keithley/ASYST

More powerful than ever, ASYST 4.0
software is a scientific & engineering
envirionment combining data acqui-
sition, analysis, and graphics in a
single, integrated package

Designed by engineers, ASYST software
combir the u friendliness of menu-
driven up routines with the unnlimited
potential of a programming language
Version 4.0 includes support for counter/
timer acquisition, FIR filters, and many
other powerful functions. ASYST is available in three ways: a graphics &
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D/A and/or GPIB support. You only pay for the capabilities you need
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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: The UPC Direct Sensor
Input Cards from Validyne Engineering.
® Directly connects to Thermocouples, Strain
Gauges, RTD's, LVDT's, RVDT's, Voltage
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¢ 16 A/D Inputs with 14-Bit Resolution
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Software, Software Drivers in BASIC & C, and
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New High-Resolution Event Timing Controller

The latest innovation from
Guide Technology is the
GT 401 Real-Time Event
Controller. Now you can
easily control and monitor ;s TAaM
external events. An on- PC Systems Handbook
board Intel 8051 controller " =
handles real-time process-
ing, relieving your PC of the
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timing resolution, 50,000 times the resolution of the DOS clock in your PC

» 4 channels for use as pulse outputs or time-tagging inputs; 400 ns. resol

e Three 10MHz counter/timers can be synchronized to the real-time clock

* Various time formats implemented in hardware

» Entirely software-controlled, using software included free with each board

#BT 401 Precision Event Timing Controller with Software ............... ..5995

#GT 100 Low-Cost 100MHz Universal Counter (Call for more information) ......$995
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Berry Fast: 200 KHz Data Acquisition for just $895

The new WorkMate data acqui-
sition board from Strawberry
Tree combines ease-of-use
with blinding speed rely
software configured and con-
trolled, the new WMPC 200
makes data acquisition on a
PC simple, without sacrificing
performance. Each WorkMate
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zpe®- PC Systems Handbook

for Scientists & Engineers

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

The CyberResearch PC Systems Handbook
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.
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In the Digital Front End of a GPS Receiver, half-subharmonic sampling of the incoming
radio-frequency signal followed by a summing operation produces the desired base-

band output in filtered and sampled form.

The two signals are then each n-bit
sampled at RF at a “half-subharmonic”
rate that has been selected on the basis
of the relationship of carrier frequency to
the P-code rate. Figure 1 presents for. L1
and L2 the relationship of offset carrier fre-
quency to the offset P-code rate defined
by f. = 10.23 MHz - Af, where Af is a
small offset to be introduced by the fre-
quency subsystem. (A prime on a variable
will denote an offset relative to nominal.)
When the RF sample rate is 4/7 times the
offset carrier frequency for L1 and 4/5 for
L2, each RF sample rate becomes an ad-
vantageous integer multiple of the offset
P-code rate, namely, 88f’p for L1 and 96f'p
for L2. Note that both of these integer
multipliers are multiples of four — a fact
that is critical to the following scheme.

After sampling, the output of each
sampler is demultiplexed into C and S
streams and a sign correction applied to
alternate samples. At this point, the sam-
ple rate for each quadrature component
is 44f’ for L1 and 48f'_ for L2 (about 450
Msamples/s and 491 l\/f> samples/s, respec-
tively, depending on the value of Af). By
design, these two rates are about the
same magnitude and are relatively large
integer multiples of 2f'_. To reach the out-
put rate of 2’ (about 50 46 MHz) for both
L1 and L2, a digital filter can be applied
to each stream, with a rate-reduction fac-

tor of 22 for L1 and 24 for L2. In the
simplest implementation, the digital filter
becomes a sum-and-dump operation, with
a sum length of 22 points for L1 and 24
for L2. A slight improvement (about 20 per-
cent) in delay precision can be obtained,
at the cost of greater complexity, if the
digital filter is given an approximately rec-
tangular bandshape and a single-sided
bandwidth of about 10 MHz.

This design simplifies the receiver in
three ways. First, for each branch, a single
sampling operation replaces several ana-
log components that would have been
separately required for down converting
each quadrature component. Second, the
frequency subsystem is very simple. Each
of the two RF sample rates can be gen-
erated as a simple integer multiple of the
output of a single reference synthesizer
that produces the frequency, 2f'p. Offset-
ting the rate of this synthesizer from 20.46
MHz automatically provides an advan-
tageous offset in both the final baseband
output rate and the baseband carrier rate
(for both L1 and L2). Third, digital-filter de-
sign is greatly simplified inasmuch as the
rate-reduction factor to be introduced by
the digital filter can be set equal to an ex-
act integer for both L1 and L2 (i.e., 22 and
24, respectively).

As suggested above, the RF sample
rate is not made exactly commensurate

NASA Tech Briefs, June 1992
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with the nominal carrier frequency, but
with a frequency that is slightly offset from
the carrier frequency (eg. by 10 to 300 kHz
at RF). The offset is made large enough
to place the observed carrier frequency
at baseband at a positive value for all ex-
pected Doppler shifts. This same offset
also shifts the final baseband rate away
from 20.46 MHz, thereby insuring its ef-
fective incommensurability with P-chip rate
of 10.23 MHz. Avoidance of zero baseband
carrier frequencies is advisable if the down-
conversion sinusoid in the baseband proc-

essor is quantized to only a few levels (eg.
three levels) or if the option of nonquad-
rature baseband operation is a design
goal. Effective incommensurability with the
P-chip rate is advisable in high-accuracy
delay measurements if the effects of
discrete sampling are to be minimized
(particularly when the Doppler rate is zero).

This work was done by J. Brooks
Thomas of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 6 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-17808, volume and number
of this NASA Tech Briefs issue, and the
page number.

More About Architecture for Intelligent Robotic Control

Boolean neural network would be an intermediate level of a hierarchical control system.

NASA's Jet Propulsion Laboratory, Pasadena, California

Boolean neural networks have been pro-
posed to implement part of an intermediate
level (the rule level) of a hierarchical ar-
chitecture of a control system for the artifi-
cially intelligent control of a robot hand.
A very-large-scale integrated-circuit proto-
type of such a network has been built and
is undergoing laboratory tests, all as part
of a continuing effort to delineate further
the hierarchical-control concept and de-
sign effective hierarchical control circuits.

The underlying hierarchical-control con-
cept is described in “Architecture for In-
telligent Control of Robotic Tasks' (NPO-
17871), NASA Tech Briefs Vol. 15, No. 8,
(1991) page 28. Recapitulating from that
article, each level of the hierarchy can be
described as performing a different kind
of control computation that corresponds to
a different kind of mental process analo-
gous to the mental processes of a person
engaging in a grasping task. The lowest
level would interact directly with sensors
and actuators, the middle level (the rule
level that is the focus of attention in this
article) would command responses to pat-
terns that it would recognize in feedback
signals, and the highest level would be
dedicated to planning and the recognition
of sequences of patterns. In ascending the
hierarchy, one would encounter increas-
ingly symbolic types of logic.

The hierarchical architecture (see Fig-
ure 1) requires several additions to the
standard architectures of previous planner
and actuator controllers. First, one has to
generate the set of conditions that con-
stitute the qualitative component of the
specification of the evolution of a task.

Figure 2. The Prototype Boolean Neural Net-
work is a very-large-scale integrated circuit. It
includes a 4-by-8-node AND plane, an 8-by-8-
node OR plane, and an 8-node control column
between those two planes. The circuit chip
measures 7.9 by 9.2 mm and is mounted in a
64-pin package.
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Second, one has to store a set of alter-
nate trajectories. Within the rule level of
the hierarchy, range selectors would trans-
form the analog outputs of the sensors into
Boolean variables (logic-level signals). Two
Boolean neural networks would process
the Boolean variables according to mem-
orized “if... then” rules supplied by the
planner (which would reside in the highest
level of the hierarchy). This concept relies
on two basic assumptions: that a small set
of actuator trajectories can cover most
grasping tasks and that the evolution of
a grasping task can be represented by logi-
cal conditions.

The Boolean networks would be oper-
ated in alternation under control of an adap-
tation-and-rule controller, which would also
supervise the loading of a new plan and
its rules. While one Boolean network was
operating, the other one would be receiv-
ing the updated plan. Once updating was
completed, the newly updated network
would be switched into operation and the
other switched out of operation to be up-
dated in turn. In this way, updating could
proceed without interfering with the cor-
rect processing of feedback signals.

The prototype Boolean neural network
(see Figure 2) is an adaptive, self-organ-
izing logic network in that it takes an ac-
tive part in reconfiguring its own logic
gates. In so doing, it strives to optimize its
configuration and/or performance with re-
spect to such criteria as minimality and
consistency of the rule base. During proc-
essing, the network acts as a program-
mable logic array. During adaptation, as
new rules are added, the network auto-
matically reconfigures itself into a logic cir-
cuit that seeks to maintain a minimum and
consistent rule base.

There is no explicit programming of the
network, and the internal configuration of
the network is not unigue but, rather, de-
pends on the initial state and on the history
of the previous adaptations. The network
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accepts new rules that are sequentially
presented to it by an external controller.
This process allows each node in the net-
work to determine its relation with the new
rule and determine whether it should be
involved in the adaptation process. The
adaptation may involve addition or dele-
tion of nodes or compaction of subnet-
works. A central controller is used for coor-

dination, but the adaptive process itself is
completely distributed in the network, and
maodifications to the network are performed
with considerable concurrency.

This work was done by Paolo Fiorini and
Jeffrey Chang of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 2 on the TSP Request Card.
NPO-17926

Microcontrollers Generate Timing Signals for CCD Arrays

Timing patterns can be altered via software.
Goddard Space Flight Center, Greenbelt, Maryland

Microcontrollers are used to generate
timing signals for charge-coupled-device
array detectors in an electronic system
being developed to test such detectors.
Previously, it was necessary to hard-wire
a logic circuit dedicated to generation of
the timing signals for each detector to be
evaluated. To effect changes in timing sig-
nals, it was necessary to rewire the logic
circuit — a time-consuming and difficult
task. With a microcontroller, one can
change timing signals via software, with-
out changes in wiring. Because the soft-
ware-based approach is more flexible, tim-
ing signals can be changed more easily
and quickly.

NASA Tech Briefs, June 1992

The microcontrollers are commercial
Am29CPL154 field-programmable control-
lers (FPC’s). They are incorporated in a
general-purpose FPC circuit board, which
is the basis for the system (see Figure 1).
Each microcontroller simultaneously puts
out a bit pattern and executes an instruc-
tion from a set of instructions. Some of the
possible instructions are waiting, branch-
ing, looping, and subroutine calls and re-
turns. After a routine is written for each
of the basic operations required by the
detector, the operations can be executed
the correct number of times and in the cor-
rect order to read data out of the detector.
Each microcontroller can drive up to 16

General-Purpose
FPC Circuit Board

Figure 1. This Microcontroller Detector
Driving System relies on microcontrollers
mounted on the general-purpose FPC
circuit board to generate timing signals
for operation of a charge-coupled-device
array detector.
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clock signals and can execute programs
as long as 512 lines.

Programs for the microcontrollers are
developed on a personal computer by use
of assembler and simulation software (see
Figure 2). First, a source file is written in
a high-level programming language with
the help of a word-processor program. The
source file is then processed via the as-
sembler software into a Joint Electron De-
vice Engineering Council (JEDEC) fuse
map. The fuse map is processed via the
simulation software to determine whether
the program runs properly before burning
the program into the microcontroller. If
necessary, the source file is modified, then
processed through to simulation as before.
Once the results of the simulation are
satisfactory, the microcontroller can be
programmed.

The fuse map provides all of the neces-
sary information for a device programmer
to burn the desired program into a micro-
controller. Each microcontroller thus pro-
grammed is installed in the general-pur-
pose FPC board.

Prototype general-purpose FPC boards
are being used to operate detectors of
2,048 X 2,048 picture elements. Each
board contains four microcontrollers op-
erating in tandem, enabling it to drive as

Programmed
Microcontroller

General-Purpose
FPC Circuit Board

Figure 2. The Pro-
gram for Each
Microcontroller is
implemented by a
JEDEC fuse map
thatis developed via
software.

Personal Computer

many as 64 clock signals and to execute
programs up to 512 lines long. The ex-
pandable design allows for the addition of
three more groups of four microcontrollers,
each additional group also operating in
tandem. When the first group reaches its
memory limit, it passes control to the sec-
ond group; likewise, when the second
group reaches its limit, it passes control
to the third group, and so on. When this

scheme is fully realized, the memory
capacity of each general-purpose FPC
board will be 2,048 lines.

This work was done by Marilyn K.
Hostetter, John C. McCloskey, and Kenneth
V. Reed of Goddard Space Flight Cen-
ter. For further information, Circle 8 on the
TSP Request Card.

GSC-13428

System Collects and Displays Demultiplexed Data

The system accommodates a nonstandard data-transmission protocol.
Lyndon B. Johnson Space Center, Houston, Texas

An electronic system collects, manipu-
lates, and displays in real time the results
of the manipulation of multiple streams of
data that have been transmitted from re-
mote scientific instrumentation. The sys-
tem includes an interface circuit, a Macin-
tosh lIx computer, and special software for
control of the collection, display, and
storage of the data. The system was de-
signed for use in the reception and real-
time preliminary inspection of multiple
streams of data from the Microgravity Ves-
tibular Investigations experiment aboard
the Spacelab. Much of the special soft-
ware should be useful in other applications
in which Macintosh computers are to be
used in the real-time display and recording
of data.

The streams of data from the various
instruments are multiplexed along with
clock signals for transmission, then demul-
tiplexed after reception. The input data-and-
clock signal for the present system is the
output of the demultiplexer. This is a non-
standard signal characterized by differen-
tial £1.5-V levels, synchronous non-return-
to-zero data and clock components, serial
transmission with the most-significant bit
transmitted first, and a rate of 25.6 kBd.
The data are transmitted in major and
minor frames at a rate of 1 major frame

42

-

Figure 1. The Inter-
face Circuitshiftsthe
data-and-clock signal
from the differential
logic levels of the
multiplexer to the
single-ended logic

To Disk Storage

To Display

Data and Clock
Signal In

+12V

22K

levels ofthe computer.
In addition, it ampli-
fies the signal to pro-

vide adequate margin
Data and Clock for stability and un-
Signal Out . ambiguous detection

1.5K

of logic states.

per second, each major frame containing
16 minor frames. Each minor frame begins
with a 24-bit synchronization pattern and
contains 100 words (200 bytes) of data.
There are no start, stop, or parity bits.
Typically, data are collected continuous-
ly during as much as 2 hours at a time.
Because there are no ‘‘clear-to-send’’ or
“data-terminal-ready’’ signals and no
status bits, and because it is not possible
to retransmit data when bit losses are de-
tected, it is critical to maintain synchroniza-
tion during those hours. All manipulations
of the data, including reversal of bits and
bytes, stripping of data for display, plotting

on display, scrolling, and writing to disk,
must give the “data-receiving” interrupt
the highest priority and be fast enough for
all manipulations to occur while maintain-
ing real-time scrolling.

The data-and-clock signal is fed through
the interface circuit into one of the serial
ports (port A) of the Macintosh lIx com-
puter (see Figure-1). The interface circuit
is needed to accommodate the single-
ended-logic-level design of the computer
to the differential-logic-level design of the
demultiplexer. Several modifications of the
Macintosh serial-driver software and of
software packages that interact with the

NASA Tech Briefs, June 1992



serial driver were made to accommodate
the nonstandard data-and-clock format.
The skeleton of the custom-designed
serial-interrupt driver consists of a circular
buffer with an in-pointer for data coming
from port A and an out-pointer for data
blocks being written to disk. As data are
received, an inline bit/byte reversal is per-
formed via a lookup table. The data are
written to disk in blocks, each of which
consists of 1 major frame (3,200 bytes).
Error-detecting and -correcting features in-
clude a synchronization check at the start
of every minor frame and a reset routine
for use in the event that synchronization
is lost. The reset routine loses only 2 minor
frames (125 ms or 400 bytes of data).
The application software, written in
Forth, operates with the top priority being
to receive the data and write them to disk.
During inactive states, the current display
(stripchart or alphanumeric) is updated. A
pulldown menu at the top of the screen
provides options of stopping or starting the
collection of data, activating the alphanu-
meric display, and quitting the application
program. Quitting the application program
stops the collection of data and returns

Modified Synthetic-Discriminant-Function Optical Filter
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Figure 2. The Scroll-
ing Strip Chart dis-
plays data from as
many as six chan-
nelsin approximately

__WWMWMWWWMW
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of buttons for control
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control to the user. Stopping collection of
data closes the data file, resets the serial-
communications-controller integrated-cir-
cuit chip in the computer (SCC chip) for
standard communications, and restores
the original serial-interrupt driver of the
computer. Starting the collection of data
opens a data file, sets the SCC chip for
the nonstandard data/clock format, re-
places the original serial driver with the
custom driver, and gives a choice of chan-

nels for the strip-chart display. The default
display is the scrolling strip chart that plots
data from as many as six channels at one
time (see Figure 2).

This work was done by Millard F.
Reschke of Johnson Space Center and
Julie L. Fariss, Walter B. Kulecz, and
William H. Paloski of KRUG Life Sciences.
For further information, Circle 104 on the
TSP Request Card.

MSC-21847

This filter can be used in an optical correlator to recognize rotated images.
Ames Research Center, Moffett Field, California

Experiments have demonstrated the feasi-
bility of a synthetic-discriminant-function
filter encoded in a binary spatial light mod-
ulator. This filter is part of an optoelectronic
apparatus that indicates the degree of cor-
relation between (1) an input image of a
given object and (2) any of a number of
training images of the same object at vari-
ous positions and orientations that may
differ from those represented in the input
image. An apparatus of this type might be
used, for example, in a tracking system to
recognize a moving vehicle or other sub-
stantially rigid object from any direction.

The synthetic discriminant function (SDF)
contains the training-image information. If
an updateable spatial light modulator were
able to encode arbitrary complex values,
then the design of the SDF could be cal-
culated analytically. The binary modulation
characteristics of current spatial light mod-
ulators require the design of a different
filter function called a ““filter SDF" (fSDF)
that can be implemented optically and that
can yield the desired result of equal cor-
relation peaks for each of the training im-
ages. The problem for this design is that
it cannot be solved analytically.

The solution involves choosing the SDF
to be a linear combination of the training
images. The modulation function of the spa-
tial light modulator is incorporated into the
equations for the correlation response to
each training image. The resulting set of

NASA Tech Rriefe June 1992

nonlinear equations is solved iteratively by
a modified Newton-Raphson procedure to
obtain the coefficients of the linear com-
bination, which coefficients are then used
to construct the SDF.

In the experiments, the iterative construc-
tion of the filter was performed directly on
an optical correlator under automatic con-
trol by a digital computer. The optical cor-
relator (see figure) included two 128 X 128-
pixel magneto-optical spatial light modulators
(MOSLM's): one at the input plane and one
at the filter plane. Binary phase-only opera-
tion was obtained by placing an analyzer
(not shown in the figure) downstream of
the filter MOSLM, polarized perpendicular
to the polarization defined by another po-
larizer (also not shown) associated with the

input MOSLM. The configuration of the cor-
relator and the focal length of the lenses
were chosen to simplify alignment.

Training images of the Space Shuttle
orbiter were made with the orbiter in an
initial orientation (view from top) and other
orientations rotated through 5° intervals
both in and out of the plane of the image.
The correlator performed well, producing
approximately equal correlation peaks over
in-plane-rotation ranges up to 75° and out-
of-plane-rotation ranges up to 60°

This work was done by Max B. Reid,
Paul W. Ma, John D. Downie, and Ellen
Ochoa of Ames Research Center. For
further information, Circle 161 on the TSP
Request Card.
ARC-12842

Input Magneto-Optical
Spatial Light Modulator

Lenses 1 and 2:
Fourier-
Transform Pair

Filter Magneto-Optical
Spatial Light Modulator

Lens 3: Correlation
Corrects Phase and Plane
Performs Inverse
Fourier Transform

A Three-Lens Optical Correlator was used to test the fSDF technique.
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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
$70billion 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. IJ
8:30 - 9:45 am
10:00 - 11:30 am
1:00 - 3:00 pm
4:00 - 6:00 pm

Welcome and Keynote Address

National Critical Technologies (6 Tracks)
National Critical Technologies
Workshop: How To Do Business With
The U.S. Government

[Wednesday, 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

9:00 - 11:00 am
1:00 - 3:00 pm

Thursday Keynote Address

National Critical Technologies (6 Tracks)
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
One-Day Symposia/Exhibits $75 $95
Exhibits Only — No Charge —

Additional tickets to the Awards Dinner may be purchased for
$95 using the preregistration form or by calling (800) 944-NASA.

Hotel space is limited, so act early to secure these special
conference rates:

single double
Hyatt Regency $103 $115
(headquarters hotel)
(800) 233-1234
Holiday Inn $63 $64
(301) 685-3500
Omni Inner Harbor $63 $63

(800) 843-6664

The Hyatt is connected by walkway to the convention center; the
other hotels are in easy walking distance. When making reserva-
tions, you must identify yourself as a participant in the Technol-
ogy 2002 conference to receive the special rates.

For more information about Technology 2002, or to find out
how your company can exhibit at this important national event,
call Wendy Janiel or Joseph Pramberger at (800) 944-NASA.

Use a separate form or photocopy for each registrant.

Name
Title
Company
Address
City/St/Zip
Phone No.

U check enclosed  Qbill my: J AmEx QO VISA U Mastercard

Account No. Expire Date

Signature

check one:

O Complete Registration $240

O Three-Day Symposia/Exhibits $150

4 One-Day Symposia/Exhibits $75
(circle day: Tues. Wed. Thurs.)

3 Exhibits Only Free
(circle day(s): Tues. Wed. Thurs.)

4 Awards Dinner only $95
(number of tickets: )

Total: $

Registrations and Awards Dinner reservations are transferable,
and may be cancelled until November 20, 1992 subject to a $50
cancellation fee. After that date no cancellations will be accepted
and no money refunded.

Return with payment to: Technology Utilization Foundation,
41 East 42nd Street, Suite 921, New York, NY 10017
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A specimen can be tested about three times as fast as before.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An automated apparatus takes Hall-ef-
fect measurements of specimens of ther-
moelectric materials at temperatures from
ambient to 1,200 K. Each specimen is test-
ed under computer control to obtain bet-
ter resolution of data and more data points
in less time. The measurements are per-
formed in a sequence in which the com-
puter determines whether the measure-
ments at each step satisfy prescribed
criteria before proceeding to the next step.
The time required by the automated ap-
paratus to complete a high-temperature
test of a representative specimen is 32
days, compared with 11 days for a similar
test on a prior semiautomated apparatus.

Each specimen is mounted on an
alumina fixture with chisel-point contacts
in a Van der Pauw (four-probe) configura-
tion. To obtain a complete set of data that
characterize the electrical resistivities of
the specimen, it is necessary to take elec-
trical-resistance measurements in eight
electrical orientations. Another four elec-
trical-resistance-measuring orientations
are required for the Hall-resistance meas-
urements. At each of these four Hall-re-
sistance-measuring electrical orientations,
two resistance measurements are per-
formed, one at each of two opposite orien-
tations of an applied magnetic field (see
Figure 1).

The computer both acquires the data
and controls the apparatus. Control is ex-
erted via three feedback loops: one for
temperature, one for the magnetic field,
and one for electrical-potential data (see
Figure 2). The temperature is set by volt-
age commands sent from the computer
via an |EEE-488 data bus to the dc power
supply of a furnace that heats the spec-
imen to the desired temperature. The com-
puter monitors the temperature of the
specimen by polling a digital voltmeter that
reads the output of a thermocouple. After
12 consecutive temperature readings are
found to be equal, the temperature is con-
sidered to be stabilized, and the measure-
ments are begun.

The switching of voltages, currents, and
measurements thereof for the sequence
of 12 electrical orientations and 2 mag-
netic-field orientations is accomplished via
a transistor/transistor-logic sequence
panel, which sets relays. The steps of the
sequence are controlled by the computer,
using the modem lines from an RS232-C
interface. The magnetic field is applied and
regulated automatically via a field-control
panel that includes mercury contactors
and a motor-driven potentiometer linked to
an external resistance-programmed dc
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Automated High-Temperature Hall-Effect Apparatus

RESISTIVITY MEASUREMENTS

Figure 1. Four-Probe
Electrical-Resis-
tance Measure-
ments are taken in
12 electrical and 2
magnetic orientations
to characterize a
specimen at each
temperature.
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Notes:
1.1 denotes injected current

HALL MEASUREMENTS (ONE WITH MAGNETIC FIELD INTO PAGE,
ONE WITH MAGNETIC FIELD OUT OF PAGE FOR EACH CASE SHOWN)

2.V denotes measured voltage.

Figure 2. The Com-
puter Controls the
apparatus and ac-
quires and processes
measurement data.
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power supply. The 4.5-kW output of this
supply produces a stable field of 1 T in a
12-in. (30.5-cm) electromagnet. Magnetic
feedback to the computer is provided by
an |[EEE-488 gaussmeter.

Resistivity measurements are taken first
because consistent resistivity readings in-
dicate a likelihood of success with the
more lengthy Hall measurements. For
each of the eight resistance measure-
ments, the computer polls a nanovoltmeter
for stable readings of electrical potential
and the digital voltmeter for applied cur-
rent and voltage. The four resistivities are
then evaluated by use of an equation ap-
plicable to the Van der Pauw configuration.
The Hall constant is determined from
stable readings of magnetic field, current,
and change in electrical potential between

applications of forward and reverse mag-
netic fields. For each orientation of the
magnetic field, the change in potential is
found by subtracting the mean value of
potential with the field off from the mean
stable potential with the field on.

Raw and calculated data are printed out
while the test is in progress. Upon com-
pletion of testing at a specified temper-
ature, data on resistivities, Hall parame-
ters, and the temperature are recorded on
magnetic tape. The files can then be read,
scaled, and plotted by a graphics program.

This work was done by James B. Parker
and Leslie D. Zoltan of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 164 on the TSP Request
Card.

NPO-18213
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Gain, Level, and Exposure Control for a Television Camera

A fast gain response and a slower iris response prevent overloading.

Lyndon B. Johnson Space Center, Houston, Texas

An automatic-level-control/automatic-
gain-control (ALC/AGC) system for a
charge-coupled-device (CCD) color televi-
sion camera (see figure) prevents over-
loading in bright scenes. The system im-
plements an improved technique for
measuring the brightness of the scene
from the red, green, and blue output sig-
nals of the camera and processes these
signals into adjustments of the gains of the
video amplifiers and into control signals
for a motor that varies the opening of the
iris on the camera lens. The advantages
of this system over prior systems are that
it is faster, does not distort the video bright-
ness signals, and is built with smaller
components.

In this system, the output voltages of
the camera are measured during each
television-field period, and the video gains
are adjusted accordingly only during the
vertical blanking interval. Thus, the gains
of the amplifiers are corrected quickly
(every 1/60 second), but not during an im-
age scan. The AGC voltage is monitored
by a second stage, and when it wanders

outside a range defined by two preset ref-
erence limits that represent underexposure
or overexposure, respectively, the opening
of the iris is incremented or decremented
appropriately. This correction is slower
than the AGC adjustment is but provides
a very wide dynamic range for allowable
brightness of the scene.

Video information is clamped in the red,
green, and blue channels to establish a
dc reference for the video black level and
to compensate for variations in the dark
current of the CCD imager. The dc-restored
waveforms are mixed nonadditively, and
the signal of highest amplitude is com-
pared to a predetermined reference. The
output of the comparator is then peak- or
area-detected, depending upon the mode
selected by remote or manual command.
The area-detector/peak-detector circuit,
which is part of the control loop, puts out
an AGC voltage that keeps a command-
ed fraction of the picture raster at a pre-
determined signal level.

The control loop includes two integra-
tors: one provides area detection; the other

integrates the area error. The area-detec-
tion integrator is reset just prior to the be-
ginning of each field, during the vertical
blanking interval. The intermediate output
of this circuit is a voltage proportional to
the total area of the parts of the image in
which the brightness signal is above the
reference level. The intermediate output
of this circuit is offset so that if the area
in which the signal is above the threshold
level equals a selected fraction (1 percent
or 5 percent) of the total area of the im-
age, the final output of this circuit is zero.
The output of the area detector is sampled
during vertical blanking at the end of each
field and fed to the area-error integrator,
the final output of which is used as the
AGC voltage. Because the AGC voltage
can change only during vertical blanking,
time constants much smaller than those
used in prior systems (and, consequently,
smaller capacitors) can be used without
causing distortion of the video signal. A
diode clamp limits the output of the area
detector, providing similar response times
for both bright and dim signals.
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The ALC/AGC System provides feedback control of the video gains and iris opening. Operation is in any of three selectable
modes: 1-percent setting of the area detector, 5-percent setting of the area detector, or peak detection.
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The AGC voltage is also used as the
input to the window comparators, which
generate the iris-opening and iris-closing
commands. These commands are multi-
plexed with manual and remote com-
mands to provide opening and closing
logic signals to the stepping-motor-driving
circuit.

Peak detection is achieved by trigger-
ing a monostable multivibrator (not shown

in the figure) in the area detector from the
trailing edge of output of the comparator
that immediately precedes the area detec-
tor. This stretches the pulse response to
an effective area greater than that set by
the equilibrium condition of the area detec-
tor. In manual mode, sampling of the out-
put of the area detector is disabled, and
the input to the area-error integrator is pro-
vided, instead, by a reference amplifier in

such a way as to maintain the output of
the area-error integrator at one of three
manually selected levels that correspond
to AGC amplifier gains of 0 dB, +12 dB,
and +24 dB.

This work was done by Geoffrey J.
Major and Rolfe W. Hetherington of
General Electric Co. for Johnson Space
Center. For further information, Circle 49
on the TSP Request Card. MSC-21767

Airplane-Runway-Performance Monitoring System

A head-up display projects runway information in the pilot’s window without obstructing the view.

Langley Research Center, Hampton, Virginia
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PUTTING AMPLIFIERS, HILTERS
AND A/D'S INTHE SAME BoX.

Precision 128 DAS

Save on cabling, rack space and
slots in your backplane. Save on
engineering and installation, too.
We integrate 128 channels of
amplifiers, filters, SSH and A/D’s
into one Precision 128 DAS. You
get one system, one software pack-
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Present takeoff/abort procedures rely
heavily on pilots’ perceptions and judg-
ments. Such judgments are based primari-
ly on intuition and general flying experi-
ence because pilots rarely experience
aborted takeoffs. Standard takeoffs on ade-
quately long runways generally present no
problem. Visual perception of motion com-
bined with cues from cockpit instrumen-
tation that indicate airspeed and “‘engine
health” help a pilot relate sensed accelera-
tion to the remaining takeoff distance. “Go/
no-go' decisions become more critical as
the airplane nears takeoff speed. The pilot
must continually decide if there is enough
runway distance ahead to (1) safely com-
plete the takeoff (with one engine failed)
or (2) stop the airplane before it runs off
the end of the pavement.

The purpose of the Airplane-Runway-
Performance Monitoring System (ARPMS)
is to increase safety during takeoffs and
landings by providing pilots with symbolic
“head-up” and ‘‘head-down’’ information
pertinent to their decisions to continue or
abort takeoffs or landings. When a takeoff
is aborted or a landing is approached,
ARPMS provides graphic information con-
cerning where the airplane could be
brought to a stop. With the ARPMS, the
pilot could monitor the ground speed and
predicted stopping point while looking at
the actual runway ahead. When fully de-
veloped, the combined head-down/head-
up cockpit display system would be driven
by a common algorithm.

In essence, the ARPMS is an extension
of the Take-Off Performance Monitoring Sys-
tem (TOPMS), providing some additional
information. The ““failed-engine’ flags have
been replaced in both the head-up and
head-down displays by variable-length lin-
ear bars that indicate the magnitude of the
engine-pressure ratio (for each engine).
When an EPR value becomes unaccept-
able, the associated EPR bar shrinks in
length, turns red, and triggers an “‘abort-ad-
visory" flag that resembles a STOP sign
(see figure). Significant deviation (greater
than 5 percent) from nominal along-track
acceleration is indicated by the white ar-
row that extends from the end of the run-
way graphic back toward the EPR bars.

NASA Tech Briefs, June 1992



Also, if no engine failure had occurred, but
the acceleration-error arrow had extend-
ed back beyond the ‘“‘acceptable limit"
tick-mark between the EPR bars, the abort-
advisory flag would similarly have been
triggered — this time indicating that unac-
ceptable acceleration (eg., greater than 15
percent deviation from nominal) was being
achieved.

The logic and calculations that drive
both displays are generally similar to those
of the TOPMS. Also, like the TOPMS, the
ARPMS displays revert to a very simplified
form when a takeoff abort or landing is
initiated. The primary advantage of the
ARPMS head-up display is that it provides
the pilot with insight into takeoff or brak-
ing performance without requiring the pilot
to glance back inside the cockpit. It also
allows the pilot to keep the runway in view
while monitoring airspeed and verifying
certain anomalies reported by the copilot.

In the initial development of the ARPMS
displays, the TOPMS displays and logic
were modified to their present form follow-
ing a real-time simulator evaluation by ex-
perienced NASA, FAA, Air Force, and com-
mercial-airline pilots. These displays are
considered to have high potential for in-
corporation into the cockpit environment
for the entire aerospace community.

This work was done by David B.

.".E%‘ lll{;—]’. ‘{\g
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With the ARPMS Head-Up Display in the Pilot’s Window, the pilot does not have to
glance back into the cockpit for pertinent information during critical procedures.

Middleton and Lee H. Person, Jr., of Lang-
ley Research Center and Raghavachari
Srivatsan of the University of Kansas. For
further information, Circle 57 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-13854.
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for more information.
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Intensity-Modulated
Fiber-Optic Tachometer

A dual fiber-optic sensor would impart
insensitivity to displacements of the shaft.

Lyndon B. Johnson Space Center,
Houston, Texas

A proposed optoelectronic tachometer would deter-
mine the speed of rotation of a shaft by measuring
fluctuations in the intensity of light reflected from notches
on the shaft. Older tachometers based on electromag-
netic, optical, and magnetic-force sensing principles are
not well suited to such measurements where tempera-
tures vary over wide ranges because they tend to be
sensitive to distances between sensors and shafts, and
these distances change with thermal expansion and
contraction. The proposed tachometer would be rela-
tively insensitive to the distance between the sensor and
the shaft.

Light from a laser diode would be split into two fiber-
optic paths and sent to the shaft through a dual fiber-
optic sensor (see figure). Light emerging from one fiber
would illuminate the notched area of the shaft and would
be reflected back along that fiber to a photodiode. Light
emerging from the other fiber would illuminate the adja-
cent, unnotched area of the shaft and be similarly re-
flected back along this fiber to a second photodiode.

Because the sensing ends of both fibers would lie at
very nearly the same distance from the shaft, regardless
of vibrations or thermal expansion or contraction, the
amount of laser light reflected back to both photodiodes
would vary by about the same proportion. Therefore, the
ratio between the outputs of the photodiodes should be
nearly independent of the distance between the sensor
and the shaft. The fluctuations in this ratio would indicate
the passage of the notches and, therefore, could be used
to determine the speed of rotation.

This work was done by James A. Daniel and Ralph M.
Tapphorn of Lockheed Engineering and Sciences Co.
fordohnson Space Center. No further documentation is
available. MSC-21707
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The Fiber-Optic Tachometer would measure the speed of
rotation of a shaft. The dual fiber-optic sensor would determine
the ratio between reflections from notched and unnotched
areas on the shaft.

NASA Tech Briefs, June 1992
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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

Definition of the
MSAT-X Network

Results of research
and tentative specifi-
cations are presented.

A report describes the state of develop-
ment of the Mobile Satellite Experiment
(MSATX) network as of about the end of
the year 1989. The MSATX network would
include mobile stations (eg., aboard trucks)
and base (e.g., dispatching) stations com-
municating by microwave radio relay via
a geostationary satellite. It would provide
three main types of service: mobile tele-
phone (voice only), mobile dispatch (voice
and digital data), and digital data (packet
messages). Aspects of the MSATX net-
work have been described in previous ar-
ticles in NASA Tech Briefs.

The report summarizes the findings of
the research conducted in the MSATX proj-
ect in recent years. The findings serve as
background for the discussion of tentative
specifications for the design of the net-
work, which would implement a demand-
assigned|/frequency-division multiple-ac-
cess (DA/FDMA) scheme.

The technical details are presented in
10 sections, beginning with a brief history
and overview of the MSAFX concept in sec-
tion |. Section Il describes the basic ele-
ments of the MSAFRX network other than the
satellite — namely, the base stations, mo-
bile stations, and network-management cen-
ter. Section |l also describes the topology
of the interconnections among the ele-
ments of the network, including both the
physical aspects (principally, frequency
channels) and logical aspects (represen-
tation of permissible interconnections via
a matrix).

Section |ll discusses the basic closed-
end and open-end modes of interconnec-
tion. Closed-end connections would be
used mostly for the transmission of short
digital messages between mobile stations
or between mobile and base stations.
Open-end connections would be used for
vocal communications and the transfer
of long files of digital data.

Section IV describes those aspects of
the structure of the network that pertain
to the demand-assigned multiple-access
(DAMA) scheme. The scheme is imple-
mented by the Integrated Adaptive Mobile
Access Protocol (IFAMAP) algorithm, which
partitions the channels dynamically in such
a way as to optimize between the com-
peting goals of maximizing the number of
subscribers who have simultaneous ac-
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cess while minimizing delays in the com-
pletion of services.

Section V discusses the channel-access
protocol (CAP), which governs the sending
of requests for, and the waiting for acknowl-
edgements of, connections. Two alternative
CAP algorithms are considered: Modified
Slotted ALOHA and the free-access tree
algorithm, both of which implement ran-
dom-access schemes and have been dis-
cussed previously in NASA Tech Briefs.

Section VI describes the connection pro-
tocol, which includes procedures that re-
semble the corresponding procedures used
in telephone systems to initiate and termi-
nate connections. Section VIl describes

techniques used to suppress errors in the
MSATX network. These include error-de-
tecting and error-correcting codes and se-
lective retransmission of message packets
that contain errors. Section VIII discusses
the structures of message packets. Sec-
tion IX describes two computer systems
designed to simulate the operations of
channel-access and connection protocols.

Section X presents an example of an
MSATX network configuration that would
cover the continental United States with
four overlapping beams and reuse of fre-
quencies in nonoverlapping portions. The
system would operate at an uplink frequen-
cy of 1.65 GHz and a downlink frequency
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of 1.55 GHz with 466 5-kHz channels per
beam.

Section Xl lists contemplated future re-
search activities. These include selection
of the specific error-suppression technique,
integration of the two computer simulation
systems, and the development of the MSAF
X network into an integrated end-to-end
digital “pipe’* similar to the wireline-based
Integrated Services Digital Network.

This work was done by Charles C. Wang
and Tsun-Yee Yan of Caltech for NASA’s
Jet Propulsion Laboratory. 70 obtain a
copy of the report, “Mobile Satellite Ex-
periment (MSAT-X) Network Definition,” Cir-
cle 60 on the TSP Request Card.
NPO-18294

Communicating on the
Moon via Fiber Optics

Terrestrial fiber-optic
technology appears
to be adaptable to the
lunar environment.

A report discusses the feasibility of com-
municating over long distances on the
Moon via fiber optics. Despite its extrater-
restrial focus, the report may also be use-
ful to scientists, engineers, and hobbyists
who are interested in terrestrial electronic
communications because it includes an
introductory tutorial chapter on fiber-optic-
communication technology and a short
chapter on current efforts to improve this
technology.

The question of feasibility is approached
from the perspective of the effects of the
lunar environment — most notably, the
adverse effects of extreme temperatures
on the surface (—175 to +135 °C) and
ionizing radiation. The easiest way to pro-
tect against both seems to be to bury fiber-
optic cables 10 to 15 cm below the sur-
face — a task that should be relatively
easy, given the looseness of the surface
layer of lunar soil and the availability of ter-
restrial cable-burying equipment. The ter-
minal and repeater electronics could also
be buried and heat-sunk to the lunar mass.

The report compares fiber-optic and
microwave technologies, concluding that
fiber optics offer advantages of less con-
sumption of power, less weight, less bulk,
and lower cost. It will probably be neces-
sary to redesign the buffer and jacket ma-
terials of fiber-optic cables to optimize
strength, weight, and volume; to withstand
the surface radiation and thermal condi-
tions and]or the rigors of handling during
burial; and to protect the optical fibers
against the darkening that is caused by
the radiation. It may also be necessary to
design the associated electronic equip-
ment to prevent damage from the dis-
charges of the static electricity that tends
to build up in a near-vacuum environment
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like that of the Moon. Overall, the report
concludes, none of the unique lunar en-
vironmental effects seems to pose insur-
mountable problems of design, manufac-
ture, or installation; present commercial
fiber-optic technology appears to be
usable on the Moon with fairly minor
modifications.

This work was done by George F. Lutes
of Caltech for NASA’s Jet Propulsion
Laboratory. 70 obtain a copy of the report,
“Lunar Fiber Optic Link Study,”’ Circle 44
on the TSP Request Card.

NPO-18263

Sharing Resources in Mobile/
Satellite Communications

Demand-access and
random-access approaches
under code-division and
frequency-division concepts
are compared.

A report presents a preliminary theoreti-
cal analysis of several alternative schemes
for allocation of the satellite resource
among the terrestrial subscribers of a land-
mobile/satellite communication system.
The analysis addresses the relative merits
of the code-division and frequency-division
concepts of channelization. The system
could be designed to utilize either concept
via either of two basic approaches: ran-
dom access, in which each subscriber is
allowed to transmit without making re-
quests to a network control center; and
demand-assigned access, in which each
subscriber must make a connection re-
quest to the network control center, which
then grants access.

The principal means of comparison in
this study are the performances of the
system under each channelization con-
cept and access approach, as modeled
mathematically, with some simplifying as-
sumptions, for various conditions of voice
traffic, message traffic, noise, available
power, and available bandwidth. Consider-
able attention is focused on accounting for
the level of voice activity in planning to use
the gaps between spoken words to trans-
mit other signals (eg., message packets).

In the case of demand-assigned access
using either code division or frequency di-
vision, numerical results indicate that the
traditional rule of thumb, in which the raw
number of channels is divided by the
voice-activity factor to obtain the effective
number of channels, is valid only asymp-
totically as the aggregated traffic approach-
es infinity. In the case of random access,
the numerical results show that code divi-
sion is not particularly attractive for a first-
generation mobile/satellite system that has
limited bandwidth, but could offer a viable
alternative for such future systems as the

personal-access satellite system in the K
band, in which spectral efficiency is not
of prime concern.

This work was done by Tsun-Yee Yan
and Miles K. Sue of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, “An Alternative Re-
source Sharing Scheme for Land Mobile
Satellite Services,” Circle 3 on the TSP Re-
quest Card.

NPO-18262

Experiments in Calibration
of Synthetic-Aperture Radar

Experiments at three sites
and results from one of the
sites are described.

A report describes an international col-
laboration on a series of experiments in
the calibration of synthetic-aperture radar
(SAR) systems. These systems were the
NASA/JPL DC-8 P/L/C-Band polarimetric
SAR, the Dutch X-Band Side-Looking Air-
borne Radar (SLAR), and the Canadian
L/C/X-Band SAR. The experiments were
conducted in August 1989 at Oberpfaffen-
hofen in Germany, Flevoland in the Nether-
lands, and Thetford in the United Kingdom.

The three test sites include various flat,
agricultural, and forested areas. Several
different kinds of calibration equipment
were deployed on the ground at the test
sites, including trihedral and dihedral cor-
ner reflectors and polarimetric active radar
calibrators. The purposes of the series of
experiments were (1) to address the prob-
lems associated with calibration of data
within areas of scientific interest, (2) to
cross-calibrate between sets of imaging-
radar data obtained by different systems,
(3) to test various designs of ground calibra-
tion equipment, and (4) to find candidate
sites for the calibration of future satellite-
borne SAR systems.

The report describes the major features
of topography, natural vegetation, and agri-
culture along with the experimental pro-
cedures and equipment used at the three
sites. It shows preliminary results of the ex-
periments at the Oberpfaffenhofen site and
draws some conclusions concerning meas-
urements needed to complete the calibra-
tion of the NASA DC-8 C-Band SAR and
concerning sources of error in the pre-
liminary measurements.

This work was done by Anthony
Freeman of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report, “Preliminary Results of the Multi-
Sensor, Multi-Polarization SAR Calibration
Experiments in Europe 1989, Circle 143
on the TSP Request Card.

NPO-18268
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Analytic Solutions of Equations for Q-Switched Lasers

Characteristics of pulsed lasers can be predicted without numerical integration.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Approximate closed-form, analytic equa-
tions for the characteristics of a Q-switched,
continuous-wave-pumped laser have been
derived. These equations express the rela-
tionships among the characteristics of the
output, the pumping rate above the thresh-
old pumping rate, and the rate of repeti-
tion of the Q switch. The equations are par-
ticularly useful for analyzing the perform-
ances of diode-pumped solid-state lasers,
the lasing thresholds of which are easily
measured and readily related to the char-
acteristics of the pump beams.

Heretofore, the accurate prediction of
the performance and characteristics of a
Q-switched laser has required the solution
of the laser-rate equations, which are two
coupled differential equations that express
the relationship between the population-
inversion density in the gain medium and
the photon density in the laser cavity. The
equations must be solved by numerical in-
tegration, and the accuracy of the solu-
tion depends on the choice of the initial
photon and population-inversion densities.
Furthermore, the solution is often given in
terms of the population-inversion densities,
which do not provide ready means for
comparing the predictions of the theory
with the results of experiments.

The approximate analytic equations are
obtained by solving the rate equations un-
der the following simplifying assumptions:
* The Q-switched laser operates in the un-

saturated-gain regime.

* The Q-switched laser operates in the
TEM,, electromagnetic mode.

¢ The profile of the TEM mode, the lasing
wavelength, and the coupling character-
istics of the pump beam do not change
as the pump power is increased.

* The emission of a pulse of light coincides
with the opening of the Q switch, and the
switch is fast, as explained more fully
below.

The derivation of the equations begins
with the calculation of the population-in-
version density attained during the low-Q
interval. This density depends on the rate
of pumping and the duration of the inter-
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These Characteristics of Output Pulses were computed for a diode-pumped, Q-switched
laser with a neodymium; yttrium aluminum garnet rod 1 cm long, an intracavity excess loss of
3percent, alaser-mode volume of 3.7 x 10-* cm?, and an output coupler 97.5 percent reflective.

val. Then assuming that the switching time
is so short that there is no appreciable
change in the population-inversion densi-
ty in the gain medium during the transi-
tion from the low-Q (energy-storage) state
to the high-Q (pulse-buildup) state, one can
treat the behavior in the latter state by
separate equations. The only connection
between the equations for the two states
is the energy stored in the population-
inversion density attained during the low-
Q state, which density is used as the in-
itial population-inversion density for the
solution of the rate equations of the high-
Q state.

The equations describe the perform-

ance of a laser in terms of such measur-
able quantities as peak output power, en-
ergy in each pulse, average output power,
and duration of each pulse (see figure) as
functions of the pulse-repetition rate, ac-
tual pump power (P), threshold pump
power (R;), volume occupied by the laser
electromagnetic mode, and reflectivity of
the output coupler. The equations are ex-
pected to be most accurate at pump
powers high above threshold (P[R,, >>1).

This work was done by Keith E. Wilson
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 87 on the TSP Request Card.
NPO-18179
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More About Calibration of Polarimetric SAR

Reciprocity of scatterers is assumed; azimuthal symmetry is not.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Two sets of equations and algorithms
that incorporate them have been added
to the growing collection of equations and
algorithms for the radiometric and polari-
metric calibration of complex quadpolar-
ization data gathered by synthetic-aperture
radar (SAR). These equations and algo-
rithms are based partly on the known scat-
tering characteristics of artificial targets in
the scene and partly on the assumption
that all other targets scatter reciprocally;
no other assumptions about the statistics
of background scatter are required. In con-
trast, some prior equations and algorithms
were based on the assumption of azi-
muthal symmetry of the statistics of back-
ground scatter.

The equations are derived from a math-
ematical model in which seven parame-
ters are used to specify completely the
amplitude and phase calibrations for
transmission and reception in horizontal
and vertical polarizations, including the
cross-polarization terms. Six parameters
are required for the polarimetric calibration;
the seventh is required for the absolute
radiometric calibration. In addition to reci-

Artificial
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in Line

This L-Band SAR Slant-Range Image shows the Goldstone calibration site. In addition
to natural targets, the scene includes artificial targets placed in a line along a dry lake bed.

procity of all scatterers (which means
Spy = S,p Where each s is an element of
the scattering matrix of a target, v and h
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denote vertical and horizontal polariza-
tions, respectively, the first subscript for
each term denotes the transmitted
polarization and the second denotes the
received polarization), the following three
conditions are also assumed in the model:
* A significant fraction of the power in the
SAR image is scattered from natural tar-
gets that have covariance matrices
(which represent the statistics of scat-
tering-matrix elements) of rank 3. Stated
alternatively, this means that statistical-
ly, there are no linear relationships among
Spmr Spy» @NA S,
¢ Noises in different channels of the radar
system are not correlated with each other.
* The covariance matrix for the observed
overall noise in the system is known or
negligible.

The model yields three equations (for
natural targets) in the six parameters of the
polarimetric calibration. These equations
are augmented with an additional set of
equations for artificial targets used to cali-
brate at known ranges (see figure). This
set is derived from a combination of two
passive targets: a trihedral and a dihedral
corner reflector. In combination with the
equations for natural targets, the equations
for the artificial targets yield complete radi-
ometric and polarimetric calibrations.

This work was done by Jeffrey D. Klein
and Anthony Freeman of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 95 on the TSP
Request Card.

NPO-18137
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Designing Birefringent Filters for Solid-State Lasers

A mathematical model treats the polarization eigenmodes of entire resonators.
Goddard Space Flight Center, Greenbelt, Maryland

A mathematical model enables the de-
sign of a filter assembly of birefringent
plates as an integral part of the resonator
cavity of a tunable solid-state laser. The
model is applicable to both ring and
standing-wave lasers.

Unlike liquid dyes, such tunable solid-
state laser materials as Ti:sapphire and
alexandrite are birefringent. It is frequent-
ly troublesome to design laser-resonator
cavities that contain electro-optical Q
switches, birefringent gain media, and
birefringent filters. A proper design must
treat the polarization eigenstate of an en-
tire resonator as a function of wavelength.
The polarization eigenvector at the output
coupler describes the polarization char-
acteristics of the laser output, while the
eigenvalue defines the strength of the
given polarization eigenmode. If the eigen-
value is greater than a threshold, the sys-
tem lases in that mode. The mathematical
model addresses these considerations.

The model is implemented by a com-
puter program written in Turbo Pascal for

MS DOS with EGA. The program includes
software modules for a variety of optical
elements including Pockels cell, laser rod,
quarter- and half-wave plates, Faraday ro-
tator, and polarizers. In addition, it includes
a flexible module for the birefringent-filter
assembly. As currently written, most of the
modules enable the investigation of the ef-
fects of roll misalignments. The birefrin-
gent-filter module enables the investiga-
tion of the effects of plate-thickness errors
and of plate-to-plate alignment errors in tilt
and rotation.

Each module builds a complete wave-
length-dependent polarization matrix (Jones
matrix). This matrix is a product of matrices
that describe surface losses, rotation ma-
trices that transform the cavity coordinate
system to the internal coordinate system
and back again, a bulk gain or loss matrix,
and a phase-retardation matrix. At each
wavelength, the product of all polarization
matrices is evaluated to determine the
eigenvalue and eigenvector. From these,
the magnitude of the maximum eigenvalue

Eigenvalue and Polarization Spectra were computed for the low-Q resonator cavity
of a standing-wave laser, using two different sequences of birefringent filter plates.
The spectral resolution of these plots is 0.05 nm. The numbers associated with the

birefringent plates are relative thicknesses.

is computed. The information about the
polarization state is transformed into values
that describe the axes of the polarization
ellipse with respect to the axes of the cavi-
ty and the eccentricity of the polarization
ellipse.

To provide an example of the utility of
the model, the program was used to
analyze a standing-wave laser resonator
composed of an output coupler, an alex-
andrite rod, a five-quartz-plate birefringent
filter, and a Pockels-cell Q switch. A labora-
tory laser in this configuration demonstrat-
ed incomplete hold-off during tests. The
top part of the figure shows the spectrum,
computed by the model, of the magnitude
of the eigenvalue at the output coupler
with the cavity in the low-Q condition. This
spectrum confirms a near-threshold con-
dition during holdoff. The model predicts
further that simple reversal of the order of
the quartz plates solves the holdoff prob-
lem, as shown in the computed spectrum
in the bottom part of the figure. Laboratory
tests with the order of the plates reversed
confirm the prediction of the model.

This work was done by Bryan Monosmith
of Goddard Space Flight Center. No fur-
ther documentation is available.
GSC-13384
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Cameras Would Withstand High Accelerations

Features would include ruggedness, achromaticity, and compactness.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Very rugged cameras with all-reflective
optics have been proposed for use in the
presence of high accelerations — even to
be transported aboard projectiles to record
and survive impacts. In the original intend-
ed application, such cameras would be
used as remote imagers to be carried
aboard small exploratory spacecraft. On
Earth, cameras of this type might be useful
as portable imagers that may be subject
to rough or unpredictable handling, or as
instrumentation cameras to be mounted
on severely vibrating or accelerating ve-
hicles, platforms, and the like.

The optics of a typical camera of this
type would consist of four coaxial focus-
ing mirrors in a Cassegrain configuration
(see figure). Any or all of the mirrors could
be conics or aspherics. The all-reflective
optics would be achromatic, and the im-
aging system overall would pass light in
a wide spectrum from extreme ultraviolet
to far infrared.

Two of the four mirror surfaces would
be machined (eg., by diamond turning) into
each of two round cylindrical blocks of
metal (which could be beryllium for light
weight). The entrance aperture would con-
sist of a series of axial holes spaced evenly
around an annulus in one of the blocks.

The remaining material in this annulus
would serve as a rigid support for the two
mirror surfaces in that block.

The material remaining after the machin-
ing of each block would include rugged
integral baffles to prevent unfocused light
from reaching the focal plane directly from
the scene. A charge-coupled-device video
camera, film camera, or array of photode-
tectors would be placed at the focal plane.
The folded optics of the Cassegrain con-
figuration could be designed, if desired, to
have an effective focal length several times
the axial distance from the input end of the
camera to the focal plane. Computer simu-

lations with representative designs show
that a camera of this type could give dif-
fraction-limited performance over a sub-
stantial (several degrees) field of view.

This work was done by Aden B. Meinel,
Marjorie P Meinel, Steven A. Macenka,
and Antonio M. Puerta of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 9 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 18]. Refer to
NPO-18149.

Array of The Optics in This
Photodetectors Very Rugged Cam-
era can be ma-

chined out of solid

blocks of metal. Be-

cause the optics
would be reflective
(as distinguished
fromrefractive), they
would also be ach-
romatic. The dimen-

Entrance
Apertures Cross Section of
Portion of Ingoing
Beam That Will
Reach the Focal Plane

sion shown is for
example only: the

camera could be
made larger or
smaller.

Baffles

Reflections From Plasma Would Enhance Infrared Detector

Multiple passes of radiation would increase the quantum efficiency.
NASA’s Jet Propulsion Laboratory, Pasadena, California

In a proposed photoemission semicon-
ductor detector of long-wavelength (8 to
16 um) infrared radiation, the quantum ef-
ficiency would be enhanced by multiple
passes of the radiation. Arrays of devices
of this type could be incorporated into in-
tegrated-circuit infrared imaging devices.

A typical device of this type (see figure)
would have some of the features of both
a back-to-back heterojunction internal-pho-
toemission (HIP) detector and a Fabry—
Perot interferometer. The example uses an
AlGaAs|InGaAs/GaAs heterostructure with
n* doping of the InGaAs layers; however,
other heterostructure materials (eg., AlAs/
GaAs/AlGaAs, Si/GeSi/Si, ect.) and/or p*
doping may be appropriate. Photons of en-
ergy greater than the height of the n*-
InGaAs/GaAs heterojunction barrier would
be absorbed, causing internal photoemis-
sion of electrons (holes) over the barrier.
In a device of typical dimensions and com-
position, only a few percent of the photons
of the desired wavelength would be ab-
sorbed in one pass. To effect multiple pass-
es and thereby increase the number of

56
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This Long-Wave-
length-Infrared de-
tector would offer
higher efficiency by
virtue of multiple
passes of the radia-
tion through the ac-
tive volume.
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photons absorbed, and thus the quantum
efficiency and output current, the device
would incorporate front and rear plasma
reflecting n*(or p*) layers spaced for
resonance like the reflecting surfaces of
a Fabry-Perot interferometer.

The reflections would occur in the heavi-
ly doped n* (or p*) InGaAs layers of suf-
ficient thickness (~1 um) at wavelengths
greater than that of the plasma resonance
of these layers. The plasma-resonance
wavelength is inversely proportional to the
square root of the charge-carrier density;
for example, at a representative density of
2 x10"® cm~3, the plasma-resonance
wavelength would be about 6 pm.

The device shown in the figure would
provide photovoltaic output from the two
n* InGaAs/GaAs heterojunction barriers,
which would be connected in parallel so
that the combined internal photoemission
current would be collected in the common
n—-GaAs layer in the middle. Two outer
AlGaAs layers would confine the n*-
InGaAs layers and increase the quantum
efficiency somewhat by reflecting photo-
electrons back inside toward the active

Accounting for Gains and Orientations in

Polarimetric SAR

barriers. However, the infrared radiation
would be absorbed and reflected mostly
from regions near the internal interfaces
between the n*-InGaAs and GaAs layers,
and this effect would cause the photoelec-
trons to be produced closer to the active
barriers, thereby substantially increasing
the quantum efficiency.

In fabricating an imaging array of such
devices, common metal contacts would
be deposited directly over the exposed
nt layers on the slopes of the grooves
that would surround each device. Quan-
tum tunneling through narrow Schottky
barriers would effect good electrical con-
tact between the metal and the n* In-
GaAs layers. On the other hand, a wide
Schottky barrier that would form between
the n~ GaAs layer and the metal would
effectively block conduction, preventing
the metal from electrically shorting out the
devices.

This work was done by Joseph Maserjian
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 102 on the TSP Request Card.
NPO-18053

Calibration includes some of the complicating characteristics of

real radar equipment.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Yet another method of calibration has
emerged from continuing efforts to in-
crease the accuracies of polarimetric
synthetic-aperture-radar (SAR) measure-
ments. This method accounts for some of
the characteristics of real radar equipment
that invalidate the standard 2 X 2 complex-

Transmitter

A

AR,

NAQA Terh Rriafe .liine 1992

amplitude R (receiving) and T (transmitting)
matrices. These matrices have been used
along with the complex-amplitude S (scat-
tering) matrices to derive the basic equa-
tions for several prior methods of calibra-
tion of SAR systems.

Heretofore, calibration equations and
algorithms have been derived under the
assumption that the ratio between the
powers transmitted in horizontal (H) and
vertical (V) polarization and the ratio be-
tween the gains of the receiver(s) in the
H and V channels both remain constant.
In practice, gains are switched to higher
values in the reception of cross-polariza-
tion returns to keep signals within optimum
ranges of analog-to-digital converters. In
the new method, one assumes not only
that the gains can be switched but also
that the overall complex (amplitude and
phase) gain can be different in each of the
channels HH, HV, VH, and VV (see figure).

The Overall Gain in Each Combination of
Transmitting and Receiving Channels is
assumed to be different, as it can be in
practice, even when only one transmitter
and one receiver are used. (The first letter
in each pair denotes the receiving polari-
zation; the second letter denotes the trans-
mitting polarization.)

3M Reveals
New Long Term
EMI/RFI
Shielding Tape

Tin-alloy coating on both
sides of copper foil offers
superior solderability,
environmental stability.
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Thus, the new method is more generally
applicable, although it invalidates the math-
ematical model based on the simple 2 X 2
R and T matrices.

It turns out that by use of SAR meas-
urements made with polarimetric active
radar calibrators (PARC's) serving as tar-
gets, one can characterize the departure
of a polarimetric SAR system from the sim-
ple 2 X 2 model in terms of a single com-
plex parameter, . This parameter can be
used to transform the measurements made
by the system into a format compatible

with the simple 2 X 2 model, so that the
data thus preprocessed can then be proc-
essed by the applicable one of the several
prior methods based on the simple model.

Ignoring second-order crosstalk terms,
v is insensitive to rotations of PARC's about
the line of sight of the radar system. Other
quantities measured by use of PARC's are
sensitive to such rotations, and the method
prescribes a calibration procedure that
minimizes the effect of small deviations of
the orientations of PARC's from the desired
orientations. If the orientation of a PARC

with respect to the local reference frame
determined by the surface of the Earth is
known, then one of the parameters com-
puted in the calibration procedure should
give the orientation of the H, V radar coor-
dinate system with respect to the H, V co-
ordinate system of the Earth.

This work was done by Anthony Freeman
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 144 on the TSP Request Card.
NPO-18282

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

Comparative Study
of Resonator Optics
for Lidar Applications

Overall efficiencies of coaxial
transceivers are computed.

A report discusses the overall transmit/
receive performances of laser-radar trans-
ceivers; eg., lidar instruments used in the
remote sensing of winds. In a typical sys-
tem of the type studied, a laser beam gen-
erated by an unstable resonator is trans-
mitted to a remote aerosol or other diffuse
target. A small proportion of this optical
radiation is scattered back to the source,
where'it is collected by the receiving op-
tics (which, in the monostatic configura-
tion studied here, are coaxial with the
transmit optics) and mixed with a local-
oscillator signal in a heterodyne detection
arrangement.

To compare the relative performance of
one such transceiver with another com-

prising somewhat different optical charac-
teristics, a figure of merit is introduced,
which combines the energy-extraction ef-
ficiency of the laser resonator with the co-
herent far-field antenna efficiency of the
receiver. The analysis employed uses the
backward-propagated local-oscillator
(BPLO) approach, in which the local oscil-
lator beam is imagined as being projected
through the receiver optics to the target
plane, where it is coherently convolved
with the transmitter beam.

The far-field irradiance distribution of the
BPLO beam used in the analysis is com-
puted via the diffraction integral, assum-
ing a Gaussian transverse distribution of
BPLO irradiance truncated by the transmit/
receive pupil. The corresponding far-field
distribution for the transmitted beam is de-
termined in a similar manner, except that
the transverse distribution of irradiance at
the pupil is either of two basic types, de-
pending on whether the transverse reflec-
tance profile of the transmitter output optic
is considered to be Gaussian (soft-edged)
or planar (hard-edged). In the Gaussian
case, the transverse distribution of irradi-
ance across the transceiver pupil is a com-
pound Gaussian due to the convolution of
the resultant Gaussian internal laser mode

with the Gaussian reflectance output op-
tics. In the hard-edged case, the trans-
verse distribution of irradiance across the
pupil is approximated as a uniformly illu-
minated annulus.

These two cases have been selected
for comparison because of their practical
importance. In previous studies, the Gaus-
sian profiled optics have been found to im-
prove the far-field qualities of laser beams.
On the other hand, hard-edged couplers
can be fabricated from more-damage-re-
sistant (i.e., metallic) materials, a critical
feature in high-energy laser systems. In
particular, the intercomparison shows that
for multi-joule-output pulsed CO, lasers,
the Gaussian profiled optics offers relative-
ly little improvement over the hard-edged
option, while the greater hardiness and
superior energy-extraction capability of the
latter may constitute a strong argument in
favor of its application.

This work was done by David M. Tratt
and Robert T. Menzies of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Comparative
Study of Resonator Antenna Properties in
Coherent Lidar Applications,” Circle 31 on
the TSP Request Card.

NPO-17776
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surface resistivity 0.30 ohms per square (O ).

Novamet HCA-1 Flake, screen mesh 98% minus 400,
apparent density 0.90 g/cc, thickness 1.0-1.1 microns,
surface resistivity 0.25 Q /0.

Inco Specialty Powder Products now has a wide
range of nickel and coated powders with exceptional
conductive and magnetic properties. These properties
make them ideal for a spectrum of electronic applica-
tions such as conducting film technology, coatings,
adhesives, gaskets and EMI shielding.

EXTENSIVE PRODUCT RANGE

The development of computer processed control
coupled with the continuous powder production
improvements enables us to meet your most stringent
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400, particle size 3.2 microns, 0.65 BET surface area
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sity, particle size (FSSS) 15 microns, screen mesh 99%
minus 200, surface resistivity 0.04 ohms per square.
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screen mesh 99%-250, surface resistivity 0.03 Q/0.
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use our specialized range of nickel oxides. High Purity
Black Nickel Oxide, 77.2% Ni, BET 75 (m?/g) particle
size (FSSS) 5.2 microns, minus 325 mesh 99% plus.
Green Nickel Oxide, 78.5% Ni, BET 3 (m?/g) particle
size 1.6 microns, — 325 mesh 100%.

Inco Specialty Powder Products is your unique
source for custom fitting high performance powders into
electronic applications. Our customer focused, world-
wide marketing service group is ready to help you with
your current and future needs.

For more information write INCO Specialty Powder
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle
Brook, NJ 07662
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Materials for Use

Tests help identify noncracking combinations of materials.

Marshall Space Flight Center, Alabama

A straightforward test aids the evalua-
tion of potting materials for copper coils
that are to be used at low temperatures
to measure varying magnetic fields. The
main purpose of the test is to determine,
for each combination of materials, whether
the coefficients of thermal expansion of
the potting matrix material, of any micro-
balloons mixed into the matrix material,
and of the coil are compatible. In the past,

unequal rates of contraction (or expansion)
during rapid cooling to (or heating from)
low temperatures (eg., in liquid hydrogen)
have caused cracks in potted cails.

In the fabrication of a specimen to be
tested, the potting material(s) is(are) cured
with rotation. In the test, the specimen pot-
ted coil is subjected to a series of 10-
minute thermal cycles in which it is cooled
from room temperature to about —450 °F

i rm I

!‘ Coutive Ban

Conductive bands are painted around edges.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Electrostatic discharges on surfaces
covered with electrically insulating paints
can be reduced by a simple expedient:

connecting the edges of the painted sur-
faces to electrical grounds. It is desirable
to suppress or at least reduce the mag-
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iiih Eratiischarges

(—268 °C), and then reheated to room tem-
perature. If this thermal cycling does not
cause the copper coil wire to break, then
the materials are considered compatible.
The test can also be used to determine
the effects of the distribution of micro-
balloons, voids, and porosity. The materials
can also be evaluated for ease of use.
This work was done by Ernesto Acosta
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available. MFS-29825

nitudes of such discharges so they won't
damage nearby electronic circuits. Satel-
lites in certain orbits around the earth,
especially the geosynchronous and the
polar regions, are frequently immersed in
an energetic plasma environment leading
to electrostatic charging of dielectric ex-
terior surfaces and resultant electrostatic
discharges.

The static-discharge problem can be
particularly acute in thermal-control paints,
which are electrically insulating and which
cannot be made electrically conductive
without ruining the thermal-control proper-
ties. When a surface covered by such a
paint is exposed to a flux of charged par-
ticles, the charges lodge on the surface
and do not leak to the grounded conduc-
tive surface below the paint. Charge builds
up on the outer surface of the paint and
may eventually arc to the conductive sur-
face, damaging structures and equipment.

A preventive measure is to deposit a
band of conductive (albeit highly resistive)
material, such as colloidal graphite, per-
haps 3 cm wide around the edge of the
painted area. The band is connected to the
conductive substrate at several points. The
band causes discharges to occur at lower
potentials and to be less energetic. The
electrical resistance of the band helps to
dissipate the energies of the discharges,
thereby reducing further the energy avail-
able to damage electronic circuits.

This work was done by Philip L. Leung
and Albert Whittlesey of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 141 on the TSP
Request Card.  NPO-17960

NASA Tech Briefs, June 1992




Porous Barrier to Flow ij
of Hot Gas o

The barrier proved successful in protecting a
bellows seal.
Marshall Space Flight Center, Alabama

A porous, ropelike barrier prevents a recirculating flow of
hot, hydrogen-rich steam from reaching a nickel-alloy bel-
lows seal located deep in a gap in the wall of a combustion
chamber. The barrieris needed because the hot recirculating
flow can crack the bellows seal. The development of the
barrier solves a rather specialized problem that arises in the
gap between a solid portion of the wall and the portion of the
wall that consists of coolant tubes in the combustion-cham-
ber of the main engine of the Space Shuttle. However,
similar barriers may help to block deleterious recirculating
flows of hot gases in other combustion chambers; e.g., those
of furnaces and turbomachines.

The barrier consists of a sleeve of braided Nextel® (or
equivalent) stuffed with Saffi” (or equivalent) batting (see
figure). Both materials can withstand working temperatures
up to 2,600 °F (about 1,400 °C). These materials are also
flexible and compliant, and they provide the required resis-
tance to flow. In preparation for assembly, the seal is tied by
Nextel” (or equivalent) thread and glued in place on one of
the subassemblies of the combustion chamber. Once the
combustion chamber is assembled, the ties and the narrow-
ing of the gap toward its opening retain the ropelike barrier in
the gap.

The barrier has proven successful in protecting the bellows
seal at several different values of the protrusion of coolant
tubes that gives rise to the recirculating hot flow. The maximum
time accumulated in operation with a large protrustion was 6,819's.

This work was done by Joseph W. Onstott, and Jacob
Rietdyk of Rockwell International Corp. for Marshall Space
Flight Center. For further information, Circle 98 on the TSP
Request Card. MFS-29784

Bellows

Solid
Portion
of Wall

\ Recirculating Flow in
Gap Blocked by
Ropelike Barrier

Diameter Nextel 321 (or Equivalent)
38 In Braided Sleeve

Saffil* (or Equivalent)
Batling

-

DETAIL OF BARRIER ‘

{

The Ropelike Porous Barrier is secured in the gap during assembly.
It prevents recirculating hot gas from reaching the bellows.
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License to exceed
normal limits_

Zirconia
d 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!

e

P.0. Box 458, Florida, NY 10921
Tel: (914) 651-4481 Fax: (914) 651-3192

For More Information Circle No. 321

THE LIQUID SILICONE RUBBER ADVANTAGE

Liquid silicone rubber injection
molded components offer
tremendous cost, quality and
design advantages over heat cured
silicone rubber compression or
transfer molded components.

COST ADVANTAGE: The
major advantage is the cost
reduction by the elimination of the
five costly, labor intensive, time
consuming steps of milling,
compounding, preforming, deflashing and post curing, necessary for
compression or transfer molding of heat cured silicone rubber.
Average Cost reductions range from 30 to 60 percent.

QUALITY ADVANTAGE: Airborne contamination is eliminated.
DESIGN ADVANTAGE: Tighter dimensional tolerances can be held.
L.SM LABS pioneered the development of liquid silicone rubber
injection molding in the late 70’s. Our experience and knowledge of
this technology is second to none. Long or short runs, prototyping and

product application development.

For more information contact: Adrien Larrivee, at (518)756-3164, or
fax your prints to (518)756-6922.

[SMu.s

99 Central Avenue, Ravena, NY 12143

My Need Is Immediate Circle No. 312

Information For My File Circle No. 313 2
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COSMIC: Transferring NASA Software

COSMIC, NASA's Computer Software Manage-
ment and Information Center, distributes software
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.

Ifyoudon'tfind a programin this issue that meets
your needs, call COSMIC directly for a free review of

Computer Programs

62 Surface-Shading Program
64 Space System Architecture Code

programs in your area of interest. You can also
purchase the annual COSMIC Software Catalog,
containing descriptions and ordering information 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

Step Up to Algor
More than 6,000 engineers in 50 states and over 60 countries
have stepped up to Algor, the most advanced finite element
/| analysis and design software money can buy. All FEA models
| on this page were designed, analyzed and visualized on a PC
with Algor software. The largest contains more than 24,000
nodes and 13,000 elements. Other Algor analysis packages
include buckling, nonlinear gap/cable, specialized vibration,
| composite elements, kinematics/dynamics, piping and more.

Algor, a PC and You...The Total Design/Engineering Team

Algor, the world’s leading design/analysis software for PCs, is
specifically designed to fully exploit their increasing level of
power. Tight bridges to CAD/CAM and other software create a
seamless fit into your environment. Algor design software
provides parametric design and results visualization tools (see
actual screen photographs on this page) that are worthy of
your expertise and creativity. And the engineering is built in.

W Typicalil\E;oriE'nrgﬁeﬁgisoftware Pa&lges

Price

Linear Stress Analysis with ViziCad Plus

$1500

L

Stress, Vibration and Mode Shape Analysis with ViziCad Plus |$2100
iy - e

[m'LO'O w | >

| Fluid Flow Analysis with ViziCad Plus
| Heat Transfer Analysis with ViziCad Plus

AmmL—S-D Nonlinear Stress & Vibration

lconnex V EAGLE, Concurrent Engineering & Design Optimization |$2300

$1100

$1800
$2500

$1600

F
G | Electrostatic Analysis with ViziCad Plus
H

Interactive DemoTsfrationfT utorials - $19 to $49

Finite?le}nenl Analysis HJT;z:nsfer Trﬁuid Flow

Electrostatic

Notes: 386/486 Prices, shown in U.S. §,
may change at any time. 386/486
software uses extended memory. Weitek |
coprocessor and selected Unix workstation
versions available. Algor software is sub-
jected to nuclear power industry
Quality Assurance standards.
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PipePlus

Free 36-Page Product Guide

Your current PC has more computing
power than your last one. Your next
PC will have even more. Algor
software is constantly updated to take
| advantage of the power of new PCs.

GSA Contract # GS 00 K 89 AGS 6270 PS01

For More Information Circle No. 449

‘ALG

OR.

150 Beta Drive
Pittsburgh, PA 15238-2932 USA

412-967-2700 Fax: 412-967-2781

In California: 714-564-2541

Computer Programs

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

Mathematics and
Information Sciences

Surface-Shading Program

SURF enables the user to
create images from solutions
of equations of flow.

The Surface Shading program, SURF,
was developed in support of the work of
scientists engaging in computational fluid
dynamics (CFD) at NASA Ames Research
Center. The role of SURF in the software
cycle of CFD graphics is to enable the in-
teractive input of grid and solution files
from the PLOT3D/AMES program,; to use
those files in the interactive creation of
wire-frame, shaded, and function-mapped
images of parts to view; and then to put
out ARCGraph standard files that can be
animated by use of GAS (COSMIC Pro-
gram ARC-12379).

The CFD cycle begins with the execu-
tion of such “flow solver’” programs as
INS3D (COSMIC Program ARC-11794).
These programs solve the higher-order
equations that govern flight characteris-
tics, according to the test-geometry speci-
fications (eg., forward-swept-wing model
with surrounding airspace), and simulation
conditions (eg., angle of attack, mach num-
ber, Reynolds number) supplied by the user
as inputs. The numerical solution data thus
generated are collected and converted to
images of flows, distributions of pressure,
shock waves, and particle traces by use
of the PLOT3D/AMES (ARC-12777 through
ARC-12789) graphics-software package.

SURF includes a mouse-driven menu
interface that enables the user to create
a model that consists of a mixture of dif-
ferent types of parts (including Gouraud
and smoothly shaded function-mapped
parts) that can be interactively viewed, de-
leted, or sent to ARCGraph files. The col-
or and the specular highlights of a Gouraud-
shaded part can be adjusted interactive-
ly. Shaded parts are created on the basis
of the sources of light, point of view, and
ambient light level specified by the user.
The spectrum of colors of function-mapped
parts can be adjusted interactively. Legends
can be created to show the correlation be-
tween color and normalized values of func-
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The Principle Behind
axiom
e

the Scientific Computation System

Mathematicians, Physicists, Chemists,
Engineers and Economists—anyone
who knows the importance of symbolic
solver software—should know about
the new generation of mathematical
software. Axiom takes users farther and
faster into the universe of computational
and visual mathematics.

But L 3 morne than that!

Axiom breaks the barriers

In Axiom, you have access to high level
intferactive language interfaced with a
comprehensive library of datatypes and
polymorphic algorithm packages for
scientific computation. Better yet, it's
user extensible. You can define your own
datatypes, functions, objects or macros.

To find out just how much more, call
NAG today or circle the number below.

Axiom—Power you can see

Look beyond Axiom’s mathematical
capability and you will find 2-D and 3-D
visualization tools, plus the Hyperdoc
system—a powerful online, help, tutorial
and browser system that ensures you
willmake complete use of Axiom's
capabilities.

What began as the “scratchpad”
project at IBM’s TJ Watson Research
facility is available now as Axiom, the
symbolic solver from the Numerical
Algorithms Group.

The principle is simple: travel farther
and faster in the realm of computational
and visual mathematics.

But it o more than that!

NAS*
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R
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NAG Inc, 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702, USA, Tel: 1 708 971 2337 Fax: 1 708 971 2706
NAG Ltd, Wilkenson House, Jordan Hill Road, OXFORD, OX2 8DR, UK, Tel: 44 865 511245 Fax: 44 865 310139
NAG GmbH, SchieiBheimerstr. 5, D-8046 Garching bei Munchen, Deutschland, Tel: 49 89 3207395 Fax: 49 89 3207396

For More Information Circle No. 428



tions (ie., pressure, density, temperature,
and mach number). Function-mapped parts
can be “clipped” so that they show only
contours within a specified range of values
of functions (eg., normalized pressure be-
tween 1 and 2).

Other features of SURF include the abili-
ty to work with several grids and solutions;
deletion of grids and solutions; support of
multigrid files; “iblanking’’; reading of
“planes” or “whole’-format files; improved
input and output of files that represent col-
or maps, matrices, sources of light, and ex-
trema of functions; input and output of
“screen-dump’’ picture-element files; dis-
play of current data on grids and on attri-

butes of parts; and a UNIX-shell escape.

SURF is written in C language for two
Silicon Graphics computers: the IRIS 2000/
3000- and the IRIS 4D-series workstations
running the IRIX operating system. The
workstation should have at least 4 Mb of
main memory, 32 bit planes, z-buffering and
z-clipping, and hardware support of the
floating-point representation. SURF requires
the Silicon Graphics “include’” files (eg.,
stdio.h, gl.h) for recompiling after changes
in source code. The IRIS 2000/3000 ver-
sion of SURF 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-magnetic-

Wow! Specmaster lets you look up,
look at and print full-ftext vendor
catalogs, Mil-Specs and industry
standards in seconds on CD-ROM.

Using Specmaster, you can
locate and produce a copy of a
Mil-Spec or vendor catalog page in
less time than it takes to find it on
microfilm.

It's easy to see why more and
more standards users are switching
to Specmaster.

Fast. Easy to use. Versatile
(you can quickly do complex
searches that take hours on
microfilm with paper indexes). And
larger subscribers are using
Specmaster with money-saving
networks.

Specmaster files include the
50,000 DOD-listed Mil-Specs, Mil-
Stds, QPLs, handbooks, etc.
(updated weekly) and industry
standards: AIA/NAS, ASTM,
SAE, ASME (codes and standards)
and AWS.

1200 Quince Orchard Bivd., Gaithersburg, MD 20878

The Specmaster vendor
catalog file of over 10,000 sup-
plier catalogs on 47 discs is
indexed by a quarter-of-a-million
product terms. This allows you to
go directly to the page for an item
in an 800-page catalog.

All you need to use
Specmaster is an IBM AT or
compatible 286 PC with 640K
RAM and DOS 3.1 or later. You
can network Specmaster on a PC-
LAN including DecNet/PCSA.

Call 800-638-8094
for more information or a free live
demonstration of Specmaster.

Outside USA call 301-590-2300.
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tape cartridge in UNIX tar format.

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

This program was written by Todd
Plessel of Sterling Software for Ames Re-
search Center. For further information,
Circle 16 on the TSP Request Card.
ARC-12977

Space System
Architecture Code

SSAC facilitates studies
of the effects of variations
in the parameters of
spacecraft missions.

The Space System Architecture Code
(SSAC) is a computer program for perform-
ing sensitivity studies on operating param-
eters of space missions. Data for a mis-
sion to Mars and back to Earth (launch
parameters are for even-numbered years
between 2014 and 2028) are included.
SSAC is a menu-driven software tool that
can be used to examine the effects of
variations in such parameters as the sizes
of crews of piloted missions, chemical vs.
nuclear electric propulsion, specific im-
pulse, and other variables.

The structure of SSAC gives the user
control over the following options: (1) mass
scaling; (2) number of stages of multistage
missions; (3) specific impulse; (4) efficien-
cy of electric propulsion; (5) aerobraking;
(6) payload mass; (7) parameters of the
Mars lander; (8) crew-resource require-
ments; (9) escape-spiral times; (10) total
propulsion times; (11) attitude-control pa-
rameters; (12) telecommunications op-
tions; and (13) optimum trajectories.

This package of software is written in
FORTRAN 77 for DEC VAX-series compu-
ters running VMS and is intended to be run
interactively, although it can be modified
for batch mode. The program has a menu-
based user interface and requires 59K of
main memory. Many different parameter
dependencies can be graphically displayed
on Tektronix-compatible output devices.
SSAC is available in DEC VAX backup for-
mat on a 9-track, 1,600-bit/in. (630-bit/cm)
magnetic tape (standard distribution me-
dium) or a TK50 tape cartridge. This pro-
gram was developed in 1990 and is a copy-
righted work with all copyright vested in
NASA.

DEC, VAX, and VMS are trademarks of
Digital Equipment Corp. Tektronix is a trade-
mark of Tektronix, Inc.

This program was written by Darrell L.
Jan and John J. Blandino of Caltech and
Bryan Palaszewski for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 40 on the TSP Request Card.
NPO-18463
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Avionics e Military electronics ® Medical implants

£l

Thermal processing equipment ® Commercial appliances

Aerospace instrumentation ® OEM’s

FUNCTION

Precision fine-line circuits make reliable connections in space shuttle
electronics, cardiac pacemakers, and more. Single layer to multilayer
and rigid-flex, Minco meets the toughest requirements.
o MIL-P-50884C certified, all types e Stiffeners for component
* Connectors and pins soldered mounting
to MIL-STD-2000 * Fine lines: 0.003" lines/spaces

FUNCTION
Stock solutions aren't always the best solutions. A custom RTD design
from Minco can give you a perfect fit for higher accuracy at lower cost.
Let us tailor a sensor for you.

* 10 Q to 10,000 Q resistance thermometers; standard and special curves
* Custom machined cases, ordinary and exotic metals
* Miniature, flexible, and fast response styles

7300 Commerce Ln. Phn: 612/571-3121

Minneapolis, MN Telex: 687-9025

55432-3177 USA : FAX: 612/571-0927
PRODUCTS, INC,

For More Information Circle No. 340

Transparent LCD Heaters

7300 Commerce Ln. Phn: 612/571-3121
Minneapolis, MN Telex: 687-9025
55432-3177 USA FAX: 612/571-0927

PRODUCTS, INC.

For More Information Circle No. 342

Thermal-Ribbon™
Resistance Thermometers

Cold weather LCD operation ® Window defogging
Optical and scientific instruments

Aerospace instrumentation ® Medical devices
Process control e Surface sensing

FUNCTION

Here's a clear solution to heating backlit LCD’s: Rugged and reliable

Thermal-Clear™ heaters constructed with micro-thin wire elements and

flexible insulation.

eTransparent optical grade Mylar e Transmits over 82% of visible light

Up to 17 watts per square inch, *Optional temperature sensors or
uniform or profiled sensorless controller

FUNCTION

Flexible resistance thermometers conform to surfaces for pre-
cise thermal response. They're small, rugged, lightweight, fast
responding. And you can install them almost anywhere.

e Platinum to U.S. or DIN standards; nickel, copper, nickel-iron
* Kapton, silicone rubber insulation e -200 to 220°C range

7300 Commerce Ln. Phn: 612/571-3121
Minneapolis, MN Telex: 687-9025
55432-3177 USA FAX: 612/571-0927

PRODUCTS, INC.

For More Information Circle No. 341

7300 Commerce Ln. Phn: 612/571-3121
Minneapolis, MN Telex: 687-9025
55432-3177 USA FAX: 612/571-0927

PRODUCTS, INC.

For More Information Circle No. 343
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External Coulomb-Friction Damping for Hydrostatic Bearings

Clamping plates damp vibrations.

Marshall Space Flight Center, Alabama

An external friction device damps the
vibrations of a shaft and of a hydrostatic
ring bearing in which it turns. The device
is needed because such bearings have
little inherent damping, yet a high degree
of stabilization is needed for the stable
operation of such a shaft-and-bearing com-
bination at supercritical speed.

One prior technique to increase damp-
ing in the fluid film of a hydrostatic bear-
ing involves roughening the facing sur-
faces of the bearing. However, the fluid film
provides adequate bearing support only at
speeds above a certain minimum value.
During low-speed “‘rub starts™ and “run-
downs,’ these rough surfaces can be de-
graded by wear.

The external friction device does not
rely on wear-prone facing surfaces. In this
device, the hydrostatic bearing ring is
clamped in a radially flexing support by
side plates that are clamped against its
radial surfaces by spring-loaded bolts. The
plates provide friction force against radial
motions of the shaft. The bolts can be ad-
justed to vary and balance the pressures
on the plates and, thereby, the amount of
frictional damping. The axial pressure drop
in the bearing fluid provides additional
clamping pressure. In operation, as the
dynamic load on the shaft changes, the
external friction device flexes; the resulting
relative motion between the bearing and
the side plates generates stabilizing forces.

This work was done by Paul S.
Buckmann of GenCorp for Marshall
Space Flight Center. No further docu-
mentation is available.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C. 2457(f)],
to GenCorp Aerojet. Inquiries concerning
licenses for its commercial development
should be addressed to

Carolyne S. Montgomery

Contract Manager

GenCorp Aerojet Propulsion Division

Bldg. 2019A/Dept. 9001

Sacramento, CA 95813
Refer to MFS-28556, volume and number
of this NASA Tech Briefs issue, and the
page number.
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IE'I OWMET CORPORATION

HOWMET

Leaper In HIP TecunoLocy

HOWMET IS ONE OF THE LARGEST SUPPLIERS OF HOT ISOSTATIC
PRESSING TO THE AEROSPACE, CHEMICAL, MEDICAL, AND ELEC-
TRONICS INDUSTRIES, AS WELL AS THE ENTIRE CASTING INDUSTRY.

STATE-OF-THE-ART FACILITY

¢ COMPUTER CONTROLLED PROCESSING FACILITY
* STATISTICAL PROCESS CONTROL/STATISTICAL PROBLEM SOLVING
e FULLY EQUIPPED METALLOGRAPHIC LABORATORY
e EXTENSIVE ANALYTICAL AND TECHNICAL RESOURCES

CAPABILITIES
* MAXIMUM DIAMETER OF COMPONENTS: 57 INCHES
* MAXIMUM LENGTH OF COMPONENTS: 96 INCHES

e TEMPERATURE UP TO 2,200 DEGREES C.

e PRESSURE UP TO 45,000 PSI

e COMPLETE POWDER METALLURGY CAPABILITY

* FAST TURNAROUND ON TOLL HIP SERVICES

For More Information Circle No. 413

Whitehall HIP Division
1600 South Warner Street
Whitehall, Michigan 49461-1897
Telephone (616) 894-7147
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Dolly for Heavy Towbar

A simple unit would save labor and eliminate the

need for a truck and forklift.

i

Lyndon B. Johnson Space Center, Houston, Texas

A proposed lightweight dolly would en-
able an operator to cart a heavy towbar
to a remote site over unpaved roads or
rough terrain. The dolly could be removed
from the towbar quickly at the point of use.

The dolly would include an aluminum
frame with light-duty wheels (see figure).
A clamp pin and an antirotation bar on the
axle shaft of the dolly would fit the rear
clamp on the towbar, which is used dur-
ing normal towing to connect to the vehi-
cle to be towed. In other words, the dolly
would act as a simple, lightweight towed
vehicle that would support the rear end of
the towbar.

The axle assembly of the dolly would
be reinforced with gussets to reduce flex-
ing. A pair of handles adjacent to the

wheels would be used to lift and position
the dolly.

The dolly was conceived for use in trans-
porting the Space Shuttle towbar to a land-
ing site. The current method of transpor-
tation requires a forklift and 1-ton truck to
move the 1,700-1b (770-kg) towbar. A total
of about 8 worker-hours are required for
a truckdriver, forklift operator, and Space
Shuttle tow-vehicle driver. With the dolly,
only the tow-vehicle driver would be need-
ed. The concept should be applicable to
the transport of other heavy towbars over
rough terrain by single operators.

This work was done by Terry A. Soper
of Lockheed Engineering & Sciences Co.
for Johnson Space Center. No further
documentation is available. MSC-21747

The Towbar Clamp
Would Fit a pin and
antirotationbaronthe
dolly. With the princi-
pal exception of the
spindles and hubs,
most of the dolly as-
sembly could be
made of aluminum to
facilitate lifting.

Antirotation Bar,
2.50 in. Wide

Front ->‘

Handles

VIEW FROM TOP

Axle Shaft
15-n.
Light-Duty
- X Tire, Hub,
7.00-in and Spindle
Clamp-Pin
Gap
Middle Part
of Towbar
Ciamp Pin, Clamp Makes
1.665-in. Diameter, Contact With

17 in. Above Ground

<—— About 4 ft Axle

VIEW FROM FRONT

Antirotation Bar

Antirotation
Bar

VIEW A-A (FROM LEFT)
SHOWING PART OF
TOWBAR CLAMP

Inflatable Rings for Temporary Sealing

A pressure seal requires no preparation or cleanup.
Marshall Space Flight Center, Alabama (N

A plug for a conical metal aperture in-
cludes inflatable rubber rings that make
the sealing contact with the aperture. The
rings protect the surface of the aperture
from contact with the metal structure of
the plug. They accommodate out-of-round-
ness and irregular surface contours with-
out leaking. Neither grease nor tape is nec-
essary to a leakproof seal. Therefore, there
is no need to prepare the aperture before
cleanup after using the plug. The plug with
inflatable seals is designed specifically for
use in testing for leakage in the conical
nozzle of a rocket engine, but the underly-
ing concept should be applicable to other

NASA Tech Rriefe hine 1992

i

situations in which similar temporary seals
are required.

Two inflatable rubber sealing rings are
held in place on the plug by inner and outer
retaining rings and a containment ring be-
tween them. All three rings are made of
neoprene rubber molded onto 2124 alu-
minum alloy rings (see figure). The two in-
flatable sealing rings lie on opposite sides
of the joint to be tested.

The plug is inserted in the throat so that
a hole on its axis engages an axial shaft
in the nozzle. The plug is secured on the
shaft by a hand-tightened knurled nut.
Through a manifold supported by a bracket

The_Next Time,
Why Not
REALLY

Change Your Oil!

After an initial treatment of 8 ounces, just
4-ounces of Tufoil into the crankcase at each
oil change will turn ordinary oil into a

PATENTED
ENGINE TREATMENT.

Here’s what you’ll experience....

EASIER STARTS - Due to the protection
your engine will have at that crucial oil-less
period.

SMOOTHER OPERATION: The drastic
reduction in friction gives your engine a slip-
pery surface to run smoothly, virtually
trouble-free!

BETTER GAS MILEAGE: You'll save
plenty at the gas pumps since your engine
doesn’t have to work as hard and requires
less energy to run.

LONGER ENGINE LIFE: Naturally, if
your engine doesn’t have to work as hard, it
will last a lot longer...in many cases, twice as
long.

One 8 oz. - $ 17.75 (ship. incl.)

Two 8o0z. - 29.00 (ship. incl.)
1 Quart - 38.95 (ship. incl.)
1 Gallon - 131.00 (ship. incl.)

1-800-922-0075
ORDER TODAY

E Fluoramics, Inc. ntess)
18 Industrial Avenue

Mahwah, NJ 07430
My check or money order for $
Charge my credit card:
0 Am. Express
Card No.

is enclosed.

OMaster Card O Visa

Exp. Date
Phone No.
l Name
l Address
| ciy
l State Zip

l (N.J. residents please add 7% sales tax).

UPS Shipping Address
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Variseal M

for Low and High Pressures
« Low Friction PTFE

Turcite® seal compounds are
chemically inert with very low
friction. Corrosion-resistant metallic
springs provide elasticity and
excellent low pressure sealing.
Call for catalogs and technical
support. 1-800-466-1727

« Vacuum to 30000+ psi
« Cryogenics to 575°F

« Standard, metric and
custom sizes

510 Burbank Street
Broomfield, Colorado 80038
Fax:303-469-4874

( ! < , A ‘American Variseal
2 P.O. Box 1479
O"‘“'“'

For More Information Circle No. 490

i Performance... X
Coupled with Precision

Call or write
for free brochure

Flexible Shaft Coupling Characteristics:
» Zero Backlash
* Zero Cyclic Speed variation during 360° rotation
* Very Low elastic wind-up as low as 1 arc sec/in. oz.
* Low side thrust on bearings
» Set screw or split hubs available.
Servometer Corporation

501 Little Falls Road * Cedar Grove, NJ 07009
(201)785-4630 » Fax: (201) 785-0756

Brackets for
Mounting Axial

Knurled Nut
Tightened
by Hand

Joint To Be
Tested for
Leakage

Hozzle

Retaining
Ring

Inflatable
Sealing Rings

(Detlated
; Outer

Retaining

Ring

——SERVOMETER——
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Inflatable Rings seal a joint. After the rings have been inflated, the
space betweenthem s pressurized to test for leakage through the joint.

onthe plug, the sealing rings are inflated to a gauge pressure
of 25 1b/in.?(0.17 MPa). The joint in the nozzle is then ready
for testing.

This work was done by Paul L. Lesh and Cuyler H.
Richards of Rockwell International Corp. for Marshall
Space Flight Center. For further information, Circle 128 on
the TSP Request Card. MFS-29810

Improved Helium-Barrier Bag
A controlled artificial atmosphere is "
N

formed around a duct.
Marshall Space Flight Center, Alabama

A specially designed bag maintains a helium atmosphere
aroundalarge, low-temperature duct. The bagis easy to install,
durable, and reusable. Itisintended to prevent the cryopumping
that would occur if air or nitrogen were allowed to make contact
with the cold surface of the duct. The bag was designed for use
on the low-pressure fuel duct of the Space Shuttle main engine
but could easily be modified to fit other ducts or vessels around
which controlled atmospheres are needed.

NASA Tech Briefs, June 1992



The bag (see figure) includes an outer,
lightweight layer of polytetrafluoroethylene
reinforced with fibers, chosen for its
strength and resistance to tears and abra-
sion; and an inside layer of fluorinated
ethylene/propylene, chosen for its strength
and better adhesion. A zipper of molded
polytetrafluoroethylene runs the length of
the bag (see figure). The zipper and the two
layers are joined together by heat bonding.

The unzippered bag is placed around
the duct. The bag is zippered, and its ends
are attached to the duct by adhesive tape
reinforced by hoop clamps.

Helium is supplied through a hose con-
nected to an inlet fitting at one end of the
bag. The helium leaves through a 1/8-in.

The Bag Covers a
Duct to maintain a
controlled atmo-
sphere around the
duct.

Supply Hose\

Exhaust Hole

(3.2-mm) hole at the opposite end of the Robert F. Logan, and Jeffrey E. Fink of

bag. The zipper forms an almost leak- Rockwell International Corp. for Marshall

tight seal. Space Flight Center. No further docu-
This work was done by Brent J. Viger, ~ mentation is available. MFS-29809

Magnetically Operated Holding Plate and Ball-Lock Pin !‘

This relatively simple, inexpensive mechanism is suitable for robotic applications.

Lyndon B. Johnson Space Center, Houston, Texas

Second
Object
Magnet on First
Robot Hand ~ Object

] Recess
\Jin Plunger
\|

Ferromagnetic Flange
(Holding Plate)

[N

ROBOT HAND PUSHES PLUNGER IN,
ALLOWING BALLS TO MOVE INWARD

N

ROBOT HAND PULLS FIRST OBJECT AWAY

NASA Tech Briefs. June 1992

A quick-engagement, quick-release ball-
locking-pin mechanism is intended to be
operated by a robot while maneuvering a
first object (eg., a tool) and attaching the
first object to, or detaching it from, a sec-

The Magnetically Operated Holding Plate
and Ball-Locking-Pin Mechanism is part
of the first object, which is to be attached
to, or detached from, the second object.

Here, the magnetic end of a robot hand ond object (eg., a tool holder). In com-
simultaneously takes hold of the first ob- parison with motorized latches that have
ject and operates the mechanism to re- been designed for the same purpose, this
lease it from the second object. mechanism is simpler and less expensive.

-269°C to +650°C

i
- T
:
7

Measure shaft position
PROBLEM: A rocket engine designer must measure the orbit of a shaftin a
cryogenic pump for the space shuttle. Environments are extreme, ranging
from the severe cold of liquid oxygen to the intense heat of turbine exhaust.
SOLUTION: Kaman's noncontact displacement sensors are designed for such
hostile environments. These systems provide high resolution from -269°C to
+650°C. If your operating temperature is not extreme, Kaman's standard
systems offer superior performance at competitive price. Call for details.

Kaman Instrumentation Corp., 1500 Garden of the Gods Road,
Colorado Springs, Colorado 80907. 719-599-1825. Fax 719-599-1823.

800-552-6267
HAMABRN

Noncontact Position Measuring Systems
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The ball-locking-pin mechanism in-
cludes a tubular housing (which serves as
the pin) with a ferromagnetic flange at one
end. The mechanism is permanently at-
tached via this flange to the first object.
The other end of the tube or pin is inserted
in a mating hole in the second object. A
plunger is free to move axially inside the
tube or pin and is biased by a spring to-
ward a position in which it forces a set of
balls to protrude slightly from the side of
the tube or pin. These balls prevent the
tube or pin from sliding out of the hole in
the second object, thereby locking the two
objects together.

The figure illustrates the mechanism
and its operation during detachment of the
first object from the second object. Initially,

the ball-locking pin holds the objects to-
gether as described above. A robot hand
equipped with a magnet approaches the
mechanism and pushes the plunger to a
position in which the balls are free to move
radially inward into a recess in the plunger.
At the same time, the magnet makes con-
tact with the ferromagnetic flange. Be-
cause the magnetic attraction between the
flange and the magnet is greater than the
spring force on the plunger, the magnet
thereafter holds the flange. Inasmuch as
the balls no longer protrude from the pin,
the robot hand can withdraw the first object.

For this detachment sequence, the mag-
net could be either a permanent magnet
or an electromagnet. However, the attach-
ment sequence requires an electromag-

net. The attachment sequence is the re-
verse of the detachment sequence, except
that once the two objects are mated, the
electromagnet is turned off to let go of the
first object and allow it to remain attached
to the second object when the robot hand
is pulled away.

This work was done by Leo G. Monford,
Jr, of Johnson Space Center. For fur-
ther information, Circle 43 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, Johnson Space Center [see page
18]. Refer to MSC-21517.

Optimizing Elastodynamic Performances of Composite Links

Engineering compromises among damping, stiffness, and strength are required.
Lewis Research Center, Cleveland, Ohio

A method for the design of laminated fi-
ber-reinforced-matrix composite structural
links of rectangular cross section optimizes
the damped-elastodynamic performances
of the links, making engineering compromis-
es among stiffness, strength, and damping
of vibrations. The method is based on anin-
tegrated theory that correlates the damp-

ing in a link with the parameters of the lami-
nate material(s), the shape of the link, and
the modal vibrations of the link.
Fiber-reinforced composites have damp-
ing factors much higher than those of metals,
high specific moduli of elasticity, and high
specific strengths that make them suitable
for the fabrication of stiff, strong, lightweight

links. Links made of these composites are
particularly desirable in robotic manipulators,
for example, because they can minimize vi-
brational and static-load bending, which give
rise to undesired positioning errors. Further-
more, the anisotropic elasticity and damp-
ing characteristics of a composite link can
be tailored to meet specific design require-
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ments by selection of the fiber and matrix

materials, the volume fractions of these ma-

terials, and the thicknesses, angles, and
stacking sequence of the plies.

In the integrated theory, the damping in
a composite link is computed by synthesis
from the damping properties of each ma-
terial component. First, a simplified theory
of micromechanics is used to calculate
the hysteretic on-axis damping. Then the
damping capacities of on-axis plies subject-
ed to off-axis loading (or, equivalently, off-
axis plies subjected to on-axis loading) are
calculated. Next, the local damping capaci-
ty throughout the entire thickness of the
laminate is formulated.

The local damping provides rough esti-
mates of the damping in the entire link. How-
ever, a typical practical link would exhibit
more complicated and coupled deforma-
tions, and its damping capacity would be
the integrated contribution of local damp-
ing over the whole volume at a particular
deformation shape. Inasmuch as the elasto-
dynamic response of any structure is a linear
combination of individual vibrational modes,
structural damping associated with each
mode would provide a useful measure of
the overall damping capacity of the link. Ac-
cordingly, the global damping capacity of
the link structure for a particular mode
shape, called the *'structural modal damp-
ing,” is computed for that shape by in-
tegrating the damping over the whole link
via a finite-triangular-plate-element discreti-
zation (see figure). This approach enables
the selective minimization of vibrations in
specific modes, with ply angles and vol-
umes of fibers tailored to obtain optimal
combinations of damping stiffness.

The method was tested by simulating the
dynamic responses of links of various de-
signs via a finite-element analysis, using the
same triangular-plate elements as those
used to compute the structural modal damp-
ing. These simulations illustrate the effects of
ply angles, multiple angle-ply sublaminates,
and fiber-volume fractions on the optimal
designs. These case studies led to the follow-
ing conclusions:

1. The resultant optimal laminate configura-
tions and composite material systems sig-
nificantly improved the damping of bend-
ing modes by factors of 5 with respect to
a reference unidirectional-fiber design,
while the undamped dynamic amplitudes
were degraded by factors of only 1.5.
There were wide margins for compro-
mises among damping, static stiffness,
and dynamic stiffness without changing
the shapes and, consequently, the masses
of the links.

2. Ply angles were the most critical design
parameters.

3. Laminates with single or multiple angle-
ply sublaminates yielded optimal designs
of comparable performance.

4. The optimization of fiber-volume fractions
resulted in small increases in the damp-
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ing of bending modes.

5. Dynamic properties associated with tor-
sional modes were sensitive to variations
of the parameters of the materials.
This work was done by D. A. Saravanos

and C. C. Chamis of Lewis Research Cen-

ter. Further information may be found in
NASA TM-102094 [N89-26912], “‘Tailoring of
Composite Links for Optimal Damped Elas-
to-Dynamic Performance.”

Copies may be purchased [prepayment
required] from the National Technical Infor-

mation Service, Springfield, Virginia 22161,
Telephone No. (703) 487-4650. Rush orders
may be placed for an extra fee by calling
(800) 336-4700.

LEW-15044

Connector Mechanism Has Smaller Stroke

An active connector advances toward a passive connector at double speed.
Goddard Space Flight Center, Greenbelt, Maryland

A system for connecting electrical and/
or fluid lines includes a mechanism that

reduces the length of the stroke necessary
to make or break the connections. This
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stroke-reducing feature could enable con-
nection and disconnection in a confined
space and could help to compensate for
misalignment between connectors along
the stroke axis. In addition, the system al-
lows for small angular and lateral misalign-
ments. Applications for this system might
include such connections as those be-
tween modular electronic units, coupled
vehicles, and hydraulic systems.

The system (see figure) includes a pas-
sive member mounted on one of the units
to be mated and an active member
mounted on the other unit. The active and
passive members include shell-type con-
nector-mounting subassemblies held by
bushings that accommodate both small
angular misalignments (rotations about the
bushing axes) and small translational mis-
alignments (translations along the bushing
axes). In mating, the two bushing axes are
nominally perpendicular to each other and
to the stroke axis.

The connector-mounting subassembly
in the active member includes an inner
housing that is spring-loaded into nominal
angular alignment. The activation cusp
(the shell of the active connector) and a
connector mount slide relative to each
other along the stroke axis on linear bear-
ings in the inner housing. These sliding
motions are coupled by a pair of dual
rack-and-pinion mechanisms such that
when the activation cusp slides a given
distance in one direction, the connector
mount slides twice that distance in the
opposite direction.

In mating, the passive connector-mount-
ing subassembly is pushed into the activa-
tion cusp until the lower edge of its con-
nector shell makes contact with a shelflike
edge inside the activation cusp. Thereafter,
further pushing (downward in the figure)
causes the activation cusp to move down-
ward and, via the rack-and-pinion cou-
pling, causes the active connector mount
to move upward at twice the speed of the
downward push. Thus, the connector in
the passive member (shown in dotted
lines) is pushed upward to mate with the
connector (hidden in the figure) in the
passive member, the speed of relative
motion between the two connectors along
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The Connector in the Active Member moves upward at twice the
speed of the downward stroke of the passive member. Thus, the
stroke is effectively amplified within the confines of the connector
system.

the stroke axis being twice the speed of the applied stroke.

The system does not accommodate misalignment in
rotation about the stroke axis. However, it is intended to
be used in conjunction with devices that provide align-
ment in this degree of freedom before the mating stroke
begins. To accommodate residual misalignments in rota-
tion about the other two axes, the connector in the active
member is spring-loaded into nominal alignment on the
connector mount with a preload that exceeds the normal
mating force by a small amount. If the connector is so
damaged that it cannot mate, this feature allows the
connector to be pushed out of the way so that at least
structural mating can occur.

This work was done by M. Bruce Milam of Goddard
Space Flight Center. For further information, Circle 5 on
the TSP Request Card.

This invention is owned by NASA, and a patent appli-
cation has been filed. Inquiries concerning nonexclusive
orexclusive license for its commercial development should
be addressed to the Patent Counsel, Goddard Space
Flight Center [see page 18]. Refer to GSC-13220.
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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
iscited; otherwise they are available fromthe
National Technical Information Service

Vibration Testing of Trusses
by Use of Active Members

Active members are used to
excite test vibrations.

A report describes experiments that
were conducted to determine whether, in
vibration tests of a truss structure, active
structural members could be used to ex-
cite test vibrations that yield accurate data
on the vibrational modes of the structure.
An active structural member is one that
includes an integral force actuator and
strain sensor (usually in the form of a
piezoelectric transducer). Such a member
acts like an ordinary structural member in
that it carries structural loads in the usual
way, but in addition, it can be used to
measure loads and to apply forces to
counteract undesired vibrations. The use
of active members in conjunction with
electronic control systems to suppress
vibrations in large, flexible structures is a
subject of continuing research.

In vibration testing of a structure, one
seeks to identify its vibrational modes and
the parameters (frequencies, phases,
damping ratios, relative amplitudes at
various positions) of those modes. If the
structure is sufficiently small, it can usually
be tested in a laboratory by use of exter-
nal actuators. However, if the structure is
too large to be tested in a laboratory, if the
vibrational modes that one seeks to sup-
press are not known accurately or change
during use or operation of the structure,
if external actuators distort the vibrational
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modes excessively, or if external actuators
cannot be used for any other reason, then
the active members may be the best or
only actuators available.

The experiments were conducted on a
six-bay vertical truss structure about 6 ft
(1.8 m) tall cantilevered at its lower end
from a heavy block. Weights were attached
to the structure near the middle and at the
upper end. Two longitudinal members and
one diagonal member near the lower end
were piezoelectric active members. The
truss was instrumented with accelerom-
eters for measurement of the shapes of
the vibrational modes. In addition, load-cell
and displacement measurements were
made at the active members. Sinusoidal
vibrations were excited at various frequen-
cies, and accelerational responses meas-
ured in the steady state to obtain data that
were then used to compute vibrational-
response spectra. Several experiments
were conducted. In the first experiment,
the excitations were applied by an exter-
nal electromechanical shaker. In the fol-
lowing experiments, the excitations were
applied via one active member at a time.

A curve-fitting computer program was
used to extract the frequencies, damping
parameters, and shapes of the vibrational
modes from the vibrational-response spec-
tra. A total of 10 global modes and 3 local
modes were obtained. The results indicate
that the accuracies of modal parameters
obtained from active-member-excitation
tests equal or exceed those obtained from
external-excitation tests.

This work was done by Jay Chung Chen
and James L. Fanson of Caltech for
NASA’s Jet Propulsion Laboratory. o
obtain a copy of the report, ‘‘System Iden-
tification Test Using Active Members,” Cir-
cle 75 on the TSP Request Card.
NPO-18065

Influence of Free-
Stream Turbulence
on Boundary Layers

A mild adverse pressure
gradient can enhance mixing.

A report describes an experimental
study of the influence of nearly isotropic
free-stream turbulence on the shape fac-
tors and skin-friction coefficients of tur-
bulent boundary layers that have mild or
zero adverse pressure gradients. Turbulent
boundary-layer flows of this type occur
around blades in turbomachinery, airfoils
downstream of propellers or canards, and
other objects of importance in engineer-
ing. This study was motivated in large part
by the fact that, generally, the most critical
stage for the development of a boundary
layer occurs when it is exposed to a de-
celerating external free-stream flow and a
corresponding adverse pressure gradient.

When the free-stream turbulence is small,

an adverse pressure gradient can weaken

the boundary layer (as indicated by an
increase in the shape factor, H), leading
eventually to separation of the flow and

a corresponding loss of pressure if the

flow is internal, or a loss of lift and increase

in drag if the flow is external.

In the experiments, a flat plate on which
boundary layers were to be formed was
placed in a wind tunnel. Rods were placed
upstream of the plate to generate free-
stream turbulence in the wind-tunnel flow.
To obtain zero and various small adverse
gradients of static pressure, the angle of
incidence of the plate was set at angles
of 0°, 2.6° and 5.2° Static-pressure taps
were equally spaced along the centerline
of the plate. Velocities near the surface of
the plate at various positions along lines
perpendicular to the surface were meas-
ured by total-pressure probes. The veloci-
ty and the intensity of turbulence of the
free stream were measured with hot-wire
anemometers.

Traditionally, adverse pressure gradients
have been considered to weaken bound-
ary layers and eventually lead to sepa-
rations of flow. This traditional view is
correct for boundary layers with low free-
stream turbulence. However, the results of
the experiments in this study show that in
a turbulent boundary layer under stronger
external free-stream turbulence, improved
mixing and more effective transmission
of momentum from the free stream to the
boundary layer occur when a mild adverse
gradient of pressure exists, relative to the
zero-pressure-gradient case with the same
values of the total intensity and integral
length scale of the turbulence in the free
stream. The shape factor of the boundary
layer was found to remain constant, with-
in the limits of the uncertainty of the data,
with increasing Reynolds number based
on the momentum thickness of the bound-
ary layer.

Two fluid mechanisms were concluded
to be responsible for the improved mixing
and corresponding stronger boundary
layers with lower shape factors.

1. A reduction of the ratio (\,/8) of the
integral scale (\,) of free-stream turbu-
lence to the thickness () of the boundary
layer generally occurs in the presence of
an adverse gradient of pressure. This re-
duction in \, /6 is due primarily to the
natural increase in é that occurs as an
adverse gradient of pressure increases
from zero.

2. Vortex stretching of the turbulent eddies
in the free stream occurs in the presence
of an adverse gradient of pressure, re-
sulting in a higher vorticity and a corre-
sponding augmentation of mixing.

Both of these mechanisms act to improve
the transmission of momentum from the free
stream to the boundary layer.
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This work was done by J. A. Hoffmann,
S. M. Kassir, and S. M. Larwood of Califor-
nia Polytechnic State University for Ames
Research Center. Further information may
be found in NASA CR-177520 [N89-22045],
“The Influence of Free-Stream Turbulence
on Turbulent Boundary Layers with Mild
Adverse Pressure Gradients.”

Copies may be purchased [prepayment
required] from the National Technical Infor-
mation Service, Springfield, Virginia 22161,
Telephone No. (703) 487-4650. Rush orders
may be placed for an extra fee by calling
(800) 336-4700. ARC-12397

Proof Testing of
Stainless-Steel Bolts

Calculations and experiments
increase confidence in
nondestructive proof tests.

A report describes a study directed
toward the development of a method for
nondestructive proof testing of bolts made
of A286 stainless steel. The approach taken
in this study is based partly on the fracture-
mechanics concept that the higher the
proof load a bolt survives, the smaller is
the largest flaw in the bolt and, therefore,
the longer will be its demonstrated cyclic
fatigue life after the proof test. More specif-
ically, the fatigue life of interest is that of a
bolt that contains a flaw of such a size that
the bolt just barely survives the proof test.
In the experimental part of the study,
bolts of various sizes were notched by
electrical-discharge machining and fatigue-
precracked at the notches to obtain flaws
of known size. The precracked bolts were
subjected to tensile proof tests by stretch-
ing them to various large fractions of their
tested ultimate tensile strengths. The re-
sults of these tensile tests were analyzed
to determine critical flaw sizes at proof test
loads. The bolts that survived the proof
tests were subjected to tensile cyclic fa-
tigue tests until they failed.
The numerical results of these tests
were analyzed in terms of a hypothesized
equation that expresses various power-law
proportionalities describing the fatigue life
of a proof-tested bolt, the size of the bolt,
the mean stress and the range of alter-
nating stresses in the cyclic fatigue test,
the proof stress, and the ultimate tensile
strength of the bolt material. This equa-
tion was obtained by applying the multiple-
regression method to the fatigue lives
computed by the NASA/FLAGRO com-
puter program while varying one parame-
ter at a time.
The conclusions drawn in the study are
summarized as follows:
¢ Bolts can be qualified by proof testing at
0.75 X[(average ultimate tensile strength
minus one standard deviation) determined
in prior tests].

¢ The hypothesized equation appears to be
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valid according to the limited test data
available thus far.

» Given the same test conditions, stronger
bolts have longer demonstrated fatigue
lives.

» Of all of the parameters of the tests, the
proof load affects the fatigue life most
strongly. Bolts tested at greater loads
have longer demonstrated fatigue lives.

* The range of alternating stress in a fatigue
test strongly affects the fatigue life, while
the mean stress has a minor effect.

¢ Given the same test conditions and loads
scaled according to cross-sectional areas,
larger bolts have shorter fatigue lives.

e Variations in fatigue lives of bolts made
from the same heat of steel are small,

but variations among bolts made from dif-
ferent heats are large.

¢ The assumption that the ratio between
the proof load and the plastic-collapse
load is constant, which assumption is in-
voked in interpreting the results of tests
to determine critical flaw sizes, appears
to be reasonable.

This work was done by Cheng H. Hsieh,
James A. Hendrickson, and Robert M.
Bamford of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report, “‘Development of Methodology
for Qualifying Safety Critical A286 Thread-
ed Fasteners,” Circle 115 on the TSP Re-
quest Card.
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Robotic Gripper With Force Control and Optical Sensors

The robot locates, measures, recognizes, and manipulates parts.

Marshall Space Flight Center, Alabama

A robotic gripper operates in several
modes to locate, measure, recognize (in
a primitive sense), and manipulate objects
in an assembly-line setting. The gripper is
a prototype subsystem of a robotic cell that
is intended to handle geranium cuttings in
a commercial greenhouse. The basic con-
cept and design of the gripper could be
modified for handling other objects (eg.,
rods or nuts), including sorting the objects
according to size. The concept is also ap-
plicable to real-time measurement of the
size of an expanding or contracting part
gripped by a constant force and to meas-
urement of the size of a compliant part as
a function of the applied gripping force.

The gripper is mounted on an industrial
robot. The robot positions the gripper at
a fixed distance above the cutting to be
processed. A vision system locates the
cutting in the x—y plane lying on a conveyor
belt (see figure). The robot uses fiber-optic
sensors in the fingertips of the gripper to
locate the cutting along the z axis. The
gripper grasps the cutting under closed-
loop digital servo force control. The size
(that is, the diameter of the stem) of the
cutting is determined from the finger-po-
sition feedback, while the cutting is being
grasped under force control. The robot
transports the cutting to a scale for weigh-
ing, then to a trimming station, and finally
to a potting station. In this manner, the cut-
tings are sorted according to weight,
length, and diameter.

The control subsystem includes a 32-bit
minicomputer that processes the vision in-
formation and collects stem-grading data.
The minicomputer communicates with the
robot controller and the gripper-node con-
trol. The gripper-node control communi-
cates with the scale. The robot controller
communicates with the gripper-node con-
troller via discrete input/output triggering
of each of the gripper functions.

The gripper subsystem includes a PC
Al-compatible industrial computer, a grip-
per mechanism actuated by two dc ser-
vomotors and with an integral load cell,
discrete input/output components, and two
fiber-optic analog-output distance sensors.
The computer includes a discrete input/
output-circuit card, an eight-channel an-
alog-to-digital converter circuit (A/ D) card,
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a motor-control circuit card with A/D com-
ponents, two serial ports, and a 286 proc-
essor with coprocessor.

A geranium cutting comprises a main
stem and several petioles (tiny stems with
leaves). The individual outputs from the
fiber-optic sensors can be processed into
an indication of whether a stem or a pet-
iole is coming into view as the gripper en-
counters the cutting. Consequently, the
gripper can be commanded to grasp a
stem but not a petiole. The axial center-
line of a stem can also be recognized from
the outputs of the fiber-optic sensors.
Upon the recognition of a centerline, the
gripper signals the robot, and the robot
commands the gripper to close.

The motor-control circuit card supplies
the command signals to the ampilifier that
drives the gripper motors. This card can
be operated as a position control with
digital position feedback or as a force con-
trol with analog force feedback from the
load cell mounted in the gripper. A micro-
processor is located on the motor-control
card. Buffered command programs are
downloaded from the computer to this
card for independent execution by the card.

Prior to a controlled-force closure, the

motor-control card controls the gripper in
position-servo mode until a specified force
threshold is sensed, indicating contact
with the cutting. Thereafter, the position-
servo loop is opened, and the command
signal to the amplifier is calculated as the
difference between the force setpoint and
the force feedback from the load cell. This
difference is multiplied by a programmable
gain value, then pulse-width-modulated
with programmable duty cycle of typical-
ly 20 percent. This technique provides in-
tegral stability to the force-control loop.
This force-control loop is bidirectional in
the sense that if the cutting expands be-
tween the fingertips, the fingers are made
to separate, and if the cutting contracts,
the fingers are made to approach each
other.

This work was done by James L.
Montgomery of Martin Marietta Corp. for
Marshall Space Flight Center. For fur-
ther information, Circle 114 on the TSP Re-
quest 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-28537.
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High-Clearance Six-Wheel Suspension ¥/
Linkages are above the wheels instead of at axle height.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A multilevered suspension system for a
wheeled vehicle gives the body of the vehi-
cle exceptionally high clearance from the
ground and allows the wheels to be steered
independently. The system was developed
for a proposed robotic rover for the ex-
ploration of Mars but could readily be
adapted to off-the-road recreational vehi-
cles, military scout vehicles, and robotic
emergency vehicles.

With the suspension linkages above the
tops of the wheels instead of at axle height
as in conventional suspensions, the new

system enables the body to skim over ob-
stacles as high as a wheel (see Figure 1).
With its levers and independently steered
wheels, the system enables the vehicle to
climb over many obstacles it could not
otherwise clear. In particlular, the vehicle
can climb steps 12 wheel diameters high
and cross gaps 1% wheel diameters wide.

On the front portion of the suspension
shown in Figure 2, vertical links 1, 2, and 3
ride on the axles of the wheels. Horizontal
links 4 and 5 connect vertical link 1 to
master bogie link 6 by pivoted joints.

Figure 1. This Working Prototype of the high-suspension vehicle rides over a relatively large

rock in this head-on view.

NASA Tech Briefs, June 1992

Horizontal links 7 and 8 similarly connect
vertical links 2 and 3 to the other end of
master bogie link 6. The rear portion of the
suspension is similar to the front portion.
The body is mounted on a shaft between
the left and right master bogies.

To climb over an obstacle under the
right frontwheel, links 1, 4, 5, and 6 function
as a four-bar pantograph so that the wheel
can ride up and over the obstacle. Links 2,
7,8,and 6 form a similar pantograph for the
middle wheel, as do links 3, 7, 8, and 6 for
the rear wheel. The dimensions of the links
determine the distribution of weight on the
wheels.

This work was done by Donald B. Bickier
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
149 on the TSP Request Card.

NPO-17821

Figure 2. Three Views of the right side of the
vehicle show how links cooperate in moving
over rough terrain. The top view shows the
vehicle on level ground. The middle view
shows the front wheel climbing an obstacle.
The bottom view shows the front wheel de-
scending into a gulley.

S T T S S s S e S
Books and Reports

These reports, studies, handbooks are avail-
ablé 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.

A Segmented lon-
Propulsion Engine

Several smaller ion sources
may be combined to form
large, high-power ion engines.

A new design approach for high-power
(100-kW class or greater) ion engines con-
ceptually divides a single engine into a
combination of smaller discharge cham-
bers integrated to operate as a single large
engine. This segmented ion-thrustor design
approach enables the immediate develop-
ment of 100-kW-class argon-ion engines for
operation at a specific impulse of 100,000
m/s. Several such segmented ion engines
would be used on a cargo vehicle to travel
between the Earth and Mars.

A combination of six 30-cm-diameter
ion chambers operating as a single engine
can convert over 100 kW of electrical in-
put power to thrust at an efficiency of
greater than 70 percent using ion-thrustor
components that exist today. Each of the
six ion chambers would process one-sixth
of the total input power and produce one-
sixth of the total 1.42 N thrust. The com-
bined six-chamber engine would operate
from a single power-processor unit, which
provides the currents and voltages re-
quired by the ion engine.

The segmented ion-thrustor design may,
in some sense, be considered as the third
step in ion-engine evolution to higher power
levels. The lowest-power ion sources are
made with accelerator systems that con-
sist of a single aperture. Space-charge ef-
fects limit the total current that can be ex-
tracted from this single aperture for a given
applied voltage; typical power levels are
tens of watts. The second generation of
ion sources make use of multiple-aperture
accelerator systems. The ion current per
aperture is still limited by space-charge ef-
fects, but multiple apertures are used to
increase the total ion current significant-
ly. For multiple-aperture grid systems, the
total current is limited by the achievable
span-to-gap ratio (defined as the ratio be-
tween the ion-chamber diameter and the
grid-to-grid separation) and by the max-
imum electric field that can be sustained
between the grids.

The third step makes use of a multiple-
grid-sets power engine. Span-to-gap and
electric-field considerations still limit the
ion current per grid set, but multiple-grid
sets are used to increase the total ion-beam
current significantly. This engine configura-
tion is somewhat analogous to a multicylin-
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der automobile engine. An alternate analogy
is that of segmented mirrors used in the
development of large optical telescopes.

Benefits of the segmented ion-thrustor
design approach include reduction in the
required accelerator system span-to-gap
ratio for large-area engines, reduction in
the required hollow-cathode emission cur-
rent, mitigation of the plasma-uniformity
problem associated with the development
of large-area ion engines, increased toler-
ance to accelerator system faults, and re-
duction in the vacuum-system pumping
speed required for engine development
testing.

This work was done by John R. Brophy

of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“Segmented lon Thruster,” Circle 7 on
the TSP Request Card.

NPO-18192

Internal Friction and
Instabilities of Rotors

Theoretical and experimental
studies are described.

A report describes a study of the effects
of internal friction on the dynamics of
rotors. The study, prompted by concern
over instabilities in the rotors of turbo-
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machines, included a review of the
literature, theoretical analysis, and ex-
periments. The instability and internal-
friction problems arise together because
a typical rotor is built of several parts that
are shrink- and/or press-fit together; these
parts can slide upon each other when the
rotor operates at a speed and/or load great
enough to excite bending-mode vibrations.

The theoretical part of this study in-
volved the development of nonlinear
mathematical models of internal friction in
three types of joints commonly found in
modern high-speed turbomachinery —
axial splines, Curvic™ splines, and inter-
ference fits between smooth cylindrical
surfaces. The effects of speed, stiffnesses
of bearings and joints, external damping,
torque, and coefficient of friction in the joint
were evaluated. It was shown that a rotor
that turns at a speed above a critical speed
for bending exhibits unstable subsynchro-
nous (at a frequency less than that of rota-
tion) vibrations at the first natural bending-
mode vibrational frequency of the rotor.

The experimental part of the study in-
cluded (1) traction tests to determine the
coefficients of friction of various rotor
alloys at various temperatures, with and
without lubrication, and with various sur-
face finishes; (2) bending-mode-vibration
tests of shafts equipped with axial-spline,
Curvic™-spline, and interference-fit joints;
and (3) rotordynamic tests of shafts with
axial-spline and interference-fit joints. Un-
der conditions similar to those in the tur-
bopumps in the main engine of the Space
Shuttle, the coefficients of friction were ap-
proximately 0.2 in the presence of lubrica-
tion and 0.8 in the absence of lubrication.
The damping measured in the vibration
tests increased with vibration amplitude
in a manner that was not representative
of either a linear-damper or a coulomb-
friction mathematical model.

Rotordynamic tests of an axial-spline
joint under 5,000 Ib-in. (565 N-m) of static
torque revealed an extremely severe in-
stability when the rotor was operated
above its first bending-mode natural fre-
quency. The presence of this instability
was predicted by nonlinear rotordynamic
transient analysis, using one of the non-
linear mathematical models of internal fric-
tion mentioned above. The corresponding
rotordynamic test of a shaft with an in-
terference-fit joint revealed subsynchro-
nous vibrations at the first natural frequen-
cy. The subsynchronous vibrations were
bounded and significantly smaller than
synchronous vibrations were.

This work was done by J. Walton, A.
Artiles, J. Lund, J. Dill, and E. Zorzi of Mar-
shall Space Flight Center. 7o obtain a
copy of the report, ‘Internal Rotor Friction
Instability,” Circle 121 on the TSP Request
Card.

MFS-27246

NASA Tech Briefs, June 1992
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Rolling Stitch Welder for Foil

A handtool spotwelds foil without damaging it.
Marshall Space Flight Center, Alabama

A hand-operated rolling spotwelder ap-
plies brazing-alloy foil to parts before they
are brazed in a furnace. The welder stitch-
welds the foil as an operator moves it over
the foil. It attaches the foil faster and more
consistently than a single-spot welding gun
can.

The welding wheel is spring-loaded on
a roller frame (see figure). Grasping the
welding unit by its handle, the operator
presses the welding wheel against the film
until insulated rollers make contact with
the surface. Thereafter, the welding wheel
applies a constant force against the foil.
(The operator can adjust the spring force
within a limited range.)

The operator presses a switch on the
handle to initiate the welding current at the
desired locations. The welding current
flows through the welding wheel, into the
grounded foil. By thus making a series of
approximately uniformly spaced spotwelds
as the unit moves across the foil, the op-
erator ‘“‘stitches’ the foil to the underlying
workpiece. When a series of spotwelds
have been completed, but before lifting the
unit from the foil, the operator releases the
switch on the handle. This prevents arc-
ing between the wheel and the foil when
the unit is lifted.

This work was done by Jeffery L. Gilbert
and Gene E. Morgan of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. For further information, Circle 54

on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-

. Welding-Current
Switch

dressed to the Patent Counsel. Marshall
Space Flight Center [see page 18].Refer
to MFS-29740.
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An Internal Spring reacts against the roller frame, exerting a constant force on the
welding wheel when the rollers make contact with the workpiece. The knurled nut
on the wheel stem is for adjusting the pressure exerted by the spring.

Vapor Deposition of Metal From Gas/Tungsten Arc

A process derived from welding makes high-quality films.
Marshall Space Flight Center, Alabama

A vacuum gasftungsten-arc vapor-de-
position process was discovered during an
investigation of vacuum hollow electrode
overlays for use in fabrication of compo-
nents of the main engine of the Space
Shuttle. The process might be useful in
making thin metallic coats that would serve
as electrical conductors, radio reflectors
or antenna elements, or optical mirrors of
partial or ultrahigh reflectivity. The process
might also be used in making semiconduc-
tor devices.

The process yields highly reflective,

NASA Tech Rriefe hine 1992

smooth films that reproduce almost per-
fectly the contours of the surfaces on
which they are deposited. The rate of de-
position can be controlled precisely, and
the surface texture can be varied, if de-
sired. The process is capable of deposi-
tion at rates double those of standard
sputtering.

In a demonstration of the process, the
deposition arc was generated by using an
Inco* 903 nickel-alloy wire to weld an Inco
nickel-alloy workpiece. The vapor thus pro-
duced coated a Pyrex glass substrate with

a thin alloy layer composed of 25 percent
nickel and 75 percent chromium. (The com-
position of the deposited material is related
to the vapor pressures of the melted ma-
terials.) The layer adhered strongly to the
Pyrex substrate.

*"Inco” is registered trademark of the Inco
family of companies.

This work was done by Jack L. Weeks
and Richard M. Poorman of Rockwell
International Corp. for Marshall Space
Flight Center. No further documentation
is available. MFS-29797
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Tiles to !‘

Shav ing Ce ramic
Final Dimensions

Guided by a template, a router makes
precise, light cuts.

John F. Kennedy Space Center, Florida

The combination of a template and a routing tool are used
to make precise, light cuts of ceramic tiles to final dimensions.
Specifically, the template guides the router along precisely
defined planes so that it accurately and uniformly shaves
chamfers on the edges of the tiles.

The template consists of a plate, which contains the guide
groove, on a pair of irregularly shaped legs. Double-backed
adhesive tape is used to bond the legs to the assembly that
includes the tile to be machined (see figure). The routing tool,
which includes an air-powered rotating bit, is inserted in the
groove and moved along the edge of the tile. The cutting tool
removes ceramic material from the edge of the tile in a clean,
accurate chamfer.

The particular tooling combination was designed to correct
tile-bonding errors on the main landing gear doors of the Space
Shuttle. The combination makes it possible to adjust dimen-
sions of the tile finely so that it is unnecessary to remove and
replace poorly fit tiles. This tooling concept could be adapted to
the in-situ final machining of other nominally flat, narrow
surfaces.

This work was done by Emest Shaw of Lockheed Space
Operations Co. for Kennedy Space Center. For further infor-
mation, Circle 137 on the TSP Request Card. KSC-11439
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Chamfer on
Edge of Tile

3.75 in.

Main Plate
of Template

The Legs of the Template are temporarily bonded to the workpiece
by double-backed adhesive tape. The legs and the main plate of the
template are shown here in color for emphasis, but they can be made
of a clear plastic like poly(methyl methacrylate) or polycarbonate.
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Mathematical Modeling of the Terrain Around a Robot

The representation used for control would be separated from the representation provided by sensors.
NASA’s Jet Propulsion Laboratory, Pasadena, California

In a conceptual system for mathemati-
cal modeling of the terrain around an
autonomous mobile robot, the represen-
tation of the terrain used by the motion-
controlling system of the robot would be
separated from the representation (in ef-
fect, the map) of the terrain provided by
terrain-mapping and terrain-sensing sys-
tems external and internal to the robot.
This separate-representation concept
would help take the motion-planning sys-
tem out from under the constraints that
are imposed unintentionally but unavoid-
ably by the discrete spatial intervals of
square terrain grid(s) (see Figure 1). The
separation of the two representations
would also allow the sensing and motion-
controlling systems to operate asynchron-
ously; this would facilitate the integration
of new map and sensor data, as they be-
come available, into the planning of motions.

The motion-planning representation would
be a symbolic representation of the spatial-
ly continuous environment of the robot. It

would consist of a set of abstractions (eg.,
slopes, roughnesses, locations and heights
of obstacles, presence or absence of veg-
etation) that would be relevant to planning
and controlling motions and that would be
extracted from the map and sensor data
referred to the square map grid(s) of the
terrain in the vicinity of the robot.

The data to be abstracted into the mo-
tion-planning representation would be
taken from those squares of the terrain grid
that lie within a ““terrain port’’ — a round,
rectangular, or otherwise-shaped area
centered on the grid square that repre-
sents the current location of the robot. The
abstractions would consist of quantitative
and qualitative spatial features called
“primitive” and ‘‘composite’”’ features.
Primitive spatial features (eg., slopes or
roughnesses) would be computed from
the terrain data by use of filtering functions
and would be bound to the terrain port.
Composite spatial features would be con-
structed from primitive spatial features

PROCESSING

Sampling
Port

Spatial Features and
Relationships
Among Them

ABSTRACT REPRESENTATION
USED BY MOTION-
CONTROLLING SYSTEM

and/or from other less-abstract composite
spatial features and would not be bound
to the terrain port. One example of a com-
posite feature might be the best direction
in which to escape in case of an emergency.

Figure 2 illustrates in more detail how
terrain-height data might be abstracted.
First, these data could be sampled from
the grid cells along ribbons of terrain that
are oriented in various directions and that
pass through the center of the terrain port.
The data on height vs. position along each
ribbon could then be processed in several
different ways: the standard deviation of
height could be computed to determine
roughness, major changes in height could
be taken as indications of obstacles, and
a gradual change in height could indicate
that the robot is located on a hillside.

This work was done by Marc G. Slack
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 41 on the TSP Request Card.
NPO-18129
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Figure 1. Detailed Map Data would flow from terrain grids via a
terrain port (in effect, a sampling window) and be processed into a
more abstract representation in terms of features useful in planning
movements.
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Figure 2. The Abstraction of the Map Data would involve the
construction of primitive and composite features.
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Hierarchical Pattern Classifier

Spectral image data are simplified via recognition of patterns in them.
NASA's Jet Propulsion Laboratory, Pasadena, California

An artificial neural network reduces the
complexity of such multidimensional data
as those produced by an imaging spec-
trometer. The original intended application
is the automatic identification of various
minerals and rocks in a scene via recogni-
tion of spectral reflectance patterns in the
scene as it is portrayed in 300 spectral
bands between wavelengths of 0.5 and
2.5 um. The underlying concept is clearly
applicable, in general, to pattern-classifi-
cation problems in which there is a need
to reduce the amount of computation nec-
essary to classify, identify, or match pat-
terns to the desired degree of resolution.

The spectral intensities in N spectral
bands in a picture element or region of an
image are regarded as input vectors. The
classical method of matching such N-di-
mensional input data with a set of M
known patterns is by taking the inner prod-
uct of each input vector with each of M
normalized vectors in memory that repre-
sent the known patterns. The highest in-
ner product indicates the best match. An
algorithm that implements this method
is called a “matched filter”” Because a
matched filter serves, in effect, to test all
known possibilities, it entails a large amount
of computation.

The purpose of the hierarchical pattern
classifier is to reduce the number of com-
parisons between input and memory vec-
tors without reducing the detail of the final
classification. This is done by dividing the
classification process into a coarse-to-fine
hierarchy (see Figure 1) that, in its simplest
form, comprises a first “‘grouping’ step
and a second detailed classification step.
In preparation for the grouping step, the
memory vectors are collected into P
groups, within each of which the memory
vectors are closer to each other than to
memory vectors in other groups. One
memory vector is chosen to represent
each group (this vector could be, for ex-
ample, an average of the vectors in the
group).

Then in the first step of the classifica-
tion process, an input vector is compared
with each of the P representative vectors,
and a base match is found. In the second
step, the input vector is compared with all
of the memory vectors in the group rep-
resented by the best match. Because no
attempt is made to match the input vec-
tor with the memory vectors in the other
groups, the amount of computation in the
second step is considerably less than that
of a classical matched filter.

The amount of computation can be re-
duced further by combining the initial
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Figure 1. The Coarse-to-Fine Hierarchy of the classification procedure reduces the
number of computations to below that of a classical matched filter.
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Figure 2. A Three-Layer Neural Network reduces the amount of computation further
by reducing the number of vector dimensions in processing.

grouping with a reduction in the dimen-
sionality of the vectors. The problem lies
in determining which are the best dimen-
sions to retain to ensure reliable classifica-
tion. This problem is solved by implemen-
ting the grouping step of the classification
procedure as a fully connected feedfor-
ward neural network of three layers (see
Figure 2) (Note that this network is not in-
tegrated into the final hierarchical pattern
classifier but is used as an analytic tool
to design the hierarchy). The number of
nodes in the input layer equals the number
of dimensions of an input vector. The mid-
dle (hidden) layer has fewer nodes. The
number of nodes in the output layer equals
the number of memory vectors or output
classes, into one of which the input vec-
tor is to be classified. Each node in the
input and hidden layers is connected to
each node in the hidden and output layers,
respectively, with a given connection weight.
(The various connection weights typically
differ from each other.)

The processing of an input vector in-
volves setting a signal at each hidden and
output node equal to the weighted sum of
signals from the input and hidden nodes,
respectively. At each hidden and output

node, a sigmoid function of the weighted
sum is computed to drive the signal to-
ward 0 or 1. When the neural network is
designed and trained properly, the signal
at the output node of the appropriate class
is 1, while at the output nodes of the other
classes it is 0.

The connection weights are set by a
training procedure. A set of known vectors
that span the expected test space is put
in, and connection weights are altered until
the output signals representative of the ap-
propriate classes are obtained. During this
training procedure, the nodes of the hid-
den layer often come to act as feature de-
tectors in that they select, from the N-
dimensional inputs, such fewer-dimension-
al features as maximums, minimums, and
ratios between values, which are impor-
tant in distinguishing the desired classes.
These features may then be used as in-
puts to a reduced-dimensionality classifier.

This work was done by Gigi L. Yates and
Susan J. Eberlein of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 89 on the TSP Request
Card.

NPO-18168
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Using Derivatives of Higher Order in Sensitivity Analysis

Previous sensitivity analysis is extended to derivatives higher than first by a recursive method.

Langley Research Center, Hampton, Virginia

In design of engineering systems, there
often arise such “what if"" questions as
“What will be the change of the payload
of an aircraft if the aspect ratio of its wing
is increased or decreased by 10 percent?”
Answers to such questions are common-
ly sought by incrementing the pertinent
variable and reevaluating the major in-
volved analyses. These analyses are con-
tributed by engineering disciplines that are
usually coupled, as are the aerodynamics,
structures, and performance, in the con-
text of the above question.

The “what if"” questions can be answered
exactly, without using the “‘increment-and-
reevaluate’ approach and without finite dif-
ferencing of the system analysis, by use
of sensitivity analysis to calculate the first
derivatives of the behaviors of coupled
systems with respect to design variables.
Quite obviously, if the problem is strongly
nonlinear, the efficiency of this methodology
can be improved by making derivatives of
second and possibly higher order available
to search algorithms.

A new method extends the algorithm of
a previous method to include the deriva-
tives of the second and higher orders,
again, without finite differencing of the
system analysis. The extension is effected
by recursive application of the same im-
plicit function theorem that underlies the
previous method. In the calculation of a
mixed derivative of the N-th order with re-
spect to a particular variable, the recur-
sivity requires derivatives of the orders
N—1 and lower with respect to the same
variable as prerequisites. On the other
hand, because of the recursivity, the equa-
tions share the same matrix, so that one
must factor the matrix only once and can
thereafter reuse the factored matrix when
the equations are solved one after another.

Each solution, then, requires only a back
substitution, a task ideally suited to the
modern vector and parallel-processor
computers. The recursivity also becomes
an advantage if there is only one variable
with respect to which the derivatives are
to be taken. It occurs in searching design
space along a line defined by a search
direction, an operation that is a part of
many optimization algorithms. Accurate
extrapolation based on derivatives of high-
er order may reduce the need for costly
repetitions of the system analysis in such
an operation by widening the limits of
movement.

This capability to quantify the effects of
proposed changes in engineering designs
can provide the basis for a mathematical
model of design. It is useful in design cal-

NASA Tech Briefs, June 1992

culations for almost any system, including
structures, machines, and distribution net-
works. In addition, feedback control of
processes can be improved by the inclu-
sion of derivative terms of higher order.

This work was done by Jaroslaw
Sobieski of Langley Research Center.
Further information may be found in NASA
TM-101587 [N89-25354], “‘Sensitivity An-

alysis of Complex Coupled Systems to
Second and Higher Order Derivatives.”
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-14413
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FD/DAMA Scheme for Mobile/Satellite Communications

The assigned spectrum would be utilized efficiently.
NASA’s Jet Propulsion Laboratory, Pasadena, California

The Integrated-Adaptive Mobile Access
Protocol (I-AMAP) has been proposed to
allocate communication channels to
mobile- and base-station subscribers in the
first-generation MSATX mobile/satellite
communication network. -AMAP is based
on the concept of frequency-division/de-
mand-assigned multiple access (FD/DAMA)
in which, as its name suggests, the parti-
tion of the available spectrum is adapted

to subscribers’ demands for service. |-
AMAP accommodates two types of ser-
vice: closed-end, in which data are trans-
mitted as “packet’” messages of finite
duration; and open-end, in which a chan-
nel between two subscribers is maintained
until relinquished by the subscribers, as
in a conventional telephone connection.

In the proposed first-generation MSAT
X system, 7 MHz of uplink spectrum and

Now you can
easily explore
the basics of
AutoCAD with-
out having to buy
the real program.

. Take astroll
through this
series of self-

paced lessons that include the key

AutoCAD commands and menus.

With AutoCAD Simulator,™ you

can examine commands like snap,

draw, zoom, dimension, copy,
move, trim and more—including

Explore the power of AutoCAD®Release 11 with a new
PC-based tutorial from the maker of AutoCAD

® 1992 Autodesk Retail Products 11811 North Creek Parkway South, Bothell. WA 98011, Fax (206) 485-0021. AutoCAD, Autodesk and the Autodesk logo
are registered inthe U.S. Patent and Trademark Office. AutoCAD Simulator is a trademark of Autodesk, Inc.

exercises in 2D and 3D drafting
and 3D solids. All for a fraction of
the cost of the actual program.
AutoCAD Simulator—it’s a coach,
a teaching tool, and the best intro-
duction to the most widely
supported CAD program in the
world. Call us for details.

Toll-free (800) 228-3601
Refer to Offer AO3

AUTODESK

86 For More Information Circle No. 304

7 MHz of downlink spectrum are assumed.
The uplink band is at 1.65 GHz, and the
downlink is at 1.55 GHz. The system would
include one or two geosynchronous relay
satellites, each with antennas aimed to
provide four partially overlapping beams
that cover the continental United States.
Because the two outermost beams would
not overlap, they could use the same fre-
quencies. By use of a combination of steer-
able medium-gain antennas and different
polarizations, ground stations could dis-
criminate between the two satellites, there-
by doubling the use of the same frequen-
cies. Each beam would contain 465 uplink
and 465 downlink channels, each chan-
nel 5 kHz wide. The theoretical maximum
spectral efficiency of the proposed system
would be 1.28 bps/Hz in the one-satellite
case or 2.56 bpg/Hz in the two-satellite casr
In I-AMAP, each subscriber would issue
a request for open- or closed-end service
to the network-management center. Re-
quests for service would be processed, and
competing requests would be resolved ac-
cording to a channel-access protocol,
which would be a random-access scheme
called “modified Slotted ALOHA" or a free-
access tree algorithm that was described
in *“Connection Protocol for Mobile/Satellite
Communications’ (NPO-17735), NASA
Tech Briefs Vol. 14, No. 6 (June 1990), page
91. The latter algorithm would provide
greater throughput if traffic is moderate to
heavy, as expected. Upon granting access
to a subscriber, the network-management
center would make and break connections
according to a connection protocol and bill
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Voice Blocking Probability < 2%
Theoretical Maximum Spectral
Efficiency = 1.28 bps/Hz
Channel Allocation per Beam:
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The Performance of the MSAT-X system

using one version of - AMAP was simulated
by computer for the traffic conditions shown.
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the subscriber according to the duration
of use.

For open-end service, the connection
protocol would implement connection and
disconnection procedures that resemble
the corresponding procedures in conven-
tional telephone service. For closed-end
service, the connection protocol would
assign a packet message on a first-come-
first-served basis to whichever one of the
available closed-end channels had the
shortest backlog. The numbers of chan-
nels assigned to open- and closed-end
service would be adjusted according to
demand to satisfy the competing require-
ments to (1) maximize the number of sub-
scribers who can gain access to the net-

work and (2) minimize the delay between
a subscriber’s request for service and the
completion of that service.

The performance of the system with |-
AMAP using the modified Slotted ALOHA
protocol was simulated under represen-
tative traffic conditions (see figure). At 100-
percent voice traffic, the spectral efficien-
cy in the one-satellite case was found to be
1.118 bps/Hz, which is 87 percent of the
theoretical maximum for the proposed
sysem. The performance is expected to
be even better with the free-access tree
algorithm.

This work was done by Tsun-Yee Yan,
Charles C. Wang, Unjeng Cheng, William
Rafferty, and Khaled I. Dessouky of Cal-

tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 88 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-18130, volume and number
of this NASA Tech Briefs issue, and the
page number.

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

Entropy-Based Bounds
on Redundancies of
Huffman Codes

In practice, the redundancies
of optimal prefix codes are
often closer to O than to 1.

A report presents an extension of the
theory of the redundancy of a binary prefix
code of the Huffman type. Recent devel-
opments in this field have yielded bounds
on the redundancy of a Huffman code in
terms of the probabilities of various com-
ponents in the source alphabet. The ex-
tension of the theory includes the deriva-
tion of a variety of bounds expressed in
terms of the entropy of the source and the
size of the alphabet.

As used here, “‘prefix code”’ denotes a
code in which variable-length code words
are concatenated without intervening punc-
tuation or synchronization bits and are de-
coded on a first-in, first-out basis. In a Huff-
man code, the code words that represent
more-frequently-occurring letters (or other
components) of the source alphabet con-
tain fewer symbols than do the code words
that represent less-frequently-occurring let-
ters. The analysis in the report applies to
a discrete, memoryless source with a finite
N-letter alphabet A = {a,, a,....ay} and
an associated probability distribution {p,,
Pa.ess Py}, Where p,2p,=... 0y The re-
dundancy, r, of an optimal Huffman prefix
code for A is defined by r = d—H(A),
where d is the average length of a code
word in the code, and H(A) is the entropy
of the source.

Given the foregoing definitions, the main
subject matter of the report can be charac-
terized as finding upper and lower bounds
on r in terms of H(A) and N:

NASA Tech Briefs, June 1992

fH(A), N)<r=f,[H(A), N]

and the problem is to find f, and f,. The

solution is approached by (1) citing previ-
ously known bounds on r that have been
expressed in terms of p,, (2) finding the
bounds on p, in terms of H(A) and N, (3)
finding the bounds on r, given the bounds
on p,, and (4) deriving the conditions on
H(A) and N for which the bounds found
in step (3) are valid.

Numerical examples are given for N =
5, 20, and 100. The numerical results are
shown to confirm the observation that in
practice, the redundancies of optimal pre-
fix codes are often closer to 0 than to 1
bit. It is also shown that the redundancies
of optimal prefix codes in which the “let-
ters' represent the intensities of picture
elements in images tend to be low, thus
confirming the success of efforts to com-
press image data. One of the interesting
analytical results is that if H(A)/log,(N) <
0.18+0.68/log,(N), then r=0.5 bit.

This work was done by Padhraic J.
Smyth of Caltech for NASA’s Jet Propul-
sion Laboratory. 7o obtain a copy of the
report, “Entropy-Based Bounds on the
Redundancy of Huffman Codes,"” Circle
165 on the TSP Request Card.
NPO-18324

Potential Flows From
Three-Dimensional
Complex Variables

Further study of the extension
of complex variables beyond
two dimensions is described.

A report presents an investigation of sev-
eral functions of a three-dimensional com-
plex variable, with emphasis on the poten-
tial-flow fields that can be computed from
these functions. The investigation is part
of continuing research on the generaliza-
tion of the well-established two-dimensional

complex analysis to three and more di-
mensions. Because of the proven utility of
two-dimensional complex variables and
functions thereof in the representation of
two-dimensional potential flows, research-
ers are motivated to inquire whether three-
dimensional complex analysis can be as
useful in describing and understanding
three-dimensional flows.

A short chapter reviews the theory of
two-dimensional complex variables, with
emphasis on those concepts that pertain
to the computation of potential flows. The
next chapter briefly reviews the theory of
three-dimensional complex variables, em-
phasizing concepts that were used in the
investigation.

The main discussion is presented in the
following chapter, under the self-explana-
tory title, **Functions of a Three-Dimension-
al Complex Variable With Corresponding
Potential Flows." This chapter includes an
introductory section and five other sec-
tions, each of which concentrates on a dif-
ferent function of the three-dimensional
complex variable Z. (The functions cited
are exp(2), log(Z), 22, 2=, and Z7')
Each section begins with an account of
some basic properties of the function in
question, emphasizing analogies between
two- and three-dimensional complex analy-
sis. Next, expressions for the potentials
and the components of velocities are de-
rived. Each section closes with a descrip-
tion of the three-dimensional flow field that
corresponds to the function in question;
the description includes pictures of the
two- and three-dimensional streamlines of
each flow field.

This work was done by E. Dale Martin
of Ames Research Center and Patrick
H. Kelly and Ronald L. Panton of the
University of Texas. To obtain a copy of the
report, ‘‘Three-Dimensional Potential
Flows From Functions of a 3-D Complex
Variable,"" Circle 61 on the TSP Request
Card.

ARC-12957
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¥4 Compliant Walker

A mobile structure assumes partial to full body weight at the user’s discretion.
Goddard Space Flight Center, Greenbelt, Maryland

A walker supports a person who has
limited use of the legs and lower back. The
walker enables the person to stand upright
and to move forward, backward, and side-
ways with minimum load on the legs. It
also enables the person to rest at will and
take weight off the legs.

The walker consists of a wheeled frame
with a body harness connected compliant-
ly to side structures. The harness supports
the wearer in an upright position when the
wearer relaxes and takes weight off the
lower extremities.

In one of its forms, the frame comprises
two open-sided halves, hinged together
at the back (see figure). Four legs are
equipped with casters. The harness in-
cludes a light rubber inner belt that en-
circles the wearer’s waist and]or rib cage.
The harness is open at the front and is
closed by a pin-and-eyelet fastener or Vel-
cro (or equivalent) hook-and-pile strips. The
harness is attached to the frame by a pair
of compliant assemblies that consist of

short lengths of cable joined by blocks.

The user simply enters the open walker,
closes the harness and the frame, and pro-
ceeds to walk. The wearer can apply as
much, or as little, weight to the legs as
desired. For example, by applying 75 per-
cent of body weight to the walker and 25
percent to the legs, a person in rehabili-
tative therapy can gradually rebuild the
strength of the legs. The cables are strong
enough to hold the user securely, yet flexi-
ble enough to allow swaying of the hips
during walking. They even allow the wear-
er to bend over to set down an object or
pick one up.

An alternative version (also shown in the
figure) includes upright side members on
both sides of the wearer, supported by a
U-shaped base, open at the front. Again,
four casters support the base. The height
of the side members can be adjusted by
means of a series of holes and retaining
pins to suit the wearer. The open front
makes it easy for the user to carry some-

thing while walking. The user can also
walk up flush to a counter or work surface.

An alternative form of the body harness
(not shown) includes a girdle that encircles
the hips and buttocks and leg straps that
extend from the front, through the crotch,
to the back. The harness closes at the
front with hook-and-pile strips. This version
of the harness gives the wearer greater
support around the hips and seat.

This work was done by James J. Kerley
of Goddard Space Flight Center and
Wayne Eklund and Alan Crane of NSI, Inc.
For further information, Circle 22 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, Goddard Space Flight Center
[see page 18]. Refer to GSC-13348.
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The Walker can include a closed or open frame. Either style supports the user whether walking or at rest. Cables comply with
swaying of the hips, but take up the full weight of the body if necessary.
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Phenolic Foam for Hydroponics J

Blocks of foam support abundant growth.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Phenolic foam has been found to be a
good medium for growing plants hydro-
ponically. Lightweight bricks of phenolic
foam hold water and nutrients while pro-
viding mechanical support for roots.

Each brick is covered (except for a hole
for the stems) with a plastic sheet held by
tape. Water and nutrients can be injected
directly into the bricks. The proportions of
water and nutrients can readily be adjust-
ed for optimum growth. Plant roots grow
in the space between the faces of the brick
and the plastic sheet.

Tomatoes, beans, peas, impatiens, be-
gonias, and other plants have been grown
in bricks of various sizes, the smallest
being 2 by 1%2 by 9in. (5.1 by 3.8 by 22.9
cm). Tomato plants (see figure) grew to 52
ft (1.7 m) high, and each produced 40 to
60 cherry tomatoes in 3%z months.

This work was done by Isaiah Y. Yagil
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 83 on the TSP Request Card.
NPO-18319
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A Healthy Tomato Plant grows on a phenolic foam block in a pot lined with plastic sheet.
The cells in the styrofoam hold nutrients and water for the plant roots.
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Sony Component Products Co., De-
troit, MI, has unveiled a miniature
color camera that contains all CCD
imaging and control electronics in a
small pen-style module ideal for a
broad range of OEM vision applica-
tions. The XC-999 camera uses Sony’s
latest Hyper HAD™ CCD technol-
ogy to provide horizontal resolution
of 470 TV lines (768H by 494V pix-
els), lightsensitivity downto 4.5 Lux,
£ and a signal-to-noise ratio of better
The Fuji Electric PHC Microjet Re- than 48 dB. It provides standard
corder, the industry’s first ink jet | NTSCor Y/Coutput.
printing process recorder, is avail- For More Information Circle No. 796
able from Total Temperature Instru- | [ i
mentation Inc., Williston, VT. Pens
are replaced by an innovative ink jet
head and tiny piezo elements elec-
tronically dispense .3-mm-diameter
dots of colored ink on 100 mm chart
paper for sharp, vibrant noncontact
printing. The PHC recorder is avail-
able in three-and six-channel con-
figurations, has an accuracy rating

For More Information Circle No. 786 |

of 0.15% of measuring range, and
an analog trace accuracy of .25%
of recording range.

| For More Information Circle No. 800

B
| Massteck, Littleton, MA, has released
MaxEDS, a Windows-based printed
circuit board design system that in-
cludes schematic capture, autoplace-
ment, autorouting, and PCB design
software. MaxEDS operates on both
UNIX and DOS platforms and fea-
tures a unique capability to auto-
matically update engineering
changes from the schematic to the
PCB design. The system also offers
fully-interactive autoplacement
and autorouting, on-linedesign rule
checking, and multiple technology
support.

For More Information Circle No. 782

The latest version of Timing-
i Designer™ released by Chronology
| Corp., Redmond, VA, is the first tim-
ing analysis software available on
UNIX workstations. The package
enables engineers to accurately
model and analyze the worst case
time of complex digital circuits by
tightly linking an interactive timing
diagram editor with a custom timing
spreadsheet. TimingDesigner can be
used to enter and modify complex

timing diagrams, calculate critical
timing margins, observe glitch
causes, and automatically gener-
ate timing documentation.

| For More Information Circle No. 798

A handheld instrument that quickly
and accurately calibrates most pres-
sure-, flow-, and vacuum-type pro-
duction leak detectors is available
from InterTech Development Co.,
Skokie, IL. Small, lightweight, and
rugged, the new CM-15 CalMaster
requires nooperator judgement, and
provides leakage readings to .01
SCCM traceable to NIST standards
over a range of 0-20 SCCM.

For More Information Circle No. 788

| System developers can embed X-
Windows and NFS with the E-VENIX/
386 UNIX operating system from
VenturCon Inc., Cambridge, MA, to |
create a new generation of flexible, ‘
user-friendly embedded computer \
systems. The simple user interface
allows complex operations to be
executed easily by highlighting
| graphics. In addition to file sharing,
embedded UNIX systems can now
| execute remote downloading, remote
| backup, and remote debugging.
| For More Information Circle No. 774

Photometrics, Tucson, AZ, has intro-
duced a cost-effective spectroscopic

IRIS Inventor™, an object-oriented
3D toolkit released by Silicon
GraphicsInc., Mountain View, CA,
incorporates the graphics program-
ming capabilities of IRIS Graphics
Library™ for simplified application
development. Its building blocks |
are ready-made and reusable “ob-
jects,” or software modules thatcan |
be dropped into an application, |
reducing program development |
time by eliminating the need to
write basic graphics code.

For More Information Circle No.776 |

cooled CCD detection system called
the Spectra 9000. The system fea-
tures an innovative CCD detector
and compact liquid nitrogen dewar.
Configured asan array of 1024 x 256
detectors, the Spectra 9000 produces
virtually zerodark current. The CCD
readout register is positioned on the
long axis of the chip to enable paral-
lel on-chip binning.

| ForMore Information Circle No. 784

The Epoch lIB introduced by
Panametrics Inc., Waltham, MA, isa
completely digital ultrasonic flaw
detector for precise and repeatable
calibration, documentation, and
thermal drift elimination. Compact,
lightweight, and simple to use, the
Epoch 1IB features direct on-screen
display of thickness and soundpath
data, and 10 stored transducer cali-
brations. An RS-232C port allows
interfacing to printers, computers,
and external dataloggers.

The first miniature fiber optic spec- |
trometer is available from Ocean
Optics Inc., Dunedin, FL. Called the
S1000, it offers low-cost, high-per-
formance spectroscopy for real-time
process control, chemical analysis,
medical diagnostics, and environ-
mental monitoring. The S1000’s in-
novative optical design permits use
of single optical fibers instead of
bundles. A highly sensitive CCD
detector provides 250 or 500 nm
spectral ranges, depending on
choice of holographic gratings, with
spectral resolution of 1 nm.

For More Information Circle No. 794 -

Keller PSI, Oceanside, CA, uses a
proprietary ASIC known as
PROGRES to manufacture its series
20 and 21 pressure transducers.
PROGRES provides regulated exci-
tation, zero trim, span scaling, out-
put signal conditioning, and tem-
perature compensation for produc-
tion of low-cost, highly-inter-
changeable transducers. They fea-
ture micro-machined piezoresistive
silicon sensors in a welded package
devoid of O-rings. Series 20 sub-
assemblies yield 500 mv output lev-
els, while the series 21 transducers/
transmitters provide 0-50r0-10VDC,
or 4-20 mA current loop output.

For More Information Circle No. 778 |

| servo motors from Infranor Inc.,

| magnets, lightweight rotors with ac-

| effectdevices with brushless tachs.

| or-5.2 volts.

The BL series of cylindrical-style

Naugatuck, CT, features rare earth

celeration to 93,000 radians/sec?,
speeds to 8000 RPM, and output
torques to 400 in-lbs continuous. A
unique magnetic design allows the
motors to handle up to eight times

overcurrent without demagnetiza- |
tion. They are offered in either si- |
nusoidal or trapezoidal configura- |
tions with integral resolvers or Hall-

For Mare Information Circle No. 790

Laser Diode Inc., Edison, NJ, has
developed a digital fiber optic laser
transmitter for use in high-speed
single-mode telecommunication sys-
tems such as SONET and SDH, and
high-performance data communica-
tions applications. The small model
TL-1110transmitter utilizes a switch-
ing regulator that consumes half the
power of conventional cooler drive
circuits while retaining full 40° C
cooling capacity. The TL-1100 in-
corporates a single-mode coupled
laserdiode operating at 1310 nmor
1550 nm and accepts standard ECL
or PECL data inputs with single
power supply operation, either +5

For More Information Circle No. 792
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‘A PC database detanlmg the struc-
tural, thermochemical, and physical
properties of over 10,000 solid, lig-
uid, and gaseous compounds is avail-
able from ES Microware, Hamilton,
OH. Both organic and inorganic
compounds are covered, and over
1000 temperature-composition
phase diagrams for metal, oxide,
and halide systems are included.
Properties are displayed in a spread-
sheet format that allows calculation
of property values at user-selected
temperatures.

For More Information Circle No. 772

e ‘,‘

Matec Instruments Inc., Hopkinton,
MA, has announced the Explorer
9000, an advanced ultrasonic NDT
flaw detector and workstation de-
| signed to greatly enhance and sim-
plify flaw detection in all material
types. The Explorer 9000 features
three pulser types, an embedded
80386 microcomputer, and a flip-up
detachable screen and control inter-
face that displays all ultrasonic sig-
nals and system settings.

For More Information Circle No.770

EBTEC Corp., Chicopee, MA, has
installed a rapid-throughput shuttle
system that increases production ca-
pacity and reduces unit cost in the
company’s electron beam (EB) weld-
ing services. The patented shuttle
system incorporates an air lock that
eliminates the need to evacuate and
vent the main welding chamber af-
ter each weld. Benefits of EB weld-
ing include high-intensity joints, con-
trolled repeatability, low distortion,
and the ability to weld dissimilar
materials.

For More lnformatuonCnrcIe No.768

Orion Instruments Inc., Menlo Park,
CA, has developed the industry’s
fastest emulator, the 8800 Emulator/
Analyzer. With initial support for
Motorola’s 68000 and 68302, the
PC-based 8800 supports zero wait-
state memory access times of less
than 40 nanoseconds and bus cycle
times of just 30 nanoseconds. The
8800 also offers a Clip-On™ Emula-
tion option that enables users to lit-
erally clip on to the target processor
in the circuit and perform traditional
emulation and analysis.

For More Information Circle No. 750
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| | problems in a single, intuitive envi-

| The industry’s first full-duplex 64- 1
state codec device designed for |
PTCM (Pragmatic Trellis Coded |
Modulation) is available from |
| QUALCOMM Inc., San Diego, CA. |
| The Q1875 Trellis Codec 84-pin in- |
| tegrated circuit provides up to 60

An instructional video entitled “

An
Introduction to Intelligent Data
Analysis” has been released by Sta-
tistical Sciences Inc., Seattle, WA.
Thevideo illustrates how to perform
an interactive analysis of data using
anobject-oriented data analysis lan-
guage in conjunction with graphi-
cal displays. Also highlighted is
dynamic 3D data visualization as
well as survival analysis and tree-
based models.

For More Information Circle No. 746

Cole-Parmer Instru-
ment Co., Chicago,
IL, is offering a free
sample of Micro®
cleaning solution, a
liquid laboratory
cleaner that con-
tains complexing
and sequestering
agents, asolubilizer,
and anionic and
nonionicsurfaceac-
tive agents. The bio-
degradable Micro solution contains
no phosphates and is safe for equip-
ment that contacts food or drugs. It
can replace chromic acid and caus-
tics in removing lipids and proteins
from glass, and does not leave resi-
dues that interfere with molecular
techniques or cell cultures.

For More Information Clrcle No.754

‘ ParkerHannlfmCorp RohnenPark ‘

| Mbps performance and 3 bps/Hz
bandwidth efficiency. The device

\ yields high data rates with improved
| bit-error-rate performance for power-
limited and bandwidth-limited digi-

| tal communication channels.

| For More Information Circle No. 766

HiQ, a comprehensive computa-
tional software program for Macin-
tosh computers, has been released
by Bimillennium Corp., Los Gatos,
CA. It allows users to pose, solve,
visualize, and present solutions to
complex engineering and scientific

ronment. HiQ is designed for solv-
ing both difficult stand-alone prob-
lems and handling larger projects
comprising numerous intercon-
nected problems across many disci-
plines. The program features a wide
array of engineering resources, in-
cluding over 600 built-in functions,
interactive 2D and 3D graphics, and
anobject-based architecturethatau-
tomatically integrates any kind of
engineering data.

For More Information Circle No. 752

Terfenol-D, a magnetostrictive al-
loy with the highest energy and dis-
placement of any transducer drive |

material, is now available with im- |
proved performance from ETREMA
Products Inc., Ames, IA. Used as a
drive elementin actuators and trans-
ducers, Terfenol-D features micro-
second response times; strains up to
1500 microinches, 5-10times greater
than piezoceramics; high sample-
to-sample reproducibility for
matched transducer sets; and no limit
on service life.

For More Information Circle No. 760 |

Acro Technology, Rancho La Costa,
CA, has released Scicalc IV, scien-

CA, has released motor-sizing soft-

' ware for use on all IBM PCs and |

tific calculator software for DOS |

computers containing nearly 300

functions in an easy-to-use, menu- |

driven environment. Functions range
from unit conversions and geomet-
ric formulas to matrix inversion and
eigenvalue calculations. Polynomial
solutions include root, derivative,

and integral functions, while fast | For More Information Circle No. 756
e e ] 4

Fourier transforms are generalized to |

enable handling of complex numbers.

For More Information Circle No. 764

SPRINT OPTIMA, the new universal
programmer developed by SMS
North America Inc., Redmond, VA,
utilizes custom ASIC technology and
supports thousands of PLDs, FPGAs,
EPROMs, EEPROMSs, and microcon-
trollers up to and beyond 84 pins.
The compact design allows the
pindriver’s output to be adjacent to
the device’s pin, eliminating the
groundbounce problems produced
by older-generation programmers.
As a peripheral to a PC, SPRINT
OPTIMA uses the available RAM,
CPU, and disk drives for high-perfor-
mance programming electronics
within the existing design environ-
ment.

For More Information Circle No. 748

compatibles to help engineers select
the appropriate motor for motion con-
trol applications. The package cal- |
culates load inertias and required |
torques, then graphs the results. It |
also generates application-specific |
reports, including motion profilesand |

| speed/torque curves based on user-
| provided information.

1 processor-

MV Pr()ducts Nonlh Blllen(a MA

| second- and third-stage chambers,

For More Information Circle No. 758

The Accu-
Setter micro-

based gaging
column de-
veloped by
Edmunds
Gages, Farm-
ington, CT,
combines
single-button
operationand
an alpha-nu-
meric display
for fast, accu-
rate measure-
ment of ma-
chined parts. Gaging functions can
be user-configured to display virtu-
ally any dimensional measurement
including size, squareness, concen-
tricity, or taper. Interchangeable sig-
nal-conditioning modules help sim-
plify operations and reduce costs.
For More Information Circle No. 762

-
{
|
\

has designed a high-capacity mul-
tiple-stage vacuum filtration system
that protects vacuum pumps from
abrasive and corrosive chemicals.
The MV Multi-Trap™ vacuum inlet
trap easily connects to existing
vacuum systems and pumps through
large, low-resistance 50 mm NW
flanges. Featuring a stainless steel |
first-stage shield to knock down
heavy particles and condensables,
the system incorporates separate

each containing five parallel, re-
placeable filter cartridge elements.
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Data Entry

Terminals

Rugged Operator Interface
£ 5O For Industrial
S Applications

® 4x20 supertwist LCD display;

backlight, wide-temp optional.

® 40- or 24-key tactile keypad.
e Handheld or panel-mount version.
® Keypads include a shift LED and
row of user-programmable LEDs.
e RS-232, RS-422, RS-423 or 5-volt

serial communications interface.

e Barcode wand interface available.
e Low power: RS-422 version uses only
12.2mA operating, 2.6mA with display off.

o Every key programmable with its own un-

shifted, shifted & key release character/string.

e Handheld RJ-11 jack exits top or bottom.
o Two digital outputs & buzzer, programmable.
e FREE! Custom labeling of company name,
the user LED labels and top-row key legends.

QTERM-II
$235
(7-24)

2212 South West Temple, #46
Salt Lake City, UT 84115 » USA
Telephone: 801-466-8770
(Fax: 801-466-8792)

CORPORATION

“Human Touch”
Telerobotics
Controller

PER-Force _,
Handcontroller

Simulate a sense of touch by “force reflection”
to enhance efficiency and increase safety of
remote operations in undersea, nuclear, space or
hazardous environments.

» Compact force-reflection on 6 axes

» Cost effective general purpose controller
interface supports dissimilar slave robots and
virtual reality

( YBERNET Systems Corporation

Al/Human Factors *Telerobotics/Imaging
Unmannned Ground Vehicles

1919 Green Rd., Ann Arbor, Ml 48105
Tel 313/668-2567 Fax 313/668-8780

92 For More Information Circle No. 332
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! Omega Engineering Inc., Stamford,

| CT, hasreleased a new edition of the
Omega Complete Handbook and

o
A

A technical bulletin offered by

Dynaloy Inc., Hanover, NJ, addresses |
the chemical removal of conformal
coatings. Techniques are outlined
for removal of polyurethane, silicone,

| acrylic, epoxy, Parylene, and UV-

cured conformal coatings from
printed circuit boards and other sub-
strates. The bulletin also provides

| two full-page solvent guides listing

| Encyclopedia. It includes six hard- |

| covervolumesontemperature, pres-
| sure, dataacquisition, flow, pH, and
electric heaters, for a total of 4000
pages and over 45,000 products.
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A 48-page guide to DC stepping and
AC synchronous motors for design
engineers is available from Superior
Electric, Bristol, CT, manufacturer of
SLO-SYN® motors, controls, and
drives. Topics addressed include ter-
minology, construction and opera-
tion, ratings and specifications, se-
lection, and applications. The DC
stepper section covers such motor
types as encoders and dampers,
while the AC synchronous section
describes performance and torque
considerations for both standard and
gearmotor models.

For More Information Circle No. 708

| Fiber optic products from AMP Inc.,
| Harrisburg, PA, are described in a

highlights board-mount light-emit-

| transmitters, receivers, switches,
| couplers, and multiplexers. It also
includes an introduction to fiber op-
tics, a glossary, and information on
technical documents and other sup-
porting literature.

For More Information Circle No.710

st B S

| For More Information Circle No. 704

! VATSEAL silver-plated copper seals

recommended solvents and approxi-
mate removal times.
For More Information Circle No. 712

A new line of all-metal vacuum |
seals that minimizes flange ma-
chining requirements and degas-
singis described in a design manual
from VAT Inc., Woburn, MA. The

can be fabricated in any shape for
sealing steel, stainless steel, and
aluminum flanges to leak rates less
than 1 x 10'° Torr/1/sec.

For More Information Circle No. 714

| extensive line of chromatography,

| sorption spectrophotometers, scan-
| ning densitometers, thermal analyz-

119-page catalog. The publication |

ting diodes and PIN photodetectors, |
| ADAMS/IGES, which enables the

A 32-page catalog from Shimadzu
Scientific Instruments Inc., Colum-
bia, MD, outlines the company’s

spectroscopy, environmental, and
physical testing instrumentation.
Featured products include the LC-
10A series HPLC system, PC-based
chromatography data systems, inte-
grators, UV-visible and atomic ab-

ers, arc-spark emission spectrom-
eters, and tensile testers.
For More Information Circle No. 706

Mechanical Dynamics Inc., Ann |
Arbor, MI, has published an over-
view of its ADAMS® (Automatic
Dynamic Analysis of Mechanical
Systems) software. Supported on PCs,
workstations, and supercomputers,
ADAMS performs kinematic, static,
and dynamic analysis of mechani- |
cal systems. The product line in-
cludes ADAMS/View, an interac-
tive graphical user interface for
analysis pre- and post-processing;

importation of CAD/CAE geometry;
ADAMS/Vehicle, a suspension
analysis and full-vehicle modeling
option; and ADAMS/APS, a high-
speed animation post-processor.

For More Information Circle No. 702
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ay Good-bye To
The Language Barrier.

Breakdown

A global computing event that unites, under one roof,
today’s connectivity experts for one targeted purpose — to
pronounce that networking is the universal language of
choice.

NetWorld 92
The United Nations Of Networking

NetWorld 92 is the talk of the connectivity industry. A
cutting-edge exhibition of conferences and seminars where
hardware and software developments are introduced,
discussed and demonstrated. A conference that speaks the
language of productivity and translates ideas into action.

Whether you communicate over LANs, WANs or wireless
networks, or operate over diverse operating systems,
NetWorld 92 is your primary venue for innovative products
and services. Converse in many languages with industry-
leading manufacturers and form a lasting connection that
can translate into increased efficiency and sales.

Educational Seminars

A Universe Of Networking Possibilities
NetWorld 92 presents an encyclopedic display of intensive
educational conferences and hands-on educational

seminars on internetworking. Digest state-of-the-art tech-
nologies and processes that can propel your present
networking plans forward, allowing you to expand software
applications into new environments. And learn an unlimited
vocabulary that will place you at the forefront of future
strategies.

Improve Your Communication Skills
Don't isolate yourself and your company within the confines
of yesterday's network architecture. NetWorld 92 lets you
open your lines of network communication, resulting in
bottom-line benefits to your company.

For additional show information, contact Jodi Levine,
Show Manager, at 201-346-1400 or Fax 201-346-1602.

NETWAQRID 92 Dallas

The Universal Language

§

October 13-15. 1992
Dallas Convention Center

WAINI %

"

For More Information Circle No. 628

Bruno Blenheim Inc. ¢ Fort Lee Executive Park * One Executive Drive * Fort Lee, NJ 07024 « 201-346-1400 800-829-3976 +« Fax: 201-346-1602

NetWorld Expositions in the U.S.A. and Europe are owned, produced and managed by Bruno Blenheim Inc. NetWor

s a servicemark of Novell, Inc. licensed exclusively in the US.A and E 0 Bruno Blenheim Inc




M A R K ET P LAC E To Advertise—Call (212) 490-3999

PC Bus Data Acquisition

...over 50 exciting hardware & software products!

AD1200 only $359
« 12-bit 125 kHz A/D Conversion
* 16 Analog Input Channels
* 3 Timers and 16 DIO Lines
» Supports DMA and Pacer Clock
* AT Bus Version Available!

A/D, D/A, Digital I/0 and Timer/Counters for PC XT
and AT computers » 12-bit A/D rates to 200 kHz! « Eight
bonrdl for AMPRO form factor CPUs « 110 VAC relay,
P and ple boards
DSP and data acquisition software * Request your

FREE 80 page catalog today!
W Real Time Devices, Inc.
State College, PA USA
Tel.:814/234-8087 » FAX:814/234-5218

| For More Information Circle No. 452

lation,

c Laser for High Speed imaging & Flow Visuaiization

N time resolved data

ysis. Wind tunnel studies, Particle

o &
low vis, Balistics, High speed photagraphy & videography

Oxford Lasers

1-800-222-3632

For More Informatlon Cm:Ie No. 319

4 MEG VIDEO Model 10

Flexible Image Processor and
Application Accelerator For The PC/AT
+ 8108000 Pixels per Line
« 2to 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 Informatlon c"cle No. 675 For More Information C|rcle No. 669 For More Informahon Circle No. 307 |

94

Intelligent Data
Acquisition

o

Microstar Laboratories Data Acquisition
Processor™ has on-board intelligence: a
real-time software environment for quick
development and fast operation. It runs
under DOS, Windows, or OS/2. Learn about
this new hardware and software solution
from a leader 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 (206) 453-3199 LABORATORIES

_Fgr Morer Infg@atign (ﬁrfcleﬁﬂo. 451

Get AutoCAT
for only $495.00!

Software for IBM™ or compatible
computers to Automate Computer

Aided Tests.

* Performs production tests and lab
measurements.

* Interfaces with IEEE-488, RS 232
devices.

* Mouse, pull-down
menus, on-line help.

* No programming
knowledge required.

* |[EEE board available
for only $195%

4300-C Fortune Place * Melbourne, FL 32904

Ph: (407) 676-9020 Fax: (407) 722-4499

Fuzzy Logic

MS Windows-based tool
for non-programmers

CubiCalc®

Simulate system response using
built-in expression interpreter or
apply fuzzy rules to file data
Plot results or log numerically

CubiCalc RTC for programmers includes
run-time compiler and deployable modules

Also available...
The OWL Neural Network Library

HyperLogic Corporation
1855 East Valley Parkway, Suite 210

Escondido, California 92027
Tel 619/746-2765 Fax 619/746-4089

For More Information Circle No. 404 |

CATALOG

FREE
Catalog and
Demo Disk

$49.95
Evaluation

The fastest real time data acquisition and analysis
systems for your PC can be found in our FREE catalog
We feature 50,000 Hz throughput to disk and display
simultaneously, but seeing is believing. Order an

Evaluation Kit, or call for complete information today.

1-800-553-9006
DATAQ insTrUMENTS, INC.

150 Springside Drive, Suite B220
Akron, OH 44333
Tel (216) 668-1444 Fax (216) 666-5434

| For More Informatlon C|rcle No. 655

Imagine a lightweight
metal foil with a mesh-like,
single-unit structure that
eliminates the unraveling

Imagine it with
superior EM/RFI/ESD
shielding, electrical
and heat transfer
properties.

Imagine it wrapping,
laminating, contracting,
expanding.

Now imagine how you'd

Call 203/481-4277
for a free sample of
MicroGrid *

DELKER

CORPORATION

Branford, CT 06405
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Scle ZM ~ Full Line
The oil that| ' pyecision Timing
creeps, | . EENEINE

...Plus silicone. Syne Clocks Time Code

SiliKroil creeps into
millionth inch spaces,
dissolves rust, lubricates
* and repels moisture.

o oo « GPS « TRANSLATORS
LOOSENS FROZEN METAL PARTS * GOES « GENERATORS
« WWVB « SYNC. GENERATORS

|| A A& Ifyou're not convinced « OMEGA « TAPE SEARCH
‘ SiliKroil is superior, we will * DCF77 « PLUG-IN CARDS
| : * MSF « DISPLAYS

refund your money. Send

$5.00 for 1 aerosol can (SiliKroil) &
to Kano Laboratories. 3243 Santa Rosa Avenue * Santa Rosa, CA 95407

Order Direct—not available in stores P S0 2 SN S3 00 8l GLEK 76y

Kmo LABORATORIES L mym

1058Q Thompson Lane, Nashville, TN 37211
Phone 615-833-4101+ Fax 615-833-5790

| For More Information Circle No. 670 For More Information Circle No. 394 |

SPINOFFS [[TTIERITTT
8 FMECA SOFTWARE

Credit where credit
is due! ‘
. owertronic Systems offers software to pre-
Tpansfer\ped/applled dict reliability, maintainability and FMECA |
NASA h | 'Smce 19&]!2. hundreds |of users have selected
rom our large, versatile, integrated software
t‘ec no Ogy | fzim:ly for military and industrial equipment
1 | electrical or mechanical.  Program highlights |
to a comn 'epClal | include: visible assembly hierarchy, defaults [
1) and library data. extensive report sorting, user [
DPOdUCt . defined reports, what-if and derating analysis.
We WDUld llke tO and concurrent engineering data links [
] f th bl : MIL-!}:{‘BE’E»ZW ¢ DTRC-90/010 ‘
inform e u e IL- -472 & MIL-STD-1629
2 A D ¢ MIL-HDBK-338 # MIL-STD-7568B
about it in our * Bellcore * NPRD-91

annual report ===—= POWERTRONIC
Spinoff. = === SYSTIMS, INC.

For more details call: 1?\‘2008;«9! Mezf%%\gy
w Orleans,
(410) 858-5300 Ext.242. 504-254-0383 & FAX. 504-254-0393

'_ For More Information Circle No. 582 | For More Information Circle No. 401

R

FREE!
130
Page
Catalog

“Optics
for

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 Information Circle No. 551

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.

| For More Information Circle No. 432

QUICKSURF

QuickSurf is a full function surface modeling

[ system that operates totally inside AutoCAD

[ Contours, grids, and triangulated irregular net- |
\ works (TIN) are produced effortlessly. A suite of
tools allows for the manipulation of the models
, [ resulting in high quality finished maps. Supple-
mental engineering calculations can perform the |
‘ most demanding engineering tasks il

L
Spr ing'Energized seals Simply the fastest, most powerful DTM

i [ available. “Convertible demo” disc and
for Low and High Pressures e B ‘

= — SCHREIBER

* Low friction, chemically inert
Turcite® seal compounds

* Vacuum to 30000+ psi (| Y e INSTRUMENTS, INC
= am 4800 Happy Canyon Rd

a— Sulte 250
o

Denver, CO 80237-1074
Am—  B00-252-1024 o7 303-759-1024

¢ -350 to +575°F —"
* Standard, metric and custom sizes
* Call 1-800-466-1727 for information

American Variseal ‘
P.O. Box 1479

510 Burbank Street
Broomfield, Colorado 80038
Fax:303-469-4874

i For More Information Circle No. 318 } For More Information Circle No. 329 | For More Information Circle No. 519

MICROCONTROLLERS

* C Programmable
« Data Acquisition %
* Control / Test

= Excellent Support
* From $159 Qty 1

» New Keyboard
Display Modules

Use our Little Giant™ and Tiny Giant™ miniature control-
lers to computerize your product, plant or test department.
Features built-in power supply, digital 1/0 to 48+ lines,
serial /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.

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)
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AIRCRAFT
INSTRUMENTS
Airplane-runway-
performance monitoring
system
page 48 LAR-13854
ANALYSIS
(MATHEMATICS)
Analytic solutions of
equations for Q-switched
lasers
page 53 NPO-18179
Using derivatives of
higher order in sensitivity
analysis
page 85 LAR-14413
ANTENNA ARRAYS
Microstrip reflectarray
antenna
page 20 NPO-18460
ARCHITECTURE
(COMPUTERS)

More about architecture
for intelligent robotic
control
page 40 NPO-17926
ARRAYS

Microcontrollers generate
timing signals for CCD
arrays

page 41 GSC-13428

BAGS

Improved helium-barrier
bag
page 68 MFS-29809
BEARINGS

External coulomb-friction
damping for hydrostatic
bearings
page 66 MFS-28556
BINARY CODES
Entropy-based bounds on
redundancies of Huffman
codes
page 87 NPO-18324
BIREFRINGENT
FILTERS

Designing birefringent
filters for solid-state
lasers
page 55 GSC-13384
BOLTS

Proof testing of stainless
steel bolts
page 75 NPO-18318
BOUNDARY LAYERS
Influence of free-stream
turbulence on boundary
layers

page 74 ARC-12397

@ Subject Inde

BRAZING
Rolling stitch welder for
foil

page 79 MFS-29740

C

CALIBRATING
Accounting for gains and
orientations in
polarimetric SAR

page 57 NPO-18282

CAMERAS

Cameras would with-
stand high acceleratiops
page 56 NPO-18149

CARRIAGES
Dolly for heavy towbar
page 67 MSC-21747

CERAMICS

Shaving ceramic tiles to
final dimensions

page 80 KSC-11439

CHARGE CARRIERS
Effect of funneling on
collected charge

page 30 NPO-18286

CHARGE COUPLED
DEVICES

Gain, level, and exposure
control for a television
camera

page 47 MSC-21767

Apollo Commemorative Poster

.~ Actual size: 30" x 21"—in full color! |

|
Name

BRIt LEAT
G

G
.ﬁ““”@

Relive mankind's greatest
adventure with this official
NASA commemorative

poster. A full-color \
rendition of the Apollo \
moon landing printed on
high-quality poster stock
and shipped in a
protective tube. Special
price only $8.95 each.
Order three for only
$25.00.

Additional postage and
handling charge for
one poster is $5.00

and for all three
posters only $12.00.

Rush me Apollo commemorative poster(s). Handling and
postage charge for a single poster is $5.00 and for the special

three poster order handling and postage charge is only $12.00. |
| (NY residents add sales tax.) Total enclosed: $ [

Company

Address

City

State

Mail payment to:

NASA Tech Briefs, Suite 921, Dept. F.
41 East 42nd Street, New York, New York 10017

For credit card orders call: (212) 490-3999

o6

Microcontroliers generate
timing signals for CCD
arrays
page 41

CODING
Entropy-based bounds on
redundancies of Huffman
codes

page 87

GSC-13428

NPO-18324
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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-

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.

{

Started with

have to solve problems and present my

solutions in a way
| others can
| under-
stand.

People

than abstract equations, hand-
waving, or scribbling on a
blackboard. With Mathematica’s \}
graphical capability, especially
| 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.

Lynn Purser
Orbital Dynamics Analyst
Huntsville, Alabama

Mathematica

Working on NASA projects, I

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 shuttle 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
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Circle Reader Action No. 545



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99



