


THI~IS RIGHI Our CY-S500 now gives 
~ I • you complete backwards 

compatibility with our 
popular CY-S200. With the flip of a switch, the CY-S500 can read 
and write tapes in CY-S200 mode. Making it possible for one tape 
drive to store between 2.5 and 25 GB, completely unattended. 
It's like getting two drives for the price of one. 

The CY-CHS1Di 

Data transfer rates of up to 90 
MB per minute let you backup fast 
and unattended. So you won't have 
to wait around to change tapes. 
You'll save money in reduced media, 
storage and shipping costs, too. 
Add hardware data compression 
and multiply capacity, speed - and 
savings - by up to five times. Of 
course, data compression is switch

selectable, so you can read 
and write tapes without com
pression for compatibility with 
other sites. 

We're pushing the limits of flexibility, making tape drives 
that will perform exceptionally today - and tomorrow. Giving yO! 
true "plug and play" compatibility with the widest range of systel 

interfaces on the rna 
TRUE "PwG·AND-PlAy" CoMPATIBIUTY WITH: 

Alllanl 
AlpbaMIcnI 
AlIos 
Apollo 
Arix 
AlII' 

GouldlElICOIII 
HP 
IBMASI400 
IBMMllnhme 
IBM RISCIIiOOO 
IBMRT 
IBMS/38 
ICL 
InIIIgrap/I 
MoIInIa 
MacInlDlh 
McDonnell Douglas 
NCR 

PS/2 
PC38&ilx 
PCMS-OOS 
PC Xenlllllnil 
I'IrtIc 
Plexus 
PrIme 
l'yIamld 
Sequent 
Silicon Grlpblcs 
StraIus 
Sun 

ket. Plus a clear up 
grade path through 
the product line. 

Our complete 
family of data storagl 
subsystems includes 
QIC tape streamers, 
magneto - optical dis 
drives, Smm tape dri 
and Smm tape librar 

There's no better 
value in Smm tape 
backup than the 

CY-8500. Call today for complete information at (804) 873-90C 

BasIc ... 
ConcuIIIIII 
Convergent 
IJatIGennI 
DEC 310l1I5OOO 
DECBI·Bus 
DECHSC 
DECO-Bus 
DECTUlTA81 
DEC Unibus 

NeXT 
HIMIII 
0812 

Texas IlIIIrumenis 
Unlsys 
Wing 
I1H1IIII1tII 

Rock Landing Corporate Center ·11846 Rock Landing, Newport News, VA 2~ 
FAX 804/873-8836 

features an 8200 or 8500, 
ten tapes, and stores up to 250 GB. Europ. TeI:+31 8385 517111 fAX: +31 8385 50596 S ... dl.lV!. Tel: +41219 58 80 fAX: +41218 36 01 

F ..... Tel: +33 88 6112 4S fAX: +33 88 6619 19 Jop" Tel: +81 336395841 fAX: -91 33639 S86S 

U.K. Tel: +44131313S44 fAX: +441313 62813 New z.o.l"d Tel: +64 9 419 1100 fAX: +64 9 419 8009 

R.O.C. Tel: +888 2 5068102 fAX: +888 2 5014198 u.s. fAX: 804 813 8836 
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ATLAB TM 
High-Performance 
Numeric Computation 
and Data Analysis 

M 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 MA TLAB the software system of 
choice for high productivity and high 
creativity research. 

P roblems and solutions are expressed 
just a they are written mathemat

ically - without the need/or traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time req uired 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. 

"J can create algorithms so 
easily that it almost seems 
like cheating." 

Personal Engineering ~ 
Instrumentation News 

I A dd to MA TLAB your choice of tools 
fi for digital signal proces ing, 
system identification, control system 
design, and more. MATLAB's open
system design lets you see the algori thms 
and the implementations, even change 
them to suit your pecific requirements. 

MA TLAB is developed by The 
Math Works, a leader in software 

for data analysi and mathematics. Our 
users- in thousands of companies and 
universitie -know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 

MATLAB is' trldemark or The MalhWorks. lnc. Other product and brand names 
are trademarks or r'eaislertd tndem.arks of their respective holders. 

"MATLAB 
is the 
undisputed 
choice for 
computation
intensive 
engineering 
work." 

Macworld 

Over 300 Built-In Functions 

"MATLAB's 
power and 
ease of use 
go a long 
way toward 
taking the 
drudgery 
out of 
repetitive 
analysis 
projects. " 

• eigenvalues '1-0 and 2-D FFTs • nonlinear optimization 
• matrix arithmetic • fiHering • linear equation solving 
• matrix decompositions • curve fitting • differential equations 
• convolution • cubic splines • polynomial arithmetic 
• spectrum estimation • Bessel functions • descriptive statistics 
• complex arithmetic • elliptic functions • 2-D and 3-D graphics 

Plus Toolboxes for: 
• digital signal processing • control system design IEEE Spectrum 
• parametric modelling • chemometric analysis, and more 

Computers 
supported 

pes and ATs 
386-based PCs 

Macintosh 
Sun 

"1)0110 
H P 90()() / .~O() 
DECstation 
VAX / VMS 
VAX / Ultri:x 

Stardent 
COllye:x 
Encore 
Alliant 
Cray 

and more 

To find out more about MATLAB, call us at (508) 653-1415. 
Or simply return the completed coupon to the addres below. 
Dealer inquiries are invited. Please call (508) 653-1415 x439. ,------------------, 

Name __________________________________ __ 

Company ____________________ _ 

Department ______________________ _ 

Address ___________________ _ 

City, State ________________ _ 

Zip ________ COllntry __________ _ 

Telepholle ____________________ _ 

ComplIter(s) _________________ _ 

V ~T Cochituate Place, 24 Prime Park Way 
1·~.a H atick, MA 01760 

WORKS Phone: (508) 653-1415 
~ Fax: (508) 653-2997 NASA 5192 L __________________ ~ 

For More Information Circle No. 503 



You CAN D EVEWP ADA CODEWITHOur ADAMAT.~ 
OF COURSE, You CAN SKYDIVE WITHOUT li-ns, Too. 

The fact is, when you write 

Ada code without using AdaMAT" 
you're really putting the quality of 

your code at great risk.To be frank, 
you're actually inviting poorly written, 

unclear and inconsistent code that guarantees 

errors during development. 
AdaMAT is quite simply, the most 

valuable and crucial software engineering tool 
that is available today to Ada program devel
opers. It is the only tool for the prevention of 

errors during development. AdaMAT analyzes 
Ada code and evaluates it using key quality 

characteristics that are based on the most effec

tive use of the language. 
With the use of AdaMAT, potential 

errors are detected prior to testing. It lets 
programmers insure the quality of their code 

Dynamics Research Corporation, 60 Frontage Road, Andover, MA 01810 

earlier in development when errors 

are much less time-consuming 
and costly to fix. So avoid the pitfalls. 

Get your project in on time and right 

on budget. Write clean, consistent, accurate, reliable 
Ada code. And do it whether you're developing 

in the Rational, VAX, SUN, or SCOIUNIX environ
ments. Call us today at 1-800-522-7321 for com
plete infonnation. We'd jump at the chance to tell 

you all about the immediate benefits you'll receive 
using AdaMAT for your 
Ada development. 

fo4lE 

AdaMAT. The code word for quality Ada. 
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EXC CE 
Setting the New Standard in PC Data Acquisition 
It takes a serious commitment to quality to 
deliver data acquisition boards that reliably meet 
the most demanding specifications. The National 
Instruments AT-MI0-16F-5 board creates a new 
standard in excellence with features not found on 
typical data acquisition boards. Most data acquisi
tion boards have degraded accuracy at high sam
pling rates and high gains, due to instrumentation 
amplifier settling time. The AT-MI0-16F-5 does not. 

The AT-MI0-16F-5 is shipped with NI-OAO"' driver 
software for Microsoft Windows and ~OS , and 
OAOWare'" getting-started software. 

The AT-MI0-16F-5 can also be programmed 
with LabWindows application software. 

Other features of the AT-MI0-16F-5 include: 
200 ksamples/sec sampling rate 
Instrumentation amplifier that settles at 
all gains and rates 
12-bit resolution 
Software-configurable analog input 
True self-calibration 
Dither generator for extended resolution 
RTSI® bus for multiboard synchronization 

For more information on the AT-MIO-16F-5 and your free copy of DAQ Designer, ca ll us. 
(512) 794-0100 or (800) 433-3488 (U.S. and Canada) 

AUSTRALIA 03 879 9422 ' BELGIUM 02 m Ill) 20 ' CANADA 519 622 9310 ' DENMARK 45 76 73 22 ' FRANCE 1 4865 33 70 · GERMANY 089114 5093 
ITALY 02 48lO1892 ' JAPAN 0337881921 · NETHERLANDS 01120 45761 · NORWAY 03 846866 ' SPAIN 91 896 0615 ' SWEOEN 08 984970 ' SWITZERlAND 056 45 58 80 ' U.K. 0635 523545 

The AT-MI0-16F-5 is one of the many 
plug-in data acquisition boards from 
National Instruments. With our free 
DAQ Designer'" system configuration 
software tool , you can 
easily determine the best 
plug-in boards, signal 
conditioning products, 
and software for your 
specific application. ,7. NATIONAL 
.. ~b~!!'~~!~u~!!: 
r 6504 Bridge Point Parkway 

Austin, TX 78730-5039 
Fax: (51 2) 794-8411 

Product names lisled are trademarks 01 their respectIYe manufacturers. Company names listed are trademarks or trade names of ttlelr respecllve compames. Cl Copynght 1992 Natlonallnstruments CorporatIon. All nohts reserved. 

For More Information Circle No. 681 



~isidaq 

MORE because: 

• you can display data in multiple formats with one system; 
strip chart, X-Y, or X-Yo Y plot and alphanumeric; 

• VISIDAQ increases productivity by automating your data 
recording, measurement, interpretation and report 
producing process; 

• you can store the equivalent of up to 45 rolls of 275-foot 
strip chart paper on low cost computer media. Even 
rerrwvable hard disks for your secure projects! 

LESS because: 

• you can replace up to eight (8) synchronized paper strip 
chart recorders with one 64-channel VISIDAQ; 

• VISIDAQ helps you eliminate time spent on tedious error
prone manual measurements; 

• you now print only the specific report data you need, on 
command, so you use and store less paper. 

With VISIDAQ, LESS is now profitably MORE. MORE 
capabilities with LESS equipment at 1/3 the cost. 

Powerful Thrnkey Video Recording Systems ... Now Available In 3 Models. 
6400 Series - 16-64 Channels 

® 

3200 Series - 16-32 Channels 

1600 Series - 8-16 Channels 

For More Information Circle No. 483 

Electronic Associates, Inc. 
185 Monmouth Parkway, West Long Branch, NJ 07764-9989 (908) 229-1100 
Toll Free: 1-800-631 -4198 Fax: 1-(908)-229-1329 

Call Mark Ellsworth at 1-800-631-4198 to find out how VISIDAQ can speed your move out of the paper generation. 



EXB-8500 
5.0 Gigabytes 

EXB-8200 
2.5 Gigabytes 

EXB-8205 
2.5 Gigabytes 

EXB-120CHS 
580 Gigabytes 

EXB-10CHS 
50 Gigabytes 

8mm 
Data Cartridges 
Cleaning Cartridges 
Cartridge Holders 

WE CREATED OUR FAMILY SO YOU 
CAN SPEND MORE TIME WITH YOURS. 

Our family of high-capacity 8mm data storage solutions 
means less time storing data and more time for yourself. 

Whether it is simply backing up your workstation or 
accessing near-online network data bases, EXABYTE's 8mm 
cartridge tape subsystems and cartridge handling subsystems 
feature native data capacities from 2.5 gigabytes to 580 gigabytes. 

So from high-end pes to super computers, EXABYTE has 
the right 8mm data storage solution. For more information, 
call the regional office nearest you or 1-800-EXABYTE. 

And remember. We created our family so you can spend 
more time with yours. 

For More Information Circle No. 563 

Eastern u.s. (407) 352-5622, Ext. 82 
Central U.S. and Canada (708) 953-8665 

Western U.S. (408) 370-6107 
Europe (Amsterdam) 31-3403-51347 

EX~YTE Corporation 1685 38th Street Boulder, CO 80301 
e l992 EXA BYTECOI'JICH'IIlion exABYTE u. ~hlt'ftd Indemark QiE.'(ABYTI'i Corpl,lnfioo, 
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NASA and the U.S. Navy are conducting experiments to 
measure the effects of adverse pressure gradient on three
dimensional turbulent boundary-layer flow, in hopes of 
improving predictive techniques for lift and drag on aerody
namic and hydrodynamic vehicles. In the experiment shown 
above, three-dimensional laser Doppler velocimetry is being 
employed within a wind tunnel to study the flow field along and 
around a cylindrical model. See the tech brief on page 84. 
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Market 153 
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Advertisers 
Index .. ........ 162 

On The Cover: Photo montage 
depicts the driver's view from the 
cockpit of a future Mars Roving 
Utility Vehicle. The control station 
includes a force-reflecting control 
stick (lower right) for operating 
crane or boom-type attachments. 
Force reflection from the control 
stick would give the astronaut the 
sense of "feeling" his digging tool 
being moved into and out of the 
Martian soil. This technology 
offers a broad range of applica
tions in space and on Earth for 
hands-on and remote operation of 
machines. Turn to page 12. 
(Pfloto courtesy CyOOmet Systems Corp.) 

A new invention developed by 
this researcher's firm under 
NASA sponsorship puts engi
neers in closer " touch" with their 
CAD creations. Turn to Mission 
Accomplished, page 12. 
Photo courtesy Cybernet Systems Inc. 
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HTBasic 
Is the Perfect FIt 

Trans Era's HTBasic combines the effortless program
ming of HP-style BASIC with advanced application devel
opment system features such as scientific instrument 
control, data analysis, and graphic presentation. 

Powerful facilities for data acquisition and 
IEEE-488.2/RS-232 instrument control, 
COMPLEX arithmetic, CSUB capabili
ties, matrix mathematics, and com-
plete HP-style graphics make HTBasic 
the answer for all levels of users. 

TransEra's 32-bit Compiler for HTBasic rou
tines gives access to significant performance 
increases in high-speed math calculations. And a full 
library of pre-compiled subroutines for FFT's, curve
fitting, waveform analysis, and digital filtering/windowing 

can make developing your application much less puzzling. 

With HTBasic, your PC becomes a scientific workstation 
that is compatible with the HP9000 Series 200/300. 

In fact, the transfer utility included with HTBasic 
lets you port your current HP Basic programs 

to the PC and run them with little or no mod
ification while adding all of the function

ality of industry standard PC 
hardware and software. You can share 

data with spreadsheet and database pro
grams, use standard graphics displays, output 

devices, even networks. 

For Speed, Power, Flexibility, and Functionality, 
HTBasic for the PC is the perfect fit. 

Call or write today. 

Engineering Excellence for 15 Years TM 

3707 N. Canyon Road, Provo, UT 84604· (80l) 224-6550, FAX (801) 224-0355 

For More Infonnatlon Circle No. 474 
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• 
1I1 e rocess 

ere • 
These days, it seems as though you constantly hear terms 

like "total quality management;' "design for manufacturing;' and 
"concurrent engineering." 

All of which point to the underlying concerns in industry 
today: how to best integrate resources in order to reduce time to 
market and production costs, while raising overall product quality. 

At Apple·, we've been focusing on the quality issue for a long 
time - and know that improving quality requires improved 
integration. That's why the Apple-Macintosh- computer is so adept 
at helping people work better - individually and in teams 
throughout an organization. 

Macintosh is the ideal platform for integrating the people, 
information, and technology that drive manufacturing 
productivity - no matter what kind of computing environment 
they operate in. It connects to everything from personal computers 
to UNIX workstations to IBM and DEC hosts. 

Macintosh also supports industry data standards such as IGES 
and DXF, as well as the X-Window protocol through Apple's 
MacX:" And it provides SQL-based data access through Apple's 
Data Access Language (DAL). A complete implementation of UNIX 
System V 2.2 for Macintosh, NUX-3.0, even lets you run a variety 
of UNIX applications. 

All of which make it easier to achieve applications and data 
integration within your organization. In other words, engineering 
can talk to R&D, and manufacturing can share information with 
engineering - even if the departments are running on different 
networks. 

With Macintosh, products get to market faster because 
operating system features like System 7's built-in file and data 
sharing capabilities allow the whole team to keep in touch with the 
latest details - throughout tile design and production process. 

And the consistent, nonintimidating Macintosh environment 
can be used by everyone from designers to mechanical engineers 
to shop-floor operators with very little up-front training time. 

Combine all these benefits with the wealth of powerful 
Macintosh-based applications for everything from CAD to technical 
documentation to shop-floor management, and you'll start seeing 
new levels of quality throughout your organization. 

And you'll understand how the concept of teamwork 
really works. Th understand more, send for your free "Apple 
Solutions for Engineering" package today. 

Complete and return the 1. 
coupon below. Or call us at App~e 
1-800-732-3131, ext. 924. 

,------------.--
I Start the process right now. 
I Send for your free "Apple Solutions for Engineering" package, 

I 
containing a videotape, product brochures, and other information 
on how Macintosh can help improve product quality in your 

I organization. Complete and mail this coupon to Apple Computer, 

I 
Inc., Dept. 924, 703 West Housatonic St. , Pittsfield, MA 01201-9816. 
Offer good until September 30, 1992. 

I 
I Name Title 

I I Company 

I Address 
I 
I City State Zip 

I ( I ~Ph-on-e-~-----
I 
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• Interlaced and non-
Interlaced Inputs 

• Pan, scroll and zoom 
• Flicker-free output 
• Video overlay capability 
• Full 24 bit color 
• Genlock 
• RS-232 control 
• Broadcast quality NTSC/PAL 

composite video S-Video, 
RGB RS-170/EBU, V, R-V, B-V 

• RGB 31.5 kHz for video 
prOjection 

• Other models from $10,995 

SPECTRUM 
950 Marina Village Parkway Alameda, CA 94501 

Tel: (510) 814-7000 Fax: (510) 814-7026 

For More Information Circle No. 467 
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II push-button "mouse-menus" 
~ easy access to frequently used 
ures. ------

ZilfCommurucatt 

esentation graphics and analysis for scientific users. 
bur technical data requires more muscle 
d sophistication than basic business 
aphics and plotting packages can 
ovide. It's simply a matter of using the 
ght tool for the job. In addition to 
ublication-quality graphics, you need 
werful analysis tools and capabilities 
ch as Graftool's - Intelligent Data 

ursor .... to read out data points on curves 
r surfaces - Linear & non-linear curve
tting - Unlimited worn & rotation 
Multiple axes in linear, log, or proba
lity scales - Advanced data handling, 
lowing over 268,000,000 data points 
Powerful scientific spreadsheet which 

directly read your Lotus or ASCII files 

- Unrestricted placement of graphs & text 
- Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons 
bring an ease of use previously unheard 
of in scientific software. Just "point & 
process" with increased productivity and 
greater understanding. 

GRAFTOOL - the right tool for your 
technical solutions. 

GRAFTOOL $495. 
- Interactive demo available 
- Academic discounts. 

~~ 3-D VISIIiINS 
Call ThU Free for Details 

1-800-729-4723 
2780 Skypark Drive, Thrrance, CA 90505 

For More Information Circle No. 392 



An engineer completes a compu
ter-aided design of a bridge and 
would like to test its integrity. In

stead of building a prototype, or just 
watch ing a simulation, he can climb in
to a virtual car, drive over his 
virtual bridge, and feel where 
the bridge is shaky. 

Force reflection, the ability 
of a telerobotic controller to 
simulate to the operator's hand 
the forces at work in a graphi
calor remote environment, 
enables such dynamic dem
onstrations. Used for several 
decades in the nuclear energy 
and underwater mining indus
tries, it is only recently avail
able in a small, general 
purpose handcontroller. 

Cybernet Systems Corp., 
Ann Arbor, MI , has introduced 
the PER-Force handcontroller, 
a compact, backdrivable robot 
with a motorized control stick. 
While in most remote systems 
operator feedback is limited to 
mouse displacement in two di
mensions or visual feedback 
from CRT screens, this robot 
moves in six degrees of free
dom, three linear positions 
(x-, y- , and z-axis) , and three 
attitudes (roll, pitch , and yaw). 
This permits its use to posi
tion a slave robot at a precise 
location and tool angle. 

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

distances-and positional mode-for 
object placement and manipulation. 
"We wanted to develop one stick that 
could control any number of machines 
accomplishing unlimited numbers of 

tasks," said Ms. Jacobus. 
Force reflection is gener

ated on each of the six axes by 
six small , brushless DC servo 
motors, and enables tele
operation in environments 
where vision is limited, such 
as murky waters and under
ground excavation sites. Force 
reflection confers consider-
able advantages when sense 
of touch would be benefi
cial but actual touching is 
dangerous or impossible. 

Force reflection reaches the 
operator through the control 
stick: If the slave robot walks 

NASA Spinoff: The PER·Force handcontroller 

"Imagine you are trying to 
remotely operate a very large 
machine such as a crane with 
a small controller that lacks 
force reflection, " said Dr. 
Charles Jacobus, Jr., an elec
trical engineer and director of 
new business at Cybernet. "It 
can't possibly move as fast 
as you can tell it to move. Af
ter you've given it a series of 
commands, this huge machine 
would be moving on its own 
as it catches up to you. Our 
controller tracks the crane's 
movements precisely, never 
permitting you to get ahead 
of it. You can actually feel the 
machine's limitations." 

The payoff in safety and 

into a wall , the operator will feel the 
force of the impact in his hand. This 
feature imparts intuitive feedback to 
control operations and enhances their 
efficiency, according to Heidi Jacobus, 
president of Cybernet Systems. 

The PER-Force handcontroller is 
universal , rather than coupled to a 
specific robot and range of tasks, mak
ing it more attractive for space appli
cations. NASA's Johnson Space Cen
ter (JSC) sponsored development of 
the handcontroller through a Small 
Business Innovation Research (SBIR) 
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grant, one of 16 awarded to Cybernet 
Systems since its founding in 1988. 
Duane Johnson, an engineer at JSC, 
was the project's technical monitor. 
"NASA wanted a small and versatile 
handcontroller for potential use on 
the space station ," said Johnson. 
"Cybernet produced a sophisticated 
little robot that is easily adapted to 
various slave robot arms." 

The handcontroller meets another 
of NASA's requirements: It can switch 
back and forth between rate mode
used to transport loads across long 

accuracy is equally evident in 
the field of nuclear energy, according 
to Mr. Jacobus. Robots commonly are 
employed to retrieve radioactive waste 
through portholes in storage bins. 
However, the holes are lined with plas
tic that could easily be ruptured by a 
robot's imprecise motions. "With force 
reflection, you can set up a virtual real
ity 'stop' at some margin away from the 
edges of the porthole to prevent your 
steering into them," he explained. "You 
can even make it grow increasingly 
more difficult to steer toward the edge 

(continued on page 157) 
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SCIENCE/ SCOPE® 

Magellan program leaders were awarded the 1992 Goddard Trophy for the remarkable performance of the 
Hughes Aircraft Company-built synthetic aperture radar aboard the orbiting Venus Magellan spacecraft. 
The trophy is presented annually to individuals or groups that have contributed significantly to U.S. 
leadership in rocketry and astronautics. Thanks to this radar, the sole scientific instrument on Magellan, 
a map of Venus is nearly complete. Now in its third 8-month cycle around the planet, the Magellan 
radar mapper has delivered images of the Venusian surface with resolution 10 times better than any 
previously made. Scientists hope that by studying the surface of Earth's near-twin, they can learn more 
about processes that formed this planet. 

To measure tropical rainfall from space, scientists will use a microwave sensor built by Hughes. This 
high-powered sensor, which can see through clouds, is one of several measuring instruments to be carried 
aboard a spacecraft built at the National Aeronautics and Space Administration's Goddard Space Flight 
Center. It will help scientists determine phenomena such as rain rate and distribution, cloud and soil 
moisture levels, land and sea surface temperatures, and sea surface wind speeds. The spacecraft will 
be launched in 1997 by a Japanese H-2 rocket, as part of a three-year joint mission between the U.S. 
and Japan. 

The most powerful, technologically advanced satellites ever built for commercial mobile communications 
will soon be serving North America. The satellites, built by Hughes and Canada's Spar Aerospace Ltd., 
will each have the capacity to support 3,200 simultaneous mobile users on land or sea or in the air. 
The spacecraft will cover the entire United States and Canada, including Alaska, Hawaii, Puerto Rico, 
the Virgin Islands, and 200 miles of U.S. and Canadian coastal waters. In this joint effort, Hughes will 
provide the HS 601 satellite bus and Spar the communications payload. 

Providing meteorological satellite data worldwide takes a concerted effort, especially on a 24-hours-a
day, seven-days-a-week basis. That's why the National Oceanic and Atmospheric Administration has 
turned to Hughes for software development, maintenance, and science support. Hughes will help the 
agency obtain, process, and disseminate images of clouds, radiation, ozone, moisture, and temperature. 
This data is sent to organizations throughout the world, to help them monitor and forecast various 
atmospheric conditions. 

Hughes' commitment to cost reduction, coupled with quality improvement. helps save more than $1 
million in a communications satellite program. The commitment involves constantly monitoring and 
measuring all phases of a program with an eye toward improving quality and reducing costs. In the 
HS 601 communications satellite program, Hughes recognized substantial savings by replacing time
consuming structural bonds with inexpensive aluminum clips. Other savings were achieved by replacing 
detailed inspection of incoming parts with verification of only the critical parameters, and by determining 
which departments needed to sign off on individual engineering drawings, eliminating unnecessary 
reviews by unaffected departments. 

For more information write to: P.O. Box 80032, Los Angeles, CA 90080-0032 

HUGHES 
to 1992 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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Introducing new RISe System/6000 POWERstation 

If you're interested in open systems but don't want to 
suffer the lings and arrows of outrageous prices, 
IBM is about to hit you where you live. The RISC 
System/6000'" POWERstation 220 give you more 
wallop for your money, while delivering a hefty 25.9 
SPECmarks:" That's compared to the S IPC's'" 13.4 
SPEC marks and the DEC5000' '" 17.8. 

Entry Entry 
Model Grayscale 8·bitColor 

Workstation" Workstation t 

IBM 220W $7,185 $9,995 

HP705/710 $8,415 $14,065 

Scientists see stars, 
CASE users can start 
with a grayscale work-
tation with a paging 

di k for just $7,185. If 
it's CAD clout you' re 
after, you can get a 
work tation pecially 
outfitted for mechani
cal design-with 2D 
color graphics and 
400MB of fixed 
di k storage-for only $9,995. II model in the 
POWER tation 220 eries come with two expansion 

'In Canada, callI 800 465·1234. "16MB, Paging Disk, Display, Operating System, Graphteal User Interface. 116MB, 400MB DIsk, DIsplay. Operatong System, GraphICal User Interface 
IBM IS a registered trademark and RISC System/6000 IS a trademark of InternatIOnal BUSiness Machines Corporation SPECmark IS a geometric mean of the ten SPECmark tests and IS a 
trademark of Standard Performance Evaluation Corporation. All SPECmark ligures listed are as published by the" respective manufactUiers All prICes listed are MSRP Remarketer prICes I 
vary IPC IS a trademark of Sun Microsystems, Inc. DECSOOO Is a trademark of Digital EqUipment Corporallon. UNIX IS a registered trademark 01 UNIX Systems LaboratOries HAGAR THE 
HORRIBLE Character(s) © 1992 Kong Features Syndicate, Inc. © 1992 IBM Corp. 
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lnd POWERservers that pack more punch for less. 

' lots and upgradable components. And indu try
tandard memory upgrade and add-on for both 

ar affordable, 0 growing won' t be a pain. 

Striking a blow fo r business. The POWER erver 
220 i great for commercial NIX® solution , too. 
You an configur it a a commercial erver, to give 
your businc the peed, muscle and openne of 
U I , for only $9,715. And the POWER erver 220 
i a expandable a all our other model . 

machine, configure your network and integrate 
all your y tcm whether they're made by IBM or 
not. nd IBM Credit Corporation has flexible 
finan cing package to meet your ne d . Get hit 
with the detail. CaU your IBM marketing repre
sentative or Bu ine Partner. For lit rature call 
1 800 IBM-6676, ext. 769'!' 

And, for tho c who decide to hop for U IX 
olution el ewhere, a word of advice. Duck. 

IBM is in yout' corner. Nobody el e 
delivers the knockout upport of IBM. n 
IBM cu tomer engineer can install your 

&rhe RISe System/6000 

~ For the Power Seeker. 
=~==== " - - ------- - ---- - - ----------_ . -



New Product Ideas 
New Product Ideas are just 
a few of the many innovations 
described in this Issue of 
NASA Tech Briefs and having 
promising commercial applica
tions. Each is discussed further 
on the referenced page In the 

appropriate section In this 
Issue. If you are Interested In 
developing a product from 
these or other NASA Innova
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 18). 
NASA's patent-licensing program 
to encourage commercial develop
ment Is described on page 18. 

Eddy·Current Probes 
for Inspecting Graphite· 
Fiber Composites 

fiber/epoxy and other composite materi· 
als reinforced by graphite fibers. The new 
probes are to replace earlier " pancake" · 
style models that were designed for inspec· 
tion of materials of higher conductivity. 
(See page 20) 

Rugged Noncontact Back· 
shorts for Waveguides 

These backshorts are easily scaled for 
operation at frequencies from 1 to 1,000 
GHz. Unlike conventional sliding backshorts, 
the new ones are not vulnerable to wear, 
oxidation, or corrosion of the contacts. 
(See page 26) 

E· and U·shaped magnetic cores are being 
developed for detecting flaws in graphite· 
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Boxcar Averagers 

Lock-in Amplifiers 

Digital Delay Generators 

Photon Counters 

High Voltage Supplies 

Thermocouple Monitors 

Low Noise Amplifiers 

FFT Spectrum Analyzers 

Function Generators 

STANFORD RESEARCH SYSTEMS 
1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040, FAX 4087449049 

For More Information Circle No. 393 

Digital Feedback Control 
Servomotor via Fiber Optics 

An optoelectronic system can control 
the shaft angles of up to 16 servomotors. 
Advantages for robotic applications include 
immunity to electromagnetic interference, 
high data rates, and compactness. 
(See page 32) 

Experimental Optoelectronic 
Associative Memory 

The size of the memory needed to store 
and process the images is reduced. Unlike 
its all·electronic counterparts, this memory 
does not rely on the precomputation and 
storage of an outer·product synapse matrix. 
(See page 32) 

External Squeeze· 
Film Damper for 
Hydrostatic Bearing 

This device helps to suppress vibrations of 
a rapidly tuming shaft in a high-pressurejhigh
power-density turbomachine. The damper 
consist of a stack of washerlike disks. 
(See page 80) 

Self· Resetting 
Energy Absorber 

Unlike conventional shock absorbers, 
the new absorber is compact and does not 
use hydraulic fluid. Its damping force can 
be easily adjusted. Possible applications 
are in industrial machinery, automobile 
bumpers and suspensions, and parachute 
lanyards, among others. 
(See page 89) 

High·Aspect·Ratio Rotating 
Cell·Culture Vessel 

This vessel allows the exchange of nu· 
trients and products of metabolism with 
minimum agitation. Cells may be grown 
with little of the shear stress that would 
otherwise damage the mammalian cells. 
(See page 150) 
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HOW YOU CAN BB\lEAT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 

If you're a regular reader 01 TECH BRIEFS then you're already making use of 
one of the low·and no-cost services provided by NASAs Technology Utilization 
(TU) Network. But a TECH BRIEFS subscnptlon represents only a fraction of 
the technical mformahon and appllca~onSienglneenng seMces offered by the 
TU Network as a whole. In fact, when all of the components of NASA's 
Technology Ut,llzallon Network are considered, TECH BRIEFS represents the 
proverbial lip of the ICeberg 

We've outlined below NASAs TU Network-named the partICipants, de· 
scnbed lhelr servICeS and listed the indIViduals you can contact for more 
InformatIOn relating 10 your SpecifIC needs. We encourage you to make use of 
the informahon, access, and appllcahons servICes offered by NASA's Technol· 

________ r-_______________________________________________________________ og .. y. U. t.IIQ. a. ".on __ N. e.tw. o. rk ____________________________________ --.r -----

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsel~ach NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 

I
f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 

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

Ames Research Ctr. John C, Stennis Langley Research Ctr, Jet Propulsion Lab, George C, Marshall Houston, TX 77058 
Technology Utilization Space Center Technology Utilization NASA Resident Office Space Flight Center (713) 483-3609 
Officer:Geoffrey S. Lee Technology Utilization Officer: Joseph J, Technology Utilization Technology Utilization Patent Counsel: 
Mail Code 223-3 Officer. Robert MathiS, Jr, Officer. Arif Husain Officer: Ismail Akbay Edward K, Fein 
Moffett Field, CA 94035 Barlow Head, TU & AO Office Mail Stop 180-8010 Code ATOI Mail Code AL3 
(415) 604·4044 Code HA-30 Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston, TX 77058 
Patent Counsel: Stennis Space Center, Hampton, VA 23665·5225 Pasadena, CA 91109 Center, (713) 483·4871 
Darrell G, Brekke MS 39529 (804) 864·2484 (818) 354-4862 AL 35812 

NASA Headquarters 
Mail Code 200·11 (601 ) 688·2042 Patent Counsel: Patent Counsel: (205) 544-2223 

Technology Utilization 
Moffett Field, CA 94035 John F, Kennedy Dr. George F. Helfrich Thomas H. Jones Patent Counsel: Officer: Leonard A, Ault 
(415) 604-5104 Space Center Mail Stop 143 Mail Code 180-801G Robert L. Broad, Jr. 

Code CU 
Lewis Research Center Technology Utilization Hampton, VA 23665·5225 4800 Oak Grove Drive Mail Code CCOI Washington, DC 20546 
Technology Utilization Officer: James A. (804) 884-3221 Pasadena, CA 91109 Marshall Space Flight 

(703) 557-5598 
Officer: Anthony F, Aliberti Goddard Space Flight (818) 354·5179 Center, 

Assistant General 
Ratajczak Mail Stop PT-PAT-A Center Technology Utilization AL 35812 Counsel for Patent 
Mail Stop 7-3 Kennedy Space Technology Utilization Mgr. for JPL: Dr. Nor· (205) 544-0021 

Matters: Robert F. 
21000 Brookpark Road Center, FL 32899 Officer: Dr, George Alcorn man L. Chalfin Lyndon B. Johnson Kempl, Code GP 
Cleveland , OH 44135 (407) 867·3353 Mail Code 702 Mail Stop 156-211 

Space Center Washington, DC 20546 
(216) 433-5568 Patent Counsel: Greenbelt, MD 20771 4800 Oak Grove Drive Technology Utilizalion (202) 453·2424 
Patent Counsel: Bill Sheehan (301) 286-5810 Pasadena, CA 91109 Officer: Dean C, Glenn 
Gene E. Shook Mail Code PT·PAT Patent Counsel: (818) 354-2240 Mail Code IC-4 
Mail Code LE-LAW Kennedy Space R, Dennis Marchant 
21000 Brookpark Road Center, FL 32899 Mail Code 204 
Cleveland, OH 44135 (407) 867·2544 Greenbelt, MD 20771 
(216) 433-5753 (30 1) 286·7351 

How You Can Utilize NASA's Regional Technology Transfer Centers (RITes) - A nationwide network 
offering a broad range of technical services, including computerized access to over 1 00 million documents worldwide. 

1B 

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 consultation services and/or linkage with other experts in the field , You can obtain more information about these 
services by calling or writing the nearest RITC. User fees are charged for information services, 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 

RTTC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

Commercialization, Inc. 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870·0042 

MID-ATLANTIC 
Ms, Lani S. Hummel 
University of Pittsburgh 
823 William Pin Union 
Pinsburgh, PA 15260 
(412) 848-7000 
(800) 257·2725 (toll·free US) 

SOUTHEAST 
Mr. J, Ronald Thornton 
Southern Technology Application 
Center 

University 01 Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 354·4832 (FL only) 
(BOO) 225-0308 (toll·free US) 

MID·CONTINENT 
Mr, Gary Sera 
Texas Engineering Experiment Station 
Texas A&M University System 
237 WERC Collge Slation, 
Texas 77843·3401 
409·845-8762 
800·548-1536 (toll·free US) 

MID·WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 450 
Cleveland, OH 44070·5310 
(216) 734-0094 

FAR·WEST 
Mr, Robert Stark 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007-4344 
(213) 743·6132 
(800) 842·2872 (CA only) 
(800) 872·7477 (toll·free US) 

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

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

A Shortcut To Software: COSMIC"-For sonware developed with NASA 
funding. contact COSMIC, NASA's Computer Sonware 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: COSMI ,382 East Broad Streel, Athens, GA 30602 John A. Gibson, 
Director, (404) 542-3265; FAX (404) 542-4807. 

If You Have a Question .. NASA C enter For AeroSpace Info r 
m a ti o n can answerqueslionsabout NASA's Technology Utilization Network and 
its services and documents. The CAS I staff supplies documents and provides 
referrals, Call, wnte or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Utilization Office, P.O, Box 8757, 
Baltimore, MD 21240·0757. Walter M. Heiland, Manager. (410) 859·5300, Ext. 245, 
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If you dorrt think 
our real-time systems 

have en oft consider 
some of the programs 

weve landed. 
You already know the significance of the AIsys name when it comes to quality Ada. But you may not have realized 
that over half of our business is in-and over half of all our resources are devoted to-real-time applications. Right 
now Boeing, Lockheed, McDonnell Douglas, NASA, AIRBUS, European Space Agency and many others rely on 
us for solutions for mission and safety-critical applications. r:::-- -- -- -- -- -- --~ 

I Please rush me the Alsys handbook detailing your real-time capabilities. 
AIsys offers one of the broadest ranges of compiler products 
and developer tools, plus unparalleled expertise and guid
ance every step of the way. 

If you need to reduce risk, deliver projects on time, 
and do both within budget, the first step is easy: send in the 
coupon, or call 617-270-0030. We'll rush you a handbook 
detailing some powerful reasons why you should consider 
enlisting our support. Alsys. We're serious about real-time. 

For More Information Circle No. 477 

(comp.",,) (p-"",) I 
(name) (lIIlt) 

(odd",,,) 

Alsys. lnc .• 67 South Bedford Street. Burlington. MA 01803-5152. I phone: 617-270-0030 fax : 617 
Alsys maintains major operations 
in the U.S .• Sweden. France, 
England. Germany and]apan. 

A lUUlllMJll-",,' 

-~ 
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Collection of Charge by Diffusion From Ion Track 
Effects of ionizing radiation in a silicon electronic device are approximated by simple equations. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
r-----------------------------------, 

The Model Repre
sents the Trans
port of Charge from 
the ion track to the 
sink by diffusion. 
There is assumed to 
be no diffusion 
across, or recombi
nation at, the upper 
surface of the sub
strate. Epitaxial and 
buried layers are not 
represented in this 
model. 

The collection of electric charge car
riers from the track of an energetic ion 
through a silicon electronic device can be 
studied theoretically by use of a diffusion 
model that includes simplifying approxima
tions. The model is intended to help in the 
interpretation of the results of experiments 
and computer simulations of single-event 
upsets in digital electronic ci rcuits. 

Of particular concern are the effects of 
(1) conductive boundaries (e.g., charge
collecting electrodes and junctions), (2) 
non conductive boundaries (e.g., outer sur
faces), and (3) characteristic lengths, in
cluding the length of the ion track, diffu
sion lengths, and the thickness of the 
substrate of the device. These effects im
pinge on the ability of a cyclotron-acceler
ated heavy ion (which typically penetrates 
the substrate to a depth of 40 ILm or less) 
to simulate the effects of a cosmic ray 
(which can easily penetrate the entire 
substrate, typically a few tenths of a milli
meter thick). 

The approximate diffusion model is not 
meant to replace the PISCES computer 
program, which numerically simulates the 
charge-diffusion and -collection phenom
ena. The model is not even meant to be 
as accurate as PISCES is, but to yield 
qualitatively correct, order-of-magnitude 
estimates that can help avoid mistakes in 
the design of experiments and computer 
simulations. 

In the model, the device is considered 
to consist of the substrate with a small 
charge-collecting junction on its upper sur
face (see figure) that acts as a sink. The 
upper surface is assumed to be electrically 
reflective in the sense that gradients per
pendicular to this surface are zero. In this 
respect, the model represents the worst 
case for the transport of charge carriers 

• 

-----
Charge-Collecting 

Junction (Sink) 

Silicon Substrate 

to the junction. (In reality, an upper sur
face has a nonzero recombination veloci
ty, and other sinks may act collectively to 
deplete the carriers.) 

The substrate is treated as unbounded 
in planes parallel to the surface. The ion 
track is considered to be perpendicular to 
the surface. For an ion accelerated by a 
cyclotron, the depth of the substrate is 
assumed to be infinite. For a cosmic ray, 
the lower surface of the substrate is as
sumed to be a metal contact, and the 
thickness of the substrate must be taken 
into account. The transport of charge is 
assumed to be governed by a simple dif
fusion equation with constant coefficients, 
with the understanding that, in reality, dif
fusion coefficients vary with the densities 
of charge carriers. 

In a computational study, the predic
tions of the model were found to agree well 
with those of PISCES in two out of three 

cases considered, and to agree within a 
factor of 2 in the third case. The model 
predicts a very-long-ranged transport of 
carriers and an increase in collected 
charge with the length of the ion track. 
When the length of the track exceeds the 
diffusion length, the model shows that dif
fusion length rather than the length of the 
track controls the collected charge. The 
model also shows that the relevant charac
teristic of the sink, other than its distance 
from the track, is its electrostatic capaci
tance. This implies that as the sink is made 
larger, without changing its shape, the col
lected charge increases with the linear 
dimension of the sink instead of its area. 

This work was done by Larry 0. 
Edmonds of Ca/tech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 1 on the TSP Request Card. 
NPO-18057 

~~ Eddy-Current Probes for Inspecting Graphite-Fiber Composites 
Magnetic fields would be more concentrated, yielding better coupling with specimens. 

Marshall Space Flight Center, Alabama 

Eddy-current probes that include E
shaped and U-shaped magnetic cores are 

20 

being developed for use in detecting flaws 
in graphite-fiber/epoxy and other compos-

ite materials that consist of electrically in
sulating materials reinforced by graphite 

NASA Tech Briefs, May 1992 



In the electronics marketplace, making the 
right decision isn't just important. 

It's critical. 

You need the most accurate, up-tO-date, and complete 
information system available. 

A convenient, on-site technical library can be 
as close as your workstation! 

• Complete • Cross-referenced 
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literature from around the globe. With IRS 
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• Review 1.5 million+ pages of catalogs, pricing 
information, application notes, performance/ 
testing data right on your computer! 

• Parametrically search a worldwide database of 
over 1.3 million commercial and military/high 
reliability electronic components. Instantly link 
to manufacturers' datasheets, Mil Spec/QPL 
M-38510 and S-19500 Slash Sheets, DESC/SMD 
Drawings, and more! 

• Examine the world's most comprehensive 
collection of active and historical U.S. and UK 
military specification and defense documents, 
plus other U.S. and UK regulations. 

• Access information in a variety of formats 
including: microform, hardcopy, online, 
magnetic tape, and CD-ROM! 

Contact us today for complete details! 

800-241 -7824 
Fax: 303-397-2747 

International Sales: 303-790-0600, ext. 59 • International Fax: 303-397-2410 
~ For More Informat ion Circle No. 44 1 

~, Information Handling Services® 
15 Inverness Way East, Dept. 59, Englewood, Colorado 801 50 USA 

The COIDDanv the world tru ts for its technical. IellUlatorv and bu inessinfonnation needs. IH5-NTB·592 



HIGH PERFORMANCE ROTARY CONTACTS 

THERMOCOUPLES, 
RTO's, LVOTs 

STRAIN GAUGES, 

1 to 100 contacts! 

Unlike conventional • Zero Electrical Noise 
slipring designs, the • Low And Stable Resistance 
unique ROTOCON • Compact Size 
Sealed Mercury Ro- • Zero Maintenance 
tary Contacts are low • Environmentally Sealed 
noise, low resistance, • Rugged And Reliable 
zero maintenance • Unaffected By Vibration 
links between sta- • Mount In Any Orientation 
tionary and rotating A variety of standard and custom 
components. &11" ROTOeON models are available 

"oU S to fit your mounting configuration, 

1
- sefore rotation speed, and current re-

" 17 _ quirements (up to 2000 Amps!). 
pt 
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Call: 
800-837 ·H10 
0,608·836-7571 (FAX fSOB.S31..o300 TELEX 7543811 

meridian laboratory 
2415 Evergreen Road, P.O. Box 156, Middleton, WI 53562-0156 
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Precision Flying Requires 
Precision Materials. Eigiloy® 

• Resists Stress & Cracking 
• Corrosion Resistant 

• Non-Magnetic • Long Fatigue Life 
• Performs Consistently 

Over 40 
Alloys in 

in Temperatures Ranging 
From -3000 to 8500 F 

Eigiloy® Limited Partnership 
~_ ... ,.. .. _..,.... 1565 Fleetwood Drive 

Strip 
AND 
Wire ~ #I' ::P Elgin, IL 60123 

.. Tel: (708) 695-1900 
Fax: (708) 695-0169 

Pratt & Whitney and GE Approved 

For More Information Circle No. 312 

Alternating Magnetic Fields induced by three different eddy
current probes (each excited at a different frequency of the order of 
a few megahertz) were computed by use of a two-dimensional 
finite-element mathematical model. The magnetic field of the U
core probe is the one most concentrated in the specimen. 

fibers. The new eddy-current probes are needed because 
older "pancake"-style eddy-current probes are designed for 
inspection of materials of higher electrical conductivity and 
do not effect adequate magnetic-field/eddy-current coupling 
with the less-conductive graphite fibers : the magnetic field of 
a typical "pancake" probe is spread out too much in a typical 
graphite-fiber composite specimen to provide optimal cou
pling. As shown in the figure , the magnetic field generated by 
a probe with an E- or U-shaped core is more concentrated in 
a specimen than is the magnetic field generated by a 
comparable "pancake" probe. 

It has been proposed to incorporate E- core and/or U-core 
eddy-current probes into nondestructive-inspection and pro
cess-control equipment in factories that make graphite
fiber-composite parts. According to one concept, a robot 
would scan a probe over each part to be inspected. The end 
effector of the robot would include a mechanism to spin the 
probe when scanning a part that contains multidirectional 
fibers . The rotating and oscillating magnetic field would 
thereby be made to induce eddy-currents in fibers 
of all orientations , and the eddy-current signal could 

NASA Tech Briefs, May 1992 



Having the right tool, like brake spring pliers 
or an oil filter wrench, can turn a potentially 
frustrating job . . . into one that is manageable 
and enjoyable. If your job is mechanical 
design, then the right tool for the job is Per
sonal Designef€i software. It provides the right 
combination of CAD capabilities including: 
• ~mprehensive 2-D DraftinglDetailing. 
True 3-D Modeling. Hidden Line Removal 

Bezier and NURB Surfaces . Faceted and 
Smooth Shaded Pictures. 
With Personal Designer software, you're 

equipped to tackle challenging mechanical 
design problems. Build sizeable models (up to 
64 ,rxJJ entities) with complete associativity. 
Change the part, and all drawings, dimensions, 
crosshatching, and multiple views update 
automatically. Create drawings to ANSI, 
ISO, and ]IS standards. Customize the user 
interface. And exchange data with other 
CAD packages via IGES or DXF.TM 
There's a lot more. You can fillet, sweep, and 

intersect complex surface geometry, and take 
advantage of software options for project man-

agement (pDex) and integrated 2Yz.- and3-axis 
NC programming (personal Machinist®). To 
further expand your horizons, utilize the hun
dreds of available third party offerings. And 
draw on the expertise of ~mputervision's 
worldwide network ofVARs. 

111ere's a direct translator available, too. So, 
should you ever need ~mputervision's top
of-the-line CADDS® software, you can take 
Personal Designer data bases with you. 
The bottom line: Personal Designer software 

is a smart buy in today's crowded marketplace. 
It's available for 386/486 PCS as well as the 
SPARCstation® workstation. And prices for 
2D start at $1,995. 
Get the right tool for the job, from the 

company that pioneered CAD/CAM. 

~mputervision ~rporation 
Personal CAD/CAM Business Unit 
100 Crosby Drive, Bedford, MA 01730 
Telephone (800) 248-7728 (U .S. except MA) 
(617) 275-1800, ext. 4594 FAX (617) 271-0015 

~ 
For More Information Circle No. 554 CDMPLITERVISION 

Personal Designer® 5.0 
Part database courtesy of American Tool and Mold, Inc., St. Joseph, MI. 

COMPUTERVISION, the Computervision logo, Personal Designer, Personal Machinis£, and CADDS are registered trademarks of Computervision Co'rporation, a subsidiary afPtime Computer, Inc. 
DXF is a trademark of Aurodesk, lnc. SPARCstation is a registered trademark of Sun Microsystems. lnc: . 



Convert Any 
High-Res Video 
to TV Formatsl 

Monitor 

We Can Convert Anyone 
With over 20 years experience, 
Folsom Research has built a 
worldwide reputation for superior 
products and leading-edge 
technology. Our products are 
currently used by most 
Fortune 500 companies. 

everal models are available. 
Product features include 
• Video frame grab. 
• Digital frame buffer access. 
• upport for multiple 

workstations. 
• On-board V-I.A.WM for 

controlling single-frame 
recorders, Videodisks, and 
editing systems. 

• Medical, video, and radar 
products available. 

Call Us to Find Out Which 
Product Will Convert You! 

Folsom 
I ( I EA. C " 

526 East Bidwell Street 
Folsom, CA 95630 
tel: 916.983.1500 
fax: 916.983. 7236 
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be processed into a moving time average 
representative of fibers of all orientations 
in the vicinity of the probe. 

Preliminary calculations have been per
formed to determine design parameters for 
some E and U probes. For example, a 
probe that had overall linear dimensions 
of about 3 cm and self-inductance of about 
3 J.l.H could be excited at frequencies up 
to about 2 MHz. At the 2-MHz maximum 
frequency, the effective depth of penetra
tion of the magnetic/eddy-current field in 

the specimen would be about 0.18 in. 
(about 0.5 cm). 

This work was done by Gary L. 
IMJrkman and Morgan Wang of the Univer
sity of A/abama in Huntsville for Marshall 
Space Flight Center. For further informa
tion, Circle 133 on the TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center [seepage 18}. Refer 
to MFS-26129. 

Broad-Area Laser Diode With 
Fiber-Optic Injection 
This source of infrared light is compact and rugged. 

Goddard Space Flight Center, Greenbelt, Maryland 
A fiber-optic injection-locked broad-area 

laser diode that features single-mode out
put via fiber-optic injection serves as a rel
atively compact, rugged, and high-power 
near-infrared source that will be useful in 
free-space and fiber-optic communication 
links. Other potential applications include 
use as a communication-receiver pream
plifier and as a pump source for neodym
ium:yttrium aluminum garnet and other 
solid-state lasers. 

In prior injection-locked laser-diode 
sources, the beam of light from the master 
oscillator has been made to propagate 
through a free-space optical system, which 
focuses the beam on the slave oscillator 
(the broad-area laser). Such a source is 
fragile and sensitive to alignment. The fiber
optic injection-locked source is relatively 
rugged and insensitive to alignment. 

The figure illustrates schematically an 
experimental version of the new source. 
The beam from the master oscillator is 
sent along a single-mode optical fiber to 
the broad-area laser diode. A novel polari
zation diversity scheme is used to decou
ple the injected master-oscillator power 
from the output of the broad-area laser 

Master 
Oscillator 

Isolator 

Polarizing 
Beam Splitter 

Cylindrical 
Lens 

diode. 
A commercially available laser-diode-tcr 

single-mode-fiber coupler is used to launch 
the po.ver from the master oscillator through 
a 3D-dB isolator into the fiber at one end. 
At the other end of the fiber, the light is 
collimated into a 200-J.l.m beam by a grad
ed-index-of-refraction rod lens. This col· 
Iimated beam passes through a polarizing 
beam splitter and a quarter-wave plate, 
then is focused by a cylindrical lens to a 
spot 200 J.l.m long and 1 J.l.m wide for in
jection into the broad-area laser diode. Out
put power is collimated on one axis by the 
cylindrical lens, passed back through the 
quarter-wave plate, and then reflected out 
from the beam splitter. Ultimately, the 
quarter-wave plate will be replaced by a 
Faraday rotator to obtain full efficiency. All 
of the components used in this scheme 
are miniature optics that can be epoxied 
into one rugged piece. 

This 'WOrk was done by Geoffrey Hazel, 
Patricia Mead, Christopher Davis of the 
University of Maryland, and Donald Corn
well of Goddard Space Flight Center. No 
further documentation is available. 
GSC-13476 

Single-Mode 
Optical Fiber 

Graded-Index
of-Refraction 
Rod Lens 

Output Beam 
Oecoupled From 
Injected Beam 

Quarter-Wave 
Plate or 
Faraday Rotator 

The Single-Mode Optical Fiber and the associated optical components are relatively 
insensitive to alignment and can be mounted in a compact, rugged package. 
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If draftipg is what you do, 
then versaCAD® software is what you need. 

VersaCAD software from 
~mputervision produces 
high quality engineering 
drawings FASI If drafting 
is what you do, this is the 
package for you. 
• Unparalleled versa' 

Thi> multi.letlel California home .paru4,OOO tility. Whether you're an 
square feet. 

architect, civil engineer, 
or mechanical designer, 
VersaCAD software can 
help. It's used daily in indus
tries and applications from 
AtoZ. 
• Simple enough to 

More than 12,000 surfaces and 7,000 points learn in a day. You need to 
were used to define thi> extruder.C1'eW. be productive with a CAD 

package from day one. With VersaCAD software, you can 
be. And once you learn it, you'll never forget it. 
• Sophisticated enough for demanding projects. It may 
be simple to use, but VersaCAD software is solving complex 
engineering problems. Customers have used it to design 
everything from individual components to complex 
mechanical assemblies, from private homes to corporate 
headquarters, from interior and landscape designs to utility 
maps. Call for our latest brochure which showcases actual 

Premier drafting capability. VersaCAD software has the 
drafting and dimensioning features you'd expect, and then 
some. Alter geometry and dimensions update automatically, 
and vice versa. Project isometric views from orthographic 
views automatically. Insert a symbol into an object, such as a 
wall, and the geometry cuts back automatically. VersaCAD 
software shines in 20, and with its 3,D visualization options 
you can put together eye-catching presentations. 
• Large pool of experienced users. 80,000 users and 
1,000,000 students know VersaCAD software, so you have 
lots of expertise to draw upon. 
• DOS~ UNIX~ and MAC~ Chances are that you 
can run VersaCAD software on the hardware that you 
already have. 
• Priced from $595. If you're looking for leading edge 
drafting software that delivers a lot of value for the money, 
VersaCAD software is the intelligent choice. 

~mputervision ~rporation 
Personal CAD/CAM Business Unit 
100 Crosby Drive, Bedford, MA 01730 
Telephone (BOO) 248-7728 (U.S. except MA) 
(617) 275,lBOO, ext. 4594 
F}\)((617) 271-0015 

customer projects. For More Information Circle No. 555 

VersaCAD® 
PrIvate residence dambos< courtesy of james Sm,..,., arcilitect, Olivonhain, CA; Ex<ruder dambos< COUrteSy ofTri-Core Consule.nts Inc., Hoffman Esmtes, IL. 

CDMPUTERVISION, and the Computerv~ion logo ore registered trademarksofComputervision Corporation, a subsidiary of Prime Computer, inc. VersaCAD is 0 reg~tered nademarkofVenacad Corporation, a 
subsidiary of Prime Computer, Inc. MS-DOS iso registered nademarkof Microooft Corporation. UNIX Is a registered nademarkof AT&T. Apple and Maclnrosh are registered nademarks of Apple Computer Co. 
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Rugged Noncontact Backshorts 
for Waveguides 
Operating frequencies can range as high as 1,000 GHz. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved adjustable non contact 

backshort for a waveguide is easily scaled 
for operation at any frequency from 1 to 
1,000 GHz. Unlike sliding backshorts of a 
conventional type that make contact with 
waveguides, the new backshort is not vul
nerable to wear, oxidation, or corrosion of 
the contacts. It also offers important ad· 
vantages over conventional non contact 
backshorts. 

As shown at the top of Figure 1, a con· 
ventional non contact backshort includes 
a bar that has a series of low-impedance 
(full-thickness) sections alternating with 
high-impedance (partial-thickness) sec
tions. The cross section of the bar is slight
ly smaller than that of the waveguide, and 
the bar slides smoothly in the waveguide 
in a sheath of insulating Mylar (or eqUiv
alent) polyethylene terephthalate. By ap
propriate choice of the number of sections, 
the impedances, and the spacing (with re
spect to wavelength), the effective radio-

Low· 

frequency impedance can be made «1 
o - essentially a short circuit. However, 
at frequencies above 200 GHz or so, the 
required thinness of the high-impedance 
sections make them too difficult to fabri
cate and make the backshort too weak and 
flexible to slide snugly in the waveguide. 

The new non contact backshort, shown 
at the bottom of Figure 1 provides the re
quired periodic variation of impedance on 
the required length scale, but in a con
figuration that preserves much of the 
strength of the bar and that is easier to 
fabricate. The thin high-impedance sec
tions of the previous design are replaced 
by round or rectangular holes. For fre
quencies above 300 GHz, which require 
very thin waveguide sections, the back
short bar can be made of shim stock 
polished to the correct thickness. The 
holes can be drilled, milled, punched, or 
etched by printed-circuit·board-fabrication 
techniques. 

CONVENTIONAL NONCONTACT BACKSHORT 

000 
)AIt.m",,, 

Versions 

000 

NEW NONCONTACT BACKSHORTS 

Figure 1. Conventional and New Configurations for noncontact sliding backshorts 
feature alternating high· and low-impedance sections. The improved backshorts are 
stronger and easier to fabricate. 
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The booklet is free. Choosing 
the wrong CAM software is costly. 

That's why you need to 
take a look at the NEW 
Personal Machinist® 
software from Computer
vision~ It's been 
re-engineered from the 
ground up, and sets new 

Program a single tool path for up to 1,000 standards for CAM 
surfaces ona PC. 

performance. 
• A modular approach. 
For starters, Personal 
Machinist software is 
totally modular. Start with 
the 2 Yz axis module. As 
your needs grow, add the 

Machiningoptioru include unidirectional 3-axis module for surface 
cutting, conlainment surfaces, and horiton 
line machining. machining. 4- and 5-axis 
modules are on the way, too. Once you've learned one 
module, you're well on your way to mastering them all 
because the user interface is consistent throughout. 
You're dealing with a single part database, too, with no 
translation required. 
• Best of class. Personal Machinist software is the fastest 
and easiest to use CAM software in its class. Period. You 
don't have to be a computer expert, Selections are made 
from on-screen menus and prompts. Part geometry and tool
ing are displayed in full 3 D and can be examined from 

multiple views simultaneously. A dynamic tool display lets 
you preview machining operations. And the software perfor
mance is turning heads. Jobs normally expected to take 
hoUlS can often be completed in minutes. 
• Your CAD package or ours. If you use Computer
vision's Personal Designer® CAD software, you can add 
Personal Machinist software at any time, building NC tool
paths on top of the SAME part database. If you use another 
CAD package, there's a version of Personal Machinist soft
ware for you, too . 

Write your own posts. A universal post processor gener
ator is included at no extra charge. Write posts for virtually 
any CNC machine by going through a simple on-screen 
question and answer session. Direct Numerical Control 
(DNC) utilities are included, too. 
• Prices start at $4500. Personal Machinist software is 
available for MS-OOS® PCS and the Sud!) SPARCstation® 
workstation. With prices starting at $4500, run, don't walk, 
to your nearest Computervision reseller. The future of CAM 
is here, and Computervision has it! 

Computervision Corporation 
Personal CAD/CAM Business Unit 
100 Crosby Drive, Bedford, MA 01730 
Telephone (800) 248-7728 (U.S. except MA) 
(617) 275-1800, ext. 4594 
FPG«(617)271~15 ~ 

COMPUTERVIBION 

Personal Machinist® 
COMPVTERVISION, the Computetvblon logo, Personal Designer, and Penonal Machinbt are regbtered trademar\c.os ofComputetvbion Corporation, a subsidiary of Prime Computer, Inc. MS-DOS b a regbtered 

trademark of Mlaosoft Corporatlon. Sun and SPARCsmtion are registered trademar\c.os of Sun Microsysrems, Inc. 
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Figure 2 Microwave Reflection Spectra indicate that both the old 
and new backshorts reflect more than 95 percent of the incident 
signal within fa irly wide frequency ranges. 

Figure 2 shows the signals reflected from a conven
tional noncontact backshort and from two new noncontact 
backshorts like those shown in Figure 1. Within the 
frequency ranges of peak reflection , the reflection coeffi
cients of all three backshorts exceed 0.95. Although the 
frequency ranges for peak reflection for the improved 
noncontact backshorts are smaller than those of the 
conventional noncontact backshorts, this is not a serious 
disadvantage, inasmuch as waveguide components are 
usually optimized for intended operating-frequency ranges 
narrower than these . These new backshorts will allow for 
the development of waveguide mixer and oscillator cir
cuits at frequencies approaching 1,000 GHz. Such com
ponents are needed for important atmospheric and astro
physical remote-sensing programs. 

This work was done by William R. McGrath of Caltech 
forNASA I s Jet Propu (sion Laboratory. For further infor
mation, Circle 59 on the TSP Request Card. 

In accordance with Public Law 96-517, the contractor 
has elected to retain title to this invention. Inquiries con
cerning rights for its commercial use should be addressed 
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-18091 , volume and number of this NASA 

Tech Briefs issue, and the page number. 
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PRINCIPLES OF QUALITY MEASUREMENT: FOURTH IN A SERIES. 

Your precision measurements 
't stand still. You face exotic new 

~l<:;LJd") to test, more intelligent 
to design and relentless 

to drive up quality. Work 
this rai!:>es the speed limit for 

- and tbe quaUty limit for 

ACCURACY AT SPEED 
At Nicolet we understand the 

challenges you face. We make the 
worlcl"s most accurate oscilloscopes 
and transient recorders. With the 
resolution of a laboralolY volt meter -
0.006% at 5 MS/s or 0.025% at 20 MS/s
the!:>e are instruments you need for 
your most demanding projects loday. 

And el 'elJ.' project 
tomon·ow. 

Five )\:E\,\' models in the ~icolet 

series of Pro Digital Oscilloscopes 
establish new benchmarks for higb
resolution measurements - 14 hits at 
5 MS/s and 12 hits at 20 MS/s. And 
they all feature up to 1 megaword 
memorylchannel to take full advantage 
of this remarkahle breakthrough in 
accuracy at speed. 

At Nicolet, we build instruments for 
measurement experts like yOll. 

For More Information Circle No. 526 
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HOW TO 
SV CHRONIZE 

CUT· TO-LENGTH. 

Set up the new M-Cut 
Digital Motor Control. For 
highly-accurate, high-speed 
control of your incremental 
feeding application, whether irs to handle 
direct point-to-point or registration 
reference operations. Simply enter the 
parameters you want on the M-Curs user
friendly keypad: cut length, acceleration 

time, maximum velocity, deceleration 
time, batch count and distance from 
the registration mark. The universal 

M-Cut works through all types of 
drives, ACIDC and servo. Call 1-800-342-
4411. Fax 612-424-8734. for precise cut-to
length control. Or write Fenner, 8900 
Zachary Lane North, P.O. Box 9000, Maple 
Grove, MN 55369. 
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Remote 
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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. 

Equivalent Circuits 
for ac-Impedance 
Analysis of Corrosion 
Accuracies of several alter
native models are compared. 

A report presents the results of an inves
tigation of several equivalent circuits for 
the ac-impedance analysis of corrosion. 
The basic idea of ac-impedance analysis 
of corrosion is straightforvvard: The corro
sion specimen is set up as one electrode 
in an electrochemical cell, and the ac im
pedance between the specimen and elec
trolyte is measured as a function of fre
quency. The impedance-vs.-frequency data 
are then used to characterize the corro
sion electrochemical system in terms of 
an equivalent circuit - usually one that 
consists of resistors and capacitors. 

This study relied heavily on the Bode 
magnitude curve, which is the plot of loglz 1 

vs. log(w) (where Z = Iz leiO = the com· 
plex impedance, w = 271' x frequency, and 
8 denotes the phase angle). By use of a 
nonlinear least-squares computer program, 
Bode magnitude curves obtained from 
corrosion measurements were fitted to the 
Bode magnitude curves of the chosen 
equivalent Circuits, using the resistances 
and capacitances as variable parameters. 
Then the Bode phase curve [8 vs. log(w)] 
of each equivalent circuit was calculated 
by use of the parameters from the least
squares fit of the Bode magnitude curve, 
and compared with the Bode plot of phase 
measurements. 

Eleven resistor/capacitor equivalent-cir
cuit mathematical models of various de
grees of complexity were analyzed in this 
way. Three of the more-complicated models 
yielded the best fits with measurement 
data. Of these, one that involves four resis
tors and four capacitors in a combination 
of series and parallel connections was 
chosen as the prime model for future ac-im
pedance analyses of corrosion in the labo
ratory in which this study was conducted. 

This work was done by M. D. Danford 
of Marshall Space Flight Center. Further 
information may be found in NASA TM-
100402 [N90-2S277], "Equivalent Circuit 
Models for AC Impedance Data Analysis." 

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. 
MFS-272S1 
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~~ Digital Feedback Control of Servomotor via Fiber Optics 
Fiber optics provide immunity to noise and rapid transmission of data. 

Lyndon 8. Johnson Space Center, Houston, Texas 
An optoelectronic system effects closed

loop control of the shaft angles of 4 ser
vomotors and could be expanded to con
trol as many as 16. The system includes 
a full.<Juplex fiber-optic link that carries feed
forward and feedback digital signals, pos
sibly over a distance of many meters, be
tween (1) commercial digital motor-control 
circuits that execute proportional/integral/ 
derivative control algorithms with program
mable gains (one such control circuit dedi
cated to each servomotor) and (2) modules 
that contain the motor-power-switching cir
cuits, digital-to-analog buffer ci rcuits for 
the feedforward control signals, and ana
log-to.<Jigital buffer ci rcuits for the feed
back signals from the shaft-angle encod
ers (one such module located near, and 
dedicated to, each servomotor). 

This is believed to be among the fi rst 
uses of fiber-optic transmission to close 
a digital motor-control loop. Fiber-optic 
transmission offers the advantages of high 
data rates and immunity to electromag
netic noise at radio and lower frequencies. 
Optical fibers are compact and flexible. 
These features are particularly advanta
geous in robots, which must often func
tion in electromagnetically noisy environ
ments and in which it would otherwise be 
necessary to use many stiff, bulky wires 
(which could interfere with movement) to 
accommodate the required data rates. 

The figure shows schematically the fi
ber-optic link and major subsystems of the 
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(ROIOT HAND) 

Fu"-Duplex Fiber-Optic Transmission is particularly advantageous in robotic applications, 
in which immunity to electromagnetic interference, high data rates, and compactness are 
particularly desirable. 

control loop of one servomotor. Each digital 
motor-control circuit is connected to a cen
tral control computer, which programs the 
controller gains and provides the high·level 
position commands. The other inputs to 
the motor-control circuit are the channel 
A and B quadrature shaft-angle feedback 
Signals. The outputs of the motor-control 
circuit include the sign of the command
ed motor current and pulse-width modula
tion representative of the magnitude of 
commanded motor current. 

The fiber-optic link includes two optical 
fibers - one for feedforward, one for feed
back. The ends of the fibers are connected 
to two identical bidirectional interface cir
cuit boards, each containing a transmit
ter and a receiver. The fiber-optic link has 
a throughput rate of 175 MHz; at this high 
rate, it functions as though it were a 32-bit 

(8 bits for each motor-control loop) parallel 
link, even though the data are multiplexed 
into a serial bit stream for transmission. 
In the receiver, the bit stream is decoded 
to reconstruct the 8-bit pattern, and a pro
grammable logic sequencer expands the 
8-bit pattern to 32 bits and checks for er
rors by use of synchronizing bits. 

This v.ork was done by Reginald Dawson 
and Dagoberto Rodriguez of Lockheed 
Engineering and Sciences Co. for John
son Space Center. For further informa
tion, Circle 102 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 develo~ 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
18]. Refer to MSC-21806. 

Experimental Optoelectronic Associative Memory 
The size of the memory needed to store and process images is reduced. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure illustrates schematically an 

experimental optoelectronic associative 
memory that responds to an input image 
by displaying one of M remembered im
ages. The decision about which (if any) of 
the remembered images to display is made 
by an optoelectronic analog computation 
of an inner-product-like measure of re-

32 

semblance between the input image and 
each of the remembered images. Unlike 
associative memories implemented as all
electronic neural networks, this memory 
does not rely on the precomputation and 
storage of an outer-product synapse matrix. 
Instead, the optoelectronic equivalent of 
this matrix is realized by storing the re-

membered images in two separated spa
tiallight modulators placed in tandem. This 
scheme reduces the required size of the 
memory by an order of magnitude. 

A partial input image is binarized and 
displayed on a liquid-crystal light valve 
spatial light modulator, which preprocess
es the image in real time by operating in 
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GPS Spacebome Receiver 

There is a big difference between 
adapting a standard GPS to space, 
and choosing a GPS specifically 
engineered for space performance 
and endurance from the start. 

That is why the GPS Spaceborne 
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an edge-enhancement mode_ This pre
processing increases the orthogonality 
(with respect to the inner product) between 
the input image and each of the remem
bered images, thereby increasing the abil
ity of the memory to discriminate among 
different images. 

The light from the input image is passed 
through a polarizing beam splitter, a lens, 
a binary diffraction grating, and another 
lens, to focus an array of M replicas of the 
input image on one face of a liquid-crystal
television spatial light modulator that is 
displaying the M remembered images. The 
position of each replica of the input im
age coincides with that of one of the re
membered images. Light from the array 
of pairs of overlapping input and remem
bered images is focused by a correspond
ing array of lenslets onto a corresponding 
array of photodetectors. The intensity of 
light falling on each photodetector is pro
portional to the inner product between the 
input image and the corresponding re
membered imaQe. 

The outputs of the photodetectors are 
processed through operational amplifiers 
that respond nonlinearly to the inner-prod
uct levels (in effect, executing analog 
threshold functions). The outputs of the 
amplifiers drive point sources of white light, 
and an array of lenslets concentrates the 
light from each source onto the spot oc
cupied by one of M remembered images 
displayed on another liquid-crystal-televi
sion spatial light modulator. The light that 
passes through this array is reflected by 
a pivoted array of mirrors through a lens, 
which focuses the output image onto a 
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Computer 
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This Optoelectronic Associative Memory displays whichever (if any) of M (in this case, 
M = 4) remembered images resembles an input image most closely. 

charge-coupled-<levice television camera. 
The output image consists of a superpo

sition of remembered images, the bright
est of which are those that represent the 
greatest inner products (the greatest re
semblance to the input image). The televi
sion camera feeds the output image to 
a control computer, which performs a 
threshold computation, then feeds the im
ages through a cathode-ray tube back to 
the input liquid-crystal light valve. This 
completes the associative-recall loop. The 
loop operates iteratively until one (if any) 
of the remembered images is the sole 

output image. 
This work was done by Tien-Hsin Chao 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 89 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 develo~ 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18]. Refer to NPO-18278. 

~~ High-Dynamic-Range Fiber-Optic Link for Microwave Signals 
Ultrastable systems would provide deep-space antenna up-and-down links. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure illustrates an ultrastable fiber

optic communications system that is being 
developed to transmit microwave signals 
(analog, not digital) between antenna sites 
of the Deep Space Network (DSN) and a 
central processing station located several 
kilometers away. When fully developed, 
these fiber-optic systems would permit relo
cation of critical receiver and exciter com
ponents from the front-end areas of DSN 
antennas to a central location, thus per
mitting radio-frequency (RF) antenna array
ing, and improving DSN flexibility, maintain
ability, and system performance. Systems 
of this type would also be useful in com
mercial analog and digital communications. 

The dynamic range of the cryogenic low
noise amplifiers used to amplify signals 
received from deep space imposes the re
quirement that the fiber-optic system dy
namic range exceed 140 dB-Hz with less 
than 5 percent total harmonic distortion at 
frequencies up to 9 GHz, over several kil
ometer distances. Heretofore, the dynamic 
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The Developmental Fiber-Optic Communication System is expected to be capable of a 
dynamic-range-frequency of 150 dB-Hz. This new high in performance will be achieved by 
taking advantage of recent advances in solid-state lasers and electro-optical modulators. 

range of commercial fiber-optic communi
cation systems, based on injection-current
modulated semiconductor lasers, has been 

limited to about 125 dB-Hz. The dynamic 
range of these prior systems was kept 
down by several factors: the relatively low 
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laser power; the nonlinearity of the laser
diode modulation characteristic, which limit
ed modulation depth; the pronounced in
tensity noise of the semiconductor laser 
at microwave frequencies; and the exces
sive optical spectral width and chirp inher
ent in directly modulated semiconductor 
lasers, which coupled with fiber dispersion 
to limit transmission distance. 

In the developmental system, the dynam
ic range is increased by use of a high
power, low-noise laser and a modulator 
external to the laser. The system takes ad
vantage of recently developed (1) minia
ture, ultra-low-noise, narrow-spectral-line 
neodymium:yttrium-aluminum-garnet (Nd: 
YAG) lasers emitting at 1318.5 nm, pumped 
by semiconductor diode lasers, and (2) 
low-insertion-Ioss lithium niobate (LiNb03) 

electro-optical intensity modulators capa
ble of operation up to 18 GHz. An optical 
isolator is used to prevent reflected light 
from entering the laser and potentially de
stabilizing its output, and low-reflection 
optical interfaces are employed through
out to reduce interferometrically generated 
noise. The Nd:YAG laser is shot-noise limit
ed abcNe 200 kHz; optoelectroniC feedback 
would be used to reduce its excess inten
sity noise to adequate levels below 200 kHz. 

For the DSN downlink application, the 
carrier light beam is coupled into the elec
tro-optical modulator, in which the electri
cal microwave signal from the low-noise 
amplifier (LNA) is impressed on the optical 
carrier as an intensity modulation. The m0d
ulated optical beam is transmitted out of 
the antenna over a single-mode optical 
fiber that has a low thermal coefficient of 
delay to an optical receiver in the central 
processing center, which may be located 
several kilometers away. In the optical re
ceiver, a photodiode converts the optical 
intensity modulation back into the electri
cal microwave Signal, which is then ampli
fied, filtered, and sent to the first down
convertor stage. Then, only the LNA and 
the electro-optical modulator would need 
to be located in the antenna cone area; 
the Nd:YAG laser source may be located 
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in the central processing center, and the 
unmodulated optical carrier sent up to the 
LiNb03 modulator in the antenna over a 
separate fiber. All other down-convertor and 
processing equipment could be conve
niently located on the ground in the cen
tral processing center. A similar fiber-optic 
system could also be used to send the 
microwave output of the uplink exciter to 
the high-power transmitter in the antenna. 

Several advanced commercial diode-la
ser-pumped Nd:YAG lasers and advanced 
commercial LiNb03 electro-optical modu
ulators have been tested in laboratory ver-

sions of the system. Calculations of dy
namic range and preliminary experiments 
performed thus far are in excellent agree
ment and indicate that adequate dynamic 
range is possible with this type of system 
for the DSN antenna-remoting application. 
Further refinements and experiments will 
be performed to demonstrate this capabili
ty in the DSN. 

This work was done by Ronald T. Logan, 
Jr. , and George F. Lutes of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 113 on the TSP 
Request Card. NPO-18172 

Acousto-Optical/Electronic Processor for SAR 
A lightweight, compact, low-power apparatus would process SAR returns in real time. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A developmental acousto-optical appa

ratus operates in conjunction with analog 
and digital electronic circuits to process 
frequency-modulated synthetic-aperture
radar (SAR) return signals in real time. The 
fully developed acousto-optical SAR proc
essor is expected to be a lightweight, com
pact, low-power apparatus that will provide 
real-time SAR imagery aboard the moving 
aircraft or spacecraft SAR platform. The 
acousto-optical SAR processor has the p0-
tential to replace the present all-electronic 
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SAR processors that are now so large and 
heavy and consume so much power that 
they are restricted to use on the ground 
in the postprocessing of SAR data record
ed in flight. 

The acousto-optical SAR processor 
uses the range delay to resolve the range 
coordinate of a target. The history of the 
phase of the train of radar pulses as the 
radar platform flies past the target is used 
to obtain the azimuth (cross-range) coor
dinate by processing coherently over sev-

eral returns. The range-compression signal 
processing involves integration in space, 
while the azimut~pression signal proc
essing involves integration in time. 

The figure illustrates the optical and 
electronic subsystems that perform the 
space and time integrations. The radar re
turn signal is heterodyned to the middle 
frequency of an acousto-optical device 
and added electronically to a reference 
sinusoid to capture the history of the phase 
of the return signal interferometrically for 
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The Acousto-Optical SAR Processor includes optical and electronic 
subsystems that, together, resolve the range and azimuth coordinates 
of radar targets by a combination of spatial and temporal integrations. 

compression in azimuth. The resulting signal is applied to 
the acousto-optical device via a piezoelectric transducer. 
The acousto-optical device thus becomes a Bragg cell that 
encodes the evolving SAR return . 

Meanwhile pulses of light a few tens of nanoseconds long 
are generated by a laser diode in synchronism with the 
transmitted pulses and are used to sample and process the 
return signal. Lenses shape the laser light into a plane wave 
incident upon the acousto-optical device. The integration in 
space is effected at the moment of sampling (the moment 
when the laser pulse strikes the Bragg cell) by the focusing 
action of the chirped Bragg grating. The position of the 
chirped grating within the Bragg cell depends upon the range 
delay of the corresponding target, and light is brought to 
focus on two charge-coupled-device (CCO) imaging arrays 
at positions that depend on the range. 

The sinusoidal-reference-signal component of the Bragg 
grating interacts with the laser illumination to generate a 
plane wave of light that interferes with the light focused by 
the chirped range grating. This produces interference fringes 
that encode the phase information in the range-compressed 
optical signal. These fringes are correlated with a mask that 
has a predetermined spatial distribution of density and that 
is placed in front of, or on, one of the CCO arrays . This CCO 
array is operated in a delay-and-integrate mode to obtain the 
desired correlation and integration in time for the azimuth 
compression. The output image is continuously taken from 
the bottom picture elements of the CCO array. 

Two CCOs are used to alleviate a large undesired bias of 
the image that occurs at the output as a result of optical 
processing . CC01 is used to compute this bias, which is then 
subtracted from the image of CC02 to obtain a better image. 

This work was done by T. J. Bicknell and W. H. Farr of 
Caltech forNASA"s Jet Propulsion Laboratory. For further 
information, Circle 124 on the TSP Request Card. NPO-17468 
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STOP 
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Are you wasting time and money tackling engineering 
problems that have already been solved? Reinventing 
things that already exist? 

If only you knew where to find these ready-made innova
tions. 

We will show you: US govt R&D labs have produced 
thousands of engineering breakthroughs that are avail
able now for your use ... a vast storehouse of innovative 
ideas that will help improve your productivity and com
petitiveness. 

Technology 2002, the third national technology transfer 
conference and exposition, will show you how to take full 
advantage ofthis incredible resource. To be held Decem
ber 1-3, 1992 in the Baltimore, MD convention center, 
Technology 2002 will introduce you to America's premier 
technology developers and tech transfer experts, and 
alert you to a wealth of patent licensing and cooperative 
R&D opportunities in key high-tech fields. 

Call (800) 944-NASA for more information. 

38 For More Information Circle No. 406 

Electronic Subsystems for Laser 
Communication System 
The fully developed system is expected to operate at 650 Mb/s. 

Goddard Space Flight Center, Greenbelt, Maryland 

Electronic subsystems of a free-space 
laser communication system (see figure) 
have been built and tested. The system is 
intended to carry digital signals at a rate 
of 650 Mb/s over long distances when fully 
developed. Although the specific system 
is intended primarily for communications 
with and between spacecraft, the basic 
concept of the system is applicable to 
general optical communications that in
volve the transfer of great quantities of 
data. One likely application might be the 
transmission and reception of video im
ages of high definition. 

Manchester coding or binary pUlse-po
sition modulation, which inherently has a 
duty cycle of 50 percent, was chosen be
cause of the limitation on the peak powers 
(as distinguished from the average powers) 
of laser-driving circuits. To achieve trans
mission and reception at the required high 
data rates, high-speed gallium arsenide 
components and emitter-coupled logic cir
cuits are used. Because the input data 
signal in the original spacecraft applica
tion will be in non-return-to-zero format, it 
is necessary to convert this signal into 
binary pulse-position modulation before 
transmission. The conversion is accom
plished in a Manchester encoder, in which 
each successive non-return-to-zero datum 
and its complement are loaded into a shift 
register and shifted alternately at twice the 
non-return-to-zero data rate. In the sub
systems tested thus far, the data rate has 
been 50 Mb/s. 

Because the power of the received op
tical signal is expected to vary greatly, the 
receiver includes an automatic-gain-con
trol (AGC) amplifier, which strives to main
tain a constant signal power at its output. 
The AGC amplifier is a closed-loop feed
back subsystem in which a square-law 
detector converts a portion of the output 
of the amplifier into a voltage that is com
pared with a reference dc voltage. The dif
ference is amplified and used to control 
a voltage-controlled attenuator. 

The output of the AGC amplifier is fed 
to a data-detection filter, which is a two
pole Butterworth filter or a three-pole 
Bessel low-pass filter with a 3-dB cutoff 
frequency of 50 MHz. This filter reduces the 
noise in the output of the AGC amplifier. 
The filtered signal is decoded by a bit syn
chronizer, which includes a phase-locked 
loop that extracts the clock signal from the 
data signal. Other Circuitry in the bit syn
chronizer regenerates the binary pulse
position signal and decodes this Signal into 
a non-return-tcrzero signal by use of a max
imum-likelihood detection scheme. The bit 
synchronizer also includes circuitry that 
resolves a possible 1800 ambiguity in the 
phase of the extracted clock signal. 

This work was done by catherine Long, 
John Maruschak, Robert Patschke, and 
Michael Powers of Goddard Space 
Flight Center. For further information, Cir
cle 115 on the TSP Request Card. 
GSC-13417 
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Prototypes of these Subsystems of a Laser Communication System have been built 
and tested. Gall ium arsenide components and emitter-coupled logic circuits are used 
to attain high data rates. 
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Portable Power and Digital-Communication Units 
Units would be placed near equipment requiring service. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A conceptual network of electronic-equip
ment modules would provide electrical 
power and digital radio communications 
for scientific instruments at multiple sites 
that are not served by power or communi
cation cables. The system would include 
a central communication unit and portable 
units powered by solar photovoltaic arrays. 
The system was designed for the quick 
and easy accommodation of both planned 
and unplanned additions to a collection of 
scientific instruments aboard the proposed 
Space Station Freedom. A version of the 
network might also be useful on Earth; for 
example, to serve equipment that must be 
set up quickly at remote sites or in build
ings that cannot be modified to provide the 
necessary cable connections. The network 
could also be deployed to support a sys
tem of widely dispersed surface-observa
tion sites for lunar and planetary exploration. 
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Each portable unit, called a " relocatable 
utility and communications stand-alone 
kit" (RUCSAK), would be mounted at its 
designated instrumentation site, and its so
lar photovoltaic panels would be deployed 

Figure 1. Solar Panels Would Be Deployed from compact storage. These alternative de
ployment schemes are being considered for use in the portable units. 

from compact storage. Figure 1 illustrates 
three panel-unfolding options for different 

space available and peak power required. 
The solar-power subsystem would supply 

NEW ELMO MN401 SVHS~1 
COLOR CAMERA GOES 
TO VERY GREAT LENGT 

FOR YOU 
100 feet to be exact! That's the cable length available with ELMO 's new MN401, the microdesign, super-high 
resolution (460 H lines) remote head W' CCO color video camera system. Weighs less than one ounce. Can 
be installed virtually anywhere. Choice of cable lengths and six lenses, including 3, 4, 7.5, 15, 24mm and a 
7mm pinhole. 
The MN401 also features YC output for Super VHS, composite 
video output, 300,000 pixels, nine electronic shutter speeds from 
1 /6Oth to 1 /10,000th of a second to freeze action, view very 
intense illumination, and an ultra-miniature 17.5mm x 54mm 
rotating remote camera head. Our advanced new sensor corrects 
white balance at the speed of light for optimum color rendition. 

The advanced new ELMO MN401 is smartly priced about the 
same as its famous predecessor, the ELMO EM-102. 
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IMN401 Front Pan,l Shown Above) 

MN-401 REAR PANEL 
• Outputs for both SVHS and composite video 
• Internal I external sync terminal 
• Adjustable electronic shutter-dial speeds up to 

1/10.000th sec. 
• Subcarrier phase adiustment 

So, if easy-to-install , extra-long cable and crystal clear images are 
important factors in your miniature CCO camera applications, the 
ELMO MN401 goes the extra distance for you. 
Get the complete technical specs and find out just how far that is. 
For fast action, call Vince Giovinco or any of our CeO/lTV 
experts at 1-800-654-7628. 
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a peak power of about 700 W at 28 Vdc. 
This would satisfy both continuous de
mand of 300 Wand a peak demand of 
about 400 W to charge NVCd or Ni/H2 stor
age batteries, which would provide power 
during low insolation. The power subsys
tem would be designed to operate under 
a worst-case orbital cycle of charging in 
sunlight for 50 minutes alternating with 
discharging in darkness for 41 minutes. 
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The portable units would communicate 
with the central communication unit (see 
Figure 2) in demand-assigned frequency
division multiplex. The radio frequencies 
have not yet been determined; L-band fre
quencies were considered in the prelimin
ary analysis. Each portable unit would be 
equipped with a receiver, a 10-mW trans
mitter, and an omnidirectional antenna; the 
communication range would be 300 m 
with a performance margin of 17.6 dB. 
Each portable unit would transmit data to 
the central unit at a rate ::52 Mb/s with a 
bit-error rate ::510-6 and would receive 
data or commands from the central unit 
at a rate of 0.3 Mb/s. Conceivably, a more 
powerful unit could communicate direct
ly with the ground. 

Figure 2. Portable Units Would Communicate With a Central Unit over low-power short
range microwave links. 

According to a rough conceptual de
sign, each portable unit would have a 
mass <80 kg (with Ni/Cd batteries) or 
< 55 kg (with Ni/H2 batteries). Its volume 

would be <0.75 m3. Units designed for 
less-demanding terrestrial applications 
would cost considerably less than would 
space-qualified hardware. 

This work was done by Richard R. Levin, 

Paul K. Henry, and Leigh S. Rosenberg of 
Caltech for NASA's Jet Propulsion Lab
oratory. For further information, Circle 94 
on the TSP Request Card. 
NPO-18247 
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Period Modulation for Telemetry 
The demodulator is a simple state estimator, and no 

discriminator or phase-locked loop is needed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

In an innovative telemetry scheme, the 
time between successive pulses of light 
transmitted along an optical fiber repre
sents the measured quantity. The scheme 
is also applicable to radio or wire transmis
sion. The time between pulses can be pro
portional to temperature, pressure, voltage, 
or any other suitable continuous variable 
that is to be monitored remotely. 

This scheme, called " period modula
tion" is related to pulse-position and fre
quency modulations but is simpler in some 
respects; for example, unlike in frequency 
modulation, there is no need for a discrim
inator or a phase-locked loop in the receiv
er. The prototype period modulator (see 
Figure 1) is a variable relaxation oscillator. 
The output of a ramp generator and a con
trol input that represents the measured 
quantity are fed to the two input terminals 
of a comparator. When the ramp voltage 
reaches the control·input voltage, the com· 
parator puts out a signal that triggers a 
pulse generator, and the pulse resets the 
ramp to zero. The cycle then repeats. 

If the control·input voltage is increased 
or decreased, the ramp voltage takes a 
longer or shorter time, respectively, to 
reach the control-input voltage, and so the 
interval between pulses is correspondingly 
increased or decreased. (If the ramp rate 

Control 
Input 

Ramp 
Generator Comparator 

were made variable in response to the 
control input and .if the nonramp input to 
the comparator were held at a fixed volt
age, this subsystem would become a fre
quency modulator.) 

The demodulator (see Figure 2) is a rela· 
tively simple " state-estimator" circuit that 
approximately reproduces what happens 
in the modulator. In the demodulator as in 
the modulator, each pulse denotes the end 
of one ramp cycle and the beginning of 
the next one. The received pulses start , 
stop, and reset a ramp generator in the 
demodulator just as they do in the modu· 
lator. The output of the ramp generator in 
the demodulator is fed to a sample-and· 
hold circuit. The timing logic Circuitry in 
the demodulator causes the sample-and· 
hold circuit to retain the ramp voltage that 
it sampled immediately prior to the arrival 
of each pulse. This voltage corresponds 
to the modulating voltage and constitutes 
the demodulated output. 

This work was done by Harold Kirkham 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir· 
cle 121 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-
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Figure 1. In the Period Modulator, the time between pulses is varied by varying the 
control·input voltage, which serves as the critical voltage of a relaxation oscillator. 
For comparison, the inputs to the comparator of both this period modulator and a 
similar frequency modulator are shown. 
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Figure 2_ The Period Demodulator includes a ramp generator like the one in the mod
ulator_ The voltage sampled at the end of each ramp is the demodulated output. 

Spreadsheet Analysis of Queuing in a Computer Network 
Effects of variations in traffic, capacities of channels, and message protocols can be assessed. 

Ames Research Center, Moffett Field, California 
A method of analyzing the responses 

of a network that carries messages among 
computers is based on the implementation 
of a set of simple queuing-theory mathe
matical models via a spreadsheet com
puter program. The purpose of such an 
analysis is to determine the effects of 
variations in traffic, of the capacities of 
channels, and of message protocols, spe
cifically to answer such questions as the 
following: 
• What is the response time of the network 

over every path? 
• What are the effects of changes in the 

traffic pattern on the response and ca
pacity of the network? 

• What is the effect of changing one or 
more of the facilities? 

• Given a specified response (or, more 
generally, turnaround) time, what facilities 
are required to achieve it? 
The method and the queuing-theory 

models in it are based on a number of 
simplifying assumptions regarding the rates 
of arrival of messages at the nodes of the 
network, the rates of senSing and routing 
of messages, the sufficiency and reliabili
ty of equipment at every node, the loopless 

flow of messages in the network, and the 
disappearance of a message from the 
network once it arrives at its destination 
(this quality is called the "openness" of 
the network). The method involves no as
sumptions about the distribution of service 
times. Such assumptions are unneces
sary; queuing theory is sufficiently devel
oped to handle such distributions. 

Because the network is assumed to be 
open and loopless, the end-to-end delay 
for a packet is simply computed as the 
sum of the individual delays in each sub
network and in the various gateway sys-

HyperChanne' 
(or Equivalent) 

Subnetwork 

Backbone 
Subnetwork 

-----=:::::: Ethernet (Of Equ,va'ent):::::::=--
Subnetworks 

Figure 1. The Traffic on This Conceptual Network was analyzed 
by the queuing-theory/spreadsheet method described in the text to 
demonstrate the method. 
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Evety 800 ~ears or ~_ ~ 
someone does sometlpngwithWmdows 

that becomes the standard 
by which all others are judged. 

At Data Translation, 
we think that this is our 
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tion and image processing 
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introducing DT-Open 
Layers~ a modular software 
architecture for Microsoft- Windows~ 
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tems between the subnetworks. In other 
words, the mathematical model of the net
work is decomposed completely, making 
it possible to model pieces simply in rela
tive isolation. The only effect of one piece 
of the network upon another is the induced 
traffic load. 

The prediction of the behavior of a net
work requires knowledge of the traffic load. 
The distribution of the sizes of message 
packets, the rates of transmission of 
packets, and the service time required 
to send a packet are sufficient to model 
the average behavior of the network under 
the given traffic load. Once the isolated 
behavior of the individual links in the net
work and the flow of traffic through the 
network are known, the transmission delay 
between two nodes for a file many packets 
long can be calculated. 

A typical network (see Figure 1) gen
erates a large number and variety of 
messages, the flows of which are approx
imated by the various queuing-theory 
models. The spreadsheet program calls 
upon each model as needed to account 

Rate of Arrival Average Effective Actual 
of Packets Utilization Response Number of Rate of Rate of 
(Number of Time, Packets Transfer, Transfer, 

per Second) Channel ms in Queue Mb/s Mb/s 

400 3.12% 0.09 1.18 72.74 2.27 
411 3.20% 0.09 1.18 2.33 
800 6.23% 0.09 1.20 4.53 

1,200 9.35% 0.10 1.24 6.80 
1,600 12.47% 0.10 1.27 9.07 
2,000 15.58% 0.10 1.31 11 .33 
2,055 16.01% 0.10 1.31 11 .65 
2,466 19.21% 0.11 1.35 13.97 

Figure 2. The Response of the Backbone subnetwork of the network of Figure 1 
was computed for various rates of arrival of message packets, using a number of 
assumptions concerning the statistics of the traffic mix and the capacity and prop
agation delay of the subnetwork cable. 

for each of the many components of mes
sages that flow within and between the 
subnetworks and thereby determines the 
overall rates of flow of data under various 
assumed conditions (see Figure 2). 

This work was done by David C. Galant 
of Ames Research Center. Further infor
mation may be found in NASA TM-101056 

[N89-20770). "Queuing Theory Models for 
Computer Networks." 

Copies may be purchased [prepayment 
required] from the National Technical In
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. ARC-12726 

Computer-Based Laboratory for Engine-System Monitors 
Hardware and software would be evaluated initially without potentially 
hazardous measurements on actual engines. 

Marshall Space Flight Center, Alabama 
A proposed laboratory would be used to 

evaluate candidate artificially intelligent en
ine-system monitors. The laboratory would 
test various software packages and com
puter configurations at low risk and rela
tively low cost. 

The laboratory would contain three com
puters (see figure): a host microcomputer 
that would simulate the engine-system 
monitor and the engine controller, a com
puter that would simulate the engine by 
use of a realistically complicated mathe
matical model, and a computer that would 
simulate the engine by use of a generiC ~ 
model. It would not be necessary to cali
brate the generic model to a specific en
gine because this model would treat only 
relative changes [for example, a change 
of 1 percent in the level of power might 
produce a change of 10 OR (about 5.6 0c) 
in turbine·discharge temperature]. 

The purpose of an engine-system moni
tor is to enhance the engine controller by 
detecting undesirable trends and counter
acting them. The engine-system monitor 
would do this by comparing the perform
ance of the more-realistic mathematical 
model of the engine with that of the gen
eric model of the engine when both 
models receive the same commands from 
the engine controller. 

Thus, for example if the engine-system 
monitor were to find that the relative change 
in a given parameter of operation of the 
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The Host Computer Would Communicate through analog-to-digital converters with a 
computer implementing a realistically complicated mathematical model of an engine, 
and through digital lines with a computer implementing a generic mathematical model 
of the engine. The simulated engine controller would keep the "real" and generic en
gines in synchronism by sending them the same valve-control signals. 

more-realistic model exceeded the relative 
change of the corresponding parameter 
of the generic model during steady-statf. 
or power-transient operation, the monitor 
would set the electronic equivalent of a flag. 
Its expert system would then examine rele
vant sensor signals and determine wheth
er a known scenario is occurring. Once 
the expert system identified an anomaly, 
the engine-system monitor would order an 
appropriate course of action through the 
engine controller. 

For example, if the engine-system moni
tor were to find any faulty sensors, it would 
disqualify Signals from them but would not 
necessarily turn the engine off. It could 
moVe the engine to a safer operating point, 
command a shutdown, or decide whether 
continued operation or a shutdown is ap· 
propriate according to the severity of the 
fault and the time of occurrence of the fault 
in the sequence of operations. 

The laboratory would use expert-sys
tem-development software for research 
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on, and development of, the engine-system 
monitor. The laboratory would be used to 
evaluate the performances of specific 
engine-system monitors - for example. to 
determine whether they are fast enough 
to perform their assigned tasks in real time. 

It could test such alternative monitor con
cepts as those based on neural networks. 
It could compare microcomputers and 
communication media. Once a monitor 
had been thoroughly proved in the labora
tory, it could then be tried on a real engine. 

This work was done I:Jy Robert B Aguilar 
and Raul C. Garcia of Rockwell Interna
tional Corp. for Marshall Space Flight 
Center. For further information, Circle 21 
on the TSP Request Card. 
MFS-29793 

Receiver-Coupling Schemes Based on 
Optimal-Estimation Theory 
Optimal cross-coupling of phase-locked loops would improve performance. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Two proposed schemes for the recep
tion of weak radio Signals conveying digital 
data via phase modulation provide for (1) 
the mutual coupling of multiple receivers 
possibly located at great distances from 
each other and (2) the coherent combina
tion of the outputs of the receivers at base
band or an intermediate frequency (see 
figure). The mutual coupling would be 
weighted baseband cross-«lUpling among 
the phase-locked loops of the receivers; 
it would be implemented digitally, governed 
by algorithms that compute optimal cross
coupling weights. Although the schemes 
were devised for spacecraft communica
tion systems, they should be applicable 
to terrestrial systems: multiple-receiver "di
versity-reception" systems have been used 
for years in terrestrial radio communicat~ 

In the first scheme, the phase-locked 
loops of the receivers would be coupled 
in such a manner that each loop is aided 
optimally by the other loops in acquiring 
and tracking the phase of its received 
signal. The optimal coupling weights would 
be feedforward and feedback Kalman-filter 
gain matrices. The in-phase and quadra
ture baseband outputs of the receivers 
thus coupled would be transmitted to a 
central location (which could be one of the 
receivers) at an information rate consis
tent with the transmission rate of the data 
that one expects to detect. At the central 
location, the baseband Signals would be 
combined linearly, then processed in the 
usual manner to detect the data. 

Theoretical analysis and computer sim
ulations show that the detection perform
ance of the first scheme would be nearly 
optimal if the phase processes of the radio 
signals received at the various locations 
were highly correlated. However, that com
ponent of the improvement in performance 

Output 

Output --
Phase-Locked Loops Wou ld Be Coupled and outputs of receivers would be combined 
according to two schemes. In both schemes, optimal mutual-coupling weights would be 
computed according to Kalman-filter theory. The two schemes would differ in the manner 
of transmission and combination of the outputs of the receivers. 

that would be attributable to cross-coup
ling would diminish with a decrease in 
correlation, reaching zero when the corre
lation coefficient reached zero. In the low
correlation case, most of the improvement 
in performance would be expected to re
sult from combining the baseband signals. 

This leads to the second scheme, which 
retains the mutual coupling but differs in 
the manner of combining the outputs of 
the receivers. In this scheme, the signals 
would be transmitted to the central loca
tion at an intermediate frequency and 
combined nonlinearly, making use of the 
estimation-error information provided by 
the mutual-coupling stage to align the 
phases of the various Signals with the 
phase of a composite signal. 

For the purpose of removing the data 
modulation from the loop error signals, a 
decision-directed approach is used where
in a differentiCjI detection scheme, involv-

ing detection of phase transitions in the 
Signal at the combiner output, is made an 
integral part of the coupled system. Such 
a scheme would yield a better acquisition 
performance than the usual matched-filter 
detection scheme. as the former is tolerent 
of considerable frequency estimation er
rors, unlike the latter, during the acquisi
tion phase. Calculations show that this 
scheme would be optimal when the ratio 
between the symbol energy and the spec
tral density of noise at the output of the 
combiner (EJNd was relatively high. The 
method can be easily extended to situa
tions of low EJNo at the cost of some ex
tra complexity by increasing the detection 
interval to multiple symbol periods. 

This work was done I:Jy Rajendra Kumar 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 66 on the TSP Request Card. 
NPO-18227 

Automatic Detection of Faults in Turbomachinery Bearings 
Indications of actual faults and incipient failures would be extracted from vibrations. 

Marshall Space Flight Center, Alabama 
A proposed system of analog and digital 

signal-processing equipment, computers, 
and computer programs would detect 
faults in, and predict the remaining oper-

NASA Tech Briefs, May 1992 

ating time until failure of, ball bearings in 
a turbomachine. The system would op
erate in real time, extracting the diagnostic 
and prognostic information from vibrations 

sensed by accelerometers, strain gauges, 
andlor acoustical sensors and from the 
speed of the machine as measured by 
a tachometer. 
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NEW Snap-Master Software: 
Data Acquisition for Windows 

Discover Snap·Master - the only Windows
based data acquisition and analysis software to 
achieve high-speed, real-time data acquisition 
with multiple simultaneous NO boards. 
Snap-Master lets you define your own custom 
instruments using icons and easy-to-understand 
flow charts. A pre-defined database of sensors 
is integrated with the data acquisition system. 
I HDS 200 Snap-Master Acquisition Module ......... $995 
I HDS 210 Snap-Master Analysis Module ............. $495 

Your computer 
can be protect
ed at the power 
supply, but 
suffer a devas
tating shock 
from power 
surges picked 
up over long 
data lines. The 
COMH 262 

Brand new from 
Analogic Corp., 
the DAC 812 is 
a low-cost D/A 
(Analog Output) 
board designed 
for use in many 
different applica
tions. Each of the 
8 D/A channels 

convertermod- ~ __________________ --J 

can be independently configured for one of 5 
jumper-selectable ranges or for 4-2OmA current
loop output. Channels may be sequentially or 
simultaneously updated , with all channels 
resetting to OV (or 4mA) on power up. 

ule from Telebyte Technology serves double
duty, providing both high-speed RS-232 to 
RS-422 conversion and optical isolation. 

24 Digital I/O lines are built into the DAC 812 
which may be used for TIL-level applications. • Optical isolation exceeds 10,000 Volts 

• Earth ground connection 
• Switch selection of DCE or DTE 

Software driver libraries in Microsoft C & Turbo C 
and a calibration utility are provided with the 
board, along with a user-friendly setup program 
to make getting started with the DAC 812 easy. 

• LED status indicators on data lines 
• Wall transformer powers the unit 
• Data Rates to 19K baud over 2 miles 
• RS-232 Connector: DB-25 (select Male!Fernale) 

An optional Screw Terminal Panel in a rugged 
RFI-Shielded hard plastic box is available as an 
accessory, complete with 2-meter shielded cables. 
I DAC 812 8-Channei 12-Bit Analog Output Bd ...... $599 
I DAC STB Rugged. RFI Terminal Box w/Cables .... $400 
For More Information Circle No. 371 

NEW DAS 58 offers 8 Channels @ 1 MHz 
The latest product from Keithley 
Metrabyte is the powerful DAS 58. 
An 8-channel redesigned version 
of the highly-successful DAS 50, 
the DAS 58 provides full 12-bit 
resolution of all samples , and 
comes with a large on-board 
memory buffer. This buffer allows 
you to capture up to 1 million 
samples (1 full second at the 1 MHz ~-:----:-"7.""--::-:-:--:---:~-=::-l 
maximum speed of the DAS 58) before downloading that data to your PC. 
The optional SSH 58 provides simultaneous sampling of the 8 input 
channels to within 35ns without the need for any additional programming . 

I DAS 58 8-Channel, 1 MHz, 12-Bit Data Acquis. Board w/Software ..... $2351 
ISSH 51 B-Channel Simultaneous Sample & Hold Panel for DAS 58 .. ... $699 
IK 1100 Cable from DAS 58 to SSH 58 ................................................... $30 
I ASO 51 Advanced Software - Windows 3.0, Pascal, & C Drivers ......... $.9 

For More Information Circle No. 369 

New GPIB Controllers 
Support 

IEEE-488.2 Standard 
The new IEEE-488.2 standard 
has made it easier than ever to 
program & control GPIB devices. 
Manufactured by National 
Instruments, these boards allow L~~~~~~~~~~~~~ 
you to control and gather data 
from up to 15 devices with IEEE-488 interfaces. Our AT GPIB and 
Micro-Channel controllers support data transfers at up to 1 Million 
samples/second. (No re-writes! Older software fully supported!) 

IINST 1000A Standard GPIB Controller with IEEE 488.2 Support ........... $395 
I INST 1004 AT-Bus, 1 MHz Turbo GPIB Controller. ....... .. .............. , ... ... $495 
I INST 1011 Micro-Channel, 1 MHz Turbo GPIB Controller ................... $495 
#IEEE 30-2 2-Meter GPIB Cable (Many styles avail. - call for info!) ...... $51 

For More Information Circle Noo 368 

Rugged Industrial Rack-Mount PC's 
These are ,the most rugged PC's 
available anywhere. Each unit 
includes such features as : A 
heavy steel chassis to eliminate 
EMI/RFI problems, a 12-slot pas
sive backplane, a single-board 
CPU which protects system com
ponents from shock and vibration, 
and a protective door to cover the 
disk drive opening . Additional 
protective features include a shock
isolated mounting panel for a 3.50 

hard drive, an industrial-quality power supply which provides line filtering 
with surge suppression, and dual fans to pull air through a modacrylic filter. 

I IPC 288-16 Industrial RaCk-Mount 16MHz80286 Computer ...... .. ........... $2695 
I IPC 386·25S Industrial Rack-Mount 25 MHz 80386sx Computer .. ................ $2995 
I IPC 316·33 Industrial Rack-Mount 33 MHz 80386 Computer ................... $3695 
I IPC 4111-33 Industrial Rack-Mount 33 MHz 80486 Computer ................... $4495 

For More Information Circle Noo 367 



Avoid AID Sampling Disaster /--fI. t\ f\ "" J '" r 
~ ~ '\ \ . I' \ 

I I ii, ! \ II I 
New DataCommander~ Serial Port Multi

plexers operate independently of your host PC. 
Achieve high-speed data collection and communi
cations from many sources without taxing your 
PC's main processor. On-board 250K memory 
buffer (upgradeable to 4MB) and on-board micro
processor make the DataCommander~ a powerful 
acquisition tool. Your PC can be executing 
other tasks while the unit spools up to 
4MB of incoming data. 

v~U\tlvvJ~ .... 
Anti-Al iasing filters are the only protection to 
prevent unwanted high-frequency waveforms 
from appearing as low-frequency Signals. Give 
yourself the best protection with R. C. Electronics' 
instrumentation-quality RC-AAF programmable 
low-pass filters for 12- and 16-bit data acquisition 
systems. Compatible with any data acquisition 
or PC-based system. 

Ports on these units use DB 25-pin connectors. • S-pole Cauer elliplical, Bessel, or Butterworth filters. 
• Frequency range 1 Hz to 100 KHz. Custom configurations are available fea

turing RS-422 (long distance) lines, RJ-11 / RJ-45 
connectors, and parallel port options. 

• Roll-off:> 82 dB/oclave 
• Stopband attenuation: > 94dB 

I DCOM 600 6-Port RS-232 DataCommander"' ........ $995 • Frequency step resolut ion: .001 Hz to 10Hz 

I DCOM 1000 10-Port RS-232 DataCommander'" ... $1495 l AAF 8 8-Channel Anti -Aliasing Filter .......... .. ... $4995 
IDCOM 1610 16-Port RS-232 DataCommander'" ... $1995 l AAF 16 16-Channel Anti-Aliasing Filter ...... ....... $7950 
For More Infonnation Circle No. 372 For More Information Circle No. 360 

Directly Interlace to Any Type 01 Transducer 
When you need to measure several 

types of inputs, but your budget won't 
support the high cost of signal con
ditioning modules, there is only one 
solution: The UPC Direct Sensor Input 
Cards from Val idyne Engineering. 
• Directly connects to Thermocouples, 

Strain Gauges , RTD's , LVDT's , 
RVDT's , Vo ltage Sources , and 
Resistance Devices. 

• 16 AID Inputs w/14-Bit Resolution 
• Acquisition at 20,000 samples/sec. 
• Perfect for Portable PC DAS Systems 
• Complete with Easy Sense Software, 

sPl3Ci<~ly·.(je:sl· ,qllEld Screw Temninal Panel. 
I UPC 601 20KHz Direct Sensor Input Card w/Software & Term. Panel.$1795 
I UPC 608 20 KHz Direct Sensor AID with 2 D/A's & 16 DID's ............... $2395 

For More Information Circle No. 373 

Your PC is no longer limited to 
2 serial ports ! Multi-port serial 
boards from Arnet let your PC 
support up to 66 serial ports. All 
Arnet boards come complete 
with DOS Driver Software and an 
external 25-pin ·D· connector box. 
• Intelligent Units offer on-board 

80186 micro-processor and 
dual-ported RAM buffer. 

• Free driver software lets DOS 
recognize up to 66 COM: ports. 

• SurgeBlock~ on all ports protects your PC from killer voltage spikes. 
• ·Rock-Solid· Lifetime Warranty. 
I COMH 104 4-Port Intelligent Serial Board .......... .. ............ .. ................... $595 
t COMB 108 S-Port Intelligent Serial Board .................. .............. ........ ..... $995 
I COMH 116 16-Port Intelligent Serial Board ....................... .............. .... $1895 

For More Infonnation Circle No. 374 

Your PC can Control a Servo Motor System 
Complete motion control 
systems from CyberRe
search include all of the 
components you need to 
set up an intelligent yet 
powerful motor system. 
The system featured here 
offers high speed and 
closed-loop control for 
accurate positioning: 

• Technology 60 2-Axis I ntelligent Servo Motor Controller with software. 
• TorqueSystems (Dty 2) Servo Motor, 140 oz-in/1300 RPM wlintegral encoder 
• Technology 60 2-Axis, 7 Amp analog servo driver. 
• Electrostatics Regulated DC Power Supply 
• Terminal Panel and Cabling 

Redlake TapeCaster 
VGA to Video Converter 

Redlake 's new ,~~~~~~~5~= TapeCaster 
converts VGA 
screen output to 
video for appli
cations such as 
computerized 
animation and 
creating training 
tapes . The 
TapeCaster is 
extremely easy to use: no base addresses, no 
interrupts, no software - just plug and play. 
• True, precise NTSC or PAL video timing. 
• Simultaneous VGA and video display. 
• Composite Video & V-C (SuperVHS) output for 

use with equipment ranging from a home VCR 
to broadcast-quality professional video. 

I NTSC 200 TapeCaster - NTSC Video Output.. .. .. . $750 
I PAL 200 TapeCaster - PAL (Europel Video Out. .. $750 

I NTSC 100 Spectrum-NTSC Video Digitizer and VGA 
Overlay Controlier with software .......................... $1.50 
NOTE: Save $200 - when purchasing Spectrum- NTSC & 
either TapeCastertogether, deduct $200 from the price. 
For More Infonnation No. 375 

ICSVS 8721 High Torque, Dual-Motor, Analog Servo Control System ..... $2995 
For More Infonnation Circle No. 361 For More Information Circle No. 366 
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How to Clean 
Electronics 

The Model 16 Cleaner 
utilizes a specially 
formulated cleaning 
concentrate that is 
biodegradeable and 
non-toxic. 

The Model 50 Drying 
Oven is a special low 
temperature recircu
lating-air drying oven, 
designed for "safe" 
drying of electronics. 

Circle reader service card to receive our booklet 
"THE WHYS AND HOWS OF CLEANING ELECfRONIC 

EQUIPMENT" 

ODELL ELECTRONICS CLEANING STATIONS 
55 HAWTHORNE $I • ELYRIA, OHIO 

(216) 365-5910 • FAX (216) 366-1809 

For More Information Circle No. 354 

~~Wi~~~--ZZ;~;onia 
Fiber-Based Materials 

offer limitless possibilities 
When you need exceptionally high tempera
tures, low thermal conductivity or resistance 
to chemical attack, choose one of Zircar's 
Zirconia fiber-based materials. Bulk fibers, 
flexible textiles, rigid boards or cylinders: 
nobody knows how to take Zirconia to the 
limit like Zircar! 

(t) e 

Zi!.~£!!r. 
P.o. Box 458, Florida. NY 10921 

Tel: (914) 651-4481 Fax: (914) 651-3192 

For More Information Circle No. 321 

DATA FlOW FOR AN AUTOMATIC BEARING FAULT DETECTION SYSTEM 

The Flow of Data in the fault-detection-system would involve compu
tations of (1 ) kurtosis of the distribution of amplitudes and (2) the power 
spectrum and its relationship with the bearing frequencies. The final 
result of all computations would be graphical and textual displays 
indicative of the condition of the bearing(s). 

The vibrations that one seeks to identify are those caused 
by impacts that occur when pits in balls make contact with 
races and pits in races make contact with balls. These 
vibrations have patterns that are unique to bearings and 
repeat at known rates that are related to ball-rotation, ball
pass, and cage-rotation frequencies. These vibrations have 
a wide spectrum that extends up to frequencies of hundreds 
of kilohertz , at which the noise component of the overall 
spectrum is relatively low. 

The system (see figure) would accept input from one or two 
sensors. Each input signal would be amplified, band-pass
filtered, and digitized. The digitized signal would be processed 
in two channels: one to compute the kurtosis of the distribution 
of amplitudes, the other to calculate the frequency content of 
the envelope of the signal. The kurtosis is the fourth statistical 
moment and is known, on the basis of theoretical and experi
mental considerations, to be indicative of vibrations caused by 
impacts on faults. The kurtosis would be calculated as a moving 
average for each consecutive digitized sample of the signal, 
using a number of samples specified by the technician. The 
trend of the kurtosis moving average would be computed 
several times per second, and changes in the kurtosis value 
that are deemed to be statistically significant by virtue of 
exceeding a threshold would be reported. 

In the other signal-processing channel, the amplitude enve
lope of the filtered, digitized signal would first be calculated by 
squaring the signal. Optionally, the high-frequency sampled 
data could be shifted to a lower frequency band to simplify 
processing by enabling the use of a smaller fast Fourier 
transform. This transform would then be applied to compute 
the power spectrum. 

The output of the tachometer would be processed in parallel 
with the spectral calculations so that the frequency bins of the 
power spectrum could be normalized on the basis of the speed 
of rotation of the machine. The power spectrum would be 

NASA Tech Briefs, May 1992 



,. 
e EXAKPU . C 
-This pCOIi!r_ reads 100 valu •• tra. ehannltl 2 of the AXVU-C then 
di.playa the daU, in • vraph on the acr_n. 

. / 

Tht. is • daple .. pplic.tion u.ing th.e DECRTI libra de •• 

Thi. pr09r_ can be COMpiled. link.c:l. and run a. tollowl' 
SCC C nAMPLt: 
$LI •• -C EXAHPLl. SYSSlNPUT/ OPT 
sy.$Hbrary;YAXCIlTL. tU/lh.a!". 
<CTJU,-1> 
$ll.Ulf C_ EXAMPLE 

linclude <Uo.et.v 
Unclude <decrti.h> 
Hnclude d •• crip 
Uncl"de Itlder 

'0 LID •• t PArameter deUnltl.oo.l ·f 
/- O!CRTI routlM definition. 0' 
, - luin9 delcriptor deUnitions ' / 
/ . STATUS value bit deUnit.ionl o j 

_inC) 
( 
/- Declue loc:al variabl •• 0' 

int STATUS /- STATUS returMld by 1.10 routine c..lh ./ 
, •• '1 lei , . LIo-•• dgA*l device ID - / 
,daU_Ien9th / . n""r ot data byt.aa to r •• d 0' 

' " Declue the at ring d •• criptor. (or the IU"Lng conltantl ./ 
SDI!SCJUPTOR. (deveyIN'. "A.XAO,O); , . AXYll-C cMvice type o f 
SDlSCltP"rOR (.adi Itrift9. ·IXST·); / " LCPSPLO'I' -ode nrinv vdu_ ./ 
$DESCfUPTOR (xlabil, "T1_·): /- LCPSPLO'r x-ut. label ' / 
$DESCIIIPTOR (ylabltl, "VolUV_"): /' LCPSPLO'l' y-ut. label ./ 
SOESCJUPTOR (title, "C_lltAMPLE"); /. LCP$PLOT ve-aph title " / 

/. 
OKl .... data buffer toe- C"aV d.na 1n LSPSPOIUlAT TRANSLATE ADC. This 
la a woe-d 11'-bit) ae-ray conulnlnv 100 _l ... nE.. -
. / 

.hoe-t int. rav_dataliOOI: 
/ . 
Declar. data buffer tor volt.av •• In LSP5P"01lAAT_TllAHSLA'!'E_AOC and 
14P$PLOT rout.1n ••• Ttli. ia a .in91.-precidon, flOAth9-point 
array contaiftitl9 100 _1_nl: •• . / 

float voltag •• IIOOII 

/ . 6tlt. up t.h. o\XVll-C . / 

printfC"C_EXAHPLE, Read data, convert it, plot it\n\ n·): 

/ . 
Attach dr.. AXYll-C and •• t. up tor -PI*d (poll.cl) I/O. Thia routine 
call retu..rn. all LIo-ua1gned device 10 for the: deVice • . / 

STATUS· LIO$ATTACa CUllY ld, ,dey type, 'LIOSk MAJI); if" (I'l'ATUS , SThM_Succds» LIBSSrCNA.t.IS1'ATUSI; 

/ . Set up ttla o\XVll-C to u •• the .yn.chrOl'\Ol,la IJO int.rhee. o j 

STATUS. LIO$SET t ,'aIrY id, '1.10511 STlfCa, ,0): 
ill t (STl.TUS , S'!SS"_SUCCISS)) Lt8$SIGMALISTATUS); 

J . Sat. up AXYll-C chann.l 2 for input •• , 

STATUS. LIOSSn t (USV id, 'LIOSIl AD CHAN, 'I, 62): 
itIIIS'I'l.'t'US , S'!SS"_SI.JC'C!Sll ,-Ll8$SlCItAL(SToUUSII 

, . s.t. up. channel gain ot 1 • • , 

STATUS· LI0SS" I (Uxv id, 'LI0$k AD CAIN, '1. 61); 
itIIIBTi'MJS , ,'SS"_succu'J, I-W8$SICIlALISTAroSI; 

/ - Trigger on LIO$1lEAD and till butter a. ta.t •• po •• lble. ' / 
STATUS· LIO$SET I ,'axv id, 'Ll~1t TRIG , 'I, 61.10$1( IHM BURST)l 

1t(IIBTATUS' S'!SS"_SUCCIiS!11 t.IBSSICNAL(BTATUSTI 

DEC REALTIME INTEGRATOR MAKES IT SIMPLE. 
With DEC Realtime Integrator, 
you can be working with results 
in the time it takes you to wres
tle with syntax errors. Because 
as a complete graphical 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 

work . It can be used with IEEE-
488 a nd RS-232 instruments 
from any vendor - including 

Tektronix and HP - and runs 
on any Digital VAX or RISC 
platform. Plus it allows yo u to 
send data to your favorite 
analysis and report-writing 
packages. 

For more information, includ
ing our free video "Realtime In 

o Time;' call 1-800-DEC-RTI-1. 
And you'll see that setting up a 
test program doesn't have to 

be ate s t 0 f "'D.DD~DTM 
your patience. ~ ~ ~ 

DIG I , A L. , H E OPEN A D V ANT AGE. 
@ DIGITAL EQUIPMENT CORPORATION IQQ2. THE D(GITALLOGO, DIGITAL. DEC AND VAX ARE TRADEMARKS OF DIGITAL EQUIPMENT CORPORATION. 

HP IS A TRADEMARK OF HEWLETT·PACKARD. TEKTRONIX IS A TRADEMARK OF TEKTRONIX. INC. 

For More Information Circle No. 413 



averaged with a selectable number of 
previous spectra and presented graphical
ly as a " waterfall " display: this would be 
similar to a sonar display, which has been 
shown to enable a technician to detect 
discrete frequencies before an automatic 
system would detect them. 

The bearing frequencies would be 
calculated from the measured speed and 
the known parameters of the bearings, 
with allowances for slip. The power-spec
trum levels would be read for each bear
ing frequency; a moving average of the 

amplitude at each bearing frequency and 
harmonic would be maintained, and trends 
representing statistically significant in
creases would be identified by threshold 
detection and indicted graphically. 

By use of algorithms based partly on 
analyses of data from prior tests, the 
results of both the kurtosis and power
spectrum calculations would be proc
essed into predictions of the remaining 
operating time until failure. All the results 
would then be processed by an expert 
system. The final output would be a 

graphical display and text that would 
describe the condition of the bearing(s). 

This INOrk was aone by Nathan a Higbie 
of Technology Integration and Develop
ment Group, Inc., for Marshall Space 
Aight Center. For further information, Cir
cle 132 on the TSP Request Card. 

Inquiries concerning rights for the com
mercial use of this invention should be ad
dressed to the Patent Counsel, Marshall 
Space Flight Center [seepage 18}. Refer 
to MFS-26141. 

Advanced Receiver for Phase-Shift-Keyed Signals 
The receiver would track weak signals, extracting Doppler shifts and transmitted digital data. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The ARX II is the second "breadboard" 

version of an advanced receiver of phase
shift-keyed signals. Although the ARX II is 
being built for the reception of weak sig
nals from distant spacecraft, it has several 
features that would also be useful in ter
restrial digital communication systems. 
The basic overall functions requi red of the 
receiver are to measure the Doppler shift 
of the carrier signal and to detect the data 
symbols, with proper synchronization. The 
receiver must be versatile enough to track 
a residual, suppressed, or hybrid carrier and 

to demodulate a sinusoidal or square-wave 
subcarrier signal that is modulated by any 
of several types of phase-shift keying, in
cluding binary phase-shift keying (BPSK), 
quadrature phase-shift keying (QPSK), off
set quadrature phase-shift keying (OOPSK), 
or minimum-shift keying (MSK). 

The receiver (see figure) includes an 
analog " front end" that performs mainly 
filtering and down-conversion operations. 
The remaining Signal-processing part of 
the receiver is made of the latest commer
cially available digital circuitry. An incom-

ing L-, S-, or X-band Signal is first down
converted by an external subsystem to an 
intermediate frequency (IFo) of 200 to 400 
MHz, which is fed to the receiver. Within 
the receiver, the IFo signal is first down
converted to IF, = 70 MHz for finely tuned 
filtering, then to I~ = 10 MHz for sampling. 

Because of the deSign requirement of 
a relatively high data rate of 6.6 megasym
bois per second, the 10-MHz signal is 
sampled at about 40 MHz. The in-phase 
(I) and quadrature (Q) sampled signals are 
digitally mixed to baseband and processed 

Industrial Portable Computer THE TECHNOLOGY PART IS EASY ... 

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

80 MB Hard Disk Drive ° (2) 1.44 MB Floppy Disk Drives 
VGA LCD, 640 x 480 ° 6 slot passive backplane 

Complete internal shock mounting ° Only 25 lbs (fully loaded) 
2 Year Warranty 

50 

Now Available with Color TFT Display! 

Call now: 1-510-770-8350 
1-800-835-1400 

"Industrial Computer Trends In Control" 

For More Information Circle No. 410 

So we focus on the transfer in technology transfer. Technol
ogy Access helps you speed innovation from lab to market 
with two services designed by you, our users: 

Technology Access Report-Independent, concise, 
highly practical monthly newsletter: Scouting and evaluat
ing technology from universities, companies or federal labs 
oTechnology asset management, commercialization, the 
innovation process oLicenses, spinoffs, cooperative agree
ments oTechnology policy and programs oPhone, fax and 
address for all sources oAIl industries: aerospace, health, 
manufacturing, electronics, etc. 

Technology Access Hotline-Quick answers to your 
tech transfer questions oModel agreements oReferences to 
technical experts oSaves you time and trouble oToll-free ° 

NASA Tech Briefs readers save $75; just $372 per 
year (plus CA tax)-under two dollars a packed page-for 
Technology Access Report and the Technology 
Access Hotline . ... Or try 3 issues, just $99.95. Satisfac
tion guaranteed or all your money back. 

Call 800/327·9893 or fax 510/549·4342 (MCNisa, Amex) . 
Be sure to reference NASA Tech Briefs. Or mail check or 
money order to: Technology Access Report, clo Associated 
Business Publications, 41 East 42nd Street, Suite 921, New 
York, NY 10017. Offer expires August 1, 1992. 

For More Information Circle No. 455 
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through half-band filters to remove the dou
ble-frequency terms. The baseband I and 
Q signals are then processed digitally to 
effect synchronization with the carrier, with 
the subcarrier, and with the symbols. 

To satisfy requi rements imposed by pres
ent and future external ranging equipment 
that is to be used with the receiver, the 
design provides for both analog and digital 
schemes for the closure of the residual
carrier-tracking loop. In the analog scheme, 
the 7o-MHz signal is mixed with an 8O-MHz 
phase-locked signal to produce the 1O-MHz 
signal required at present. The analog-to
digital converter operates on this signal 
to produce 8-bit samples at 40 MHz. The 
10-MHz IF2 is then removed digitally by 
use of a lookup table. After filtering to re
move the sum-frequency term, the result
ing Signal has an effective bandwidth of 
10 MHz and a processing rate of 40 MHz. 

The signal is then decimated by 2 to re
duce the processing rate to the rate of 20 
MHz required for Nyquist sampling. The Q 
samples are then accumulated to reduce 
the rate further to the update rate of the re
sidual-carrier-tracking loop to enable a soft
ware implementation of the loop filter. The 
filter puts out an estimate of the frequen
cy error at the update rate of this loop and 
adjusts the nominal frequency (4 MHz) of 
the numerically controlled oscillator. (The 
phase of this oscillator changes at the 
much higher rate of 20 MHz.) This feeds 
the digital-to-analog converter, the output 
of which is a 4-MHz sine wave. This sine 
wave is subsequently mixed with a fixed 

Estimated SIgnal
to-Noise Ratio 

Estimated 
Noise Power 

The Advanced Receiver is a hybrid digital/analog receiving subsystem that can extract 
symbols and Doppler shifts from a variety of weak phase-shift-keyed signals. 

84-MHz sinusoidal signal to produce the 
8O-MHz analog signal that closes the loop. 

The digital scheme is similar except that 
in this scheme, the 8O-MHz signal is a fixed 
reference signal and a numerically con
trolled oscillator running at 40 MHz with 
a 10-MHz nominal frequency is used in
stead of a lookup table. In both the analog 
and digital loop-closure schemes, conver
sion from analog to digital is performed at 
the 10-MHz IF2 rather than at baseband, 
to avoid the potential for the generation of 
an erroneous dc bias. Moreover, the sam
pling frequency can be changed to 39.8 

MHz to avoid any subharmonics of the 
sampling clock that might be generated 
by the analog-to-digital converter in the sig
nal band of interest. A software command 
can switch the system between analog 
and digital closure without loss of lock on 
the carrier. However, the sampling fre
quency cannot be changed without dis
rupting operations. 

This work was done by Sami M. Hinedi 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 165 on the TSP Request Card. 
NPO-18167 

Compact Translating-Head Magnetic Memories 
Stationary magnetic media would store information at densities up to 6.5 Gb/cm2. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
High-density mer.l0ry devices of a pro

posed new type would combine some of 
the features of advanced rotating-disk mag
netic recording and playback systems with 
features of compact two-axis high-accel
eration linear actuators like those that plot 
graphical outputs of computers. The new 
devices would weigh less, occupy less 
space, and consume less power than disk 
and tape recorders do because there 
would be no need for the motors and 
associated mechanisms that rotate the 
disks and translate the tapes. Instead, the 
two-axis linear actuators would scan mag
netic reading-and-writing heads across 
stationary rectangular magnetic sheets. 
Furthermore, whereas it is necessary to 
cope with angular momentum, rotational 
latency, and seek latency in a rotating-disk 
system, the head in a device of the new 
type could be translated across the data 
tracks directly to the desired location with 
minimal delay. 

To minimize the mass, volume, and con
sumption of power, the control and the 
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reading and writing electronics would be 
very-large-scale integrated ci rcuits. Each 
recording head would include an induc
tive circuit and structure for writing and 
a magnetoresistive circuit and structure 
for r~ading . Because the amplitude of the 
output of a magnetoresistive sensor is in
dependent of the scanning speed (unlike 
that of an inductive sensor, which is pro
portional to the speed), the problem of 
amplitude equalization in playback would 
be simplified greatly. 

In the version shown in Figure 1, a dual 
recording head would be scanned in the 
y direction along a pair of parallel tracks, 
one of which would be dedicated to the 
stored data, the other of which would pro
vide clock Signals for synchronization of 
the data being read or written. (The clock 
signals could be prerecorded or written 
simultaneously with the first recording of 
data.) The embedded clock signals would 
enable the accommodation of varying 
scanning velocities, so that, for example, 
the actuators could operate in constant-

velocity, constant-acceleration, or transi
ent-acceleration modes (see Figure 2). 

The magnetic storage medium would 
be a film of CoNi or other suitable cobalt 
alloy on a rigid metal, glass, or polymeric 
substrate. Because the head would be 
made to slide across the medium in con
tact during writing to minimize losses dur
ing subsequent reading, it would be de
sirable to protect the alloy film against 
abrasion. For example, one could deposit 
a hard, thermally conductive, protective 
film of diamondlike carbon on the alloy film 
by sputtering. The sliding surface of the 
scanning head could be protected similar
ly. Although contact recording is preferred 
to maximize the signal-to-noise ratio, the 
head could be contoured to provide an air 
bearing that would lift the head a small 
distance off the medium at high scanning 
velocities. In that case, the margins of the 
medium could be reserved for use exclu
sively as takeoff and landing zones for the 
head: this would limit wear to the margins, 
away from the central data-storage area. 
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Bit·Length·lncrement 
Linear Actuator for x Axis 

Two·Track Clock 
Recording Head Track 

Data 
Track 

Recording Medium Containing 
Alternating Data and Clock Tracks 

Figure 1. The 'TWo·Axis Linear Actuator would move the two·track recording head in the y 
direction to reach the desired pair of tracks, then scan along the x direction to record 
or read data in one of the tracks. 
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Figure 2. The Clock Signal read out by the sensor on the clock track would synchronize 
the processing of the data signal read out by the head on the data track, despite 
variations in scanning speed. 

Typical anticipated performance figures 
are based on extrapolations from recent 
advances in magnetic·recording and line
ar-actuator technology. Storage densities 
could be as high as 1 Gb/in.2 (6.5 Gbl 
cm2) with bit lengths of about 0.15 p,m 
and track widths near 3.5 p,m. A head 

moving at a speed of 30 in./s (75 cm/s) 
could read or write data at a rate of 5 Mb/s. 

This work was done by Romney R. Katti 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 78 on the TSP Request Card. 
NPO-18218 

Tracking Retroreflective Targets 
on a Structure 
Locations of targets are measured repeatedly. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An optoelectronic. system simultane

ously measures the positions of as many 
as 50 retrorefiective targets within a 35° 
field of view, with an accuracy of 0.1 mm. 
The system repeats the measurements 10 

times per second. The system gives an 
unambiguous indication of the distance to 
each target that is not more thim 75 m 
away from its sensor module. 

SHAPES fills a current need in the areas 
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Our Model 91 will 
make your pulse race and 
help you function better. 

Introducing the latest 
member of the 90 Series family: 
Model 91 Synthesized Pulse 
Function Generator. It delivers 
functions and pulses to 20 MHz 
with five digit frequency 
accuracy and has even faster 
pulse rates out the rear: 
50 MHz, plus a 100 MHz clock 
rate. Choose ECL, CMOS or 
TTL levels, or set your own. 

The functions and pulses 
can be swept or modulated, 

© 1991 Wavetek Corporation 

and there is even GPIB 
programmability. Plus an 
external frequency input that 
lets you use the Model 91 as a 
frequency counter. 

With all these capabilities, 
Model 91 redefines the concept 
of an all-purpose benchtop 
instrument. 

About all it doesn't do is 
~ generate arbitrary waveforms, 

but there's the Wavetek Model 
95 Synthesized Arbitrary 
Function Generator for that. 

For Literature Circle No. 395 
For A Demo Circle No. 396 

Of course if you want even 
greater pulse generation 
capability, our four-channel 
Model 869 is among the most 
accurate pulse generators in 
the world. 

For more information 
about our multi-purpose 
function generators, high 
performance pulse generators, 
or test development and 
arbitrary waveform software, 
call Wavetek at 1-800-874-4835. 
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MMCa/c 
RPNIAlgebraic Calculator 

for the Macintosh 
MMCalc comes with DA, application , 
MPW tool , and Sys 7 DA. 

• Unit arithmetic 
• 100+ scientific functions 
• 400+ units & constants 
• User defined functions 

Statistics/Linear regression 
Complex numbers 

• Interval arithmetic 
Keeps a log of all calculations 

• Much more! 

" ... if you do mathematics, consider 
MicroMath. Recommended." 

Jerry Pournelle, Ph.D., Byte 

Money Back Guarantee 
From MicroMath $99 

Order Now! 1-800-942-6284 
For More Information Circle No. 456 

FLUKE AND PH I L I PS 
THE T&M ALLIANCE 

Introducing 
ScopeMeter™ 

Now there's 
only one to 
reach for. 

Imagine what you 
can do with a 
hand-held instru
ment that com
bines a 50 MHz, 25 
megasamples per 
second, dual-chan
nel digital storage 
oscilloscope with a 
feature-packed 
3000-count digital 
multimeter, all in a rugged , sealed 
industrial package with battery operation 
that you can take anywhere you go. 

For the name of your local Fluke 
distributor call1-800-87-FLUKE. 

© Copyright 1992, John Fluke Mfg. Co .• Inc. 
P.O. Box 9090. Everett WA 98206 Ad No. 00197 
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The Distance to Each Target is determined by a streak tube, in which light pulses re
flected from a target are converted into packets of electrons that are deflected according 
to the delays between transmission and return of the pulses. Meanwhile, a beam splitter 
diverts reflections from a continuous-wave laser into a CCO video camera for measure
ment of angles of reflection. 

of system identification and control of large 
flexible structures, such as large space
and ground-based antennas and elements 
of earth-orbiting observational platforms. 
It is also well suited to applications in ren
dezvous and docking systems. Ground
based applications includes boresight de
termination and precise pointing of the 
70-m Deep Space Network antennas. 

The system is called SHAPES for " spa
tial, high-accuracy, position-encoding sen
sor." It illuminates the retroreflective tar
gets by means of a set of lasers in its 
sensor module. In a typical application 
(see figure), a laser diode illuminates each 
target with 30-ps pulses at a repetition rate 
of 100 MHz. Light reflected from the target 
is focused by a lens and passed through 
a beam splitter to form images on a charge
coupled device and on the photocathode 
of a streak tube. The angular position of . 
the target is determined simply from the 
position of its reflection on the charge
coupled device. 

The measurement of the distance to the 
target is based on the round-trip time of 
the optical pulses. The round-trip time or 

the distance can be measured in terms 
of the dependence, upon distance, of the 
difference between the phase of the train 
of return pulses incident on the photocath
ode and the phase of a reference sine 
wave that drives the deflection plates of 
the streak tube. This difference, in turn, 
manifests itself as a displacement be
tween the swept and unswept positions, 
at the output end of the streak tube, of the 
spot of light that represents the reflection 
from the target. The output of the streak 
tube is focused on a charge-coupled de
vice for measurement and processing of 
the position of this spot. Three microproc
essors control the operation of the SHAPES 
and convert the raw data acquired from 
the angular-position and distance-measur
ing charge-coupled devices into positions 
of targets in three dimensions. 

This work was done by Noble M. 
Nerheim, Mark O. Nelson, and Randel 
Blue of Caltech for NASA's Jet Propul· 
sion Laboratory. For further information, 
Circle 125 on the TSP Request Card. 
NPO-18204 

Enhancing Soundtracks From Old Movies 
A synchronized compact disk would play ~~ 
back digitally enhanced audio. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed system would enhance the 

soundtracks of old movies. The signal on 
the optical soundtrack of a film would be 
digitized and processed to reduce noise 
and otherwise improve its quality; timing 

signals would be added, and the signal 
would be recorded on a compact disk, 
from which the enhanced sound would be 
played back in synchronism with the film 
(see figure). Digital audiotape could be 
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The Digital Comparator and Voltage-Controlled Oscillator synchronizes the speed of 
the film-drive motor and compact disk motor. A frame-code detector would read binary 
frame-identifying marks on the film . The digital comparator would generate an error signal, 
if the marks on the film did not match those on the compact disk. 

used instead of a compact disk as the 
sound-recording medium. 

The system was conceived to preserve 
and enhance the sound on archival aero
nautical films but can be used as well for 
commercial films. Motion pictures record
ed on nitrate film are deteriorating rapidly. 
Transferring them to more stable acetate 
or polyethylene terephthalate film helps 
to preserve the images but does nothing 
to improve the sound, which has the 
original poor quality and contains addi
tional noise contributed by scratching and 
aging of the film. 

According to the concept, a series of 
binary numbers would be recorded on the 
new film, one to identify each frame. A cor
responding series would be recorded on 
the compact disk. The system would re
peatedly compare the frame-identifying 
numbers on the film and compact disk. If 
the film and compact disk were automat
ically started together (for example, if the 
starting frame on the film were used to trig
ger the start of the compact disk) and if 
the speed of both were synchronized with 
the powerline frequency or with a common 
clock, they would continue to play together 
if neither were disturbed. In that case, the 
frame-identifying number on the film would 
match that on the compact disk, and a 
digital comparator in the system would not 
command any change. If, however, the film 

had been broken and spliced (with con
sequent loss of a small length), the com
parator would observe a mismatch when 
the splice passed by the frame-code de
tector. The comparator would then send 
an error signal to a voltage-controlled oscil
lator, which would command the film drive 
to speed up to restore synchronism. The 
comparator would return the film drive to 
its normal speed once synchronism was 
restored. 

The speed of the compact disk would 
not be altered to make this adjustment. 
Thus, no variation in the speed of playback 
(called "wow" in the industry) would be 
audible O:lnversely, the CD rould be slowed 
down slightly within limits imposed by 
"wow." In the unlikely event that the com
pact-disk player skipped a track (possibly 
if it were bumped), it might be necessary 
to change the speeds of both the disk and 
the film to restore synchronism. In such 
a case, the compact-disk sound could be 
turned off temporarily, and sound would 
be played back from a rerecorded backup 
optical soundtrack on the film until syn
chronism was restored. 

This work was done by Robert E. Frazer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 14 on the TSP Request Card. 
NPO-17797 

APOLLO COMMEMORATIVE POSTER
Actual size: 30" x 21" In Full Colorl 
Relive mankind's greatest adventure with this official NASA 
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handling and mailing. 
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For credit card orders call: (212) 490-3999 
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Courtauld's capability in film 
conversion 
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trial film development and manufacturing 
team. Courtaulds has the power to tum 
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vapor deposited, adhesive coated, laminated 
and sputtered films into reality. 

If you can imagine this kind of 
development and production power, then try 
to imagine affordable costs and high quality 
too. Courtauld's film products meet or exceed 
your quality specifications and enhance your 
products' perfonnance. All this while costing 
you less than you might imagine. 

Next time you have a product 
development project, use your imagination 
and call Courtaulds Perfonnance Films. It's 
the best first step to making your dream a 
reality. 
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WoridToolKit'" is a set of C functions 
that enables a programmer to rapidly build 
real-time, texture-mapped graphics 
simulations. WorldToolKit's design makes 
interactive, three-dimensional graphics 
applications easy to prototype, yet it 
provides the functionality require<I to build 
complex applications. 

And upgrade options for parallel 
processing and network communications 
enable your application to extend beyond 
the traditional single-uSer / single-host 
configuration. 

Call us to see how WorldToolKit can 
help you bllild tomorrow's applications
today! 

WorldToolKit is hardware independent 
So your PC source code will recompile on a 
Silicon Graphics SkyWriter image generator. 

SENSES Corporation 
1001 Bridgeway, #477 Sausalito, CA 94965 

Phone: 415-331-6318 Fax: 415-331-9148 

WorldToolKitand SENSE8 .... trademarks of Smwe CorpofOltion. All othoe-rbrand and product names.~ tr.clmlarksor ~l!rN tr.ademarks of thc!ir R'5p«ti~ hoIdrn. 
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Jllpiter expelling comet L exell 
from the solar system in 1779. 

Saturn slipping behind the moon. 
From OsakaJapan, 8 Oct. 1962. 

DANCE OF THE 
PLANETS 
Bringing the 
Heavens 
within Reach 

Dance of the Planets 
has redefined 

astronomy software. 

Through orbital simulation, the sky 
and the solar system can come to life on your 
computer. Flowing time and motion enlightens 
and mforms in wonderful ways- ephemeral events 
are a pleasure to watch, from Earth or space. And 
with this celestial time machine, go beyond the 
calculable to fmd orbital resonances and chaos, 
lost comets and errant asteroids. 

W ith over 6300 solar system objects in a beautiful 
starry s!<J of 11,000 stars and non-stellar objects, 
Dance brings together the visual and technical 
accuracy that serves student, enthusiast, and 
profesSIOnal alike. 
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P.O. Box 1955 B Loveland, CO 80539 

IBM compatible, 640k, EGANGA, HD. Math co-processor 
recommended. v2.5 $195 + s&h. Lirerarure, 510 demo available. 
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Books and Reports 
These reports, studies. h~ndbooks 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. 

Planning and Reasoning 
for a Telerobot 
Challenges in transferring 
technology from a testbed 
to an operational system 
are discussed. 

A document discusses the state of re
search and development of the Tel~robot 
Interactive Planning System (TIPS). The 
system, designed to provide planning and 
reasoning for telerobots, has been installed 
in the telerobot testbed at NASA's Jet Pro
pulsion Laboratory. The planning·and-rea
soning technology is to be transferred to 
Goddard Space Flight Center for use in 
NASA's first operational-fl ight telerobot. 

When fully developed, telerobots will 
have both robotic and teleoperator capabil
ities. The first telerobot, the Flight Telero
botic Servicer, will include a base site on 
the Space Shuttle or Space Station and 
a remote site at a workplace, which may 
be an external structure being built on 
the Space Station or a satellite that needs 
servicing. 

The goal in the development of the TIPS 
is to enable it to accept such instructions 
from an operator as the command to re
place a given module, then to command 
a run·time controller to execute operations 
that will execute the instructions. The run· 
time controller plans fine motions, grasps, 
compliant motions, and applications of 
force and maintains a geometric data base 
of objects in the workspace. If the run-time 
controller encounters problems, the TI PS 
must modify its commands to overcome 
them. When the TIPS fails, it must allow 
the operator to take over. 

The report presents the technical prob
lems and describes the approaches that 
have been developed to solve them. It 
describes the prototype TIPS. Finally, it 
compares the prototype with the architec
ture it must support in the Flight Telerobotic 
Servicer. 

This work was done by Stephen F. 
Peters, David S. Mittman, Carol E. Collins, 
Jacquelyn S. O'Meara Callahan, and Mark 
J. Rokey of Caltech for NASA's Jet Pro· 
pulsion Laboratory. To obtain a copy of 
the report, "Planning and Reasoning in the 
JPL Telerobot Testbed," Circle 2 on the 
TSP Request Card. 
NPO-18287 
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Combined Velocity/Charge-to-Mass-Ratio Analyzer 
Features include compactness, light weight, and low power. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The instrument shown schematically in r-------------------------------------------, 

the figure is a combination of (1) a time
of-flight analyzer that selects charged par
ticles traveling at and near a certain veloci
ty and (2) a hemispherical electrostatic 
analyzer that sorts the velocity-selected 
particles according to the ratio between 
kinetic energy and electric charge (mv2/ 
2q). Because all the particles have nomi
nally the same velocity, in effect the elec
trostatic analyzer can be regarded as sort
ing according to the ratio between mass 
and charge, m/q. The instrument is design
ed to be compact, to be light in weight, 
and to consume little power because it 
is intended for use aboard a spacecraft 
in analyzing ions, atoms, and molecules 
in planetary ionospheres and magneto
spheres. Terrestrial versions would be use
ful in chemical analysis, chromatography, 
and analysis of plasmas. 

The incoming ions, atoms, or molecules 
first pass through four rejection grids, one 
of which is biased at +1,000 V to reject 
positive ions if it is desired to detect ne
gative ions (or at -1 ,000 V to reject elec
trons and negative ions if it is desired to 
detect positive ions). When it is desired to 
detect neutral atoms or molecules, the re
jection grids are biased alternately posi
tive, ground, negative, ground to reject both 
positively and negatively charged incom
ing particles, and an electron-beam ionizer 
is turned on to charge the desired neutrals 
for downstream sorting by the time-of-flight 
and electrostatic analyzers. 

A train of pulses is generated by power 

metal oxide/semiconductor field-effect tran
sistor switches and applied to shuttering 
grid G1 to admit pulses of ions to the time
of-flight tube, and a suitably trained similar 
train of pulses is applied to grid G2 to al
low those ions that have the desired veloc
ity to leave the time-of-flight tube and enter 
the electrostatic analyzer. Another, further 
delayed similar train of pulses is applied 
to grid G3 to block ions traveling at unde
sired subharmonics of the desired veloc
ity. These shutters act as synchronized 
" traffic lights" to define the ion velocity. 
Each shuttering grid is sandwiched be
tween two grounded grids to prevent cou
pling of the shuttering pulses into the ion
izer and electrostatic analyzer. The shut
tering pulses are about 10 ns long, 400 V 
in amplitude, and the two delays between 
the three pulse trains can be adjusted 
independently in the range of 1 to 100 /ls . 

At the exit of the time·of-flight tube, the 

Electrostat ic 
Analyzer 

This Instrument 
Analyzes Ions ac
cording to velocity 
and ratio of mass to 
electric charge. It is 
a state-of-the-art 
combination of two 
well-established in
struments: a time-of
flight analyzer and 
an electrostatic ana
lyzer functioning as 
a mass spectrom
eter. 

ions are focused through an electrostatic 
lens system into the electrostatic analyzer. 
The electric field generated by the applica
tion of a suitable voltage between the in
ner and outer hemispheres of the analyzer 
causes the ions to travel on curved paths. 
Each path ends on an image plane at a 
position that depends on mv2/2q. The ions 
strike a microchannel-plate electron mUl
tiplier, and the resulting pulses of second
ary electrons are detected by a linear array 
of 128 anodes. The output of each anode 
is counted and recorded. 

This work was done by Ara Chutjian, 
Otto J. Orient, and Mark T. Bernius of 
Caltech and R. Richard Hodges of the 
University of Texas at Dallas for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 77 on the TSP Request 
Card. 
NPO-18085 

Modeling Optics for Analyses of Dynamics and Controls 
Ray-tracing models of optics can be integrated into models of systems. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A method for computing the optical sen

sitivities of single- and multiple-element 
optical trains has been developed for use 
in analyses of the dynamics of optoelectro
mechanical systems. A system of the type 
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in question typically includes controlled op
tics (e.g., lenses, mirrors, prisms, and/or 
gratings mounted on electromechanical 
actuators) supported by a flexible struc
ture. As used here, "optical sensitivity" 

denotes a ratio between a perturbation in 
the optical output of the system (e.g., a 
change in the di rection of an output ray 
or a displacement of an output wave front) 
and an input perturbation (e.g., a small mo-

5? 



tion of a refracting or reflecting surface or 
a change in the direction of an input ray). 

The method is based partly on the es
tablished techniques of ray tracing and 
partly on a matrix representation of each 
surface of each optical element. A com
plete optical system that includes mirrors, 
lenses, focal planes, and other elements 
is specified by use of a few simple param
eters in a single coordinate frame. One or 
many input rays are specified, and the 
propagation of these rays along the optical 
train is computed exactly. In a line-of-sight 
model of the optical train, a single ray (e.g., 
the chief ray) is thus traced to represent 

the first-order aiming effect of the optical 
train upon the beam. In a wavefront model 
of the optical train, multiple rays are traced 
to construct a wavefront at any given ref
erence surface. The wavefront could then 
be represented, for example, in terms of 
a series of aberration functions or a figure 
of merit. 

For linear modeling, the exact rays rep
resent nominal conditions about which 
perturbations are calculated. For each op
tical element treated initially as an isolated 
optical system, the first-order sensitivities 
of the direction and lateral displacement 
of the output beam and of optical-path 

DETECTOR DETERMINED PROCESSING 
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IL 1400 ·"SMART" RADIOMETER 

World Class Ught Measurement 
Capability In the Palm of Your Hand 

Laboratory Capabilities and Features 
The International Light IL 1400 performs all of the functions you would 
expect from a handheld radiometer plus many more fOl!nd only in 
laboratory bench top models. 
Light measurement systems are available for photoresist, CW laser 
power, phototherapy, lighting/ luminance, safety, radiat ion hazard, UV 
curing, environmental, conservation, non-destructive testing and many 
other radiometric/photometric applications. 

Features Include: 
• Directly coupled or detachable 

detector with cable. 
• 7 decade dynamic range 
• Auto range 
• Auto zero 
• Auto units 
• Direct reading in any optical 

units 
• Battery operated; auto sh ut-off 

• Integration up to 24 hours 
• User friendly alpha numeric 

display 
• Detector determined processing 
• Analog output (0-1 volt) 
• Handheld, lightweight (1 .5Ib) 
• Carrying case 
• Many detector/ filter/i nput 

optic options 
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EFFECT OF ROTATION OF MIRROR 

Translation or Rotation of a Mirror changes 
the lateral position of the reflected ray and 
the length of the optical path along the i n
cident and reflected rays. Rotation also 
changes the direction of the reflected ray. 

length to changes in the direction and 
lateral displacement of the input beam and 
movements of each optical element (see 
figure) are computed and expressed in 
matrix form. The resulting sensitivity ma
trices for the elements are chained to com
pute the overall first-order sensitivities of 
the system. 

Linear and nonlinear mathematical mod
els of the optical train can be integrated 
into a mathematical model of the dynam
ics of the structure and of the control 
system. The sensitivity matrices from a 
linear model can be used to determine 
the controller gains that relate the sensed 
optical errors to the deflections of the ac
tuators on which the optical elements 
are mounted. These gains are computed 
by projecting the sensitivity matrices onto 
specific actuator and sensor coordinates, 
then inverting. 

The sensitivity matrices can also be 
used to derive equations for use in analysis 
of errors and calibration of instruments. Er
ror models are created by propagating the 
effects of structural and other misalign
ments to the optical elements by use of 
conventional transformations, then prop
agating the effects to focal planes by use 
of the sensitivity matrices as optical trans-
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Smart Integral Llnearlzer & 
" Series Flowmeter 

The new Smart Integral Unearizer from 
EG&G Flow Technology is an integrated, 
microprocessor-based smart pick-off that 
enables turbine flowmeters to be fully 
temperature compensated and provide 100:1 
turndown at :Hl-1% linearity. Designed for 
demanding OEM or engine test stand fuel 
metering applications, the Smart Integral 
Uneanzer can: 

• Calculate mass or volumetric flow 
output for liquids 

• Per10rm temperature compensation 
intemally-€liminates extemal 
sensor 

• Program to accommodate recalibration 

• Prevent errors due to mismatched 
electronics 

• Eliminate the need for mu~iple fIowmeters 
to cover a Wide turndown range 

Paired wh an EG&G Row Technology 
turbine flowmeter, the Smart Integral 
Unearizer offers a preCIse, measurable 
solution for aerospace flow sensing. To 
discuss your application, contact us today. 

J::::t EGc.G 
FLOW TECHNOLOGY 
4250 EAST BROADWAY ROAD 
PHOENIX. ARIZONA 85040 
TEL (602) 437-1315 · FAX (602) 437-4459 

formations. These error models are used 
to determine the effects of errors on the 
accuracy of aiming and of control of the 
optical path. The error equations can also 
be used in a sequence of known obser
vations to calibrate the modeled sources 
of error. 

This work was done by William C. 
Breckenridge of Caltech and David C. 
Redding of Charles Stark Draper Labora-

tory for NASA's Jet Propulsion Labora· 
tory. For further information, Cire/e 42 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, NASA Resident Office-JPL [see 
page 18}. Refer to NPQ.18194. 

Mapping Microwave Fields 
With Thermal Paper 
A simple experimental technique is extended to obtain 

some vector information. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A simple, inexpensive technique can be 

used to map the direction and. to some 
extent, the intensity of an electric field in 
a microwave resonant cavity. The tech
nique is an extended version of the well
established technique of using thermal 
paper to map intensities (only) of micro
wave fields. 

The only special material required to im
plement the technique is heat-sensitive 
paper like that used in thermographic 
copiers. Using the side of a pencil, one 
coats one face of the paper with graphite. 
One then places the paper in the micro
wave cavity, where the electric field gives 
rise to electric current in the graphite. The 
current heats the graphite, the local heat
ing-power density being proportional to the 
square of that component of the electric 
field that lies in the plane of the paper. As 
a result , the paper is darkened with a pat
tern that represents the time average of 
the square of the electric field in the plane 
of the paper. 

To extend this technique to show the 
directional characteristics of an electric 
field within the plane of the paper, one 
scribes pencil lines that lie along the de-

Sheet of Thermal 
Paper Oarkened 
Evenly by Pencil 
on one Side To 
Detect Rad ial 
and Azimuthal 
Electric Fields 

Cylindrical 
Microwave 
Cavity 

sired coordinate axis or axes. The separa
tion between the lines prevents current 
flow perpendicular to the lines, and only 
that component of the electric field that 
lies along a line can heat the paper and 
discolor it along that line. 

For example, suppose that one wishes 
to map radial and azimuthal fields in the 
plane perpendicular to the axis at the mid
length of a round cylindrical resonator. For 
this purpose, two circular pieces of ther
mal paper are needed - one marked with 
radial lines, one marked with azimuthal 
lines. The paper circles are placed in the 
plane in question and exposed to the mi
crowave field (see figure). To make the ex
ample more specific, suppose that an 
electromagnetic field in the TE 011 mode 
is excited in the cavity. The electric field 
in this mode has only radial components. 
Consequently, only the sheet marked with 
radial lines is darkened; the sheet marked 
with azimuthal lines remains unchanged. 

This work was done by John L. Watkins 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 148 on the TSP Request Card. 
NPO-17944 

Sheet of Thermal 
Paper Marl<ed by 
P9ncll To Detect 

Azimuthal Electric 
Field 

Sheet of Thermal 
Paper Marl<ed by 
Pencil To Detect 
Radial Electric 

Field 

Sheets of Thermal Paper, either darkened evenly by pencil or 
scribed with pencil lines, are placed in a microwave cavity to obtain 
qualitative data on the intensity and direction of the electric field . 
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Injection Seeding of a Q-Switched Alexandrite Laser 
Bandwidth was narrowed from 750 GHz to 180 MHz. 

Goddard Space Flight Center, Greenbelt, Maryland 
action of the alexandrite laser in the nor
mal manner; i.e., no modifications to the 
basic Q-switch operation of the slave laser 
were required. The alexandrite laser w~s 
tuned to 765 nm by use of a two-plate bire
fringent tuner that had a bandwidth of 750 
GHz - considerably greater than the band
width of the seed beam. A 0.5-m mono
chromator was used to monitor the wave
lengths of both lasers. The bandwidth was 

An experiment has demonstrated that 
a standing-wave, Q-switched, tunable alex
andrite laser can be injection-seeded to 
increase the stability of its output frequen
cy and significantly reduce its bandwidth. 
When injecting seeding is effective, the in
jecting or seed laser acts as an oscillator 
or master, while the Q-switched laser into 
which output of the seed laser is injected 
acts as an amplifier or slave. This masterl 
slave effect can occur when the Q-switched 
laser has been tuned so that the spectrum 
of the injected beam lies within its pass
band. The lasing frequency of the Q
switched laser becomes locked to the 
seed frequency by depletion of the gain 
from outlying modes of the Q-switched 
laser into the few of its modes that sur
round the seed frequency before those 
outlying modes attain sufficient energy to 
lase. 

In the experiment (see Figure 1), the 
seed beam was a single-mode, continu
ous-wave beam from a stabilized AIGaAs 
laser diode with a wavelength of 765 nm 
and a bandwidth of <200 MHz. Two Fara
day rotators that yielded a combined isola
tion of 64 dB were used to protect the laser 

diode from feedback from the Q-switched 
alexandrite laser. 10 obtain maximum trans
mission through the rotators, the beam 
emerging from the diode was first collimat
ed and reduced to a smaller diameter. The 
seed beam was then turned by two mir
rors and injected into the Q-switched laser 
through a 60-percent-output coupler. 

The Q-switch was used to start the lasing 

AIGaA. 
Laser Diode 

l00%-Reflectlng 
Mirror 

Flashlamp 

AaShlamp 

Alexandr1le-laser and 
Pump Assembly 

Faraday 
Rotators 

ceo 
Camera 

l00%·Retlecting 
r---"'TV Mirror 

Fabry-Perot 
Interferometer 

l00Y.·Aeflectlng 
Mirror 

O.5-m 
Monochromator 

Figure 1. The Q-Switched Alexandrite Laser was injection-seeded by the continuous
wave beam from the stabilized AIGaAs laser diode. 

ANNOUNCING: A ,.OUGH FORMABLE 
INSULA,.ION ,.HA,. CAN GO ,.0 HELL ... 

PYROPEL ®: a new concept 
in structural insulation. 
Pyropel is a new lightweight, high tempera
ture, non-woven insulation material that can 
be used in flat sheets or formed into a variety 
of shapes. It is 100% polyimide and contains 
no resinous binders. This, combined with 
its fibrous, three-dimensionally reinforced 
construction, gives Pyropel significant 
deSign, performance and assembly 
advantages over more conventional 
insulation materials. 

-300°F to +600°F. 
The use of polyimide permits extended 
performance at cryogenic temperatures as 
low as -300·F, and continuous use in applica
tions that reach temperatures as high as 
+600·F (and short-term exposure up to 
+800·F without losing thermal or dimensional 
stability). Pyropel does not melt, drip or sup
port combustion. It has a low heat release and 
emits almost no smoke. 

Rigid, lightweight, 
resists damage. 
Pyropel's three-dimensionally reinforced struc
ture provides exceptional rigidity and strength. 
It is extremely lightweight, with densities as 
low as 12 Ibslff and in thicknesses from 0.063 

, 
• I 
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to 0.38 inches. Pyropel makes an excellent 
core material where thermal insulation and/or 
acoustic dampening are required. It can be 
bonded easily with thermoplastic adhesives 
and is chemically inert to acids and solvents. 

Reduce assembly and 
maintenance costs. 
Pyropel is available in flat sheets or custom 
shapes tailored to your requirements. It can 
be formed into self-supporting covers, lids, 
housings, sidewalls and ducts-{;ombining 
features that save assembly time and 
expense. 

Free test samples. 
Prove to yourself how well Pyropel performs 
under fire. Write or call today for your free 
literature and product sample. 

..1111'= 
INTERNATIONAL 

A L International L.P. 
777 West Street 
Mansfield, MA 02048-9114 
Tel (508) 339-7300 
FAX (508) 337-8550 

For More Information Circle No. 542 
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Your favorite technical handbooks 
are now available in soft editions. 

A new approach to math. 
Inuoducing the Mathcad 

3.1 Software System for Microsoft 
Windows or UNIX. It revolutionizes 
math by letting you zip through 
problems naturally and logically-

· "i' . "'; 
• I • I 
• I ....... . ,_ r-1 

- • I - -, 
IMm~I~ll 
EDITOR'S 
CHOICE 

because it works the 
way you think. And 
now it's even more 
powerful, thanks to new 
Elecuonic Handbooks~ 

More than a 
number-cruncher. 

Muhc.d2.5 
3·14-89 iss... With Mathcad 3.1, 

you type your work 
anywhere into the live 
screen-just like you'd 

Best of '88 
Best of '87 

write on a scratch pad-and Mathcad 
does the calculating. Updates answers 
when a variable changes. Even graphs 
in 2-D or 3-D. 

Symbolic calculation capabilities 
let you do integrals, Taylor series, or 
infinite sum caTculations with click -n
drag simplicity. 

And when you're done, Mathcad 
prints out presentation-quality 
documents complete with equations 
in real math notation. 

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

Mathcad's new Elecuonic Handbooks give 
you instant access to the formulas, methods, 

IIBK~.MCO 

ALUM Men 

ThtUmttl r.JlndUchYlry n' "Iummum "5 " 
lunt'lon 01 tempPfOIU"~ Tht? plot 
comp«," !!C Ilandbook Yolue s WfttI 0 

mulas for specific calculations. Change parameters, 
plots and variables, and let Mathcad automati
cally calculate your answers within· the Handbook. 
Or double-click on a Handbook entry and paste 

it into your Mathcad document-with 
the correct units! 

Three new optional Mathcad 
Electronic Handbooks* are now avail-

• The 
CRC 
Materials Science and 
Engineering Handbook contains 
more than 140 tables of data, bit
mapped illustrations, and Mathcad 
plots. Includes densities, melting 
poin ts and crystal structures of 
elements, properties of ceramics and 
superconductmg materials, and 
much more. 
Alro Amilable: 
• Optional Applications Packs
adaptable Mathcad templates for 
Electrical, Mechanical, Civil and 
Chemical Engineering, Statistics, 
Advanced Math, and Numerical 
Methods. 
• PC DOS and Macintosh- versions 
also available. 

Free demo disk. 
For a FREE Mathcad demo 

disk,oru~deinformation,cill 
1-800-MATHCAD (or 

UNIX 
617-577-1017, Fax 
617-577-8829) . 
Or see your 
software dealer. Version now 

available * Elecuonic Hand
books require Mathcad 3.1 and 
Microsoft Windows 3.0 (or higher) 
or UNIX. 

able, each created in conjunction with Mathcac!' 

r(K) Aluminum Cedmlum a UUmlVftl 
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diagrams and tables you rely on every day. Just 
open an Elecuonic Handbook and select your 
topic. They're interactive, so you can modify for
NTB22 

.,. 

handbooks: 
• Mathcad 'freasury of Methods and 
Formulas offers you a host of the meth
ods, formulas and diagrams you use every 
day, along with interactive explanations of a:r~;II. 
every feature and algorithm of Math cad. 
• Machine Design and Analysis from 
Hicks' Standard HRndbook of Engineering 
Calculatibnsfrom McGraw-Hill, contains 
more than U5 practical calculation proce
dures including shaft and gear mechanics, 

time and power to cut, drill, bore, countersink, 
and a lot more. 

1-800-MATHCAD 

The answer is 
Mathcad® 

MathSoft, Inc. 201 Broadway, Cambridge, MA 02139 USA · Phone: 1·800-628-4223 .617-577·1017 · Fax: 617-577-8829 
_ , U""" (03)1661766; Ikip .. , $CIA 011/55 1775; 1k ..... I" ~4125 1777; ~ ZcDa ~7677i!!""" ISB(I)460914 00; Gaawrr- Soft '""(0 71 02)4036; Il2Iy' ClwmtIOl-9OO9lm;J'I"'" C1tCOJ.3665-".I · 

N"hm",d" 1Ousias01611H16OO;.-x., AbdciDiDi .. (011) 2.00 35; S";lUt!and, J.cdx .... .n.1 0111; If.L ,Adq>lScXarific(046l)<M055. lIlothaloc.1tiooo, COO"" MathSoft, USA. ' 
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measured by use of an air-gap Fabry-Perot 
interferometer. 

When the alexandrite laser was oper
ated without injection seeding, its band
width was > 750 GHz. When it was injec
tion-seeded, its frequency shifted from the 
middle frequency of the birefringent tuner 
to the seed frequency, and its bandwidth 
decreased to less than 180 MHz as shown 
in Figure 2. When the seed beam was 
present but the birefringent tuner was ad
justed so that its passband did not include 
the seed frequency, the alexandrite laser 
operated in a multitude of modes that had 
high gain, and seeding did not occur. 

This work was done by Barbara J. K. 
Zukowski, Thomas R. Glesne, Geary 
Schwemmer, James P. Czechanski, and 
Richard B. Kay of Goddard Space Flight 
Center. For further information, Circle 48 
on the TSP Request Card. GSC-13365 

,.. 

Injection Seeded 
~ Alexandrl te 

~ t--f---+--t--+--+l-fl--+---+---+---+---l .. 
:E 
~ .. 
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Wavelength _ 

Figure 2. The Spec
trum of an Alexan
drite Laser was nar
rowed considerably 
by injection seeding. 

~~ Polarization-Rotating Sensors Connected to Optical Fibers 
Features wou ld include light weight, fast response, and immunity to electromagnetic interference. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Optoelectronic sensor systems of a pro
posed new type would include polarization
rotating sensing elements interrogated by 
polarized light transmitted to and from the 
sensing elements along optical fibers. In
cluded in this concept are sensing ele
ments in which the polarization of light 
would be altered by various combinations 
of inherent birefringence, stress-induced 
birefringence, and Faraday rotation. Ex
amples of such elements include dis
placement-measuring wedges, stress- or 
strain-measuring coils of optical fiber, and 
magnetic-field-measuring coils of optical 
fiber, respectively. Systems of this type 
offer several advantages, including light 
weight, fast response, immunity to elec
tromagnetic interference at radio and low
er frequencies, and no need to supply 
electrical power to the sensing elements. 

In a representative system (see figure), 
the interrogating light would be polarized 
light from a laser diode. The diode could 
operate continuously or could be pulsed 
for low-noise ac operation with optional 
phase-locked detection. The basic idea is 
to measure the difference between the 
angles of polarization of the light returned 
by the sensing element and the light inci
dent on the sensing element. In practice, 
this would usually entail comparing polari
zations at the input/output end of the con
necting optical fiber(s) remote from the 
sensing element and attempting to compen
sate for spurious components of rotation 
induced by the connecting optical fibers. 

The difference between the polariza
tions would be compared by a dynamic 
nulling feedback technique in which the 
polarization of the returned light would be 
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rotated back to that of the interrogating 
light by a Pockels cell or a Faraday rotator: 
the amount of rotation would be related to 
the signal applied to the rotator, and this 
signal would be adjusted continually in re
sponse to the difference signal to drive the 
difference toward zero. The rotation signal 
could be displayed in an analog mode and/ 
or digitized for additional processing. 

To prevent ambiguities, the maximum 
rotation should not exceed 180°. By use 
of the dynamic nulling technique, it is prac
tical to resolve the full-scale rotation of 
180° to 1,000 parts. To compensate for 
spurious rotation in the interrogating fibers, 
one could transmit reference signals in 

reference fibers, which would be placed 
alongside the interrogating fibers but not 
connected to sensing elements. Any rota
tion signal derived from the reference 
fibers would be subtracted from that de
rived from the interrogating fibers, under 
the assumption that the spurious com
ponents of rotation in both sets of fibers 
were equal. Thus, the net rotation signal 
WOUld, in principle, represent only the com
ponent attributable to the sensing element. 

This work was done by Robert E. Frazer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir
cle 13 on the TSP Request Card. 
NPO-1759/ 

~d~ 
rr~7"""I:~~~ Light Returned 

From Sensing 
Element With 

Altered Polarization 

Polarized light Would Be Transmitted to and returned from a sensing element along 
optical fibers. A nulling feedback system would measure the difference between the 
angles of polarization of the transmitted and returned signals. 
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The Principle Behind 

• 
axIOm • 

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. 

Axiom breaks the barriers 
In Axiom, you have access to high level 
interactive 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. 

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 
will make complete use of Axiom's 
capabilities . 

What began as the "scratchpad" 
project at IBM's T J 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. 

To find out just how much more, call N ~ N U M E R I C AL 
NAG today or circle the number below. A L G 0 R I T H M S ______________________________ G R 0 U P 

NAG Inc, 1400 Opus Place, Suite 200, Downers Grove, IL 60515-5702, USA, Tel : 1 708971 2337 Fox: 1 708971 2706 
NAG Ltd, Wilkenson House, Jordon Hill Rood, OXFORD, OX2 8DR, UK, Tel : 44865511245 Fox: 44865310139 
NAG GmbH, Schleif3heimerstr. 5, D-8046 Gorching bei Munchen, Deutschland, Tel : 49893207395 Fox: 49893207396 

For More Information Circle No. 428 



~JWide.Angle, Reflective Strip·lmaging Camera 
Advantages would include little geometric distortion, achromatism, and ease of athermalization. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed camera would image a thin, 
striplike portion of a field of view 180° wide. 
For example, it could be oriented to look 
at the horizon at all easterly directions from 
north to south or it could be rotated about 
its horizontal north/south axis to make a 
" push-broom" scan of the entire sky pro
ceeding from the easterly toward the 
westerly half of the horizon. Potential uses 
for the camera include surveillance of 
clouds, coarse mapping of terrain, meas
urements of the bidirectional reflectance 
distribution functions of aerosols, imaging 
spectrometry, oceanography, and explora
tion of planets. 

The imaging optic would be a segment 
of concave hemisphericai reflecting sur
face placed sl ightly off center (see figure). 
Like other reflect ing optics, it would be 
achromatic. The unique optical configura
tion would practically eliminate geometric 
distortion of the image. The optical struc
ture could be fabricated and athermalized 
fairly easily in that it could be machined 
out of one or a few pieces of metal , and 

the spherical reflecting surface could be 
finished by diamond turning. In compari
son, a camera with a " fish-eye" lens, 

Spherical 
Reflecting 
Surface 

\p,otectlve 
Cover 

A Thin Segment of 
a Hemispherical 
Concave Reflector 
would form an image 
from a 1800 strip field 
of view onto optical 
fibers, which would 
transfer the image to 
a strip of photodetec
tors or to a spectro
graph. 

which provides a nearly hemispherical field 
of view, exhibits distortion, chromatism, 
and poor athermalization. 

Time Code 
Instrumentation 

66 

Professionals in many disciplines rely on recorded time code as a primary reference in data correla
tion and control applications. For nearly 20 years we've supplied quality timing instrumentation to 
customers in fields as diverse as entertainment, medical research, flight test and deep space 

exploration. 

Datum produces a comprehensive line of timing instrumentation products, from rack mounted 
units designed for moderate environments, to ruggedized equipment for airborne, shipboard 

and mobile applications. Manufactured to commercial standards or military specifications 
requiring QPL certification, these instruments include time code translators and 

generators, tape search units, digital clocks and displays. A host of options 
enables the designer to maintain cost effectiveness while achieving 

optimum system configuration. 

We also design and manufacture complete range timing systems to 
customer specifications. 

For more information or applications assistance, call or write. 

Datum Inc 
Timing Division 

1363 S. State College Blvd., Anaheim, CA 92806-5790 
(714) 533-6333 

For More Information Circle No. 586 
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The image would be formed on a thin 
semicircular strip at half the radius of the 
sphere. A coherent bundle of optical fibers 
would collect the light from this strip and 
transfer the image to a linear or rectangu
lar array of photodetectors or to the en
trance slit of an imaging spectrograph. 
Provided that the input ends of the fibers 
were properly aimed, the cones of accep
tance of the fibers would act as aperture 
stops; typically, the resulting width of the 
effective aperture of the camera would be 
about a third of the focal length (f/3). 

The camera v.{)U1d operate at wavelengths 
from 500 to 1,100 nm. The angular resolu
tion would be about 0.50

• In the case of 
an effective aperture of f/3, the camera 
would provide an unvignetted view over 
the middle 161 0 of the strip, with up to 50 
percent vignetting in the outermost 9.50 

on each end. 
The decentration of the spherical reflect

ing surface is necessary to make room for 

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. 

Correlation of N20 and 03 
in the Atmosphere 

Both lXEitive and negative 
correlations are observed. 

A report describes a study of the cor
relation between the concentrations of 
nitrous oxide and ozone in the atmosphere 
of the Antarctic region during the late 
austral winter. Because they are produced 
and destroyed outside the chemically per
turbed lower stratosphere, N:P and 0 3 
can serve as conservative tracers there. 
The strong anticorrelation between them 
provides a signature of the air in the lower 
stratosphere. and the alteration of the cor
relation at specific sites may indicate the 
loss of ozone or the mixing of perturbed 
and unperturbed air. 

Concentrations of N:P were measured 
by a laser absorption spectrometer aboard 
an ER-2 aircraft during five ferry flights be
tween Ames Research Center (3JO north 
latitude) and Punta Arenas. Chile (53 0 

south latitude) and during 12 flights from 
Punta Arenas over Antarctica (between 
5SO and 72' south latitude). Mixing ratios of 
ozone were measured simultaneously by 
two instruments aboard the aircraft. 

Only one of the ferry-flight paths involved 
an explicit attempt to measure vertical dis
tributions of concentrations. In general, al
titudes varied between 18 and 20 km and 
covered a sufficient range of latitudes to 
determine the effects of the slight depen
dence of the mixing ratios of N:P and 0 3 
on latitude. As expected. the mixing ratio of 
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the optical fibers and the structure that 
would support them. On the other hand, 
the decentration distance must not exceed 
the amount beyond which the coma that 
results from decentration would become 
unacceptably large. In the case of an ef
fective aperture of f/3, the coma would be 
only slightly in excess of the spherical 
aberration if the decentration were limited 
to about f/6. This would be enough to 
accommodate the fibers and supporting 
structure. 

This work was done by Arthur H. 
Vaughan of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 92 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 develo,:r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18]. Refer to NPO-18146. 

N:P was found to decrease poleward, 
while that of 0 3 was found to increase 
poleward; that is. the correlation with re
spect to latitude was negative. 

During the flights over Antarctica, data 
were taken at altitudes from 13.7 to 21 km. 
Because of the data storage limitations of 
the laser spectrometer and because of the 
required flightpath, a limited set of data ex
ists for correlations between the mixing 
ratios of N20 and 0 3 outside the south 
polar vortex south of 5SOsouth latitude. 

Analysis of the data showed that the co
efficient of correlation was always positive 
at the edge of the polar vortex (as that edge 
is defined by the maximum windspeed). In
side the vortex, in regions of lower wind
speed. the correlation is negative. but the 
low mixing ratios of ozone observed there 
differentiate this air from lower stratos
pheriC air outside the vortex. With few ex
ceptions, regions of positive and negative 
correlation in the vortex were found to cor
respond to regions in which the mixing 
ratios of water were greater and lesser, re
spectively. than 2.9 parts per million by vol
ume. The authors conclude that regions of 
positive correlation could be interpreted as 
evidence of either chemical depletion of 
ozone or horizontal mixing of normal air 
from the lower stratosphere with ozone-de
pleted air from the vortex. 

7his work was done by S. E. Strahan, M. 
Loewenstein, J. Podo/ske, W L. Starr; and 
K. R. Chan of Ames Research Center 
and M. H. Proffitt and K. K. Kelly 0 f the 
NOANERL Aeronomy Laboratory. To ob

tain a copy of the report, "Correlation of 
N p and Ozone in the Southern Polar 
Vortex During the Airborne Antarctic 
Ozone Experiment," Circle 24 on the TSP 
Request Card. 
ARC-12222 
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Near-Nadir Radar Back
scatter From Ocean Waves 

a development of a new technique for the 
determination of a sea-state bias in satellite 
altimeter measurements (the difference 
between the apparent sea level sensed by 
the altimeter and the true sea level) - as 
described by R. E. Glazman and M. A. 
Srokosz in "Equilibrium Wave Spectrum 
and Sea-State Bias in Satellite Altimetry" , 
a manuscript submitted to the Journal of 
Physical Oceanography. The theory found 
a strong experimental confirmation in the 
work by Lee-Lueng Fu and R. Glazman, 
"The Effect of the Degree of Wave Devel
opment on the Sea-State Bias in Radar 
Altimeter Measurement", in press in the 

Some previous assumptions 
are questioned. 

A paper discusses aspects of the theory 
of near-nadir radar backscatter from a 
well-developed sea. ("Well developed" is 
a relative term: the degree of development 
can be quantified as the ratio of the po
tential-energy density of the waves to the 
kinetic-energy density of the wind and is 
a function of the duration and fetch of the 
wind.) This study recently contributed to 
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Journal of Geophysical Research, Oceans, 
as well as in other recent studies. This 
research also contributes to increased 
accuracy in the interpretation of remote
senSing measurements and to an expand
ed range of applications of satellite remote
sensing techniques for predicting weather, 
analyzing climate, and monitoring sea
lanes for safety. 

The paper introduces some previously 
developed equations for the radar-back
scattering cross section, along with some 
critical assumptions that were made in de
riving the equations. The first of these as
sumptions is that the surface is smooth 
on length scales comparable with the ra
dar wavelength. One of the consequences 
of this assumption is that the backscat
tering at nadir and near-nadir incidence is 
computed to be inversely proportional to 
the root-mean-square slope of the surface. 
By a second assumption, the root-mean
square slope is a strong function of the 
speed of the wind. Consequently, the radar 
cross section at and near nadir incidence 
has commonly been presumed to be in
dicative of the local speed of the wind. 

This paper questions both assumptions, 
bringing the currently accepted interpreta
tion of nadir and near-nadir radar back
scattering into doubt. In the first place, the 
assumption of smoothness on the radar
wavelength scale is not necessarily cor
rect for a well developed sea. In the sec
ond place, the root-mean-square slope of 
the surface of a well developed sea makes 
little sense because it is a strong function 
of the length scale used in averaging and 
is, therefore, distorted by the previous as
sumption regarding smoothness. there
fore, in the absence of further information, 
the dependence of the radar cross sec
tion on the wind may be ambiguous. 

In an effort to resolve the ambiguity, this 
paper indicates the need to (1) abandon 
the root-mean-square slope in favor of a 
correlation function calculated with the 
help of a weighted ocean-wave spectral 
function and (2) replace the previous av
eraging length scale (which was specified 
based solely on the radar wavelength) with 
an intrinsic surface microscale (an ana
logue of the Kolmogorov inner scale in tur
bulence), which marks the actual transition 
range in the wave-number spectrum of de
veloped seas. The exact form of the weight
ing functions is not critical as long as it 
preserves the dominant contribution of 
high wave numbers in the ocean-wave 
spectrum. This requires consideration of 
the fractal regime of the surface-structure 
function at short ranges comparable to the 
averaging length scale. It is found that at 
exact nadir incidence, the radar cross sec
tion in the fractal regime is dominated by 
a component that represents the contribu-
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tion of numerous wavelets that appear on 
the surface because of its cascade geom
etry and, consequently, depends strongly 
on non local aspects of the interactions be
tween wind and waves. 

Deposition of ice and other 
materials is investigated. 

A report describes an investigation of 
the deposition of a contaminant of cooled 
optical detectors in the Wide-Field/Plane
tary Camera (WF/PC), an instrument that 
is part of the Hubble Space Telescope. 
During thermal vacuum tests, a contami
nant, thought to be ice, was observed on 
cooled detectors in the WF/PC. This con
taminant was easily removed when the 
detectors were warmed up while under 
vacuum and did not reappear when the de
tectors were cooled and used for imaging. 

This work was done by Roman E. 
Glazman of Caltech for NASA's Jet Pro· 
pulsion Laboratory. To obtain a copy of 
the report, "Near-nadir radar back scat
ter from a VoIeI/ developed sea," Circle 43 
on the TSP Request Card. 
NPO-17646 

Condensation of 
Volatile Contaminant 
in an Instrument 

To better understand this phenomenon, 
initially thought to be the result of deposi-
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tion of water from the graphite/epoxy opti
cal-bench material in the instrument, the 
researchers mounted several diagnostic 
instruments on an access plate to monitor 
the interior of the WF/PC housing and the 
optical bench. So that this diagnostic in
strumentation could not introduce addi
tional contaminants, it was subjected to 
rigorous preconditioning, and only low-out
gassing materials were used on the ac
cess plate. 

The access plate was made of Vespel 
(SP-1) polyimide because this provided 
good thermal isolation from the WF/PC 
housing and the vacuum chamber, was 
easily machined, and was a Iow-outgassing 
material. A temperature-controlled quartz
crystal microbalance (TOCM) performed 
in-situ measurements of adsorbed and 
desorbed volatile condensible material on 
surfaces in the WF/PC, primarily those of 
the graphite/epoxy optical bench and elec
tronics. The TOCM was instrumented with 
15-MHz optically polished crystals, which 
were coated with aluminum to be repre
sentative of a reflective optical surface, The 
heat generated by the TOCM electronics 
was removed by a gold-plated copper heat 
sink, which was thermally coupled to a 
heat exchanger maintained at 10±5 °C; 
this increased the accuracy of the TOCM 
measurements and enabled the monitor
ing of the contamination loading from the 
WF/PC optical bench and housing without 
changing the existing heat-flow paths. The 
vapor pressure was measured by a heat
loss gauge calibrated to extend the nom
inal useful lower range to 2x10- 4 torr 
(3X10-2 Pa). An optical witness sample 
was an optically polished aluminum sam
ple coated with MgF2 to simulate an op
tical surface, 

The thermal vacuum test of the WF/PC 
simulated three operating conditions that 
could be encountered in flight: nominal, 
hot, and cold. During these tests, the tem
perature of the TOCM was varied to meas
ure the relative volatility of the surface con
tamination from the optical bench and 
housing. The optical witness sample fol
lowed the temperature of the housing and 
optical bench, to which it was thermally 
coupled by radiation. The temperature of 
the sample varied from approximately 35°C 
to -5 °C, 

As a result of these measurements, it 
was concluded that the TOCM collected 
an organic contaminant, not ice, when 
cold. Additional measurements indicated 
that the contamination was strongly cor
related with the operation of the electronic 
equipment. The measurements of the re
flectance of the optical witness sample in
dicated that when this sample was warmed 
to room temperature and atmospheric 
pressure, the contaminant did not cause 
a loss in reflectance. 

Although the TQCM was not cold 
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enough to simulate the effect of the cooled 
detectors, the ice-free operation of the 
cooled detectors was verified with flat-field 
imaging. 

This work was done by Patricia A. 
Hansen, Teresa K. Jenkins, Carl R. Maag, 
and Daniel M. Taylor of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report "Characteriza
tion of a Graphite Epoxy Optical Bench 
During Thermal Vacuum Cycling," Circle 
44 on the TSP Request Card. 
NPO-18017 

Parametric Instabilities of 
Alfven Waves 
A theoretical study focuses 
on instabilities in an 
anisotropic plasma. 

A report presents a theoretical study of 
parametric instabilities of finite-amplitude, 
circularly-polarized Alfven waves in a plas
ma that has pressure anisotropy. (Alfven 
waves are hydromagnetic shear waves 
that move along magnetic-field lines.) 
Waves of the type studied are commonly 
observed in the solar wind and are con
jectured to exist in interstellar and other 
cosmic plasmas. 

The low-frequency behavior of a plasma 
is represented in this study by the Chew, 
Goldberger, and Low (CGL) equations, 
which are differential equations of mag
netohydrodynamics in which the compo
nents of pressure parallel and perpendicu
lar to the magnetic field are determined 
by two adiabatic equations of state. The 
Alfven waves of the type studied are ex
act equilibrium solutions to the nonlinear 
CGL equations and of the Vlasov-Maxwell 
equations (which are differential equations 
for the propagation of electromagnetic 
waves in a hot, collision less plasma). 

A traditional linear-perturbation analYSis 
is performed. To investigate the behavior 
of a wave in the presence of small fluc
tuations about its equilibrium state, a small 
perturbing wave is superimposed on the 
equilibrium wave. The evolution of the re
sulting total wave is calculated via the CGL 
equations, leading to a fifth-order equation 
that describes the relationship between 
the wave number (k) and the complex fre
quency (w) of the total perturbed wave on 
the one hand and the wave number (ko ) 
and frequency (wo) of the pump wave (the 
original equilibrium, unperturbed wave) on 
the other hand. 

A numerical solution of the dispersion 
equation reveals three different instabilities 
in wave-number space. The first is the 
modulational instability, which occurs at 
k ~ ko' The second is the decay instabili
ty, which occurs at k ~ ko and has been 
discussed extensively by many authors. 
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The third instability occurs at k > 2ko and 
is called the "highly oscillating" instability. 

The modulational instability is much 
weaker in comparison with the other two 
and has a very narrow bandwidth. The 
highly oscillating instability is a very broad
band instability and grows the fastest. Both 
the modulational and highly oscillating in
stabilities exist only in the limited ranges 
of the magnetic-field, pressure, and den
sity parameters in the dispersion equation. 

The results show that in the modula
tional instability, the energy of the pump 
wave goes primarily to forward-propagat
ing soundlike and Alfven-like waves. In the 
decay instability, it goes to a forward-prop
agating soundlike wave. In the highly oscil
lating instability, it goes to a backward
propagating soundlike wave. . 

This work was done by Hiromitsu 
Hamabata of Ames Research Center. To 
obtain a copy of the report, "Parametric 
Instabilities of Finite-Amplitude, Circular
ly Polarized Alfven Wa~s in an AnisotropiC 
Plasma," Circle 6 on the TSP Request 
Card. 
ARC-12325 

Frequency Responses of 
Hot·Wire Anemometers 

Effects of various circuit 
parameters are discussed. 

A report describes a theoretical stu~ 
of the frequency response of a constant
temperature hot-wire anemometer, with a 
view toward increasing its frequency re
sponse while maintaining stable operation 
in supersonic flow. In such an anemome
ter, the hot wire, which is cooled by the 
flow to be measured, is one arm of a 
bridge circuit. An amplifier senses the un
balance in the bridge circuit and attempts 
to reduce the unbalance by adjusting the 
current supplied to the bridge. In effect, the 
overall circuit strives to follow the fluctua
tions in the flow by supplying the hot wire 
with the fluctuating electric current that 
keeps its resistance and, thereby, its tem
perature constant. The output voltage of 
the amplifier is recorded as the signal 
indicative of the flow. The frequency re
sponse of this voltage with respect to fluc
tuations in the speed of flow is the con
cern of this study. 

The report contains five sections. The 
first two explain, in general terms, how the 
parameters of the bridge and amplifier cir
cuits and the characteristic thermal-re
sponse time of the hot wire affect the fre
quency response of the overall circuit. 
Supersonic flow enters the problem only 
by increasing the cooling rate, reducing the 
thermal-response time of the wire. To rep
resent this frequency response, the third 
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section of the report presents a seventh
order-polynomial Laplace transform that 
was introduced in a previous study. Two 
capacitances - one associated with the 
hot wire, the other with the balance resis
tor - are set to zero, reducing the model 
to fifth order. 

The remaining sections of the report 
discuss the influence of the gain, offset 
voltage, and frequency response of the 
amplifier, and of the interaction between 
the amplifier and the inductances in the 
bridge circuit. The fourth section focuses 
on the offset voltage, and particularly on 
the response of the overall circuit to a 
square-wave fluctuation in offset voltage. 
This type of analysis is important because 
such square-wave tests are invaluable in 
the adjustment of hot-wire anemometer 
circuits. The response to a square wave 
approximates the response to a step-func
tion change in the offset voltage, which, 
in turn, approximates the response to a 
delta-function fluctuation in velocity. How
ever, some of the rules that are currently 
being used to deduce frequency respons
es from square-wave tests are misleading 
because they are based on oversimplified 
mathematical models. The more compli
cated mathematical model used here re-

• veals important relationships among (1) the 
damping of spurious oscillations in the 
responses to square-wave fluctuations in 
the offset voltage or in the flow, (2) the in
ductance in the cable leading to the hot 
wire, (3) the inductance in the balance arm 
of the bridge circuit, and (4) the steady 
component of offset voltage. 

The fifth section focuses on the frequen
cy response and gain of the amplifier. In
tuitively, it might be expected that the rolloff 

. frequency of the amplifier would play a 
dominant role in determining the overall 
frequency response of the system. How
ever, it was shown in a previous study that 
the offset voltage and inductance of the 
cable leading to the hot wire are usually 
the most important variables that govern 
the overall response. Here, it is shown that 
while the frequency response of the overall 
system can be improved significantly by 
improving the frequency response of the 
amplifier, the role of the amplifier is often 
more critical in determining the stability of 
the system. The effect of the amplifier 
upon stability is revealed in this study via 
its effect on the higher-order poles of the 
transfer function of the system. 

This work was done by Jonathan H. 
Watmuff of Princeton University for Ames 
Research Center. To obtain a copy of the 
report, "Increasing the Frequency Re
sponse of Constant Temperature Hot-Wire 
Systems for Use in Supersonic Flow," Cir
cle 67 on the TSP Request Card. 
ARC-12469 
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Burning of Dense 
Clusters of Fuel Drops 

A theoretical model of 
evaporation, ignition, and 
combustion is presented. 

A report presents a theoretical study of 
the evaporation, ignition, and combustion 
of rich and relatively dense clusters of 
drops of liquid fuel. This is yet another in 
a continuing series of studies of the com
bustion of sprayed liquid fuels. In this case, 
the focus is on the interactions between 
the heterogenous liquid/gas mixture in a 
cluster and the flame that surrounds it (ex
periments have shown that the flame is 
a thin sheet). 

The interactions involve, among other 
things, the evaporation of the fuel within 
the cluster and the transport of the vapor 
outside the cluster to the flame. Although 
it would be desirable to analyze these in
teractions for the whole spray, such an 
analysis would be excessively compli
cated. To reduce the complexity to a man
ageable level, this study focuses on only 
one of many clusters in a spray, and the 
mathematical model of the interactions 
is constructed .with some simplifying 
assumptions. 

In the model, the drops are all of the 
same size, spherical , and uniformly dis
tributed in the cluster, which is also spheri
cal. The cluster moves in the ambient gas. 
On a length scale equivalent to many drop 
radii, the cluster is spatially homogeneous 
in thermodynamic quantities. Initially, the 
gas inside the cluster is quiescent, but as 
the drops move through the ambient gas, 
the gas inside the cluster acquires a veloc
ity relative to the to fixed system of coor
dinates. The ambient temperature is much 
greater than is the initial temperature of 
the drops, and so the drops heat up and 
evaporate. Since the ambient gas consists 
of air with traces of fuel vapor, eventually 
ignition occurs and combustion ensues. 

The pressure in the cluster remains at
mospheric. Each drop moves radially with 
respect to the center of the cluster in a 
self-similar manner with respect to the 
other drops, and the outer boundary re
mains spherical. The forces on the drops 
are attributed to evaporation, drag on the 
drops, and drag on the cluster as a whole. 
In general, the equations for the conser
vation of momentum are consistent with 
the assumption of self-similarity, with the 
exception of the nonlinear drag and con
vective-derivative terms. To obtain a formu
lation consistent with the assumption of 
spatial homogeneity in the thermodynamic 
quantities, equations in terms of averages 
over the whole cluster are formed by in
tegrating over the self-similarity relative
radial-position parameter. During this proc-
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ess, some convective coupling between 
axial and radial velocities is eliminated, 
and the tendency of the nonlinear drag to 
destroy the self-similar radial motion is also 
neglected. 

Calculations are performed for n-dec
ane fuel at various initial air-ta-fuel mass 
ratios. The results show that in a moder
ately dense spray, cluster burning lasts on
ly a limited time. For the range of param
eters used in this study, only 40 percent 
or less of the fuel has been burned at the 
moment when the drops disappear. Then 
a gas-phase-only burning mode takes over. 
This second mode completely dominates 
the burning of a very dense cluster in which 

ignition occurs after the drops have evapo
rated. These findings are in qualitative 
agreement with existing experimental ob
servations. During cluster burning, a sheet 
of flame is established extremely close to 
the surface of the cluster, in agreement 
with existing experimental observations. 

The ignition event features the propaga
tion of a premixed flame through the clus
ter. The consequent heating of the cluster 
causes it to expand to about 150 percent 
of its previous radius. The fraction of fuel 
burned and the sudden increase in tem
perature at ignition depend mainly on the 
air/fuel mass ratio. 

This work was done by Josette Bel/an 
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FAX: (914) 855-1139 West Coast: (714) 751-2993 

Presray Corporation 
159 Charles Colman Boulevard, Pawling, NY 12564 

YO MAY AlSO CONTACT US BY CIRCUNG THE 
RESPONSE NUMBER INDICATED BELOW. 
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and Kenneth G. Harstad of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Evaporation, 
Ignition and Combustion of Non Dilute 
Clusters of Drops," Circle 158 on the TSP 

A report describes an experimental 
study of the ultraviolet spectrum and 
chemical reactivity of the dimer of chlorine 
monoxide (Cia). On the basis of prior 
studies, this dimer is known to be impor
tant in the photochemistry of the Antarc
tic stratosphere. The objectives of this 
study were to (1) measure the absorption 
cross sections of the dimer at near-ultra
violet wavelengths, (2) determine whether 
the asymmetrical isomer (CIOCIO) of the 
dimer can exist at temperatures relevant 
to the Antarctic stratosphere, and (3) test 
for certain chemical reactions of the dimer, 
especially those relevant to the Antarctic 

Request card. NPO-17987 

Ultraviolet Spectrum 
and Chemical Reactivity 
of CIO Dimer 

Th is dimer is important in 
photochemistry of the 
Antarctic stratosohere. 

74 

Exhibit Your Latest Products 
At America's Premier 
Technology Showcase 

TECHNOLOGY 

2002 
The Third National Technology Transfer Conference & Exposition 

December 1·3, 1992 
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and more! Sponsored by NASA and NASA Tech Briefs, Technology 2002 is your 
best, most cost-effective opportunity to meet with and sell to a large number of 
technology managers and senior design engineers in industry and government. 
Prime exhibit spaces are going fast...reserve your place at Technology 2002 today! 

Call (800) 944-NASA for a complete information package. NY residents call (212) 49().3999. 
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"ozone hole." 
The experiments were conducted at 

temperatures from 195 to 217 K, both in 
the gas phase and in such cryogenic 
solvents as C~, CO2, and Np. A few ex
periments in the gas phase were also car
ried out at room temperature, primarily for 
comparison of quantum yields of ozone in 
the two temperature ranges. The solvent 
experiments were chosen to provide op
timum condit ions for stabilization of pos· 
sible metastable isomers of the dimer; 
namely, a low temperature and a high 
effective concentration of third-body (M) 
molecules in the CIO+CIO+M reaction. 
The dimer was prepared, in some cases, 
by photolysis of C12/03 or CI2/CI20 mix
tures, and in other cases by photolysis of 
CI20 alone. The source of light for photol
ysis was a mercury lamp with a cutoff filter 
to eliminate radiation at wavelengths less 
than 300 nm. 

Absorption cross sections of the di
mer in the gas phase and in the solvents 
were measured at wavelengths from 190 
to 400 nm. The gas-phase and solvent 
spectra were nearly identical, with little, if 
any, solvent shift in the wavelength of the 
spectral peak. 

If the asymmetrical isomer CIOCIO 
were present, it would be expected to yield 
OCIO upon reaction with atomic chlorine. 
OCIO is readily detectable via its strong 
characteristic ultraviolet absorption spec
trum. OCIO would also be expected to give 
rise to C120 3, which also has a strong ab
sorption spectrum. However, the charac
teristic spectra of OCIO and CI20 3 were 
not observed, leading to the conclusion 
that the asymmetrical isomer CIOCIO can
not be stabilized at temperatures of 195 
K and above and therefore cannot playa 
significant role in the Antarctic strato
sphere. Thus, it is concluded further that 
the symmetrical isomer CIOOCI is the on
ly stable one. 

Of the chemical reactions studied, the 
one of primary interest was the postulated 
reaction CIOOCI + 03 - CIO + CIOO + 02' 
However, evidence of this reaction was not 
observed, and on the basis of prior ex
periments, it was concluded that the rate 
constant of this reaction does not exceed 
1 x 10 -19 cm3s -1 . For the self-reaction 
CIOOCI+CIOOCI-2CI2 +02, the upper 
limit of the rate constant was found to be 
1 x10- 20 cm - 3 S-1. 

This work was done by William B. 
DeMore of caltech and E. Tschuikow-Roux 
of the University of calgary for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "UV Spectrum and Chemical 
Reactivity of the cIa Dimer," Circle 137 
on the TSP Request Card. 
NPO-18143 
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Materials 
Hardware, Techniques, and Processes 
75 High-Qual ity TiS2 for LiffiS2 Cells 

without unreacted or partially reacted sul
fur inclusions. The reaction vessel is tilted 
for the same reason: condensed sulfur liq
uid drains off, leaving only sulfur vapor to 
react with the titanium. 

High-Quality TiS2 for Li/ TiS2 Cells 
The optimized and precisely controlled 

temperature profile ensures that the re
action proceeds quickly and completely. 
From experiments, it appears that a tem
perature of 360 - 400°C at the sulfur end 
of the reactor and 450 - 500 °C at the ti
tanium end yields the purest, highest
quality product. 

A modified process inc ludes an all-vapor-phase reaction 

between sulfur and titanium. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A modified process for the synthesis of 
battery-grade titanium sulfide (TiS2) yields 
substantially improved material for Li/TiS2 
electrochemical cells. The TiS2 product is 
less dense and more homogeneous, con· 
sists of smaller particles of higher crystal
line quality, and is purer. A purification step 
to remove unreacted sulfur, S, TiS, and 
TiS3 from the TiS2 product may no longer 
be necessary. 

Cells made with the improved material 
have a high cathode utilization and long 
cycle life performance. They are expected 
to find applications in rechargeable lithium 
batteries for spacecraft, military equip
ment, telecommunication systems, auto· 
mobiles, and consumer products. 

The modified process is based on a va
por-transport method in which a titanium 
sponge is exposed to sulfur vapor in a re-

action vessel. The main modifications to 
the basic method are as follows: 
• Granular sulfur is used instead of the 

usual fine-powder sulfur. 
• The solid raw materials - sulfur and ti

tanium - are kept separate at the begin
ning of the reaction by placing them at 
oPPOsite ends of the reaction vessel. 

• The reaction vessel is tilted in the furnace. 
• The temperature profile in the vessel is 

optimized and controlled precisely. 
The granular sulfur can be weighed out 

more accurately and is less vulnerable to 
contamination. Keeping the raw materials 
separate prevents molten sulfur from reo 
acting with the titanium; only sulfur vapor 
is transported to the titanium sponge. In 
comparison with sulfur liquid, sulfur, vapor 
produces a lower·density, high·surface
area, smaller-particle electrode material 

This work was done by Chen·Kuo 
Huang, Subbarao Surampudi, David H. 
Shen, Fotios Delgiannis, and Gerald 
Halpert of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 91 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 
addressed 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 NPQ-17883. volume and number 
of this NASA Tech Briefs issue. and the 
page number. 

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

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

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

For more information, contact Courtaulds Performance 
Films today. 21034 Osborne Street, Canoga Park, CA 91304 
-1732 · Telephone: (818) 882-5744 • Fax: (818) 882-6519 
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ODE solver with data fitting 
If you're like most professionals. 
you 'd rather be doing some
thing other tha n "tweeking" 
differential equations to obtain 
parameter estimates. Let 
DIFFEQ l.vith Fitting free you for 
more productive pursuits. 

'Solid! This is software worth reviewing. ' 
T. A. Elkins. Ph.D .. Consultant 

• Pull down menus/mouse 
• 8 numerical methods for nex:ibility 
• Templales for fast model developmenl 
• Excellent graphics/drawing loolbox 
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• Much morel 
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~ ~ 76 Computer-Assisted Scheduling System (COMPASS) 
~ ?P' n Program for Graphical Presentation of Schedules 

78 Menu-Driven Program Displays Data in Real Time 

COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage

ment and Infonnation 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. 

If you don~ find a program in this issue that meets 
your needs, call COSMIC directly for a free review of 

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

G MathematiCS and 
~ Information Sciences 

Program Enhances 
Drawings of Three
Dimensional Objects 

Subsets of polygons can be 
rendered as silhouettes. 

Flexibility in choosing how to display 
computer-generated drawings of three-di· 
mensional objects has become increas· 
ingly important in recent years. A major 
consideration is the enhancement of the 
realism and aesthetics of the presentation. 
A polygonal representation of objects, 
even with hidden lines removed, is not 
always desirable. A more pleasing pictorial 
representation often can be achieved by 
removing some of the remaining visible 
lines, thus creating silhouettes (or outlines) 
of selected surfaces of an object. 

SILHOUETIE is a program for line 
drawings that can render any subset of 
polygons as a silhouette. The SILHOUETIE 
program is an improvement on, and a re
placement for, HIDDEN LINE COMPUTER 
CODE (ARC-11446). The program is flexi· 
ble enough to be applicable to every class 
of object. SILHOUETIE offers all possible 
combinations of silhouette and nonsil· 
houette specifications for an arbitrary 
solid. Thus, it is possible to enhance the 
clarity of any three-dimensional scene 
presented in two dimensions. Inputs to the 
program can be polygons or segments of 
lines. Polygons designated with the same 
number will be drawn as a silhouette of 
those polygons. 

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 (404) 542·3265 ; FAX (404) 542-4807 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

SILHOUETIE is written in FORTRAN 77 
and requires a graphics package like 01· 
3000. The program has been implemented 
on a DEC VAX-series computer operating 
under VMS and uses 65K of virtual memo 
ory without a graphics routine linked in. 
SILHOUETIE was developed in 1986 and 
released by COSMIC in 1990. 

DEC, VAX, and VMS are trademarks of 
Digital Equipment Corp. 01-3000 is a trade
mark of Precision Visuals. 

This program was written by David R. 
Hedgley, Jr. , of Ames Research Center. 
For further information, Circle 122 on the 
TSP Request Card. 
ARC·12721 

Computer·Assisted 
Scheduling System 
(COMPASS) 

Activities and resources can 
be scheduled manually, 
semiautomatically, or 
automatically. 

COMPASS is an interactive planning 
and scheduling software system with a 
mouse-driven X-Windows user interface. 
COMPASS is used much like a spread· 
sheet to create and revise schedules of 
activities. In a typical scenario, the user 
loads data on activities and resources from 
a data file, creates a schedule by invoking 
a series of high-level scheduling and 
editing commands, and saves the resulting 
schedule in a data file, from which it can 
be retrieved for later publication or revision. 

COMPASS enables the user to control 
the sequence of the scheduling process 
and the general placement of activities on 
the timeline. At the same time, the user 
can rely upon the system to place activi
ties only at feasible times, taking into con
sideration all of the constraints imposed 
upon an activity and the resources that it 
requires. The user can schedule activities 
one at a time to control the resulting prod· 
uct carefully, or the user can command 
the computer to schedule everything auto
matically, without human intervention. 
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COMPASS is suitable for a wide range 
of problems, including the scheduling of 
both activities and projects. It has the cap
abilities necessary for the creation and 
revision of plans in advance of execution 
times and for revision of plans at execu
tion times in response to failures and de
lays. It can be used to manage activities 
that are subject to constraints of timing, 
of ordering, and of the availability of re
sources. It can be used to manage a wide 
range of resources, including tools, equip
ment, crews, electricity, and water. The re
sources can be used and then returned 
by an activity (e.g., tools), consumed by an 
activity (e.g., propellant), or even produced 
or resupplied by an activity (e.g., water). 

COMPASS version 1.4 is written in Ada 
and contains standard X-Windows inter
faces written in C; the program is easily 
ported between machines that support 
these standards. Currently, COMPASS runs 
on Sun Workstations with SunOS 3.5 or 
4.0, X-Windows release 11.3 or later, and 
the Verdix Ada compiler. Memory require
ments are 4 MB main memory and 2 MB 
free disk space. There are binaries for both 
SUN-3 and SPARC workstations, including 
three executable versions of the program 
for each: one that uses an ASCII interface, 
one that uses a monochrome X-Windows 
interface, and one that uses a color X-Win
dows interface. The application program, 
the Ma program library, and the X-Windows 
interface can easily be customized for 
other specific scheduling applications. 
COMPASS was developed in 1989. 

SunOS, SUN-3 , and SPARC are 
trademarks of Sun Microsystems, Inc. Sun 
Workstation is a registered trademark of 
Sun Microsystems, Inc. X-Window System 
is a trademark of the Massachusetts In
stitute of Technology. Verdix is a trademark 
of Verdix Corp. 

This program was written by Barry R. 
Fox of McDonnell Douglas Space Systems 
Co. for Johnson Space Center. For fur
ther information, Circle 70 on the TSP Re
quest Card. 
MSC-21772 

Program for Graphical 
Presentation of Schedules 

Editing can be done quickly 
and easily on the screen. 

OPPS is a window-based graphics soft
ware tool that provides easy and fast on
screen • 'what-you-see-is-what-you-get" 
(WYSIWYG) editing capabilities. It provides 
a canvas area that displays a full image 
of the schedule being edited. The canvas 
contains a header area (for tex1) and a 
schedule area (for plotting graphical rep
resentations of " milestone" objects in a 
flexible time line). 

The OPPS software is object-oriented, 

NASA Tech Briefs, May 1992 

but it is unique in its capability for creating 
objects that have date attributes. Each ob
ject on the screen can be treated as a unit 
for moving, editing, and the like. There is 
a mouse interface for simple control of the 
location of a pointer. The user can posi
tion objects to resolution as fine as one 
picture element, but objects with which 
dates are associated are positioned auto
matically in their correct time-line positions 
in the schedule area. 

The schedule area, regarded as a page, 
contains horizontal lines across the page, 
and there are capabilities for multiple pages 
and for editing the number of lines per 
page and the line grid. The text on a line 

can be edited, and a line can be moved, 
all objects on the line moving with it. The 
time-line display can be edited to plot any 
period in a variety of formats from fiscal 
year to calendar year and from days to 
years. Tex1 objects and image objects (ras
ter files and icons) can be created for place
ment anywhere on the page. 

"Milestone"-event objects (with each of 
which is associated a Single date, optional 
tex1, and optional milestone symbol) and 
activity objects (with each of which is as
sociated a starting date, an ending date, 
and an optional date of completion) include 
unique editing panels for entering data. A 
representation for schedule slips is also 
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FEM BEM 
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provided. A milestone schedule can be 
saved in an ASCII file on another computer 
to be read by OPPS. The program can also 
print a schedule to a PostScript file. 

SunOS 4.0 or higher. The required memory 
is 340K main memory plus 1.5 MB free 
disk space. A binary is included for SUN-4 
computers. OPPS was developed in 1990. 

This program is not intended to replace 
a commercial scheduling and/or project
management program. It does not provide 
the capability for defining dependencies 
between activities; dates must be provid· 
ed manually. However, because OPPS in· 
cludes an ASCII file interface, it can be 
used in conjunction with project-manage
ment software to produce schedules that 
have appearances indicative of quality. 

SunOS, Sunview, and SUN4 are trade
marks of Sun Microsystems, Inc. Sun work
station is a registered trademark of Sun 
Microsystems, Inc. PostScript is a trade
mark of Mote Systems, Inc. 

This program was written by Susan C. 
Murphy and Ana Maria Guerrero of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 114 on the 
TSP Request Card. 

OPPS !s written in C language and runs 
under Sunview on a Sun workstation with 

NPO-18439 
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YOU NEED FLOW CHARTING™3. 

Every day, professionals worldwide save time 
and money using Flow Charting 3_ It's fast, 
efficient, easy to use, and always produces 
presentation-perfect charts and diagrams. 

With Flow Charting 3's built-in flexibility, 
you can create customized charts using a 
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Menu-Driven Program 
Displays Data in Real Time 

The operator can monitor the 
progress of an experiment 
more effectively. 

Experiments that involve the Olympus 
spacecraft have led to the development 
of JPL/VI8N, a menu-driven computer pro
gram that retrieves and displays incoming 
propagation data as they reach the hard 
disk of the associated data-acquisition
and-storage system. The display of data in 
real time while they are being collected and 
stored increases the effectiveness of any 
data-recording system. Real-time display 
enables the operator to monitor the prog
ress of events and respond swiftly to er
rors during an experiment or trial operation. 

JPL/VIEW displays the powers of the 
signals received from 12.5-, ro, and 30GHz 
beacons of the Olympus spacecraft, as 
well as the sky temperatures at those fre
quencies. A "system-status" window pre
sents the temperature of the system, the 
ambient temperature, the rain rate, direc
tion and speed of the wind, and the states 
of various components. 

The program comprises three multitask
ing processes and additional support rou
tines: (1) GRAPH_WINDOW, which gov
erns the user interface; (2) FILE_GRAPH, 
which maintains the plotting area when the 
user is viewing a file; and (3) REALJIME, 
which maintains the incoming data, the 
status of the collection system generating 
the real-time plots, and the "system
status" window. A non-preemptive multi
tasking operating software shell facilitates 
real-time monitoring of the incoming bea
con data and the status of the data-col
lection system, eliminating procedure calls 
that take too much time by transferring 
control directly from one monitoring rou
tine to another. 

JPL/VIEW is written in Microsoft C, ver
sion 5.1, and includes several assembly
language subroutines compiled with Micro
soft MASM (Macro ASseMbler).The program 
was designed for use on an 80286-based 
IBM PS/2 computer with a pointing device 
and a color EGA or VGA monitor. The op
tional use of a hard drive speeds execu
tion of the program. The standard distribu
tion medium for this package is two 1.2-MB 
5.25-in. (13.34-cm) IBM PC-DOS format 
diskettes. JPL/VIEW was developed in 
1990 and is a copyrighted work with all 
copyright vested in NASA. 

This program was written by John C. 
McKeeman and William R. Sylvester, Jr. , 
of Virginia PolytechniC Institute and State 
University for NASA's Jet Propulsion tat> 
oratory For further information, Circle 33 
on the TSP Request Card. 
NPO-18365 
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Automated Characterization of Vibrations of a Structure 
Excitations, measurements, and computations yield data for design of robust stabilizing control systems. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An automated method of characteriz

ing the dynamical properties of a large flex
ible structure yields estimates of modal 
parameters that can be used by a robust 
control system to stabilize the structure 
and minimize undesired motions. Although 
it was developed for the control of large, 
flexible structures in outer space, the meth
od is also applicable to terrestrial struc
tures in which vibrations are important -
especially aircraft, buildings, bridges, cranes, 
and drill strings. 

The method was developed for use in 
the presence of the following practical 
constraints encountered in the large-flex
ible·structure problem: (1) The structure 
cannot be characterized in advance with 
enough accuracy for purposes of control. 
(2) The dynamics of the structure can 
change in service. (3) The numbers, types, 
placements, and frequency responses of 
sensors that measure the motions and 
actuators that control them are limited. (4) 
The time available during service for char
acterization of the dynamics is limited. (5) 
The dynamics are dominated by resonant 
modes of low frequency. (6) In-service 

measurements of the dynamics are super
vised by a digital computer and are taken 
at low rates of sampling, consistent with 
the low characteristic frequencies of the 
control system. (7) The system must op
erate under little or no human supervision. 

The method is based on the extraction 
of the desired modal and control-design 
data from the responses of the structure 
to known vibrational excitations (see fig-

ure). Initially, wideband stochastic excita
tions are used to obtain a survey of the 
general characteristics of the structure. 
Next, narrow-band stochastic and piece
wise-constant (consistent with sample
and-hold discretizations) approximations 
to sinusoidal excitations are used to in
vestigate specific frequency bands in more 
detail. 

The Method for the 
Automated Charac
terization of Vibra
tions of a structure 
prescribes equip 
ment, theory, and pro
cedures for applying 
known vibrational ex
citations, measuring 
the vibrational re 
sponses, and pro
cessing the data on 
the excitations and 
responses into the 
desired model and 
control-design data. 

Supplying a full line of portable, digital recorders for shock & vibration monitoring and recording . PC
compatible and programmable - Battery powered - Full waveform recording - Completely self
contained with built-in 3-axis accelerometers. Remote preprogrammed operation from hours to 
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Let our unique digital recorders turn your desk-top PC into an 
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late and reproduce actual field measurementsl 
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The relationships between the responses 
and the excitations are first computed non
parametrically - by spectral estimation 
in the case of stochastic excitations and 
by estimation of gains and phases in the 
case of the approximately sinusoidal ex
citations. In anticipation of the parametric 
curve fitting to follow, the order of a math
ematical model of the dynamics of the 
structure is estimated by use of a product
moment-matrix (PMM) test. Next, the pa
rameters of this model are identified by a 
least-squares fit of transfer-function coef
ficients to the nonparametric data. The fit 
is performed by an iterative reweighting 
technique to remove high-frequency em
phasis and assure minimum-variance 
estimation of the transfer-function coeffi
cients. The order of the model starts at the 
PMM estimate and is determined more 

precisely thereafter by successively ad
justing the number of modes in the fit at 
each iteration until an adequately small 
output-error profile is observed. 

In the analysis of the output error, the 
additive uncertainty is estimated to char
acterize the quality of the parametric esti
mate of the transfer function and for later 
use in the analYSis and design of robust 
control. It can be shown that if the additive 
uncertainty is smaller than a certain cal
culable quantity, then a conceptual con
trol system that could stabilize the model 
structure could also stabilize the real struc
ture. This criterion can be incorporated into 
an iterative design procedure. In this pro
cedure, each controller in a sequence of 
controllers for the model structure would 
be designed to perform better than the 
previous one did, until the condition for 

robust stability was violated. Once the vio
lation occurred, one could accept the pen
ultimate design (if its performance were 
satisfactory) or continue the design proc
ess by increasing a robustness weighting 
(if available). In principle, convergence of 
this iterative process guarantees a control 
design that provides high performance for 
the model structure while guaranteeing ro
bustness of stability to all perturbations of 
the structure within the additive uncertainty. 

This w::>rk was done by David S. Bayard, 
Yeung Yam, Edward Mettler, Fred Y. 
Hadaegh, Mark H. Milman, and Robert E. 
Scheid of Caltech for NASA's Jet Propul
sion Laboratory. For further information, 
Circle 99 on the TSP Request Card. 
NPO-18141 

~~ External Squeeze-Film Damper for Hydrostatic Bearing 
Stacked disks provide both damping and clearance for alignment. 

Marshaf/"Space Flight Center, Alabama 
An external squeeze-film damping de

vice helps to suppress the vibrations of a 
rapidly turning shaft supported by a pivot
ed-pad hydrostatic bearing in a high-pres
sure/high-power<lensity turbomachine. The 
hydrostatic bearings in such a machine 
are intended to overcome the limitations 
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of conventional rolling-element bearings. 
To be effective, a hydrostatic bearing must 
operate at small clearances. A pivoted-pad 
bearing provides the required small clear
ances, yet adjusts and aligns itself to ac
commodate the significant structural de
flections that occur in such a machine. The 
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external squeeze-film damping device is 
incorporated into the pivoted-pad bearing. 

The basic pivoted-pad bearing without 
the damper includes bearing pads arranged 
around the shaft. Each pad includes holes 
through which fluid is pumped to the work
ing surface of the pad. Each pad is pre
loaded against the shaft by a piston that 
has a convex crown and that is pressur
ized by the pumped fluid. 

The damping device is incorporated by 
placing it between the convex crown of the 
piston and the top of the piston cylinder. 
The damper consists of a stack of washer
like disks. The damping squeeze-film force 
between any two given disks is inversely 
proportional to the gap between the disks 
and increases with the velocity of ap
proach of the disks and with the viscosity 
of the fluid in the gaps. The gaps in the 
stack are narrow enough to provide high 
damping force, while the total of the gaps 
amounts to sufficient clearance for self
alignment of the bearing. 

This work was done by Paul S. 
Buckmann of GenCorp Aerojet for Mar· 
shall Space Flight Center. No further 
documentation 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-28555. volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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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 . 

Modeling for Stabilization 
of Segmented Telescope 
Reflector 

The vibrating reflector 
structure is treated as a 
collection of substructures, 
each initially treated separately. 

A report discusses the mathematical 
modeling of vibrations and of active con
trol to suppress vibrations of a large, seg
mented telescope reflector. A reflector of 
this type is a large paraboloidal mirror 
composed of regular hexagonal (as viewed 
along the optical axis) mirror segments, 
each connected to a supporting structure 
by three actuators that adjust its position 
and orientation in response to commands 
from a control subsystem. Accelerometers 
collocated with the actuators measure the 
vibrations. Interferometric edge sensors 
measure the relative angles and displace
ments between adjacent panels. The prob
lem is to devise control laws that process 
the outputs of the edge sensors and ac
celerometers into actuator commands to 
suppress vibrations and maintain the re
quired figure of the mirror surface.The con
trol laws are required to assure stability. 

To circumvent the difficulty of treating 
a system characterized by many degrees 
of freedom, this study follows the decen
tralized-control approach, which is widely 
used in the control and analysiS of such 
diverse systems as power networks, ur
ban traffic networks, digital communica
tion networks, ecological systems, eco
nomic systems, and robotic manipulators. 
In the decentralized-control approach, the 
overall system is fi rst decomposed mathe
matically into subsystems. Control laws 
and criteria for stability are developed for 
each subsystem. Then the mathematical 
properties of the interconnections among 
the subsystems are used to assemble the 
subsystems mathematically into a model 
of the overall system and to derive global 
control laws and criteria for the stability 
of the overall system. 

In this case, the subsystems are the 
panels and the beams that support them. 
The reflector panels are modeled as rigid 
bodies, the beams are treated as under
going small deflections In the linear re
gime, and the actuators are modeled as 
rigid links in series with stiff springs. The 
panels are assumed not to undergo lateral 
motions. From this model, equations of 
motion of each subsystem are derived. 
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Control laws for each subsystem treated 
in isolation are derived by pole placement 
in the frequency domain, using feedback 
from the sensors pertinent to that subsys
tem alone. A criterion for the stability of 
the overall system is derived. Computer 
simulations are performed with these con
trollaws, using parameters representative 
of a reflector composed of 18 panels, each 
1 m in diameter; it is shown that vibrations 
would be suppressed considerably - typi
cally by a factor of 1,000 in comparison 
with an open-loop vibration-attenuation 
mechanism. 

California State University for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "Modeling and Stability of 
Segmented Reflector Telescopes," Circle 
63 on the TSP Request Card. 
NP0-18109 

Three-Component 
Laser Velocimetry 
of Complex Flows 
Laser velocimetry is used to 
validate computed predictions 
of complex flow fields. 

This vvork was done by Che-Hang C. Ih 
of Caltech and Helen A. BoussaJis of 

Classic aircraft design has been based 
on experimental results from wind-tunnel 
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models and free-flight testing of prototype 
aircraft . Recent advances in computation
al fluid dynamics are changing this ap
proach. The aeronautical research com
munity is beginning to depend more on 
computations than on experimental results 
to such an extent that predictions of flow
field behavior are being used without sup
porting data. The question arises as to 
whether predictions of complex flow fields 
represent the real world. 

An experiment was performed in an 
attempt to use a wind tunnel and state-of
the-art instrumentation to look into the real 
world. The subject of this study was a 
common, yet complex flow: vortex rollup 
along and above the leading edge of a 
highly swept (75°) delta wing. 

The Basic Aerodynamics Research 
Tunnel (BART) at NASA Langley Research 
Center was selected to approximate the 
real world. The input flow of this wind tun
nel has very low turbulence and remains 
stable during the long times required to 
conduct detailed investigations. An orthog
onal three-component laser velocimeter 
served as the primary measuring instru
ment. It was used to measure the leading
edge vortex flow field above the wing at 
angles of attack of 20.5° and 40.0°. 

The analysis of uncertainties in the 
measurements showed mean velocity 
measurements to be accurate to within 0.5 
percent and turbulence-intensity meas
urements to be accurate above twice the 
residual value of 1 percent. Mean-velocity 
and turbulence-intensity contours of the 
vortex flow field at an angle of attack of 
20.5° were determined along with con
tours of burst vortexes when the angle of 
attack was raised to 40°. These results, 
along with the estimates of integral time 
scale, demonstrated the capabilities of the 
orthogonal three-component laser velo
cimeter to obtain the detailed experimen
tal data necessary to validate the com
putational codes used. 

This work was done by James F. Meyers 
of Langley Research Center and Timothy 
E. Hepner of the United States Army 
(AVRADCOM). For further information, Cir
cle 140 on the TSP Request Card. 
LAR-14387 

Effects of Spatial 
Disturbances on 
Asymmetries of Vortexes 

Small input asymmetries 
of surfaces or flows are 
amplified downstream. 

A report describes a computational study 
of the effects of small spatial disturbances 
on the asymmetries in the vortexes down
stream of slender bodies of revolution in 
flows at a large angle of attack. Flow phe
nomena of this type can affect the stability 
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and other maneuvering characteristics of 
missiles and aircraft. For example, the onset 
of asymmetry in the 'A)rtexes on the forebody 
of a vehicle maneuvering at a large angle 
of attack can generate unwanted yawing 
moments, which can cause loss of control. 
Understanding of these phenomena can 
also help to answer such important deSign 
questions as how precisely symmetrical an 
aerodynamic t:x:xty shaJld be and haN strong
ly roughness, bumps, or other imperfections 
on its surface affect its maneuvering charac
teristics. 

Two axisymmetric bodies were used in 
this study. Both were missilelike ogive/cylin
ders, and one was augmented with an ax
isymmetric rearward-projecting sting (a rod 
used to mount a model in a wind tunnel) 
to provide a more realistic simulated flow 
for comparison with experiments. Subsonic 
viscous flows about these bodies were math
ematically modeled via the Navier-Stokes 
equations, which were integrated numerical
ly via an implicit finite-difference algorithm. 
All of the simulated flows were character
ized by a free-stream Mach number of 0.2 
and an angle of attack of 40~ The symmetry 
of the flow was broken by introdUCing a 
small, steady jet perpendicular to the plane 
of incidence. Four cases were studied: the 
symmetric flow (without the jet) and one 
asymmetric flow (with the jet) about the body 
without the sting, and two asymmetric flows 
(with the jets at different positions) about the 
body with the sting. 

The computed flows exhibited marked 
asymmetries like those that had been ob
served previously in experiments. AnalYSis 
of the computed flows leads to the follow
ing generalizations: 
1. In the absence of a steady, stationary 

symmetry-breaking perturbation, the com
puted flows around bodies of revolution at 
large angles of attack do not become 
asymmetric, in contrast to the asymmetries 
observed experimentally. 

2. The computed symmetric flows are stable 
to perturbations that vary with time. Even 
after an asymmetric solution develops in 
response to a perturbation, removal of the 
perturbation causes the asymmetric flow 
to relax to the original symmetric state. 

3. The degree of asymmetry in a computed 
solution is a function of the strength of the 
applied disturbance. A decrease in the 
strength of a stationary jet causes a cor
responding decrease in the observed 
asymmetry. 

4. The effectiveness of a perturbation of given 
strength is a strong function of its point of 
application. A perturbation applied close 
to the nose induces a much greater asym
metry than does the same perturbation ap
plied farther downstream. 
The results of this computational study 

parallel the findings of previous experiment
al studies and explain why asymmetry is al
most always observed in the experiments. 
Despite all possible care taken in construct-
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ing a model , small irregularities exist near 
the tip. Taken together, the computational 
and experimental observations suggest that 
the asymmetries of three-dimensional vor
texes on slender bodies at large angles of 
attack are forced by stationary, steady dis
turbances like those caused by the rough
nesses of the surfaces. 

This work was done by David Degani and 
Lewis B. Schiff of Ames Research Center. 
Further information may be found in AIM 
paper 89A-25287, "Numerical Simulation 
of the Effect of Spatial Disturbances on 
Vortex Asymmetry." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
ARC-12440 

Shedding of Vortices 
From a Missilelike Body 

At large ang les of 
attack, flows exhibit self
sustained osci llat ions. 

A report describes a computational study 
of subsonic flows about slender bodies of 
revolution at large angles of attack. This 
is one in a continuing series of studies in
tended to elucidate the aerodynamics of 
missiles and aircraft undergoing severe 
maneuvers. In this case, the focus is upon 
the effect of the angle of attack on the 
development of unsteadiness in flow -
particularly the unsteady shedding of vor
tices on the leeward side. 

Flows about three similar missilelike ax
isymmetric ogive/cylinder txxlies were com
puted by a thin-layer Navier-Stokes code. 
A half-body grid was used, constraining the 
simulated flows to be symmetrical. Although 
this feature prevents the simulation from 
showing the asymmetry that is observed 
experimentally at large angles of attack, 
it nevertheless permits the simulation to 
follow experimentally observed trends in 
the development of unsteady flow. 

Flows were computed for a free-stream 
mach number of 0.2. Laminar cases were 
computed at Reynolds numbers (based 
on free-stream conditions and the diam
eter of the cylinder) of 75,000 and 200,000 
for angles of attack from 10° to 40° in 
increments of 5° . Time-accurate compu
tations of turbulent flows were performed 
for a Reynolds number of 5 x 106 at 
angles of attack of 20°, 25°, and 30°. The 
computations were started from undis
turbed free-stream conditions or from solu
tions obtained previously at nearby Reyn
olds numbers or angles of attack, and the 
equations of flow were advanced in time 
to obtain histories of the flows. 

In most cases investigated, the com
puted flows sett led down to steady states. 
However, as the ang le of attack was in-
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creased, the fluctuations in the flows be
came less damped. The unsteadiness was 
linked to small three-dimensional vortices 
moving along the primary surfaces of cross
flow separation. 

At an angle of attack of 10°, the primary 
crossflow separation started downstream 
of the ogive/cylinder junction, the primary 
crossflow vortices were small and lay close 
to the leeward surface, and no secondary 
separation was observed. With an increase 
in the angle of attack, the primary cross
flow separation developed close to the 
nose, and the primary vort ices became 
larger (and stronger) and lay farther above 
the body. As the strength of the primary 

vortices increased, the secondary cross
flow separation and the associated de
velopment of secondary vortices also oc- . 
curred closer to the nose. At an ang le of 
attack of 40° the flow remained unsteady, 
with self-sustaining fluctuations. Although 
the computations cannot be compared 
directly with experiments because they in
volve different Reynolds numbers, it is note
worthy that experiments also indicate a 
trend toward increasing unsteadiness with 
increasing angle of attack. 

This work was done by Lewis B. Schiff, 
David Degani, and Sharad Gavali of Ames 
Research Center. Further information 
may be found in AIAA paper 89A-25170, 
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"Numerical Simulation of Vortex Unsteadi
ness on Slender Bodies of Revolution at 
Large Incidence." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-650.0. 
ARC-12441 

Lightweight Shield 
Against Space Debris 

Transportable, deployable 
panels would offer thermal 
insulation as well as protec
tion against meteoroids. 

A report presents a concept for a light
weight, deployable shield that wou ld pro
tect orbiting spacecraft against meteoroids 
and debris. The shield also would function 
as a barrier to conductive and radiative 
losses of heat. 

The proposed shield would be made in 
four segments that, together, wou ld pro
vide 3600 coverage of a cylindrical space
station module. A segment wou ld include 
a network of longitudinal and circumferen
tial structural elements laminated to thin 
aluminum strips. Panels that would absorb 
the kinetic energies of meteoroids or de
bris that strike them would be attached to 
each segment of the shield. Damaged 
panels could be replaced quickly and easi
ly by an astronaut. 

The four segments would be joined by 
butterfly hinges that would fold to allow the 
shield to be compressed to a diameter of 
175 in. (444.5 cm) so that it would fit into 
the cargo bay of the Space Shuttle. Four 
bands would compress the segments se
curely to prevent vibration during launch. 
Once the stowed sh ield was in orbit , the 
bands would be released and the hinges 
opened, expanding the shield to a diameter 
of 183 in. (464.8 cm) so that it could be 
slipped over a space-station module and 
fastened to it with flexible closure elements. 

The lattice structure would flex between 
the smaller and larger cyl indrical radii dur
ing deployment but would have relatively 
high longitudinal stiffness. Part of the force 
of deployment would be provided by spring 
actuators in the butterfly hinges. In com
parison with electric motors or pneumatic 
actuators, the springs would be simple, 
would furnish large forces, would be light
weight, and would consume no power dur
ing deployment. 

This work was done by John W. 
Redmon, Jr , Bobby E. Lawson, Andre E. 
Miller, and W E. Cobb of Marshall Space 
Flight Center. To obtain a copy of the 
report, 'fl LightWeight, Thermally Isolated 
Deployable Meteoroid/Debris Shield for 
Cylindrically Shaped Spacecraft," Circle 
116 on the TSP Request Card. 

This invention is owned by NASA, and 

For More Information Circle No. 457 

a patent application has been filed. In
quiries concerning nonexclusive or ex
clusive license for its commercial develop
ment should be addressed to the Patent 
Counsel, Marshall Space Flight Center 
[see page 18]. Refer to MFS-28524. 

Three-Dimensional 
Turbulent Boundary 
layer With Adverse 
Pressure Gradient 

Flow is measu red on a 
cylindrical model with a 
forward-facing step. 

A report describes an experiment to 
measure the effects of adverse pressure 
gradient on three-dimensional turbulent 
boundary-layer flow. This is part of a con
tinuing series of experiments designed to 
study the details of turbulent boundary
layer flow in the interest of improving 
predictive techniques for lift and drag on 
aerodynamic and hydrodynamic vehicles. 
In this case, the effect of the streamwise 
gradient of pressure on the crossflow is of 
particular interest. 

The experiment was conducted on a 14-
cm-diameter cylinder, the axis of symmetry 
of which was al igned with the wind tunnel . 
An upstream section of the cylinder 91.4 
cm long was made to spin, thus producing 
a lateral flow within the boundary layer, 
while an adjacent downstream section 
91.4 cm long was held stationary. A for
ward-facing step, 2.54 cm high, was added 
by mounting an annular sleeve on the sta
tionary section 15.4 cm downstream of the 
junction between the stationary and ro
tating sections. This step produced the ad
verse streamwise pressure gradient. 

The wind tunnel was operated at a free
stream velocity of 36.5 mls and at ambient 
temperature and pressure. The flow field 
along and around the cylinder was meas
ured by two- and three-dimensional laser 
Doppler velocimetry. Surface pressures 
were also measured. Measurements were 
concentrated along the stationary section, 
where the boundary layer was reacting to 
the abrupt change in boundary conditions 
(from spinning to nonspinning). 

The mean and fluctuating velocity meas
urements obtained with the laser were 
used to determine streamline patterns, 
production , and dissipation of kinetic 
energy. The data was used to test the accu
racy of a variety of turbulence modeling as
sumptions used in modeling the turbulent 
Reynolds stress forces. Turbulent Prandtl 
mixing lengths were extracted from the 
data, showing the effects of curvature. 

The streamwise flow was found to be 
driven predominantly by pressure forces; 
viscous forces became important only 
near the wall. The increase in pressure 
was found to occur over such a short 

NASA Tech Briefs , May 1992 



distance that the turbulent stresses were 
barely able to respond before the flow 
separated. The transverse components of 
mean flow and Reynolds shear stress 
seemed to be insensitive to the streamwise 
gradient of pressure. Transverse strain 
was found to reduce the streamwise com
ponent of Reynolds stress for both zero
and adverse-pressu re.g radient flow cases. 

The production of turbulent kinetic en
ergy was found to grow rapidly in the vicin
ity of the step as the result of steep mean
flow velocity gradients. Dissipation was 
found to grow less quickly than production; 
this led to a net growth with distance along 
a streamline. 

This work was done by David M. Driver 
of Ames Research Center and Sheshagiri 
K. Hebbar of the Naval Postgraduate School. 
To obtain a copy of the re{X)rt, "ThreeDimen
sional ShearDriven BJundary Layer Flow 
With Streamwise Adverse Pressure Gra
dient, " Circle 22 on the TSP Request Card. 
ARC-12331 

Coping With Vibrations in a 
Multiple·Payload Platform 

Methods of isolation, 
suppression, and com
pensation are discussed_ 

A paper discusses some engineering 
methods of coping with vibrations in a 
large platform (e.g., a space station or 
smaller spacecraft) that supports multiple 
articulated scientific instruments. The basic 
problem is to enable every instrument to 
maintain accurate aim in the presence of 
disturbances caused by motions of other 
instruments, operation of other machinery, 
sloshing of fuel , movements of crewmem
bers, orbital/gravitational librations of the 
platform, and controlled maneuvers of the 
platform. Although the paper approaches 
the problem from the spacecraft perspec
tive, it also .has considerable value as an 
introductory text on the general problem 
of aiming instruments and minimizing the 
effects of vibrations in a large structure. 

After describing the vibrational disturb
ances expected to occur in a representa
tive space platform, the paper indicates 
that the solution to the basic problem re
quires the coordination of three engineer
ing approaches: suppressing vibrations, 
isolating vibrations, and compensating for 
vibrations. In the vibration-suppression ap
proach, passive damping elements and/or 
actuator and sensor elements connected 
to a control system are added to the plat
form at strategic points to reduce disturb
ances over the whole platform. 

In the vibration-compensation approach, 
the vibrations of the platform at the posi
tions of the instruments are sensed and/or 
computed, and compensatory vibrations 
are applied to the actuators that aim each 
instrument. Thus, the instrument can be 

NASA Tech Briefs. Mav 1992 

aimed accurately even though the platform 
is vibrating strongly. Vibration-compensa
tion techniques can be applied to existing 
instrument-mounting hardware. Like the 
vibration-suppression approach, the vibra
tion-compensation approach requires the 
use of active-control techniques, includ
ing possibly substantial computational 
capability. 

The vibration-isolation approach can 
involve the use of active and/or passive 
techniques as in the vibration-suppression 
approach, but unlike in the vibration-sup
pression approach, the objective is not to 
suppress vibrations throughout the plat
form. Instead, the objective is to reduce 

the coupling of vibrations into those parts 
of the platform that support instruments 
that must be aimed precisely and/or to pre
vent the transmission of vibrations from 
sources of disturbance to the rest of the 
platform while allowing other, non-vi bra
tion-critical parts of the platform to vibrate. 
In a typical case, the vibration-isolation 
mechanism is an active or passive inter
face that is soft in the frequency range of 
the expected disturbances. 

The paper goes on to discuss engineer
ing tradeoffs within and among the sup
pression, compensation, and isolation ap
proaches. There are brief discussions of 
the mechanics of passive isolators and of 
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how to tailor the frequency responses of 
active isolators. Examples of passive and 
active isolators are presented. Plans for 
further development of multiple-payload 
platforms designed to minimize the effects 
of vibrations are described. 

This oork was done by Samuel W Sir/in 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Vibration Isolation Versus Vibration Com
pensation on Multiple Payload Platforms," 
Circle 7 on the TSP Request Card. 
NPO-18021 

Effects of Compressibility 
on Dynamic Stall 

Effects of compressibility 
are noticeable even at 
speeds as low as mach 0.2. 

A report presents the results of compu
tations and measurements of compressi
ble flow about an airfoil, the angle of at
tack of which oscillates about the static
stall angle. The study focuses on the ef
fects of compressibility on dynamic stall. 
Of particular interest are the conditions 
that determine the onset of separation of 
flow, which can lead to premature dynamic 
stall and a consequent significant reduc
tion of lift. 

For the sake of discussion, flows are 
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classified into three regimes: (1) the at
tached-flow regime, in which the effects 
of viscosity are confined to the boundary 
layer and the outer flow can be considered 
inviscid; (2) the separated-flow regime, in 
which the boundary layer has broken down, 
forming large eddies that dominate the 
flow; and (3) the reattachment regime -
a transient regime that occurs after most 
of the vortexes have moved downstream 
of the trailing edge and during which the 
flow recovers to a status close to that of 
the static flow that would occur at the 
same angle of incidence. The flows 
described in the report are mostly in the 
attached-flow regime. 

The dependence of the critical mach 
number on the curvature of the leading 
edge, the camber, and the angle of attack 
is investigated. Three sets of pressure
history data for three different free-stream 
mach numbers are discussed to exemplify 
typical effects of the frequency of oscilla
tion on the flow in the attached-flow re
gime. It is shown that the effects of fre
quency on the onset of stall are different, 
depending on whether the flow has local
ly exceeded sonic conditions during part 
of the cycle of oscillation. A review of clas
sical theories on the dynamics of com
pressible flow provides a basis for predict
ing the conditions under which a flow be
comes mach-critical; i.e., the maximum 
local speed of flow exceeds the local 
speed of sound. 

From the observed and computed be
havior of the flow before separation, the 
authors conclude that the outer flow is 
quasi-steady until separation. In a subcriti
cal flow, increasing the frequency of oscil
lation delays separation of the boundary 
layer and thereby allows the airfoil to at
tain higher lift at higher angles of attack. 
However, as the airfoil assumes values of 
lift higher than the value at static stall, the 
flow around it can easily become super
critical. A local supersonic region and the 
associated shock can form close to the 
leading edge, where the radius of curva
ture is small. 

The vortical content of the flow is inten
sified because of the relatively short ex
tension of the local supersonic region. The 
outer flow, which has been keeping the 
boundary layer from detaching, is no long
er stable. The numerically predicted con
ditions under which the outer flow be
comes unstable are close to those found 
in a wide range of dynamic-stall experi
ments. Finally, the authors conclude that 
a new mechanism, which can be related 
to the shock-generated vorticity, may be 
responsible for the change in the charac
ter of separation of a dynamically stalling 
airfoil. Hence, it is important to consider 
the effects of compressibility even at free
stream mach numbers as low as 0.2. 

This oork was done by L. W Carr of 
Ames Research Center and K.-Y. Fung 
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of the University of Arizona. To obtain a 
copy of the report, " The Effects of Com
pressibility on Dynamic Stall," Circle 35 on 
the TSP Request Card. 
ARC-12473 

High·Resolution Shock· 
Capturing Schemes 
for a Real Gas 

Methods for the solution 
of the equations of one
dimensional flow 
are compared. 

A report presents a comparative study 
of several high-resolution explicit numeri
cal·simulation schemes that capture shocks 
in one-dimensional flows of a real gas. 
(One-dimensional shock-tube problems 
are called " Riemann problems.") In this 
study, the various one<limensional schemes 
are compared with respect to (1) ability to 
capture shocks, (2) resolution of shocks, 
(3) overall accuracy, and (4) computational 
efficiency. 

The Euler equations for the conserva
tion of mass, momentum, and energy in 
one-dimensional flow are presented. 
Thermodynamic derivatives that express 
the properties of the gas are introduced 
into these equations via a Jacobian matrix 
in a matrix.vector formulation that is com
monly used in Riemann solvers. Three 
Riemann solvers are presented. The first 
is an approximate one based on a gen
eralization, to a real gas, of a perfect-gas 
function called the Roe average, which is 
valued for its simplicity and its ability to 
satiSfy the jump conditions. The second 
Riemann solver is a generalization of the 
flux-vector-splitting technique developed by 
Steger and Warming for a perfect gas. The 
third Riemann solver is a real-gas general
ization of the perfect-gas flux-vector
splitting technique developed by van Leer. 

Five numerical-integration algorithms 
formed from combinations of numerical
integration schemes with Riemann solvers 
are presented. These algorithms belong to 
the class of total-variation-diminishing ex
plicit schemes and are divided into two 
subclasses: those that take the MUSCL 
approach and those that take the non
MUSCL approach. The non-MUSCL algo
rithms are a second-order symmetric and 
a second-order upwind numerical-inte
gration scheme that incorporate the ap
proximate Riemann solver. The MUSCL 
algorithms include an upwind numerical
integration scheme with the approximate 
Riemann solver and the other two Riemann 
solvers: one with the generalized Steger
Warming flux-vector splitting and one with 
the generalized van Leer flux-vector splitting. 

The five schemes are applied to six dif-
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ferent Riemann problems for equilibrium 
air with various ranges of mach numbers, 
densities, and pressures. The numerical 
results in the supersonic and low-hyper
sonic regimes indicate that these approach
es offer good shock-capturing capability 
and that the resolution of the shock is 
affected only slightly by the equation of 
state of equilibrium air. The difference in 
resolution between the various schemes 
varies slightly from one Riemann problem 
to another, but the overall accuracy is 
very similar. For the one-dimensional case, 
all the schemes require about a compar
able number of arithmetical operations. The 
main difference between the methods lies 

in their extendability to multidimensional 
problems with efficient implicit solution 
procedures. 

This work was done by L. L Montagne, 
H. C. Vee, and M. Vinokur of Ames Re
search Center. Further information may 
be found in NASA TM·1()()()()4[N87-27470], 
"Comparative Study of High-Resolution 
Shock-Capturing Schemes for a Real Gas." 

Copies may be purchased [prepayment 
required] from the National Technical In
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12438 

Ibck mounted "ys(em 

DataReco~ 
Bit Error Rate Testing and Analysis 

Error rate analysis redefmed. 
BitAlyzer allows measurement of bit and burst 
erro r statistics as weU as burst le ngth profiles, 
error frequency distribution, correlated e rror 
analysis, tape surface error maps and e rro r 
correction simulation. Test resul ts can be 
printed o r archived o n diskette fo r exact test 
documentation and future off-line analysi . 

Enhanced analysi options include tUlnkey 
testing solutions for AMPEX DCRSi and ONY 
DIR-lOOO. 

BitAlyzer bit error analYSis is ava ilable 
today for error rate testing on aU types 
of data recorders including the new 
MIL2179 and AN, [ID-119mm formats. 

Perfect for testing recorders and media. 
Already used with recorc1ers from: 

• AMPEX • Metrum 
• Computing • Precision 

SyntheSys 
RESEARCH, [Nc. 

17554 E Bay,hore Rd., Suite 12B 
R"dwlxxl City. CA 94063 
(415) ~-1853'l415) :164-5716 FAX 

Devices Echo 
• DATATAPE • chi umberger 
• Lora I • ONY 

For More Information Circle No_ 493 87 



88 

• Has no moving parts, bearings 
or springs 

• Withstands more than 10,000 
G shock 

• Operational 40 milliseconds 
after power on 

• Infinite resolution, no hysteresis 
• Greater than 10,000 hours life 
• High MTBF 

Miniaturized series of rate sensors 
weigh less than 37 grams and when 
used with an electronics support 
card can provide an output voltage 
that linearly represents angular 
velocities up to 5000" per second. 
They are now available for space
saving applications. Two-or three
axis packages are available. 

CALL OR 
WRITE FOR 
SUMMARY 
CATALOG 

Humphrey, Inc. 
9212 Balboa Ave., Dept. NTB592-2 
San Diego, CA 92123 U.S.A. 
Telephone: (619) 565-6631 
FAX: (619) 565·6873 

I_e. 

Machinery 
Hardware, Techniques, and Processes 
88 Thermal-ta-Electric Converter With Greater Power Density 
89 Self-Resetting Energy Absorber 
90 Air-Bearing-Piston Suspension System 
Books and Reports 
91 Future V/STOL Aircraft for the Pacific Basin 

Thermal-to-Electric Converter With 
Greater Power Density 
Heat could be fed-in at lower temperature. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed design for an alkali-metal 

thermal-to-electric converter (AMTEC) 
would incorporate several refinements to 
increase the IXlwer density and to reduce 
the input temperature below that of a 
typical prior design. Preliminary calcula
tions indicate that the output electrical 
power per unit volume of converter would 
lie in the range of 0.5 to 1.0 kW/L for input 
and output temperatures in the ranges of 
800 to 1,100 ard 400 to 700 K respectively. 
These improvements would be effected by 
use of techniCJ.Ies that have not previous
ly been applied to the fabrication of 
AMTEC cells. 

Each cell of the converter (see figure) 
would include a layer of (J"-alumina solid 
electrolyte, one side of which would be in 
contact with a liquid-sodium-filled wick. 
Hot sodium oould be pumped through the 
cell, and it would be wicked to the surface 
of the solid electrolyte, where it would give 
up electrons. The electrons would be con
ducted to extemal circuitry through the hot
sodium-feedthrough tubes, and the sodium 
ions would pass through the solid elec
trolyte. On the other side of the electrolyte, 
a porous metal electrode (typically of mo
lybdenum, tungsten, or an alloy of tung
sten) would sLPPly electrons to recombine 
with the sodium ions. The electrons would 
be supplied to the thin porous electrode 
from external circuitry by a metal contact 
grid, possibly of the same material as that 
of the porous metal electrode. 

The neutralized sodium would evapo
rate from the electrolyte/porous-electrode 
interface, travel through the electrode, and 
be condensed on porous metal wicks (pos-

Coolant Channel 

( 
Porous Metal CondenserN.Jlck 

sibly identical to the porous electrode) a 
short distance from, but not in electrical 
contact with, the electrolyte, porous elec
trode, and grid. The AMTEC cells could 
also be stacked with a small spacing be
tween individual cells, and the wick con
densers would be placed around the stack 
of cells. The condensed sodium would 
flow through the wicks to a slightly cooler 
collection volume and be recirculated to 
the source of heat. The coolant in the con
densers could be liquid sodium (typically 
at a temperature ;:>373 K) or another suit
able fluid. The coolant, wick, electrode, 
and contact materials would all be chosen 
with regard to chemical and thermome
chanical compatibility with the hot sodium 
and (J"-alumina. 

In fabrication, the (J"-alumina solid elec
trolyte would be tape-cast on both sides 
of a flat porous metal wick; this would 
reduce both the thickness of the cell and 
the internal series electrical resistance be
low those of prior designs. The contact grid 
would consist of (1) a microscopic mesh 
formed by photodeposition either over or 
under the porous metal electrode and (2) 
an overlying macroscopic mesh in contact 
with the microscopic mesh. The planar 
configuration oould enable the most effi
cient arrangement of cells ard condensers. 

This work was done by Roger M. 
Williams, Jerry W Suitor, Barbara Jeffries
Nakamura, Mark L. Underv.ood, Margaret 
A. Ryan, and Dennis O'Connor of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 100 on the 
TSP Request Card. 
NPO-18197 
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The Proposed Alkali
Metal Thermal-to
Electric Converter 
(one cell is shown 
here) would have a 
compact, planar con
figuration. Planar cells 
could be stacked 
densely with remote 
condenser for thermal 
efficiency and high 
power denSity. Either 
liquid-or vapor-fed 
cells could be utilized. 
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Self-Resetting Energy Absorber 
After absorbing a shock, the mechanism immediately readies itself for another. 
Lyndon B. Johnson Space Genter, Houston, Texas 

A mechanical device absorbs the kinet
ic energy of a moving mass and automati
cally resets itself so that it is ready for 
another impact. Unlike hydraulic shock ab
sorbers, the new device is compact and 
not subject to leakage of hydraulic fluid. 
Unlike friction-washer shock absorbers, 
the new device resets itself, and its damp
ing force can be adjusted easily. The de
vice could be used to absorb mechanical 
shocks in industrial machinery, automobile 
bumpers and suspensions, and parachute 
lanyards, for example. 

The device uses frictiQn to dissipate ki
netic energy. VYhen the moving mass push
es it in one direction, it offers substantial 
friction. Pushed in the opposite direction, it 

Shaft 

~>-_Ji~i-CompreSSlon 
Spring 

The Shaft Slides downward and upward In 
the housing. On the downward stroke, the 
ball bearings exert a high frictional force on 
the rod . On the upward stroke, friction is 
much smaller. Alternatives to the ball bear
ings as friction-generating elements are 
wedges, a cantilevered beam, or levers. 
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offers negligible friction. Therefore, a built
in spring can reset it for another shock-ab
sorption cycle. 

The device (see figure) includes a hous
ing, which is mounted on an external sup
port . A shaft accepts the load from the 
moving mass, translating and compress
ing a spring against the end cap of the 
housing as it does. In translating, the shaft 
moves through a set of ball bearings. The 
movement of the shaft carries the balls 
along in a tapered sleeve. As they fit tighter 
in the sleeve, the balls apply increasing 
friction to the shaft. When they seat on a 
collar, the balls exert a nearly constant fric
tional force on the shaft. They thus retard 
the movement of the shaft, absorbing the 
kinetic energy. When the shaft comes to 
rest, the compressed spring expands and 
restores the rod to its original position. 

A wave spring between a pair of wash
ers applies a small preload to the ball bear
ings. The axial position of the collar within 
the housing can be adjusted to adjust the 
distance the balls travel along the tapered 
sleeve during a stoke of the rod. Moving the 
collar up gives a looser fit , and moving it 
down gives a tighter fit in the tapered 

sleeve. The adjustment of the collar thus 
adjusts the tightness of the bearing and, 
therefore, the frictional force and the 
amount of energy absorbed. 

The rod, sleeve, and ball bearings are 
made of surface-hardened steel to ensure 
smooth movement and prevent seizure 
and galling. Tests of a prototype device 
showed that the force on the shaft increas
es rapidly to a maximum (the point at which 
the balls seat on the collar) and remains 
nearly constant during the rest of the 
stroke, without the load spikes that would 
indicate sticking. The load-versus-stroke 
behavior of the device was observed not to 
change with temperature over the range 
from - 33 OF ( - 36°C) to + 178 OF (81°C). 
The tests also showed that the load during 
reset is negligible. This is as expected, in
asmuch as the compressed reset spring 
moves the balls in the direction of widening 
taper. 

This work was done by Horacia M. de la 
Fuente, Kamel Nagy, and Clarence J. 
Wesselski of Johnson Space Center. For 
further information, Orcle 58 on the TSP 
Request card. 
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patent application has been filed. Inquiries concerning 
nonexclusive or exclusive license for its commercial develop
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Ai r-Beari ng-Piston 
Suspension System 
Features include low translational and 
rotational friction and nearly zero vertical 
acceleration. 
NASA 's Jet Propulsion Laboratory, 
Pasadena, California 

A suspension system based on an air-bearing piston holds 
up a steel ball against gravitation while allowing the ball to 
translate freely as much as 12 in . (30.5 cm) in a vertical 
direction and to rotate freely about a vertical axis. The system 
also allows the ball some limited horizontal movement. The 
system was designed to simulate the effect of microgravity on 
the steel ball , which represents a specimen to be processed in 
orbit in a high-temperature acoustic-levitation chamber. The 
particular air-bearing-piston suspension concept may also be 
applicable to the suppression of vibrations and to delicate 
machining processes. 

The piston slides in a vertical cylinder that is pressurized 
with air from its lower end. The lower end of the cylinder com
municates with an accumulator chamber that helps to smooth 
out variations in pressure caused by sudden large vertical 

Inside Diameter of ----+-~----l 
Cylinder = 0.16 In. 

Accumulator Chamber 
Containing Air 
al Regulated 

Pressure 

Flow of Air 

Radial 
'l'.N,~II"t't-- Clearance 

= 0.003 In. 

Stalnless-5teel 
Wlrs, O.OO5-ln. 
Diameter 

The Air-Bearing Piston counteracts its own weight as well as the 
weights of the wire and the ball but still allows the ball to move up and 
down freely and rotate freely about its vertical axis. To enhance clarity, 
this diagram is simplified and is not drawn to scale. 
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movements of the piston. A stainless-steel 
wire suspends the ball from the piston. The 
wire passes through a hole at the bottom 
of the cylinder (see figure). 

The surface of the piston is spherical , 
and there is a radial clearance of 0.003 
in. (0.08 mm) between the piston and the 
wall of the cyl inder. The venturi effect in 
the upward flow of air between the piston 
and the wall centers the piston, and the 
flowing air thereby acts as a low-friction 
air bearing. The compressed air also ex
hausts through the 0.005-in. (0.13-mm) 
radial clearance between the wire and 
the bottom hole, reducing the friction be
tween the wire and the hole. The horizon
tal movement of the ball is subject to the 
pendulum effect in the portion of the wire 
below the hole. 

The pressure in the accumulator cham
ber and cylinder is regulated by a mechan
ical regulator (which is to be replaced 
eventually by a regulator controlled elec
tronically by feedback from a strain-gauge 
pressure sensor). The pressure is set at 
a nominal value at which the piston force 
counteracts the weights of the piston, wire, 
and ball. 

Preliminary measurements with a 
sphere 0.437 in. (11.1 mm) in diameter 
show that the system nulls the effect of 
the normal terrestrial gravitation (g) to ~ 
0.001 g and produces a vertical frictional 
acceleration,.. 0.001 g. The frictional rota
tional deceleration at the radius of gyra
tion of the sphere was found to be only 
89 JLg. The pendulum effect with a wire 
protruding 6 in. (152.4 mm) was found to 
be equivalent to a centering acceleration 
of 0.0066 g at an off-axis displacement of 
1 mm. The additional friction between the 
wire and the bottom hole at this displace
ment was found to increase the vertical 
frictional acceleration by 0.001 to 0.002 g. 

This work was done by Donald Mullen 
and Stephen J. Bishop of Loral Electro
Optical Systems, Inc., for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 4 on the TSP Request Card. 
NPO-18138 
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Future V/STOL Aircraft 
for the Pacific Basin 

New confgurations can benefit 
commerce, tourism, and the 
development of resources. 

Advanced aircraft offer new oppor
tunities for short-haul transportation in the 
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Pacific Basin, a report finds. The report 
describes the geography and transporta
tion needs of the Asian Pacific region. in
cluding Indonesia, Oceania, Australia, and 
Japan. It discusses opportunities in both 
low-population and high-populations areas. 
It describes new and proposed aircraft 
configurations suitable for the region and 
compares their performances. 

The report examines potential applica
tions of high-speed rotorcraft, vertical! 
short-takeoff-and-landing (V/STOL) aircraft, 
and short-takeoff-and-Ianding (STOL) air
craft. Advances in materials, propulsion, 
aerodynamics, controls, and guidance are 
yielding promising new designs. 

Revenue passenger miles from the United 
States to the Asian Pacific region are ex
pected to grow by as much as 370 percent 
by the year 2000, the report notes. Rotor
craft and STOL and VISTOL aircraft can 
serve in congested cities as well as on re
mote islands. All of these vehicles can con
tribute to growth in combination with con
ventional aircraft. 

The potential applications are the 
following: 
• Commuter airlines, which would help to 

relieve congestion at large airports, where 
economics and low noise are important; 

• Tourism, where ease of preparation of 
landing surfaces, low costs, and low noise 
are important; 

• Transportation of valuable cargoes, where 
speed and range are factors; 

• Development of such resources as fish
ing, high-grade mining, and the extraction 
of oil; 

• Utility transportation in developing regions; 
• Public service, including law enforce

ment, air ambulances, fire fighting, and 
disaster relief. 
The greatest opportunities appear to be 

for smaller vehicles - those carrying 
fewer than 50 passengers. Operating 
ranges vary from 300 to 3,000 nautical 
miles (about 560 to 5,600 kilometers). 
Other characteristics that determine ap
plicability are productivity (speed and 
payload), fuel efficiency, ability to hover, 
economics, noise, and downwash. 

This work was done by James A. Albers 
and John Zuk of Ames Research Center. 
Further information may be found in NASA 
TM-100005 [N88-116441 "V/STOL Aircraft 
Configurations and Opportunities in the 
Pacific Basin." 

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 (BOO) 33&4700. 
ARC-12177 
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your engine will have at that crucial oil-less 
period. 

SMOOTHER OPERATION: The drastic 
reduction in friction gives your engine a slip
pel)' 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. 

LONGE.R 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 8 oz. - 29.00 (ship. incl.) 
1 Quart - 38.95 (ship. incl.) 
1 Gallon - 131.00 (ship. incl.) 

1-800-922-0075 
ORDER TODAY 

~iha;~itrC-;,I;;-~;~2 
II] 18 Industrial Avenue 

Mahwah, NJ 07430 
My check or money order for $ __ is enclosed. 
Charge my credit card: 
o Am. Express D Master Card 0 Visa 
Card No. _________ _ 

Exp. Date _________ _ 

Phone No. _________ _ 

Name 

Address UPS ShIPPh',j Ad<J'(' " 

City 

State Zip ____ _ 

(N.J. residents please add 7% sales tax). ----------------.. 
For More Information Ci rc le No. 31 5 91 



OPTICAL COMPONENTS 
• LENSES f/ 1 THROUGH f120 
• WINDOWS 12 mm THROUGH 500 mm 
• DOMES COATED AND UNCOATED 
• HEMI & HYPERHEMISPHERES 
• LENS HOLDERS & MOUNTS 
• REFLECTORS FLAT & CONCAVE 
• ANTIREFLECTION COATINGS 
• REFLECTIVE COATINGS 
• SPECIAL ORDER AND PRODUCTION 

O I 0 P Diversified Opticai Products, Inc. 
282 Main Street Salem New Hampshire 03079 
Tel No 1603) 898 t880 Fax 603898-3970 

For More Information Circle No. 553 

THERMALLY 
CONDUCTIVE 

EPOXY 
MASTER BOND EP21TCHT-1 EPOXY SYSTEM 
• Outstanding electrical insulation 
• Passes NASA outgassing specs 
• Fast room temperature cure 

• Heat resistance up to 400;~F;illl~t111' • Superior environmental 
protection 

• High dimensional 
stability 

• Convenient 
packaging 

For information, 
call or write: 
Master Bond Inc., 
154 Hobart st. 
Hackensack, NJ 07601 
201-343-8983 

Master Bond Inc. 
Adhesives, Sealants & Coatings 
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92 Noncontaminating Borescope Viewing Fixture 

93 Smooth-Surfaced Carbon/Carbon Reflector Panels 

Noncontaminating 
Borescope Viewing Fixture 
All parts are made of stainless steel . 

Marshall Space Flight Center, Alabama 
An all-stainless-steel viewing fixture for a borescope can 

be used without fear of breakage or of contaminating internal 
cavities of equipment. The fixture fits over the conventional 
viewing head on a borescope. It can be used for internal 
inspections by visible illumination or visible fluorescence 
from ultraviolet illumination. 

This fixture contains a stainless-steel mirror that can be 
built to any desired viewing angle (see figure). The mirror is 
polished to a finish of 211m and provides a sharp, distortion
free image. Unlike the conventional glass mirror, the solid 
metal mirror cannot shatter in the cavity being inspected and 
litter it with glass particles. If the metal mirror becomes 
scratched, it can be taken out of the fixture and repolished in 
a metallurgical-specimen holder. A scratched glass mirror, 
in contrast, must be discarded and replaced by a new one. 

The stainless-steel parts do not rust or corrode in the 
cavity, even when the cavity contains liquid oxygen. There
fore, the fixture does not introduce contamination into the 
cavity. Because the fixture can withstand sterilization in an 
autoclave, it can be adapted to medical endoscopes. 

This work was done by Orlando G. Molina and Richard K. 
Burley of Rockwell International Corp. for Marshall Space 
Flight Center. For further information, Circle 129 on the TSP 
Request Card. 
MFS-29781 

The Viewing Fixture fits on the end of a borescope. All parts, including 
the screws, pin , and mirror, are made of stainless steel. 

NASA Tech Briefs, May 1992 



Smooth-Surfaced Carboni 
Carbon Reflector Panels 
The surface is covered with graphite foil, 
which is then densified. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

Work continues to develop reflective , lightweight, low
outgassing radio-antenna-reflector panels that include car
bon/carbon surface laminates supported by carbon/carbon 
core structures. Essential to the fabrication of such a panel is 
a technique for the densification of the surface laminate in 
preparation for polishing to the final mirror surface. Oensifica
tion is needed to prevent "print-through" of carbon fibers on the 
surface. Print-through occurs when the resin-impregnated 
carbon fabric destined to become the carbon/carbon compos
ite is heat-treated at 2,200oC and the surface resin is decom
posed , leaving exposed woven fabric. When the composite is 
properly densified, the surface can be polished to a smooth 
finish. 

The surface-densification technique has to be an infegral 
part of the fabrication process. The first step of this technique 
is to add an outer layer of graphite foil to the surface laminate 
during the preparation of the resin-impregnated carbon-fabric 
structure and to cure the bond between the outer layer and the 
underlying surface laminate along with the rest ofthe structure. 
After the cure and the subsequent heat treatment, the surface 
of the graphite foil is sprayed with fine graphite particles in a 
binder. Then the surface is polished to a O.05j..tm finish (see 
figure) . Alternatively, one can polish the surface, then spin
coat it with 1 O-j..tm-thick layer of polyimide in solvent. The thin, 
uniform film that remains after the solvent evaporates requires 
no further polishing. In yet another alternative and still largely 
experimental process, the graphite foil is coated with a thin 
layer of carbon by chemical-vapor deposition. 

Regardless of which surface-finishing technique is se
lected , the graphite foil is thermally stable enough to withstand 
high temperatures in processing and is thermally stable in use. 
It stops the propagation of surface microcracks in the underly
ing carbon/carbon composite. Moreover, it seals the compos
ite, preventing any loose carbon dust from leaking out. 

This work was done by Wesley P. Schmitigal, Paul J. 
Jacoy, Christopher C. Porter, and Gregory S. Hickey of 
Caltech for NASA's Jet Propulsion Laboratory. For further 
information, Circle 53 on the TSP Request Card. NPO-17979 

ANTENNA·REFLECTOR PANEL 

Reflector: Polished 
Surface of 
Graphite Foil 

Surface 
laminates 

Outermost ~~~~~~~~~~~~i~~~~ PIYOf) _~ 
Carbon/Carbon =-:::: 

Laminate 

MAGNIFIED CROSS SECTION OF REFLECTOR 

The Surface Layer of Graphite Foil is polished to a smooth finish. 
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Small quantities 
fast 

Metals Polymers 
Ceramics 

from the ordinary to the 
extraordinary 

For product information, 
quotations, or a 

copy of our 
comprehensive catalog, 

Call: 1·800·821·2870 
Fax: 1·800·283·2020 

For More Information Circle No. 588 

Questions about 
Pressure 
Control? 

Talk to the for a wide range of 
pressure regulators and valves-for gas and liquid 

control from subatmospheric to 15,000 PSIG! 
Over 50 standard models + options 

Choices include materials. pressure ranges. port 
types and flow capadties (ev =.01 to 15). 
Pressure redudng. back pressure. dome loaded. 
two-stage and electrOnically controlled styles do 
the job in high purity. hydraulic. high pressure. 

vacuum and vaporizing applications. 

C::==:=:::;----;:====:::::JI 12616 Industrial Blvd. 

UESCOM Elk River. MN 55330 
COR PO RAT ION Tel. (612) 441-6330 
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New Fuselage Insulation: 

Tough 
Manville Blanket 

Provides 
Critical Space & 
Weight Savings 

From the manufacturer of the 
first reusable insulating 
blanket for the space 
shuttle comes 
a tough , new 
Ii htwei ht b~anket ~or 
commercial , 
military and 
private aircraft. 
Manville's Micro
lite AA Reinforced 
Blanket has tear- and 
puncture-resistant , porous, 
non-woven polyester facing . Les
sens need for extra films or barriers 
to protect blanket. Facing promotes 
evaporation of condensation , and can be 
heat-sealed to itself or conventional films . 
Strong, sell-supporting blanket simplifies 
fastening requirements. Meets government 
and industry fire-retardant standards. 
Thermal and acoustical insulation up to 
420°F 1216°C. 
For details, write Manville/Schuller Product 
Information Center, Box 5108, Denver, CO 
80217. Call , 800-654-3103; outside USA, 
303-978-4900. 

SICIHIUILILIEIR 
For More Information Circle No_ 358 

LOW FRICTION 
SEALS 

Seal friction accelerates wear, drains 
power and generates heat. We can help. 
The Varilip'" rotary shaft seal features 
low friction Turcite® compounds. 

If your design is complicated by corro
sives, high speed, extreme temperatures 
or inadequate lubrication, we've got the 
right seal. Call American Variseal today. 
A proposal will be custom engineered 
to your application. 

AVAMERICAN 
VARISEAL 

510 Burbank St. P.O. Box 1479 
Broomfield, CO 80038 

(800) 466-1727 FAX (303) 469-4874 
registered trademark of W.S. Sham ban & Co. 

For More Information Circle No_ 316 
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Algorithm Calculates Cumulative 
Poisson Distribution 
Factors are inserted temporarily to prevent underflow and overflow 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An algorithm calculates accurate values 

of the cumulative Poisson distribution un
der conditions in which other algorithms 
fail because numbers are so small (under
flow) or so large (overflow) that a computer 
cannot process them. Both underflow and 
overflow can occur when the Poisson pa
rameter is large; overflow can also occur 
when the number of terms is large. This 
algorithm prevents underflow in the first 
place and prevents incipient overflow by 
performing some simple auxiliary mUlti
plications. The algorithm is implemented 
in the CUMPOIS computer program de
scribed in "Cumulative Poisson Distribu
tion Program" (NPO-17714), NASA Tech 
Briefs, Vol. 14, No. 7, (1990) page 62. 

The cumulative Poisson distribution for 
n terms and Poisson parameter (mean of 
the Poisson distribution) p. is given by 

n 

(1 ) poif(n ,p.) = E e-I-'p.i/i ! = 

i = 0 

( 
p.2 p.3 p.n) 

e- I-' 1+ p.+2j + 31 + ... Ii! 
Part of the algorithm is indicated by the 
form of the right side of equation (1). The 
summation is performed first, then the 
sum is multiplied by an exponential term 
involving p. and a factor to be detailed. This 
prevents the underflow that would likely 
occur in some terms at large p. if the e- I-' 
were factored into every one of them. 

Individual terms p.i/i! , and the sum of 
them can still overflow in the form in
dicated on the right side of equation (1). 
To prevent overflow, individual terms and 
partial sums of them are systematically 
multiplied by a small factor as required. To 
recover the true value of the sum, the com
pleted sum containing the factor raised to 
various powers is then multiplied by an ex
ponential term in which the exponent con
tains the sum of the powers of the factors 
and -p.. 

The factor in question is e ~ which is 
chosen to be a number that is large, but 

not so large as to overflow. Each time the 
sum becomes so large in comparison with 
ef that it threatens to overflow, the partial 
sum and the next term to be added to the 
partial sum are multiplied by e-'. This 
procedure is represented by the following 
equation: 

(2) poif(n, p.) = [( .. . (( (1+U1 +U2+ ... + 

Ur,)e - f + Ur, +1 +Ur, +2 + . . . + 

Ur2 )e - f + Ur2 +1 + Ur2 +2 + ... + 

Ur3)e - f + ... + Urm +1 + Urm +2 + ... + 

Ur )e -f+Ur +1 + Ur +2 + "' + 
m+' m+' m+' 

UnJe - p. +mf 

where the l1 's are defined by 

(3) Ui = Uj-1 T for i # k+ 1 

and O<ksm 

( ) U U .l!:... -f f . 
4 i = i-1 i e or J = rk +1 

and O<ksm and Uo = 

The process of summation begins with the 
unity term and continues until Ur ' the 
first term after which e f would be exbeed
ed. The sum is then " made small " again 
by multiplying it by e ~ The subsequent 
terms are also multiplied by e f as shown 
in equation (4). The summation continues 
until overflow is once again about to oc
cur, after U r ' and the summation and the 
next term ar~ factored again. This process 
continues until all of the terms in equation 
(2) have been summed. The final sum is 
then multiplied by e - p. +m~ (The exponent 
is calculated first to prevent underflow of 
e - p. or overflow of emf.) 

This work was done by Paul N. 
Bowerman, Robert C. Nolty, and Ernest M. 
Scheuer of Caltech for NASA's Jet Pro
pulsion Laboratory. For further informa
tion, Circle 151 on the TSP Request Card. 
NPO-17915 
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sPar 
The #1 Rated Prqject Manager Now Available For U1·ndows. 
Power changes people. 

Especially project managers. 
They're working 

CASnn""i>rni<>rI' smarter and faster 
ut"-'-L L,,},-"'" with new 

CA-SuperProject8 

For Windows. 
It's the world's 

most advanced, 
efficient and reli
able project man
agement software 

- and now it's incredibly easy to use. 
Total power is yours with just a few 

mouse clicks. Create and edit 1 •• 2 m lohliliolirs 
projects. Specify resources, task ... lIft •• eliue Ilr s 

types and durations. Define • • 
integrated sub-projects. Build . .. lor AI. lty W l 
ton...rlown hierarchies and task- WI~:~~D I utili O(.t 
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II ;.elill'· lit·: 
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4110011 
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",UIlIO 
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AC 

Manage with power, using toolsJor sophisticated planning, 
comprehensive resource management, tracking and controlling. 

Report the status qfyour prQject with detailed 
Gantt, PERT, WBS and Cost/Resource charts. 

dependency relations. Link multiple pro
jects together for cross-project leveling. 
Perform extensive "what-if" analysis, 
revising schedules as projects progress. 

You can bet your career on its 

~dvance~ and efficient schedul- ::::i1] 
mgalgonthms. ::~ 

A recent study of the five '. TO 

leading project managers ~: 
proved it. Each was the same 

Show mUltiple views qf the same prqject or 
different prqjects simultaneous{y. 

project, but the finish dates varied by as 
much as five months. CA-SuperProject 
For Windows finished first in 214 work-

ing days-leaving 
Microsoft Project, 
Timeline 4.0, Project 
Workbench and Project 
Scheduler in the dust. 

There's also a wide 
array of state-of-the-art graphics and 
detailed reporting tools to help bring 
your projects to life. 

For your free Demo Disk, call 1-800-
CALL CAl. call today. 

what our power OMPUTER And find out j4] . 
windows can do SSOCIAJES 
fo r you. Software Superior by design. 

CA-?tJperProjecr 
ForWmdows 
OCompuler Associates IntCmatlonal. Inc.. One ComputtJ Associates ptaza. 
Islandia. NY It 788·7000. All product names referenced herein are trademarks 
of their respective com panles. 



Image· Processing Software for a Hypercube Computer 
Programmers need not be concerned with the complexities of computing-system architecture. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The Concurrent Image Processing Ex
ecutive (CIPE) is a software system intend
ed to facil itate both the development and 
the use of image-processing application 
programs on a concurrent computing en
vironment. CIPE is designed to shield the 
programmer from the complexities of the 
concurrent-system architecture and to pro
vide an interactive image-processing en
vironment for the end user. CIPE utilizes 
architectural characteristics of a particular 
concurrent system (connection topology, 
local memory, etc.) to maximize efficien
cy while preserving architectural indepen
dence from the user and application pro
grammer. The current implementation of 
CIPE runs on a Mark-Illfp 8-node hyper
cube computer and the associated SUN-4 
host computer. 

Host Monitor HosI.compute< 
.. ~----t Application

Program 
Module 

, 

The Concurrent Im
age Processing Ex
ecutive (CIPE) soft
ware system pro
vides an architecture
independent environ
ment for the develop
ment of image-pro
cessing application 
programs. This dia
gram shows the over
all structure of CIPE 
and the relat ions 
among CIPE , the 
user, and the pro
grammer. 

Hypercube 
Monitor 

Hypercube 
Application

Program 
Module 

In a traditional image-processing envi
ronment, a user runs a program and pro
vides file names for input and output, thus 
involving an explicit file transaction for 
each program. Such manipulation of data 
via file transactions is very inefficient and 
cumbersome in an interactive image-proc-

essing environment. In CIPE, image-proc
essing programs and data sets are viewed 
as subroutines and variables that a user 
can manipulate interactively without ex
plicit file transactions. CIPE provides these 
effects through a combination of interac
tive user-interface modes, incremental 
loading of image-processing software 
modules, management of data by use of 
symbols, and automatic distribution and 
retrieval of data within the concurrent proc-

96 

EYE WIDTH MEASUREMENT? 
LARGE FIXED PATTERN? 

• The gigaBERT-1 400, a 1.4 Gb/s Bit Error Rate Tester sets new 
performance standards in error measurement. With a 256 k-bit 
Word , two "Auto Search" synchronization methods and default 
or user-defined parameters fo r 
eye-width measurement, the 
gigaBERT-1 400 is the ideal tool for 
high speed circuit, fiber and 
system development and test. 

• 256 K-Bit Word at 1.4 Gb/s 

• Two Auto-Search 
Synchronization Algorithms 

• Long programmable WORD 
option-SONET/FOOI specific 
test patterns or user defined. 
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BER 10.

5 I I 
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10'· eye 

edge center edge 
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See Us At Supercomm 
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19IJl MIctowave 
ljVLogIc • • • • • • • • • • • • • • • • • 
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essing subsystem. 
CIPE offers a simple set of routines for 

interacting with the user, specifying distri
butions of data, activating application func
tions, and communicating parameters. 
These routines shield an application pro
grammer from various user interfaces, file 
transactions, and architectural complexities. 

CIPE includes three major interconnect
ed components: the host monitor, the user 
interface, and the hypercube monitor (see 
figure). The host monitor manages image
processing functions, data sets, display 
devices, and interaction with the hyper
cube monitor. 

CIPE's user interface provides a com
mand-line interpreter, menus, and X-based 
windowing. The command-line interpreter 
functions as a shell-like interactive pro
gramming environment. The menu inter
face provides the user with a hierarchical 
organization of functions and interactive 
parameter processing. The windowing in
terface is similar to the menu interface ex
cept it allows direct access to the func
tion hierarchy and mouse-oriented user 
input. User requests are translated into 
CIPE-function calls. The activated user inter
face is transparent to application programs. 

The hypercube monitor contains the por
tion of CIPE that is specific to the hyper
cube. Application programs in a concur
rent system with a Mark-lIlfp hypercube 
as a coprocessor are composed of host 
and hypercube portions. It can be a com
plicated and tedious task to coordinate 
between the two in the context of an inter
active computing environment. The hyper
cube monitor was designed to provide a 
more transparent coordination between 
host and hypercube, so that an applica
tion programmer can treat the hypercube 
as a high-performance subroutine engine 
and not devote additional programming ef
fort to host-cube coordination and data 
communication. 

(Continued on page 147) 
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(Advertising Supplement) 

ISY 192 
Special Report 

t ternational Space Year (ISY) 
1992 is a global celebration of 
space cooperation, discovery, 
exploration, and education. In 
1985, the late senator Spark 
Matsunaga from Hawaii proposed 
ISY '92 to commemorate the 
500th anniversary of Columbus' 
discovery of the new world and 
the 35th anniversary of the 
International Geophysical Year 
that ushered in the space age. 
Today, it has blossomed into a 
worldwide space activity. 

This special 48-page section 
spotlights aerospace leaders in 
Europe and the United States 
who embody the themes and 
share the goals of ISY '92. They 
include: 

Aerospatiale 
Agenzia Spaziale Italiana 
Alcatel Space Division 
Alenia Spazio 
Allied-Signal Aerospace Co. 
AMP, Inc. 
Arianespace 
Brunswick Defense 
Centre National d'Etudes 

Spatiales (CNES) 
Computer Sciences Corp. 
DARA GmbH 
Dassault 
Ensign-Bickford Aerospace 
Hughes Aircraft Co. 
Instrumentation Marketing 

Corp. 
Matra Marconi Space 
Melcor 
Mikron Instrument Co. 
Miller Thermal , Inc. 
National Technical Systems 
Novespace 
OHB-System 
SNPE 
Teledyne Relays/Solid State 
Telespazio 

Together, they are helping us 
to better understand our planet 
and, like Columbus, to discover 
new worlds, which in turn will 
reap benefits to life on Earth . 

Message From Jean-Marie Luton, 
ESA Director General: 

countries, or of 
the development 
of wholly Euro
pean programs, 
ESAis 

Nearly six 
months after 
the November 
ministerial-level 
meeting of the 
ESA board in Jean-Marie Luton an active force. 
Munich, I am 
persuaded that, thanks to the political 
resolve and technological capacity 
of the ESA member countries, 
we are on the right track, approach
ing the end of this millenium with 
optimal advantages. Whether in 
terms of cooperation with the United 
States, Russia, Japan, and other 

Our presence 
and our actions must be beneficial 
not only to the aerospace industry 
but also to European industries that, 
through technology transfer, are 
developing and profiting from 
business in fields not directly related 
to space. They too are helping to 
promote Europe. 

Europe In Space: Expanding International Cooperation 
On December 

19, 1961 , the 
French parliament 
passed the law 
creating the Centre 
National d'Etudes 
Spatiales (CNES), 
France's space 
agency, which 
began operation in 

March 1962 with a staff of 17 people. 
Today, it employs nearly 2500 and its 
steadily growing budget approaches $2 
billion. The agency has spawned a 
national industry developing launch 
vehicles and satellites. 

Thanks to CNES, France is commit
ted to major national and international 
programs involving launchers, applica
tion satellites, and scientific payloads. 
Through its impetus, Europe is on the 
way to achieving autonomy in the only 
field it has not yet conquerecl--manned 
space flight. 

This policy, followed with persever
ance over the last 30 years, has 
endowed France with mastery of the 
basic space technologies, most of which 
are so capital-intensive that they require 
a pan-European effort. This is especially 

true in the case of space flight. Without 
Europe behind it, Ariane never would 
have known the commercial success it 
currently enjoys. 

Today, Europe knows how to get into 
space, but will not become a space 
power in the full sense of the term until it 
acquires the capability to return from 
space. That is why the European Space 
Agency (ESA) is committed to a large, 
balanced space program that, in 
addition to scientific investigation and 
environmental studies, is devoted to 
manned space flight. 

Our pursuit of European autonomy 
goes hand in hand with our desire for 
cooperation with our partners in the East 
and West. This principle will be exempli
fied in 1992 by two events: the two
week flight of a French spationaut on the 
Mir space station, and the launching of 
the Topex-Poseidon oceanographic 
satellite-built by NASA with CNES' 
participation--on an Ariane rocket. 

These resolute steps illustrate 
beautifully the themes of International 
Space Year. 

Paul Quiles 
Former Minister for Public Works, 

Housing, Transportation, and Space 



French spationauts Michel Tognini and Jean-Pierre Haignere (left to right) inside the 
Mir space station simulator in Star City. 

CNES Successfully Manages And 
Commercializes Space Technology 

CNES, the French space agency, 
has grown over the past three 
decades to become an influential and 
highly competent agency with a 
skilled staff of more than 2400 and a 
budget this year of $1 .8 billion, an 
increase of 7.4% over 1991 . 

Chaired by Jacques-Louis Lions 
and headed by Jean-Daniel Levi , 
CNES is Europe's leading space 
agency in terms of both capital and 
manpower. Its talent for selecting the 
right program at the right time and its 
ability to smoothly conduct its 
development (thanks to unwavering 
political support) have contributed 
greatly to its success. Among its 
recent achievements are the Spot, 
Telecom, and TDF satellites, and the 
Ariane family of launch vehicles. Now, 
CNES is sponsoring Europe's most 
ambitious program ever: the Hermes 
manned spaceplane. 

What makes CNES unique among 
the world's space organizations, 
however, is its ability to create 
affiliates to commercialize technical 
developments. "The French space 
agency is keenly aware of the market 
potential of programs in which it is a 
prime contractor or participant," said 
Pierre Bescond, CNES' Director of 
Quality. "It has investigated setting up 
a number of private sector subsidiar
ies to market space products and 
services worldwide." 

Mr. Bescond knows what he is 
talking about. Until recently, he was 
president of Spot Image Corporation, 
the American subsidiary of Spot 
Image, a French firm established by 
CNES to collect, process, and market 
remote sensing data. 

CNES currently owns and oper
ates 15 subsidiaries, the majority in 

France but also in the United States, 
Sweden, Australia, and Japan. They 
cover a broad range of businesses 
including space transportation 
(Arianespace), engineering and 
consulting services (Satel Conseil) , 
remote sensing data acquisition and 
processing (Spot Image, Scot 
Conseil , and GDTA) , positioning 
systems and data collection (CLS 
Argos), satellite testing (Intespace) , 
microgravity services and technology 
transfer (Novespace) , space equip
ment marketing (Prospace), and 
space medicine and physiology 
(MEDES/IMPS). 

The most successful of these 
commercial ventures is Arianespace, 
the world's first commercial launch 
service company, founded in 1980 by 
CNES, 36 aerospace companies, and 
13 banks from 11 ESA member 
states. This year, the company 
celebrates its fiftieth launch and 
hundredth launch contract. 

Ariane illustrates perfectly the key 
to CNES' success: its abil ity to select 
strategic technologies needed to 
advance its space efforts and to 
develop these technologies in 
partnership within a European 
framework. A present example is the 
Hermes spaceplane, designed for 
mastering orbital transportation and 
reentry techniques for future Euro
pean manned space systems. 
Another is the family of Earth obser
vation systems that will use new 
European polar platforms to monitor 
environmental and climatic changes 
on a global scale. CNES, together 
with ESA and NASA, is contributing to 
the vital effort to better understand 
and care for our planet, which is the 
dominant theme of ISY '92. 

(Advertising Supplement) 

Novespace's 
Earnings 

Skyrocket 
Novespace, the CNES subsidiary 

responsible for technology transfer 
and promotion of microgravity, made 
an impressive gain of 68% in sales in 
1991 , with profits of about 7%. This 
growth stems directly from 
Novespace's efforts to bring Euro
pean industries and the European 
Space Agency into the technology 
transfer arena, in the form of a 
European joint venture called GIE 
that teams Novespace with one 
German partner, MST, and one 
English partner, JRA. The new 
company's president is Jean-Pierre 
Fouquet, who also heads Novespace. 

At the same time, Novespace's 
microgravity promotion continues, 
using for parabolic flights the Zero-G 
Caravel Ie, as well as Photon-type 
recoverable space capsules. The 
company is sponsoring an interna
tional conference on parabolic flights 
in Rome from December 9-11 , 1992 
to facilitate international exchanges 
on this subject. 

With its international scope, 
Novespace is joining forces with 
many European, Japanese, Russian, 
and North American companies in 
both the microgravity and technology 
transfer businesses. 

Novespaoe organizes parabolic flights 
aboard the Zero-G Carave/le for 
scientific experiments and research on 
weightlessness. 



Arianespace, the world 's first 
commercial launch company, is 
celebrating a major milestone this 
month : its hundredth firm order for a 
satell ite launch. This is an historic 
event for the European company 
chaired by Charles Bigot. Started 
some 12 years ago with rather 
modest expectations, the company 
has grown to be the world leader 
for commercial launches, with 
50 Ariane rockets successfully 
launched to date. 

In 1991 , the company had a 
turnover of $1 .2 bill ion and a profit of 
$25 mi llion . As of late March, its order 
book with firm contracts included 31 
satellites to be launched in coming 
years, a global value of about $2.5 
bill ion . 

Half of the satellites already 
orbited by Arianespace came from 
European states. The other half 
belong to about 20 foreign countries 

Ariane 
Celebrates 
Its 
Hundredth 
Contract 

An Ariane 40 rocket (without boosters) awaits firing on the launch pad in French Guiana. 

or organizations. Its largest custom
ers are international satellite commu
nications organizations, namely 
Intelsat, Inmarsat, and Eutelsat, as 
well as private satellite operators 
such as GTE-Spacenet Corp., GE 
Astro Space, and Hughes Communi
cations, Inc. 

Last year, eight Arianes lofted 11 
satellites into orbit with great-and 
unmatched-accuracy. Th is year, 
Arianespace plans to launch another 
eight rockets carrying a dozen 
satellites, including the precious 
Topex-Poseidon , an experimental 
ocean observation satell ite developed 
jointly by NASA and CNES. Slated for 
launch this summer, the oceano
graphic satellite was bu ilt by Fairch ild 
Space, a subsidiary of Matra Espace. 
It is equipped with the first French 
radar altimeter, Poseidon, developed 
by another French space company, 
Alcatel Espace. It is the first time that 

a European rocket will launch a 
satell ite built in cooperation with 
NASA. 

This year also marks the introduc
tion-slightly sooner than expected
of an improved version of Ariane 4 
fitted with an enlarged cryogenic third 
stage. This upgraded Ariane 4 is 
designed to cope with the heavier 
commercial satellites planned for this 
decade. The rocket will be able to 
carry into geostationary transfer orbit 
a total payload mass of 4400 kg . 

According to Charles Bigot, it will 
be the last enhancement of the 
current European launcher fam ily. 
Starting in 1996, all Ariane 4s will be 
progressively replaced by the Ariane 
5 heavy-lift rocket. By then, 
Arianespace expects to have secured 
half of the global commercial launch 
market, which, a recent study 
projects, could reach 200 satellites by 
the year 2003 . 





Aerospatial~ 

Focuses On 
Hermes, 
Commercial 
And Military 
Satellites 

Aerospatiale Espace and Defense 
Division's activities are divided 
between strategic ballistic missiles 
and space systems, including satell ite 
and rocket design and manufacturing. 
According to Michel Delaye, head of 
the 5500-employee division, strategic 
missile systems represent 42% and 
space 58% of the division's business, 
which surpassed $1 .5 billion world
wide in 1991 . Due to two opposite 
effects-a decrease in orders for 
strategic missiles but growing interest 
in military satellites in France and 
Europe-space business should 
account for approximately 70% of the 
division's activity by 1994. 

Already recognized as a leading 
European manufacturer of civil 
spacecraft (with 60 launched to date), 
Aerospatiale is determined to secure 
a dominant position in the French and 
European military satellite business. 
The Space Division manufactured the 
high-resolution optronic camera for 
the first French military observation 
satellite, Helios, planned for launch by 
Ariane in mid-1994. Now, it is 
preparing technical and financial 
proposals for developing new French 
optical and radar observation 

(AdveruslnQ Supplement) 

satellites as well as communications 
and ferret satellites. 

Aerospatiale Espace and 
Defense has studied an improved 
version of Helios equipped with an 
infrared channel that will extend its 
daylight reconnaissance capability. 
Also, it has prepared answers to 
proposal requests to be issued this 
year concerning future French 
electronic listening satellites, known 
as Zenon, and radar observation 
satellites, dubbed Osiris. Its skilled 
team has expertise in producing 
observation satellites equipped with 
optical or infrared instruments. Its 
plant in Cannes could develop ferret 
and radar observation satellites in 
cooperation with traditional partners 
such as Alcatel Espace, Delaye said. 

Aerospatiale recently established 
a closer association with Alcatel 
Espace, and Alenia Spazio of Italy, 
to create a formal teaming structure, 
the "Euro-Alliance," which they 
expanded by taking a 49% share in 
Space Systems/Loral (SS/L) of the 
United States. 

According to Emmanuel Sarto
rius, the Space Division's satellite 
manager, the Euro-American 
Alliance is now the world leader for 
civil satellites-dominating even 
traditional American giants such as 
Hughes Aircraft and GE Astro 
Space-with a global market share 
of approximately 25%. Sartorius 
said that the goal of the Euro
American Alliance for the coming 
decade is to increase its share to 
one-third of the world's civil satellite 
market, estimated to reach 150 
satellites (worth approximately $20 
billion) by the year 2000. 

The Alliance will reinforce 
Aerospatiale 's position as the top 
manufacturer of satellites in Europe, 
said Delaye. In its first assignment 
under the agreement, Aerospatiale 
will develop a new three-axis bus for 
heavyweight satellites up to 3000 
kg. It will complement Aerospatiale 's 
family of existing platforms, 
Spacebus 1000 and 2000, and will 
reduce the cost of satellite platforms 
by about 20%. 

The Alliance plans to balance 
worksharing between partners, 
including Space Systems/Lora!. This 
principle is being applied to the N
Stars contract awarded to SS/L by 

A vision of 2002: Hermes is lifted into 
the sky by an Ariane 5 rocket. 
Aerospatiale is leading the develop
ment of both the spaceplane and 
heavy-lift launcher. 



As the chief architect of an entire range of spatial systems, 

from today's sateHites to tomorrow's orbital space stations, 
AEROSPATIALE has, to date, sold 38 telecommunications and 

direct television broadcast satellites, 8 meteorological satellites 

and 28 satellites for the scientific observation of resources on 

Earth and in space. 
AEROSPATIALE ploughs back more than 35~ of its revenue 

into research and development. This percentage, the 

world's highest, places AEROSPATIALE firmly at the very 

heart of all major European aerospace research and 

development. From the outset, AEROSPATlALE's history 

has been marked by a series of intemational successes that are 

the fruit of true cooperation. One example is Ariane, with 50~ of 

the launch vehicle market; another are the helicopters with a 

40~ share of world sales through the EUROCOPTER company. 
70~ of AEROSPATIALE's turnover is realized from programs 

which involve cooperation with other aerospace partners. 
Within the context of a partnership built upon free 

exchange of information, methodology, technology and 
human resources, the US aerospace industry plays a 

leading role in a number of AEROSPATIALE aeronautical 
programs. 

AEROSPATIALE 
For More Information Circle No. 592 

AEROSPATIALE INC. 1101 Fifteenth Street N. W. Washington, O. C. 20005·3099 . Telephone (202) 293·0650 . Telecopier (202) 429·0638 
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the Japanese operator 
NIT. Aerospatiale will 
manufacture composite 
structural elements of 
the two N-Star satel
lites, which will use 
Loral 's Superbird 4000 
kg platform. The 43-
channel communica
tions satellites will be 
launched in 1995. 

hoping to win the 
contracts for Europe's 
new large astronomy 
satellites including the 
x-ray XMM and sub
millimeter FIRST. The 
team is also studying 
Marsnet, a network of 
small automated 
landers to be installed 
on Mars, and, with 
Alcatel Espace and 
Matra Marconi Space, 
is participating in the 
definition and tests of 
an autonomous Mars 
rover. 

The allied partners 
are also working 
together to secure new 
contracts. For instance, 
SS/L is leading the 
Alliance bid for Intelsat 
Follow-On Satellites 
(FOS), while in Japan, 
Aerospatiale drives the 
team looking for new 
spacecraft contracts 
from Satellite Japan 
Communications 
(SAJAC) and the Arab 
League. Other mem
bers are bidding in Iran 
and Argentina. Bids for 
these projects are 
based on using buses 
from Aerospatiale, and 
thus could extend the 
number of Spacebuses 

Aerospatiale is prime contractor for six Eutelsat 2 communications 
satellites. The Eutelsat 2 shown here Is undergoing final tests in 
Aerospatiale's Cannes facility before being shipped to Guiana for launch. 

Aerospatiale is 
probably best known as 
a designer and manu
facturer of space 
transportation systems, 
including Ariane rockets 
and the Hermes 
spaceplane. In Les 
Mureaux, near Paris, it 
is producing the Ariane 
4 rocket, an improved 
version of which was 
flown in April. According 
to Guy Laslandes, 
Aerospatiale's AR4 
manager, it took about 

sold beyond the current 11 , which 
include two Turksats, three Arabsats, 
and six Eutelsat 2s. The Turkish 
spacecraft will be the first placed in 
orbit by Aerospatiale, in 1993-1994. 

Next year, Aerospatiale's Space 
Division will deliver the sixth Meteosat 
geostationary weather spacecraft, 

and negotiations are under way to 
provide two additional interim 
Meteosats. Sartorius expects to get 
the prime contract for the second 
generation of Meteosats, as well as 
for the European Polar Platform. 

Aerospatiale is prime contractor 
for two important European scientific 

space observatories: the 
Infrared Space Observatory 
(ISO), to be launched by 
Ariane in 1993, and the 
Huygens probe that will be 
carried on NASA'S Cassini 
spacecraft, planned for 
launch in 1997. Aerospatiale 
Espace and Defense 
developed ISO's huge 
helium-filled cryogenic 
structure, and applied 
ballistic reentry technology 
to design the aerodynamic 
shell for the Huygens probe, 
which will be dropped into 
the atmosphere of Titan. 

Now, the company is 

Upgraded cryogenic third 
stages of Ariane 4 await 
mating with other stages in 
Aerospatiale's Les Mureaux 
integration facility. The first 
flight of the H10+ stage took 
place this year. 

three years to develop this new 
rocket, which features an H10+ (10 
tons of LoxlLH2) cryogenic upper 
stage that increases AR44L's 
performance is geostationary orbit to 
4450 kg. 

"In the near-term, all Arianes will 
be H1 0+", said Francois Calaque, 
head of Aerospatiale's space trans
portation programs. From a systems 
standpoint, Calaque noted, the 
improved AR4 represents a quantum 
leap comparable to the transition from 
AR1 to AR3. 

Concurrently, Calaque's team is 
developing the Ariane 5 heavy-lift 
rocket. Last December, it delivered 
the initial first stage tank, which is 
made of aluminum 2219 and de
signed to be filled with 157 tons of 
cryogenic propellant. The first test 
flight of the heavy-lifter is slated for 
late 1995. 

Both the Aircraft and Space and 
Defense Divisions of Aerospatiale are 
heavily involved in the Hermes 
program through Euro-Hermespace, 
the prime-contracting company 
established last January to manage 
Hermes' development. The European 
manned spaceplane is targeted to 
make its first test flight in 2002 and to 
begin servicing space station Free
dom in 2004. 



Ariane accounts for 50ClJ of the launch vehicle market. A pro

duct of AEROSPATIALE knowhow and design. 84 satellites are now 

scheduled for launch - 18 American, 3 Canadian and 45 European. 

Chief architect of the Hermes European Space Shuttle pro

gram, AEROSPATIALE masters all aspects of aerospace systems 

from today's satellites to the orbital stations of tomorrow. 

AEROSPATIALE ploughs back more than 35% of its revenue 

into research and development. This percentage, the 

world's highest, places AEROSPATIALE firmly at the very 

heart of all major European aerospace research and 

development. From t he outset, AEROSPATIALE's history 
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has been marked by a series of international successes that are 

the fruit of true cooperation. One example is Airlbus with a 30% 

share of the world civil aviation market; another are the helicopters 

with a 40ClJ share of world sales through the EUROCOPTER 

company. 70ClJ of AEROSPATIALE's turnover is realized from 

programs which involve cooperation with other aerospace 

partners. 

Within the context of a partnership built upon free 

exchange of information, methodology, technology and 

human resources, the US aerospace industry plays a leading 

role in a number of AEROSPATIALE aeronautical programs. 

AERDSPATIALE 
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Alcatel Space, 
Europe's Satellite 
Communications Specialist 

An Alcate/ Espace engineer checks microwave sources of the Eute/sat 2 communica
tions satellite's main antenna during RFtests under a radome in A/catel's Toulouse 
facility. 

The Alcatel Space Division of the 
powerful multinational group Alcatel 
NV is itself a true international 
venture controlling eight European 
subsidiaries: Alcatel Espace 
(France), Alcatel SEL (Germany), 
Alcatel Kirk (Denmark) , Alcatel 
Espacio (Spain), AME Space 
(Norway), Telettra (Italy) , Alcatel Bell 
and ETCA (Belgium). Last year, it 
achieved global sales exceeding 
$500 million with a workforce of 
2100. 

Alcatel Space Division president 
Jean-Claude Husson also manages 
Alcatel Espace, the largest unit with 
facilities in Paris and Toulouse. Last 
year, its staff of 1300 achieved sales 
of approximately $450 million . 

Europe's leading figure in the 
space borne communications busi
ness, Alcatel Espace has been 
involved in some 50 satellites now in 
orbit and is working on about 20 
more. It is known as a manufacturer 
of electronic equipment, subsystems, 
and complete payloads for communi
cations, observation, and scientific 
satellites. The company also 
manages complete communications 
satellite systems, including space 

and ground segments. Ground 
stations are provided by its relative , 
Alcatel Telspace, Europe's largest 
manufacturer of standard ground 
stations and VSATs. 

Husson's team demonstrated its 
ability to manage complex communi
cations satellite systems when it 
installed the new Telecom/Syracuse 
2 French civil/military satellite 
system. It was developed under the 
largest contract (more than $1 billion) 
ever received by the Space Division. 
The system, the first of three 
Telecom 2s, entered operational 
service earlier this year following the 
successful launch by Ariane. 

In 1992, Alcatel Espace cel
ebrates other important achieve
ments with the first flights of two 
advanced technologies: the Poseidon 
radar-altimeter, a component of the 
Topex oceanographic satellite that 
will be launched by Ariane for NASA; 
and the IOC (Inter-Orbital Communi
cations) radio link to be tested by 
ESA's shuttle-borne Eureca platform. 

Poseidon is the first spaceborne 
radar fully developed in France, 
under a $25 million contract from 
CNES. The solid-state radar-

altimeter will accurately measure the 
satellite's altitude above the oceans, 
enabling global determination of sea 
heights, currents, and swells. Husson 
expects further sales of Poseidon for 
civil and military satellites; Poseidon 
is part of a GE proposal for the US 
Navy Geosat altimetry satellite 
project, and it is envisioned for 
NASA's EOS polar platform. 

Capitalizing on Poseidon as well 
as the company's experience in radar 
data processing for ERS, Alcatel 
Espace is developing critical tech
nologies for advanced SAR, including 
an S-band radar for the European 
Polar Platform and an X-band radar 
for CNES' Radar 2000 project. 
IOC will soon be tested between the 
low-flying Eureca platform and the 
Olympus 1 geostationary satellite. 
The S-band link will be the first 
intersatellite experiment conducted 
by Europe. Alcatel Espace is working 
on another S-band link for Spot 4 and 
Artemis, and an advanced 
intersatellite link in Ka-band with 
Alcatel Bell. A 20-30 GHz, high-data
rate (500 MBits) link is envi-
sioned for future European (and 
possibly foreign) Data-Relay 
Satellites. 

The French company has teamed 
with Alenia Spazio to build Artemis, 
the precursor of the European Data
Relay Satellite. Alcatel and Alenia 
have formed with Aerospatiale the 
"Euro-Alliance" to share communica
tions satellite business among 
themselves and their American 
partner, Space Systems/Loral. The 
team is building a series of seven 
Intelsat 7 satellites. Alcatel Espace is 
providing the complete communica
tions module for the Intelsat 7s. It did 
the same for Turkish satellites and 
also built Turksat ground segments 
under a $100 million contract. 

Moreover, Alcatel Espace is 
producing for CNES its new S-band 
satellite control station to be installed 
next year on the Kerguelen Islands 
(in the Indian ocean) for monitoring 
French civil and military satellites. 





Dassault's space activities and 
goals have thus far been focused on 
manned -spaceflight. The company 
has been involved in the study and 
development of the Hermes space
plane and related man-machine 
interfaces, orbital operations and 
controls, and crew safety and rescue 
systems, including ejection seats and 
special space suits for intra- and 
extra-vehicular activities. 

Well known as a combat aircraft 
designer and manufacturer, Dassault 
entered the space arena eight years 
ago when it was named prime 
delegate contractor for the Hermes 
spaceplane, with responsibility for the 
craft's aeronautics. The company, 
managed by Serge Dassault, has 
contributed to basic design choices 
involving shape definition, thermal 
protection, hot structures, and 
safeguard subsystems. 

Within the new Euro-Hermespace 
consortium,. Dassault Aviation is 
sharing the overall industrial respon
sibility and technical management of 
the program. In particular, Euro
Hermespace has given Dassault 
several major and critical tasks 
including aerodynamic design and 
shape definition, aerothermodynam
ics and reentry trajectories, aerome-

chanics architecture, thermal pro
tection and hot structures, navigation 
and control , flight control and reentry 
software, crew safety, subsonic flight 
tests, and orbital flight tracking. It is 
also studying special aircraft for 
Hermes crew training and space
plane transportation and subsonic tests. 

According to Jean-Gerard 
Roussel , head of Dassault's Space 
Division, most of these tasks are 
being or will be achieved through a 
broad range of European and 
international cooperations needed to 
meet the project's many technologi
cal challenges. For example, the 
French team recently achieved a 
world "first" when it successfully built 
wing lets made of new ceramic 
composites (C-SiC). The lightweight 
(60 kg) critIcal structure is designed 
to sustain heavy loads up to 21 tons 
under high thermal flux of 330 kw. 

Dassault's expertise in man
machine, crew environment interface, 
and artificial intelligence techniques 
learned from supersonic aircraft work 
could be widely applied to space 
vehicles. CCV (Configuration
Controlled Vehicle) flight techniques 
developed for the Rafale interceptor, 
for example, are used extensively in 
the Hermes program to achieve 

extremely safe reentry, approach, 
and landing. The company also 
hopes to exploit its capabilities in 
other critical technologies such as 
pyrotechnic devices, nondestructive 
testing, and system studies for all 
types of space products and activi
ties. 

Jean-Gerard Roussel emphasizes 
the openness of the company to 
cooperative ventures with foreign 
partners. Hermes has fostered 
partnerships with a number of firms 
in Western Europe as well as new 
relationships with Soviet aerospace 
companies such as Energia and wind 
tunnel operators such as Molnya and 
TSNII. Dassault has already estab
lished a partnership with Zvezda, the 
Soviet specialist for crew safety 
equipment, to provide ejection seats 
and associated suits for Hermes 
pilots. Zvezda developed for the Mig-
29 combat aircraft special ejection 
seats, a derivative of which is used 
on the Buran shuttle. This seat is the 
only one in the world qualified for 
safe ejection up to Mach 3 and a 
maximum altitude of 25 km. Dassault 
is also investigating possible coopera
tive ventures with U.S. firms and has 
initiated joint studies with Defense 
Systems Inc. of Maclean, Virginia. 
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Matra Marconi Space ( , the 
first integrated space company in 
Europe, was founded two years ago 
by merging the French firm Matra 
Espace with Marconi Space Systems 
of the United Kingdom. Counting 
Fairchild Space, the wholly-owned 
subsidiary of Matra Space and 
Defense, the company's workforce 
numbers 4500. Negotiations with 
BAE Space Systems and ANT, the 
space arm of the German Bosch 
group, could result in further growth. 
MMS chairman Claude Goumy 
expects the company to achieve a 
5% net profit in 1992 on a turnover 
approaching $1 billion. 

The group manages approxi
mately 30 programs including the 
equipment bay for Ariane rockets and 
data management software and 
hardware for manned systems such 
as Columbus and Hermes. It is also 
developing the robotic remote 
manipulator for Hermes. But its main 
business is building satellites for 
remote sensing, communications, 

and science. Recently, it won a $200 
million contract to build Soho, a solar 
heliosphere explorer to be launched 
by an Atlas ELVin 1993. Its Ameri
can subsidiary, Fairchild Space, built 
the Topex oceanographic satellite 
planned for launch this summer by 
Ariane in a cooperative venture with 
NASA 

Earth observation satellites 
account for 47% of the company's 
sales. Spot 3 is ready for launch and 
the company is preparing Spot 4, an 
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upgraded version of the French 
satellite equipped with advanced 
magnetic tape recorders, an addi
tional infrared channel , and new 
experimental payloads. Spot 4 will be 
the first European spacecraft to test 
an intersatellite laser link called Silex, 
developed by MMS under an ESA 
contract worth $110 million. Using 
25-cm-aperture telescopes and 60-
mw laser diodes, the optical link will 
be beamed between Spot 4 in low
Earth orbit and the Artemis satellite 
(planned for a 1995 launch) in 
geostationary orbit. 

The French-British group is 
providing the platform and/or 
instruments for new European Earth 
observation satellites such as 
Meteosats, ERS 1 and 2, and the 
European Polar Platform. Its commu
nications satellite business is also 
healthy, with construction taking 
place in Toulouse and Portsmouth. 
After delivering two French Telecom 
2 satellites built in partnership with 
Alcatel Espace, MMS is now integrat
ing two Hispasat 2s to be launched 
for Spain in 1992-93. The satellites 
are very similar in design and 
complexity, featuring an incredible 
density of equipment on their 
Eurostar platforms. 

MMS is creating the payloads for 
several communications satellites, 
including Eutelsat 2, Inmarsat 3, 
Skynet 4, and NATO 4. Moreover, it 
is partnering with British Aerospace 
to build the Orion satellite and with 
GE Astro Space to build Koreasat. 

A less-publicized activity of the 
French-British group is very-small
aperture terminals(VSATs) . Matra 
Marconi Space has manufactured 
more than 2000 VSATs, 1600 of 
which are installed in 100 countries 
worldwide for approximately 600 
customers. It is currently developing 
and testing two-way small terminals 
in a cooperative venture with 
SkyData of the U.S. 

MMS developed 
France's new Telecom 
2 civil and military 
communications 
satellite, shown here 
during final tests with 
its solar panels fully 
deployed. 



Our EuroStar platform is so modular and adaptable that it enables a production line approach to 

manufacturing satellites, without compromi ing or restricting payload performance. That means the 

late t generations of satellites now benefit from quicker development and assured quality. And all at 

a lower co t than ever before. Developed jointly by Malra Marconi pace and British Aerospace, 

Euro tar meets the needs of the widest range of communications mis ion . Euro tar' success in orbit 

speaks for itself: three lnmar at 2s and the first Telecom 

2 satellite. For more information, call Matra Marconi Space 

K: 44 705 66 49 66 - France: 33 (J) 34 88 30 00 
MATRA MARCONI SPACE 



SNPE is developing the 
two huge solid boosters 

that will propel the Ariane 
5 rocket. This artist's 

conception of an Ariane 5 
liftoff will become reality 

in late 1995. 
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SNPE Propels Europe 
Into Space · 

SNPE's involvement in space 
propulsion dates back nearly ten 
years, to when the French firm
known as a manufacturer of rocket 
motors for ballistic and tactical 
missiles-began producing liquid and 
solid propellants for the Ariane 
launch vehicle in Toulouse. 

It started with the production of 
UOMH (unsymetrical dymethyl 
hydrazine) in 1983. The liquid fuel , 
mixed with nitrogen peroxide, still 
propels most rockets, including 
Ariane. The current production rate 
for Ariane 4 first and second stages 
is about 900 tons per year. 

The company also produces 
MMH (monomethyl hydrazine) for 
satellite and rocket engines. The fuel 
will be used in anhydric form (with a 
purity exceeding 99%) on the third 
stage of Ariane 5. A pilot facility 
opened last year in Toulouse is sized 
to produce 50 tons of MMH annually. 

Yet another SNPE product is 
ammonium perchlorate, the main 
component of European rockets , 
including the modest boosters of 
Ariane 4 and the huge solid motors of 
Ariane 5. The basic chemicals 
needed to make the white powder 
are well known, but the savoir-faire 
is to obtain a product with high 
purity and a perfectly controlled 
granulometry (particle-size distribu
tion) . The latter determines the 
energetic properties and combustion 
quality, which directly affect booster 
performance. 

SNPE mass-produces ammonium 
perchlorate in Toulouse, then ships it 
to a new plant in French Guiana 
where the propellant is manufac
tured. The facility is managed and 
operated by Regulus, a joint com
pany formed by SNPE and BPO. The 
ammonium perchlorate is mixed with 
other components, including alumi
num, to make the final solid propel
lant that will produce the nearly 1200 
tons of thrust needed to lift Ariane 5 
skyward. The chemical is prepared 

in two 1800-gallon mixers bought 
in the United States. 

SNPE is developing a new "clean" 
solid propellant for future launchers, 
possibly an advanced pollution-free 
version of Ariane 5. Only three 
countries-France, Japan, and the 
U.S.-are investigating such low
pollution solid propellants, designed 
to protect the environment. The 
problem with existing solids, all based 
on ammonium perchlorate, is that 
they generate combustion pollutants 
including gases and particles. In 
particular, they eject large quantities 
of hydrochloric gas that can recom
bine with water in the atmosphere to 
produce local acid rain or interfere 
with chemical reactions and damage 
the ozone layer. 

To deal with the problem, the 
French group decided it would be 
better to develop a new formula 
rather than modify the existing 
propellant, in order to maintain 
performance while reducing the 
pollutants. So SNPE reformulated the 
propellant to totally eliminate chlorine 
ingredients and use instead ammo
nium nitrate or nitramines as the 
oxidizer, while adding a new compo
nent: GAP (glycidyl azide polymer). 
This energetic polymer replaces the 
polybutadiene binder and compen
sates for any negative effects of the 
pollution-free formula. The "magic" 
chemical would allow the total 
elimination of hydrochloric acid while 
retaining AR5's desired performance 
characteristics. 

A test-firing of a first-generation , 
low-pollution propellant is scheduled 
to take place this year at the SNPE 
facility near Bordeaux. It will use a 
propellant grain of about 200 kg. 
Then, within two to three years, plans 
call for the test of a totally clean 
propellant made of GAP. SNPE has 
already signed an exclusive licensing 
agreement with the Rocketdyne 
division of Rockwell International to 
produce and market GAP in Europe. 
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THANKS AND CONGRATULATIONS! 
Congratulations to all the scientists, engineers and companies 

who have cooperated in the implementation of the space programs 
which have made France one of the rna/jor actors 
in the conquest of space to better serve the world. 

Space policies 
Aerospace indusfJry 

Launch 
Operatiorwl orbit 

Control and exploitation 

Hipparcos, 
Iso, 

Argos, Locstar, 
Ariane IV; Phobos, 
Ariane V; Sigma, 
Columbus, Spot, 

CospaslSarsat, TDF, 
Doris, Telecom, 

Gamma, Tele-'X, 
Helios, Topex-Poseidon, 

Hermes, Vega,,,. 
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DARAhelped 
developERS-1, the 

first European radar 
observation satellite, 

which will monitor coastal 
zones, ocean processes, 

and polar ice levels. 

DARA (Deutsche Agentur fOr Raumfahrt
Angelegenheiten) GmbH, the German space agency, was 
founded just three years ago. Managed by Dr. Wolfgang 
Wild, DARA has directorates for space exploration, infra
structure, and administration, headed, respectively, by Prof. 
Heinz Stoewer, Klaus Berge, and Dr. Wolfgang Grillo. The 
agency's total staff is abo'ut 300. 

DARA manages 500 projects and studies in 50 institutes 
and companies in the unified Germany. Earth obseNation is 
an important activity in the German space program, 
enabling the gathering of data concerning the global climate 

OHB-System, The German 
Microgravity Specialist 

OHB-System is a small but skilled high-tech company with a 
staff of 90. Its R&D activities are focused on developing space 
hardware and conducting microgravity experiments with 
lightsats, recoverable capsules, sounding rockets, drop-towers, 
or parabolic flights for German and foreign users. 

The company has developed centrifuges for microgravity 
experiments on the Spacelab 02 mission scheduled for early 
1993. It built another centrifuge for the Nizemi experiment on 
Spacelab IML-2. The team led by Dr. Manfred Fuchs is now 
investigating an Anthrolab facility for Columbus. 

The Bremen company is also developing biomedical 
equipment for blood and urine monitoring and other physiologi
cal tests to be made by a German astronaut during the Mir 92 
mission organized last March by DARA. 

Since 1987, OHB has participated in about 800 parabolic 
flights on NASA's KC-135 aircraft and CNES' Zero-G Caravelle 
(operated by Novespace) to prepare for Spacelab and Colum
bus microgravity missions. It operates on its own the Mikroba 
balloon-borne recoverable capsule, which is dropped from an 
a~itude of 40 km. It is also considering the use of rockets to 
launch recoverable capsules such as Carina (Alenia), Topas 
(OHB), Express (DARA), and Aroc (CNES). 

OHB provided the original design concept for Hermes' crew 
safety capsule, called Hercules, and for a shuttle aerodynamic 
test model. The latter, dubbed Falke, is a 7-meter carbon-fiber 
flight model first tested in 1990. OHB also develops payload and 
sensor elements for ESA's Polar Platform and builds lightsats 
such as Bremsat and Safir for environmental research and 
monitoring, under contracts from DARA, ZARM, and BmFT. 
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and environment. DARA is especially interested 
in space remote sensing to study and protect 

the environment, detect and exploit natural 
resources, and develop advanced 
technologies for future projects. 

Germany recently achieved a 
breakthrough in astrophysics with 
Rosat's complete scanning of the 
sky, which will provide detailed data 
about x-ray sources. It will register 
another scientific achievement this 
year when the space shuttle flies 
the Eureca platform built in 
Germany for ESA. 

DARA is 
making strides 
in the area of 
manned space-
flight. German 

astronauts will fly on Mir and the 
space shuttle in 1992, and again on 
the shuttle fn early 1993 for the 
German Space lab mission 02. This 

will prepare for utilization of the Columbus space station 
laboratory, developed under German leadership in coopera
tion with Italy. 

German industry builds Ariane upper stages and the 
Vulcain engine, the largest European cryogenic engine, 
which will generate 100 tons of thrust for Ariane 5. 
Germany also participates in the Hermes program, while 
conducting preliminary studies of an advanced two
stage-to-orbit vehicle called Sanger that may fly in the 
early 21 st century. 

Brem-Sat · Pollux · Safir 

SPACE AND ENVIRONMENT-TECHNIQUE 
Universltiltsallee 27 . 0 -2800 Bremen 33 . F. R. G. 

Telefon 0421/22098-0· Telefax 04 21/ 2209810 · Telex 245 31 6 ohb 
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Italian Space 
Agency Expands 

Partnerships 
In Europe And 

The U.S. 
Italy's space program is managed 

and monitored by a single policy
making and executive body: the 
Agenzia Spaziale Italiana 
(ASI), or Italian space 
agency. ASI is chaired by 
Prof. Luciano Guerriero, 
who is assisted by Prof. 
Carlo Buongiorno, director 
general of the agency. 

ASI's budget will increase 
from $645 million this year to 
$725 million in 1994, as part 
of a five-year plan approved 
by the Italian govemment that 
allocates about $5 billion to 
space projects through 1995. 
This is split equally between 
space programs managed by 
ASI and European space 
programs managed by ESA. 

Today, after ten years of 
growing resources and 
space capabilities, Italy is 
the third largest member of 

This year, the space shuttle will/Bunch the world's first tethered satellite
TS~/oped by enls Spazlo as part of the Itsllan natlona' spsce program 
managlHf'Y AS/. 

ESA. Hpro~des ~out 18~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

of ESA's funding , thanks to 
a tenfold increase in Italy's space 
spending since 1980. This unmatched 
growth has allowed Italy to take 
significant shares in key European 
space programs including Hermes 
(12.5~), Ariane 5 (15~), Columbus 
(25~), and DRS (45~) . 

Italy's fast growth has enabled it to 
expand its cooperative ventures with 
ESA and NASA. Cooperation with the 
United States is nothing new, as 
Italy's first experimental communica
tions satellite-Sirlo 1-was launched 
by a Delta rocket in 1977. Later, Italy 
launched small NASA scout rockets 
from the Italian offshore launching 
platform anchored near the coast of 
Kenya. 

In 1992, cooperation between Italy 
and the United States will receive a 
spectacular boost with the flight of two 
Italian research satellites - TSS-1 and 
LAGEOS 2-built by ASI and launched 
by NASA. 

The Tethered Satellite System 
(TSS) was built by Alenia Spazio using 
a concept invented by the late 
professor Giuseppe Columbo. This 
fascinating concept of tethering a 
satellite to its launch platform in space 
allows many completely new research 
applications. The satellite, connected 
to the end of the tether, will be 
deployed from the shuttle cargo bay 
and will explore space either down
wards or upwards from the shuttle at a 

maximum distance of 100 km. It will 
then be retrieved using the tether 
system. 

The tether allows such amazing 
applications as power generation or 
"space lift." During its first and second 
flights , TSS will investigate the 
feasability of producing electricity in 
space, for use on board future space 
stations or interplanetary probes, as 
well as thrust energy for moving 
payloads to and from orbital stations. 

TSS-1 is planned for launch by the 
shuttle Atlantis this July. It will be 
deployed by Franco Malerba, the first 
Italian astronaut, trained as a shuttle 
payload specialist by NASA. The 
deployment and retrieval will be done 



from a special platform developed 
by Martin Marietta Corp. of the 
U.S. The satellite will be linked to 
the platform in the shuttle cargo 
bay by a tiny cable made of two 
copper wires wrapped in Kevlar 
fiber. It will be deployed up to 20 
km upwards from shuttle orbit 
(about 300 km). In space, the 
conductive wire will cut through the 
Earth's magnetic fields and 
generate electricity with a voltage 
that might reach 5 kv. 

A second flight of this unique 
satellite is planned two years later 
using a much longer tether for 
deployment up to 100 km. This 
time, the TSS will be deployed 
down towards the Earth, allowing 
the spacecraft to move "in situ" to 
study the upper atmosphere in 
regions that usually cannot be 

reached by satellites. It will also be 
spun to generate a 

centrifugal force that 
will produce artificial 
gravity, useful for 
manned spacecraft 
during long-

duration interplan
etary flights such 
as a manned 
Mars mission. 

The next 
Italian satellite to 
be launched by 
the shuttle is 
LAGEOS2, a 
cooperative Italio
U.S. mission to 
study tectonic 
motion using 
lasers, built by 
Alenia Spazio 
under contract to 
ASI. Alenia will 
also supply the 
IRIS upper stage 
that will place 

LAGEOS 2 in operational orbit this fall. 
Developed in cooperation with BPD, 

the IRIS may be used as an upper 
stage for the proposed Scout 2 solid 
rocket that would launch into low-Earth 
orbit small satellites weighing up to 700 
kg. Further, ASI has discussed with China 
the possible use of the IRIS on LM2. 

ASI-NASA cooperation has been 
enriched this year by new agreements. 
The two agencies recently signed a 
memorandum of understanding for the 
design and manufacture in Italy of two 
logistics modules that will be used to 
transport and provide support equip
ment and facilities to the international 
crews of space station Freedom. These 
Mini-Pressurized Logistics Modules are 

slated for launch in 1997. 
Another agreement with NASA is 

in the definition stage-the Cassini 
interplanetary mission to Saturn, also 
scheduled for departure in 1997. Italy 
will be in charge of providing some 
essential elements of the deep-space 
probe, including the radio link that will 
allow the spacecraft to send its data 
billions of miles back to Earth. 

Next year, the shuttle will fly SAR
X, a high-resolution X-band radar 
observation system for all-weather 
observation of the ground. SAR-X 
was developed by ASI in cooperation 
with DARA of Germany. The system 
will fly with the American SIR-C radar. 

Remote sensing data from the X
band radar will be processed and 
archived at a ground station (PAF-I) 
built by ASI at Matera in southern 
Italy. Operated by Telespazio, the 
station is already processing data 
from the first European radar 
observation satellite, ERS-1. 

In March, ESA and ASI signed a 
formal agreement making the Matera 
facility the Italian national data 
processing and archiving center for 
the exploitation of information 
captured by ERS-1 and then, when it 
is introduced in 1994, ERS-2. The 

The LAGEOS 2 Italian geodetic 
satellite, scheduled for launch by 
the space shuttle this fall, will be 
placed in its final orbit by the IRIS 
Italian solid upper stage. 
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agreement-signed by Jean-Marie 
Luton, ESA director general, and 
Prof. Luciano Guerriero, chairman of 
ASI-covers an initial period of ten 
years and allows the PAF-I center to 
collect, process, and deliver ERS 
data acquired from ground stations in 
Fucino (Italy) and Maspalomas 
(Spain) concerning the entire Mediter
ranean Basin. The PAF-I will use 
innovative technologies developed by 
Telespazio and ELSAG. 

In cooperation with the Nether
lands, Italy has developed SAX, an 
advanced x-ray observatory built by 
Alenia Spazio for launch by an Atlas 
rocket in 1994. That same year, 
Italy plans to launch Italsat F2, a 
follow-on to the Italsat F1 advanced 
communications satellite built and 
orbited by Italy last year. Italsat F1 
is the first European satellite to 
work at upper frequencies of 20-30 
GHz. This program has not only 
served Italy's domestic needs but 
has allowed it to become the lead 
country for developing-under 
Alenia Spazio's prime-con
tractorship-new European commu
nications satellites, including the 
experimental Artemis spacecraft 
and the Data-Relay Satellites. 



Alenia is the main manufacturer (outside the U.S.) of pressurized modules for manned 
laboratories such as spacehab (shown here), space station Freedom, and the European 
Columbus lab. 

Alenia Spazio was founded last 
year by merging the Aeritalia Space 
Division with Selenia Spazio, and 
regrouping around smaller but skilled 
space teams such as Laben, Proel 
Tecnologie, Space Software Italia, 
and Space Controls Alenia 
Honeywell , formed with Honeywell 
Inc. of the U.S. This space task force 
has about 2700 highly-qualified 
personnel generating sales of $430 
million, or 10% of the Alenia group's 
1991 total. 

The new Italian space giant, 
headed by Andrea Pucci and chaired 
by Prof. Ernesto Vallerani, now 
represents about 70% of the nation's 
space capability. It has expertise in 
managing, developing, and manufac
turing complete systems and equip
ment for science, communications, 
and remote sensing, as well as 
manned systems for national, 
bilateral, or international programs 
such as Ariane, Hermes, Columbus, 
and DRS. 

Alenia Spazio is the European 
specialist for shuttle-borne pressur
ized modules. Capitalizing on 
Spacelab, the company is now 
building similar or smaller modules for 
manned orbital facilities such as 
Spacehab and Columbus. ESA has 
given it responsibility for the overall 
design, development, and integration 
of the Attached Pressurized Module 
(APM), one of the four permanent 
manned modules of the international 

space station Freedom and the first 
element of Europe's Columbus 
system that eventually will involve a 
Man-Tended Free-Flier (MTFF). The 
Italian firm is also building two small 
logistics modules to support Freedom 
in 1997 and may provide a life 
sciences module equipped with a 2.5-
meter centrifuge in 1999, as part of a 
deal between ASI and NASA. 

In a separate and private venture 
with Spacehab Inc., Alenia Spazio is 
producing other small pressurized 
modules under subcontract to 
McDonnell Douglas. The first of these 
manned orbital labs was delivered 
last January to the U.S. for flight 
aboard the shuttle in 1993. Vallerani 
estimates that Alenia Spazio's 
pressurized modules business now 
represents about $400 million. 

The Italian firm is a leader in the 
communications satellite business. It 
participates in major foreign programs 
such as Arabsat, Eutelsat, and 
Intelsat, and is prime for Italsat, the 
first satellite in Europe to operate at 
frequencies of 20-30 GHz. Italsat F1 
is operational since last April and 
Italsat F2 is to be delivered in August 
1994. 

For ESA, the team participated in 
the development (and then the 
rescue) of Olympus 1, the largest and 
heaviest communications satellite 
ever built in Europe. Alenia Spazio is 
currently prime contractor for the 
experimental Artemis communica-
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tions satellite to be launched in 1995 
and the $1 billion European Data
Relay Satellites (DRS) planned for 
1998. 

As a member of the Euro-Alliance 
(with Aerospatiale and Alcatel 
Espace), Alenia Spazio will have a 
share in building two N-Stars under 
the aegis of Space Systems/Loral for 
the Japanese company NTI. 

The company has installed 500 
communications and control stations 
worldwide. It recently won a contract 
from South Korea to jointly develop 
with the local firm ETRI a communi
cations link using advanced coding 
techniques. 

Alenia Spazio installed the Argo 
emergency mobile communications 
system for the Italian Civil Protection 
ministry, and is now looking at the 
growing military space sector. It is 
prime for Italy's first military satellite 
system, Sicral , to be launched by 
Ariane in 1995. And it has a 14% 
share in the Helios military observa
tion satellite system, with responsibil
ity for building spacecraft parts and a 
complete data receiving and process
ing center in Italy. 

The Alenia team is also familiar 
with microwave spaceborne sensors. 
It built radar-altimeters for the first 
European radar observation satellites: 
ERS-1 , operating since last year, and 
ERS-2, to be launched in 1994. It is 
developing with Germany the shuttle
borne SAR-X synthetic aperture radar 
and, with the Netherlands, the SAX 
x-ray astronomy satellite, both 
planned for launch in 1993. 

But 1992 will be the company's 
busiest year, according to Vallerani. 
Three pieces of Italian hardware
TSS, IRIS, and LAGEOS 2-will be 
launched by the shuttle in cooperative 
ventures with NASA. The Tethered 
Satellite System, a spherical body 
measuring 1.6 meters in diameter 
and weighing 500 kg, will be deployed 
from the shuttle in July by Franco 
Malerba, the first Italian astronaut. 

Connected to a 20-km-long 
conductive tether made of copper and 
Kevlar, the TSS will study the 
electrodynamic environment and the 
feasibility of generating electricity in 
space. Then, this fall , LAGEOS 2 will 
be launched using the first Italian
made upper stage, IRIS. LAGEOS 2 
is a 41 O-kg, 60-cm-diameter alumi
num sphere covered with 426 laser 
reflectors to aid satellite tracking, 
providing increased accuracy in 
geodetic measurements. 



TELECOMMUNICATION ~ATELLITE~, 
OUR TECHNOLOGY ~HINE~ AMONG THE ~TAR~, 
Alenia Spazio S.p.A., an Alenia company of the IRI FINMECCANICA GROUP, 

has been communicating in space for more than twenty years. Thanks to the 

advanced technologies and experience acquired, it is today a European leader 

in satellite telecommunications. A series of projects running from Sirio and 

Intelsat to Olympus and Italsat has been placed in space by Alenia Spazio, 

marking a continuous and extraordinary technological growth. And the suc

cesses obtained have brought the company to the position of prime contractor for a 

new generation of complex satellite sys-

terns such as Sarit, Artemis, DRS and Sicral. Alenia 
G R U P P 0 I R I FINMEG..CANICA 

For More Information Circle No. 598 
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Telespazio, 
The Satellite Service Specialist 

For 30 years, Telespazio has 
been the exclusive concessionaire for 
implementing and operating satellite 
communications systems in Italy. The 
IRI company, owned in equal parts 
by Stet, Italcable, and RAI (the Italian 
state broadcasting body), provides 
traffic capacity to national and foreign 
users via international satellite 
systems including Eutelsat, Intelsat, 
and Inmarsat. -

Using the satellite capacities of 
Eutelsat and Intelsat, Telespazio 
promotes business-oriented, national 
applications for voice, video, and 
data transmission using very-small
aperture terminals (VSATs). Major 
networks have been installed for 
traffic control, social security, flight 
assistance, railways, and other 
applications. They include about 
400 VSATs. 

The company develops and 
manages "business television" 
satellite networks for voice or video 
conferences. Hundreds of confer
ence rooms and hotels are equipped 
throughout Italy, Europe, and North 
Africa. Telespazio also promotes 
mobile stations. 

It created and operates the 
largest satellite stations in Italy and 
Europe. Starting with the Fucino 
center near Rome, Telespazio 

expanded to Lario, near Lake Como, 
and Scanzano, in Sicily. 

Managed by Dr. Raffaele 
Minicucci, the company has a staff of 
about 1000. It has provided operation 
and maintenance support for Intelsat 
and Comsat birds since 1968. Now, 
the Italian team routinely controls 
dozens of spacecraft for national or 
international communications. 
Recently, it contributed to the rescue
in-orbit of Olympus 1, ESA's largest 
communications satellite . . 

The team operates a control 
center for the Italian domestic 
satellite communications system 
(Italsat) , ensuring centralized 
management of the satellite commu
nications network including the 
ground traffic stations. It participates 
in Italsat propagation experiments 
and in networks supporting the 
European space infrastructure 
including Columbus, Hermes, the 
European Polar Platform, and Data
Relay Satellites. 

An important Telespazio innova
tion is Argo, the emergency commu
nications satellite system built on 
behalf of the Italian Civil Protection 
Dept. The land-mobile network 
includes small transportable stations, 
carried on trucks or helicopters, to 
quickly restore vital links with 

Telespazio is a specialist in satellite 
image processing. This picture of the 
Adriatic sea captured by Landsat 5 
clearly shows water currents and 
pollution. 

distressed areas. It can collect and 
relay seismic, hydrogeologic, and 
volcanic data. Telespazio also 
participates in the Sarsat-Cospas 
search and rescue satellite system, 
and promotes the Euteltracs radio 
positioning service in Italy. 

Minicucci's team is expert in Earth 
observation and environmental data 
processing and analysis. In Italy, it is 
both the contact point for experi
ments with Earthnet and the process
ing and distribution center for data 
acquired from remote-sensing 
satellites such as the American 
Landsat, French Spot, Japanese 
MOS, and European ERS-1 radar 
satellite. 

Telespazio is engaged in major 
environmental satellite programs 
including the Mediterranean survery 
for coastal protection, the Terra del 
Sud information systems for agricul
ture in southern Italy, the Telaer 
airborne remote-sensing service, and 
Progetto Coste for classifying Italy's 
sea-coast pollution. Other environ
mental studies concern the Baltic 
Sea and Africa. 

The firm recently signed several 
cooperative agreements with Soviet 
organizations, including Planeta and 
Agroresources, to develop sophisti
cated methods to improve environ
mental surveys and use remote
sensing data for agricultural monitor
ing in the former USSR. 

In Fucino, near Rome, Telespazio 
operates the largest satellite communi
cations Earth station, which is linked 
with national and international satellites 
including Intelsat and Inmarsat. 
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CarD satellite, 
rna chi 
ti conosce? 
Uomo: Caro satellite, sulla Terra si fa un gran 

parlare di teo Trasmissioni via satellite, telefo-

nate via satellite, immagini della Terra dal sa-

tellite. Ma insomma, tu cosa fai veramente?" 

Satellite: "Tanto per cominciare, caro amico, io 

ti dO una libert~ di comunicare praticamente 

senza limiti. Qualsiasi azienda 0 ente, tramite 

me, puO collegarsi con chi vuole, dove e Quan-

do vuole. E puO ricevere e trasmettere dati, vo-

ce, immagini, testi a una veloci~ e a un livellc 

di Quali~ altissimi. E senza interruzioni." 

Uomo: "Sembra fantascienza. E poi?" 

Satellite: "Poi ti dO la possibili~ di capire me· 

glio il tuo pianeta, e di proteggerlo. Con me, 

puoi vedere se in una foresta ci sono alberi ma-

lali, se una nave scarica petrolio in mare e co-

me si muovono Ie alghe nell'Adriatico. Puoi 

prevedere il tempo e aiutare I'agricoltura. Puoi 

prevenire e combattere gli incendi, puoi ristabi-

lire i collegamenti in zone colpite da calamitfl. 

Data la mia poslzione, diventa tutto pill sempli-

ceo Vado avanti?" 

Uomo: "Beh, mi fai venire voglia di conoscerti 

meglio. Voglio sapere tutto di te." 

Satellite: "Un modo c'~. Parlane con Telespa

zio. Lavoriamo insieme da trent'anni." 

Uomo: "Bene, ~ slato un piacere. Ci rive

diamo?" 

Satellite: "Quando vuoi. 10 sto sempre Qui." 

~ telespazio 

LI vii II Iitellite. 
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NASA And CSC: 
Discovering New Worlds ... And Old 

The quest for discovery .. .for 
adventure ... for exploration of the 
unknown ... has driven man for 
centuries. 

In 1492, when even scholars 
thought the world was flat, Columbus 
set sail. With his three small wooden 
ships, he pursued his dreams. And 
what he discovered-a new world
changed the course of history. 

Five hundred years later, NASA 
and Computer Sciences Corporation 
(CSC) are proudly continuing this 
tradition of discovery. Through the 
use of manned and unmanned 
spacecraft, they are unlocking the 
secrets of the universe and of our 
home planet. Using advanced 
technologies Columbus never 
dreamed of, they are discovering 
new worlds above, while still learning 
about the old world-Earth-below. 

Discovering Earth 
The technologies that are part of 

the nation's space program are now 
being focused on projects to improve 
the environment on our fragile planet. 
NASA is participating in the govern
ment-wide Global Change Research 
Program that is helping to define the 
symptoms and diagnose the cause of 
the Earth's deteriorating environmen
tal health. 

Working shoulder-to-shoulder with 
NASA, CSC is preparing for this 
space exploration adventure. The 
company's quarter century of 
experience has resulted in numerous 
software and system methodologies 
that will pave the way for the efficient 
and effective development of new 
technologies for use in the explora
tion of Earth-from space. 

At CSC's Center of Excellence for 
Space, Earth, and Life Sciences, 
leading scientists are able to carry 
out cutting-edge research. The 
center acts as a catalyst to combine 
scientific research with advanced 
technologies. 

Discovering New Worlds 
CSC is a world leader in the 

science of information technology 
and its applications. No other 
company offers the unparalleled 
range of services at the level of 
quality it provides-from consulting in 
the strategic use of information 
through system design and develop
ment, integration, and outsourcing. 

The largest professional services 
company in the information industry, 
CSC is proud of its legacy of work for 
and support of the nation's space 
program. From mission concep
tualization through all aspects of 
mission performance and analyses, 
CSC has applied advanced technolo
gies to NASA's dynamic requirements. 

CSC's most important resource is 
the innovation and excellence of its 
staff. The 26,000 CSC professionals 
working in 300 offices around the 
world are encouraged to exchange 
scientific and technical information. 

Through a series of technology 
programs, CSC operates numerous 
research and development laborato
ries , manages several Centers of 
Excellence for Technology, and 
conducts Special Interest Group 
Exchanges in leading-edge technolo
gies. CSC's technical staff uses the 
company's electronic referencing 
network as a clearinghouse for 
solving technical problems and 
quickly assessing technical resources. 

Through these programs, every 
client has access to the company's 
full range of capabil ities. 

The age-old quest to discover new 
worlds is a driving force behind 
CSC's continuing leadership in the 
information industry. With NASA, 
CSC will continue to explore the 
universe while vastly expanding our 
knowledge of the Earth. Together, 
they will make new discoveries ... 
discoveries that would make 
Columbus proud. 

Computer Sciences Corp. is working with NASA to expand our knowledge of planet Earth. 



The World Columbus Never Saw 

CSC has been discovering new worlds with NASA for 

more than a quarter century. 

From a small beginning at Goddard Space Flight 
Center in 1964 to our present role as a major contractor, 

CSC remains a proud part of the NASA team. 

Supporting ASA Centers with broad ranging exper

tise ... from sy tems integration, earth sciences, informa-

tion processing and software development to ground

launch support and operation -maintenance. Applying 

CSC' specialized techniques and knowledge to flight 

dynamics, astronomy, space sciences, robotics and 

many other fields. Helping IASA-and America-

di cover new worlds. 

,.,.,. 
'-J'-
Computer Sciences Corporation 
System Sciences Division 

4061 Powder Mill Road 
Calverton, MD 20705 
30] .572.4900 

For More Information Circle No. 518 
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Brunswick Defense Develops Advanced Space Products 
Brunswick Defense and 

Brunswick Composites, both part of 
the Brunswick Technology Group, 
make a variety of technically
advanced, space-qualified products 
for the U.S. and European space 
programs. 

Brunswick is the world's leading 
producer of propellant management 
devices, a supplier of a majority of 
filters on U.S. spacecraft, and a 
leader in fire suppression equipment 
and expandable robotic arms. Its 
WINTEC Aerospace Products Group 
supplies more than 95% of the liquid 
and gaseous filters on the space 
shuttle. 

Both its propellant management 
devices, which help control propellant 
flow in zero-gravity, and its filters and 
screens depend on WINTEC's unique 
expertise in metals, welding, and 
design. All products are assembled 
and welded in its Class 10,000 clean 
room. 

Brunswick continues to be a pioneer in 
designing strong, lightweight pressure 
vessels such as this one, for Intelsat VII. 
Its carbon-epoxy overwrap and plasti
cally-operating aluminum liner reduce 
weight by 25% and costs by 30% 
compared to other technologies. 

Its filters are available in wire 

mesh size ratings as fine as 20 
micron abs. and are fabricated using 
proprietary Brunswick welding 
techniques and other technologies. 

At Brunswick. NoW. 
Brunswick offers exciting benefits over 

today's all-metal tanks: half the lead time. major 
cost savings, weight equivalence and improved 
safety margins. 

We also offer something else: one-stop 
shopping. Tanks that rely on our experience 
making the world's best composite-metal 
vessels, integrated with our WINTEC PMOs 
and filters, renowned for their quality and 
precision welding. 

Brunswick's the one source that can help 
your program take off. Today. 

For 1II0001nlormitlon, 
call or write: 
Bronswic/( Defense 
Space Products 
Business Development 
3333 Harbor Blvd. 
Costa Mesa, CA 92628 
(714)546-8030 
FAX (714)546-1404 

For More Information Circle No. 420 

This includes a successful history of 
development and manufacture of 
welded stainless screen to titanium 
structures. Working with NASA in the 
early stages of the space program, 
WINTEC pioneered wire screen, 
contamination-free manufacturing 
processes. 

More recent accomplishments 
include state-of-the-art advances in 
fine wire mesh titanium screen, 30 
micron abs. and better, and a 
demonstrated ability to weld stainless 
wire mesh to aluminum. 

Brunswick Composites is a leading 
producer of composite-wrapped, 
metal-lined pressure vessels for the 
space program-used for power 
sources, storage, and fuel manage
ment. It was the first to produce a 
man-rated, composite-wrapped space 
pressure vessel , for the Skylab 
program. It is also the leading non
propellant manufacturer of rocket 
motor cases, including the boosters 
for the Air Force's Inertial Upper Stage. 

A UNIT Of THE fIIffMSWICI( TfCHMCAL GROCJII 

Q 1992 Brunswick Col)lOranon 



The Hughes
built synthetic 
aperture radar, 

the sole scientific 
instrument aboard 

Magellan, cuts 
through the sulfuric 

acid clouds shrouding 
Venus to relay images of 

its surface, which are 
used to create a detailed 

topographic map of Earth 's 
sister planet. 

(Advertising Supplement) 

Hughes Aircran Company: 
A National Resource For 
Space Exploration 

When Hughes engineers were 
honored at the 1992 Goddard Dinner 
in Washington this April for their role 
in unlocking the mysteries of Earth 's 
sister planet Venus, it was yet 
another acknowledgment of the 
tremendous capabilities this long-time 
NASA contractor has provided our 
nation 's search for knowledge and 
understanding of the solar system. 

Hughes designed and built the 
synthetic aperture radar that is the 
heart of the Magellan project. This 
remarkable instrument has peered 
through the sulfuric acid clouds that 
mask the planet to create a detailed 
topographic map of its surface . 
Today, according to Tony Spear, Jet 
Propulsion Laboratory's Magellan 
project manager, a more complete 
topographic map of Venus is avail
able than exists of planet Earth. 

For Hughes engineers, the 
Magellan project provided a chance 
to visit an old friend. The company 
designed and built the Pioneer Venus 
Orbiter and Venus Multiprobe 
spacecraft that was launched in 1978 
on an eight-month mission similar to 
Magellan's. Today, 12 years later, 
the spacecraft continues to return 
radar images of the planet. 

The company's role in the U.S. 
space program continues as the 
Hughes-built probe aboard the 
Galileo spacecraft, currently en route 
to Jupiter, prepares for its incendiary 
entry into that planet's atmosphere 
in 1995. 

The U.S. space program is one of 
this nation 's great accomplishments. 
From the Hughes-built Surveyor that 
demonstrated the feasibility of a soft 
lunar landing, to the spectacular 
images of Venus relayed by the 
Magellan radar, Hughes has been 
there. As the nation prepares for 
further explorations to the moon and 
Mars, one cannot help but look back 
and wonder where the program would 
be without a company like Hughes. 
Looking ahead one can only conclude 
this national resource will again be 
needed in the future . 
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Garrett Fluid Systems Division's 
experience in the fluid control and 
management area of space applica
tions ranges from cryogenic and 
other types of fluids to gaseous 
materials and propellant gases. 

Cryogenic Fluids 
Garrett's work with cryogenic fluids 
such as liquid hydrogen and liquid ' 
oxygen includes involvement with the 
National AeroSpace Plane (NASP) , 
Atlas launch vehicles, and Space 
Nuclear Thermal Propulsion. 

Other Liquids 
Nitrogen tetroxide, hydrazine, and 
water have been utilized or are being 
planned for use in the Titan, Brilliant 
Pebbles, and space station Freedom 
programs. 

Gaseous Materials 
Applications have been developed for 
the Atlas program and space station 
Freedom using helium, carbon 
dioxide, oxygen , and nitrogen. 

Propellant Gases 
High-temperature gases are pro
posed for systems on NASP, the 
Lightweight Exo-Atmospheric 
Projectile (LEAP). and Space Nuclear 
Thermal Propulsion. 

Based in Tempe, Arizona, Garrett 
Fluid Systems Division works with 
fluid temperatures ranging from 
-452° to +45000F and fluid pressures 
from 0 to 12,000 Ibs/square inch. The 
product line includes: 

• pressure regulators 
• pressure relief and vent 

valves 
• tank prevalves 
• emergency drain valves 
• divert/attitude control 

thruster valves 
• mono propellant tank 

pressurization systems 
• fluid pumping systems 

Hot gas (3700 °F+) divert/attitude control 
thruster valve assemblies for the 
Lightweight Exo-Atmospheric Projectile 
(LEAP) program, developed by Garrett 
under contract to the Thiokol 
Corporation 

No matter what fluid 
(cryogenic, gaseous, or liquid) 
the application must manage or 
control , Garrett Fluid Systems can do 
the job. For more information call 
(602) 893-4421. 

In addition to manufacturing 
products, Garrett has extensive 
analysis and modeling capabili
ties to assist customers in the 
design of components and 
systems. This capability extends 
into the test area, where 
facilities exist to test hardware, 
including cryogenic products. 
Garrett has a remote test site 
capable of handling materials 
such as hydrogen, oxygen, solid 
propellant gas generator, 
hydrazine, and nitrogen 
tetroxide. 

Cryogenic (liquid oxygen) boil-off valve for the 
Atlas launch vehicle program, developed under 
contract to General Dynamics Space Systems 
Division 





Semiconductor Laser manufacturing. Worldwide. World-class. 
With our new state-of-the-art manufacturing facil ity in Simsbury, 

Connecticut, Ensign Bickford Aerospace answers the urgent need for 
military standard 800nm high power semiconductor lasers in production 
quantities and at reasonable cost. 

Our high power diodes and arrays come in various packaging 
configurations tailored to meet your needs. Whether you require fiber 
coupled, window configuration, or open heat sink, we manufacture 
devices in volume to make your program an economic reality. 

We now support customers in 
areas ranging from optical pumping of 
solid state materials, and proximity and 
ranging for the military, to therapeutic 
and diagnostic medical applications. High power semiconductor laser diodes in production quantities. 

The new Simsbury facility, dedicated solely to the production of 
high power laser diodes, represents significant opportunities for 
designers in a wide variety of fields. 

For more information call the Ensign Bickford Aerospace 

Various packaging configurations to meet your specific needs. 

See us at Booth #3770 

Marketing Department today. 

_ ENSIGN BICKFORD 
"'-1 AEROSPACE 

ENSIGN BICKFORD AEROSPACE COMPANY 
640 Hopmeadow Street, P.O. Box 427, 
Simsbury, CT 06070, (203) 843-2630 
For More Information Circle No. 514 



Ensign Bickford Aerospace 
(Advertising Supplement) 

The Leader In Ordnance Initiation Systems 
After 40 years of experience in manufacturing ord

nance initiation systems, the Ensign Bickford Aero
space Company, Simsbury, Connecticut, has devel
oped the most advanced ordnance initiation system 
to date: the laser ordnance initiation system. 

The laser ordnance initiation system is com
prised of four major components: the laser firing 
unit, which generates the laser energy; the 
input\output interface, which controls all ARM, 
FIRE, DISARM, SAFE, and TEST condi
tions; the energy transfer system, which 
consists of a fiber optic harness to trans
fer laser energy from the laser firing unit 
to the initiators; and the pyrotechnic or 
explosive initiators themselves, which 
do the actual work such as motor 
ignition, battery initiation, stage 
separation , and payload 
dispersement. 

The laser initiation system 
eliminates the design and 
manufacturing constraints 
associated with current 
ordnance initiation sys-

tems. Standard non-laser systems use sensitive explo
sive materials and electrical signals that require exten

sive safety and handling procedures. These systems 
are susceptible to electromagnetic interference 

(EMI) , radio frequency interference (RFI), and 
static discharge. The laser ordnance initiation 

system eliminates all of these concerns. 
Ensign Bickford Aerospace Company 

intends to continue its leadership role in 
the manufacture of advanced ordnance 

initiation systems into the next century. 
One of the many ways it is doing this 

is through continued investment in 
new technology, such as the 

construction of the new high
power semiconductor laser diode 

facility pictured on the preced
ing page. 

Ensign Bickford Aerospace Company is 
committed to the manufacture of 

advanced laser systems for ordnance 
initiation, and expects these systems 

eventually to become common
place on launch vehicles such 

as the Titan IV booster 
shown above. 

Ensign Bickford Aero
space Company is har

nessing laser energy and 
putting it to use for your 

specific applications. 
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NlS Dners Unique Testing Capabilities 
The Largest G-Force System 
in the World 

National Technical Systems' 
Un holtz-Dickie T1000 and T4500 
shaker systems have achieved 
vibration testing levels never before 
approached. Custom-made for NTS, 
the two shakers are driven by totally 
separate 120 and 180 kVA amplifi
ers. When interconnected into a 
single 300 kVA system, the T1000 
generates in excess of 24,000 force
Ibs., while the T4500 generates more 
than 45,000 force-Ibs. Displacements 
up to 1 3/4" can be achieved. Use of 
the giant shaker systems virtually 
eliminates the need for band splitting 
on high-level random vibration tests. 

Emissions Testing From 
20 Hz to 40 GHz 

NTS' EMC/EMP capabilities 
include emissions testing from 20 Hz 
to 40 GHz, utilizing the Hewlett
Packard IlP-based spectrum ana
lyzer system; EMP test and signal 
analysis ; radiated susceptibility and 
electrostatic discharge testing. 

In-house automatic equipment 
can rapidly produce an X-V recording 
of conducted or radiated emissions to 
demonstrate compliance with MIL
STD-461NB, FCC Class A or B, 
VDE regulations, and other 
military/customer specs. 

Shielded rooms and an open-field 
test site are also available. 

Acoustic Levels Above 170 dB 
A progressive wave tube capable 

of producing sound levels above 170 
dB was developed to test the flaps 
for a new high-performance military 
aircraft. Capable of testing items 6 ft . 
x 4 ft ., it complements NTS' 5000 cu. 
ft . and 80 cu. ft . reverberant acoustic 
chambers. 

In the photo below, a skin section 
of the National AeroSpace Plane 
(NASP) is being tested simulta
neously at a temperature of 3000° F 
and a noise level of 165 dB. 

High-Gs Centrifuge Testing 
NTS' acceleration testing facilities 

include centrifuge diameters from 1 
ft . to 102 ft. for payloads weighing up 
to 20,000 Ibs. and sizes exceeding 
15 ft. square. Tactical rocket motors 
can be fired under acceleration test 
conditions, or time versus G profiles 
can be generated to duplicate fighter 
plane maneuvers or space vehicle 
launch and reentry. The company's 
special 1000-G centrifuge can handle 
test items weighing up to 250 Ibs. , 
making it the highest-capacity 
machine of its kind in the country . 

Pyroshock Testing-Setting 
the Standards 

NTS is at the forefront in estab
lishing standards for pyrotechnic 
shock testing, such as ordnance
included, shaker-simulated, metal-to
metal impact, and laser doppler 
displacement. The metal-to-metal 
impact facility shown in the photo 
below simulates high-G pyrotechnic 
shock and is able to induce 3 axes 
simultaneously. Multi-channel, wide
band recording systems are used for 
accurate data acquisition . 

Electrodynamic exciters used for 
pyrotechnic shock simulation can 
accept loads up to 1000 pounds and 
produce peak shock spectrums up to 
4000 Gs. Shock spectra can be 
controlled with 1/12 octave equaliza
tion . 

1536 E. Valencia Drive 
Fullerton, CA 92631 

Ten laboratories nationwide: 
West: (714) 879-6110 
East: (508) 263-2933 
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AIVI P : Fifty Years of Innovation 

AMP is a leading supplier of connectors and associated technologies to the aerospace industry. 

Fifty years ago, AMP began its 
journey with a few dozen people in 
several rooms producing simple 
uninsulated terminals and notched 
pliers. Within a few years, the 
company had become a leading 
supplier of connectors and matched 
tooling to the aerospace industry. 
Today, it is more than 25,000 people 
in 165 facilities in 31 countries, 
offering engineering analysis; design 
and development ; manufacture of 
connectors, cables, and circuit 
boards; subsystem assembly; 
application tooling; and design, 
product, and system validation . 

Expanding Capabilities 
Interconnections have undergone 

a metamorphosis. Once considered 
incidental, they are now recognized 
as integral to the performance of 
critical systems from aircraft inertial 
guidance equipment to complex 
electronics in control communica
tions. No longer simply a means of 
mechanical attachment, they often 
incorporate advanced electrical 
characteristics, miniaturization , and 
the sophistication necessary to 

handle various environmental rigors. 
As interconnection technology 

experiences this dynamic evolution , 
AMP is leading the way with research 
and development in the areas of 
superconductivity, holography, cold
emission contacts, and others that 
will shape interconnections in the 
21st century. 

Customer Focus 
AMP is dedicated to improving 

customer service. The goal of total 
customer satisfaction drives such 
efforts as increased use of cross
functional employee teams and 
simultaneous engineering to integrate 
manufacturing, development, 
logistlcs, and marketing functions . 

Broadening service capabilities 
include a 24-hour facsimile service 
that automatically responds to dial-in 
requests for product literature and 
drawings, electronic application 
design system disks that enable 
customer CAD systems to rapidly 
specify interconnection requirements , 
and a new approach to packaging 
based on market needs and cus
tomer and distributor requirements. 

Teaming for Improved 
Responsiveness 

Behind all efforts to improve 
responsiveness is the "teaming" 
approach to supplier/customer 
relationships, a specific and formal 
program for customer-driven product 
development. Teaming coordinates 
engineering personnel for joint design 
reviews and other activities, directs 
resources to solve program problems, 
and focuses on quick responsiveness 
to design and tool products that suit 
requirements, independent of industry 
trends . 

This is AMP Today 
AMP has the resources needed to 

make the journey from concept to 
market-with capabilities far beyond 
supply of connectors to circuit design, 
analysis, simulation, and validation; 
systems development ; and packaging 
design. All efforts are backed by an 
unequalled experience with every
thing from metal and plastic to heavy 
machinery and precision optics. 

To learn more about AMP, call the 
Product Information Center at 
1-(800)-522-6752. 





(Adverlls1ng Supplement) 

Teledyne: 
Innovations In 
SWitching 
Technology 
For 
Military I Aerospace 
And Defense 
Markets 

Teledyne Relays and Teledyne 
Solid State have been serving the 
military/aerospace and defense mar
kets for over 30 years. The California
based company has matured with 
these industry segments both in 
terms of new technologies and quality 
to meet their growing requirements. 

The first product Teledyne 
developed was the TO-5 relay. This 
highly-innovative design concept 
provided a 50% space and weight 
reduction compared to other available 
relays, together with a quantum 
increase in reliability and resistance to 
environmental stresses. 

As the demands of aerospace and 
defense projects increased, the 
company's products were manufac
tured and accepted for use in these 
projects, contributing to the success 
of the missions to which they were 
assigned. 

Teledyne developed automated 
mass-production techniques that 
provided a degree of reproducibility, 
combining the economics of scale 
with the ultimate in quality and 
reliability. In time, further demands for 

Teledyne supplies a variety of solid-state relays to the aviation, aerospace, and defense 
communities. 

circuit integration resulted in expan
sion of the relay product lines to 
include integral suppression and 
steering diodes as well as TIL and 
CMOS buffer stages. When it 
became obvious (circa 1969) that 
certain relay applications could best 
be served with solid-state switching 
technology, Teledyne pioneered the 
solid-state relay (SSR) . The 
company's innovations include: 

• the first solid-state relay 
• the first DIP SSR for PC board 

applications 
• the first military SSR 
• the first hermetically-sealed SSR 
• the first power MOSFET SSR 

Teledyne's latest solid-state 
products provide a variety of "smart" 
options to the basic relay functions 
such as status (switch, flow, or trip 
status or a combination of these) to 
provide a built-in test function and 
overload protection (for example, 
short circuit or thermal overload) . 
Thus, a single component can 
function as a relay and a remotely-

resettable solid-state circuit breaker. 
All of these relays are designed and 
tested to MIL-R-28750 and applicable 
portions of MIL-STD-883. 

The company's commitment to 
excellence has been accepted in 
numerous aerospace/military pro
grams. Teledyne products have been 
and are being used on the space 
shuttle, Voyager, AWACS, F16 and 
F18, Airbus A340, Boeing 700 Series 
aircraft (including the 737, 747, 757, 
767, and 777), and most major 
military programs. 

Still the technology leader, 
Teledyne SoUd State and Teledyne 
Relays have proven to be an innova
tive, high-tech company that services 
the aerospace/military community . 
These same skills and experiences 
related to relays and switching circuits 
are available for commercial and 
industrial applications and customers. 
For further information contact: 
Teledyne RelaysIT eledyne Solid State 
12525 Daphne Avenue 
Hawthorne, CA 90250 
213-777 -0077 
800-284-7007 



DESIGNING YOUR OWN SWITCHING CIRCUITS? 

WHY RE-INVENT THE WHEEL? 

TELEDYNE SOLID STATE HAS IT! 
If your system requires I/O or power 

switching and you 're considering a discrete or hybrid 
circuit approach we should talk! And here's why-

• We now offer an extensive "menu" of 
military/aerospace solid state relays for DC, bi
directional, and AC loads from low level to 25 Amps . 

• Our latest designs feature "smart" options 
such as: output status for built-in test, short circuit protection and CMOS logic compatibi lity . 

• All of our relays are designed and tested to MIL-R-28750 and applicable portions of 
MIL-STD-883, and most are qualified to existing MIL slash sheets or DESC drawings . 

• We've already selected, derated, sourced, and qualified the required chip components, 
i.e., opto-couplers, drivers, FETs, SCRs, etc. 

And if what you need is not in our catalog, call 1-800-284-7007, or FAX 1-213-779-9161. 
Chances are we're already working on it. 
For More Information Circle No. 517 

~f'TELEDYNE SOLID STATE 
Home Office, 12525 Daphne Avenue, Hawthorne, CA 90250 • Telephone: 213-777-0077 • FAX: 213-779-9161 A Division of Teledyne Relays 

U.s. REGIONAL SALES OFFICES: EASTERN: (908) 272.()()2(), SOUTHEAST: (407) 682·9044, NORTH CENTRAL: (708) 529-1060, CENTRAL: (214) 348.Q898, WESTERN: (408) 978·8899. 
OVERSEAS: GERMANY, 0611 ·7636·0, ENGLAND: (081) 571'9596, FRANCE: 47-61-08·08, BELGIUM: (02) 673-99·88, JAPAN: (3) 3797-6956. 
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Melcor's Products Ideal 
For Space Applications 

Founded in 1959, Melcor, Tren
ton, NJ, is the world's leading 
producer of thermoelectric cooling 
devices. The company has applied its 
unique technical prowess to a variety 
of proprietary applications in the U.S. 
space effort. 

Melcor's FRIGICHIP® thermo
electric heat pumps have proven 
ideal for the rigorous demands of the 
space program. Many of the primary 
characteristics of Melcor's products 
combine to make them particularly 
suitable for space use. These include 
their solid-state construction with no 
moving parts, assuring very high 
reliability; their compact design, 
which meets a critical criterion for 
space applications; and their excep
tionally light weight, which remains a 
primary design consideration for 
space projects. 

Overcoming Cooling Problems in 
Outer Space 

Localized cooling of specific 
equipment and systems is an 

ongoing need in the space program. 
Vapor compression systems require 
substantial space and weight and 
depend on moving parts which can 
adversely affect reliability. Fans and 
heat sinks provide only limited cooling 
capacity and cannot provide precise 
temperature control. By contrast, 
thermoelectric cooling has none of 
these disadvantages. 

As noted in the accompanying ad, 
single FRIGICHIP modules from 
Melcor can achieve maximum tem
perature differentials of approximately 
65°C and pump tens of watts of heat. 
Even greater differentials can be 
achieved by stacking one module atop 
another, a process known as staging 

Let the Cooling Power of the Peltier Effect 
Solve Your Thermal Management Problems 
with Thermoelectric Devices from Melcor 
Thermoelectric cooling is a remarkably effec
tive and reliable means of cooling or maintain
ing precise temperatures where limited space 
and power are determining factors. Based on 
the Peltier effect, a thermoelectric heat pump 
is a solid state device in miniature with no 
moving parts. Melcor, the world's leading sup
plier of thermoelectric devices, has pioneered 
this technology and offers more experience 
(over 30 years) and more product selection 
than anyone in the world. Plus the ultimate in 
application engineering supportl 

Thermoelectrics: a Brief Technical Overview 
In a typical application, the module cold side is 
interfaced, directly or indirectly, to the compo
nent or heat exchanger to be cooled. The hot 
side is interfaced to a heat sink, usually air or 
water cooled. 

Single Melcor FRIGICHI~ modules can pump 
tens of watts of heat. at temperature differen· 
tials to 65° C maximum. Multistage cascades 
are available for larger differentials. 

Advantages ofThermoelectrics 
Key capabilities and advantages of Melcor's 
FRIGICHlp® thermoelectric devices include 
precise, stable temperature control below 
ambient; heating or cooling by simply revers
ing current flow; reduced space, size and 
weight; highly reliable operation (200,000 
hours or morel); minimal electrical noise; DC 
operation; fast response time; intrinsic safety 
and power generation. 

Thermoelectrics for Yoltr Application 
Melcor's FRIGICHIPS® are currently used in 
electronic and electro-optical instruments; por
table coolers, small refrigerators, appliances, 
etc.; institutional and commercial food and 
refrigeration service; military and aerospace 
assemblies and systems; fiber optic and 
other communications systems; medical 
electronics; phanmaceutical equipment; 
laboratory, scientific and computer systems 
and a broad range of other high technology 
applications. 

For More Information Circle No. 613 

Melcor's 
FRIGICHIP 
thermoelectric 
heat pump is 
lightweight, 
compact, and 
highly reliable, 
and can be 
stacked to 
achieve 
maximum 
temperature 
differentials. 

or cascading. A two-module cascade 
can achieve a temperature differential 
of 83°C or more; three- and four-stage 
devices can attain 105°C and 125°C, 
respectively. Single-stage modules 
range in cooling capacity from .22 
watts to 125 watts and in size from 2 
mm x 3 mm to 62 mm x 62 mm. 

With an appropriate bi-polar 
controller, Melcor FRIGICHIPS
single or multi-stage-can provide 
cooling and/or heating for precise 
temperature control under fluctuating 
ambient temperature conditions. 

Melcor is proud to be in its fourth 
decade of providing highly-reliable 
thermal management solutions to the 
space industry. 

Meleor: the Worldwide Source 
for Thermoelectrics 
Melcor has sales representatives worldwide. 
For the representative nearest you, a copy of 
our catalog, or application assistance, contact 
Melcor, 1040 Spruce Street. Trenton, NJ 
08648-4587, U.S.A. (609) 393-4178. 
Fax: (609) 393·9461 . 

Materials Electronic Products Corporation 
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Photo-Sonics liMe Helps NASA Document Shunle Launches 
A space shuttle launch is arguably the 

most documented event in the world. As 
the vehicle lifts from the ground, from 100 
to 160 16 mm, 35 mm, and 70 mm film 
cameras, with focal lengths from 10 mm to 
600 inches, are running at speeds up to 
400 frames per second. Simultaneously, a 
hundred video cameras are running at 30 
frames per second and dozens of 35 mm 
still cameras are recording minutiae by the 
millisecond. 

All of this photo action takes place in 
the most abusive environment imaginable: 
flames and explosions everywhere; 
acceleration forces of 25 G in all three 
axes simultaneously; acoustic pressures to 
160 dBm. And it gets hot enough to melt 
quartz. Steel decks flap like ocean waves, 
the heads of 3/8 inch bolts snap off, and 
hot debris flies in every direction, burning 
and pitting whatever it hits. 

The footage these cameras capture 
provides critically important information to 
hundreds of engineers nationwide, from the 
Kennedy Space Center (KSC) to Califor
nia. It provides post-launch status and 
diagnostic clues to what happened, so 
NASA officials can determine when, where, 
and under what circumstances the shuttle 
and its crew can be brought safely back to 
Earth. Each individual frame of film is 
examined by engine experts, structures 
experts, and vehicle experts. 

They look to the film for answers: 
Which if any tiles were damaged? Were 
any control surfaces hit with debris? Did 
the tail service masts, umbilicals, and 
hydrogen vent arms all separate properly? 
Did the explosive bolts holding the vehicle 
shear off correctly? Did the roman candle 
igniters that start the main engines work 
properly? What's the color of the main 
engine exhaust? 

Of the more than 100 16mm film 
cameras in use, about half are mounted 
"up close and personal"-only 20 to 70 feet 
from their objectives, which might be the 
exhaust blast from the awesome solid 
rocket boosters. These cameras need 
enough spatial resolution to identify and 
track debris as small as a paper clip so 
engineers can document their source, 
trajectory, and velocity , and accurately 
assess any impact damage. 

Resolution of the old cameras (many 
with 20 years wear) had deteriorated, and 
their age made it costly to maintain and 
repair them. Even more important, though , 
was the pressing need to have cameras 
that could be reloaded in broad daylight 
quickly, easily, and reliably with film 
preloaded in magazines, not loose on 
reels; this lets you change film in less than 
a minute. 

Four years ago, NASA decided it was 
time for an upgrade. The agency undertook 
a $23 million project to replace virtually all 
the cameras, control sequencers, lighting 
systems, and other elements of the photo 
observation system at KSC. For this 
replacement program, NASA has thus far 
selected Photo-Sonics Model 16-1 PL and 
Model 35-4ML high-speed instrumentation 

cameras distributed by Instrumentation 
Marketing Corp. Inc. (IMC) of Burbank, 
California. These rugged high-speed film 
cameras are compact enough to fit inside 
NASA's existing protective enclosures. 
They feature the magazine loading vital for 
this application. And they are expected to 
provide another 20-year-plus lifecycle. 

Magazine film loading is a critical issue 
at NASA. Not all cameras used to record a 
shuttle launch start at the same time. 
Those close up may be needed for only a 
few seconds, then the action is over; the 
explosive bolt has sheared or the umbilical 
has separated. Others at distant perimeter 

HighSpeetl 

sites must record the entire scenario, 
from before ignition to after the vehicle is 
out of sight. When a countdown is 
suspended near time-zero, many of the 
cameras have already begun rolling, and 
their exposed film stock must be 
removed and replaced. Without maga
zine loading cameras, quick replacement 
of film in a hundred cameras is a major, 
time-consuming problem. 

This article was written by Ken 
Poimboeuf of Kennedy Space Center 
and Bruce Totty of Photo-SonicS/IMG. 
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Miller Thermal: Maslers In Aerospace Coaling Technology 
Aerospace design engineers have 

counted on the thermal-spray process to 
provide coatings for abradable seals, 
thermal barriers, and corrosion and 
erosion resistance to engine parts since 
the early 1950s. Coatings for critical 
engine parts are regulated by strict aircraft 
coating specifications that must be 
duplicated from part to part, and from one 
production run to another. 

Plasma-sprayed coatings for critical 
applications require extremely accurate 
and repeatable control of the process 
parameters. Until now, these process 
variables have been dependent on the 
skill and technique of the operator using 
analog instrumentation. Repeatability 
errors of 1 00 percent were not uncom
mon, and the average range of error for 
plasma energy in the field is 35 percent. 

Miller Thermal, Appleton, WI, recently 
introduced a plasma control system that 
improves control and repeatability of the 
plasma-spraying process. This system, a 
revolutionary new idea in plasma 
spraying, is especially helpful in reducing 
cost by computerizing adjustment and 
control of the thermal spray parameters. 

The Model 4500 uses sophisticated 

data acquisition hardware and software to 
monitor, record, and control all plasma 
spray processing functions through 
preprogrammed spray parameter 
recipes. Parameters include Miller 
Thermal's proprietary closed-loop control 
of the net plasma energy-the actual 
energy output in the plasma arc. Incorpo
rating the net plasma energy control into 
the automated process consistently 
provides peak performance and coating 
quality. Combining the closed-loop control 
of the net plasma energy with that of the 
powder, arc gas, and powder gas mass 
flows provides precise control of the 
complete plasma spray process. The 
system maintains repeatability of the 
process from one production run to the 
next despite normal part variations. 
Control of the net plasma energy results 
in a proprietary parameter that allows the 
system to monitor the real-time gun 
efficiency. The system then monitors the 
condition of the plasma gun and visually 
alerts the operator when components 
show signs of excessive wear. 

Manufacturers are exploring many 
new and innovative uses for the plasma
spray process, including abradable seals, 

biomedical applications, corrosion 
protection, preparation of composite 
materials, spray-forming of parts, thermal 
barriers, and wear and erosion resistance. 

The Model 4500 CPC system has the 
process control ability to do single, multi
layered, and graded (gradated) coatings 
in any combination based on the 
preprogrammed recipe. Integrated 
programs include complete system 
diagnostics, an extensive process data 
acquisition generator, and a comprehen
sive post-process data analyzer with 
trend evaluation capability. 

The control module has a port for 
interfacing to various CNC controllers, or 
to interface with other robotic and 
manipulator systems. Additional ports and 
drivers provide remote computer access 
and auxiliary control. The module also 
has an eight-channel External Event 
Monitor interface for monitoring and 
interlocking various plasma-spray facility 
conditions preprogrammed into the 
recipes. This system may be equipped 
and specially designed to control six 
hopper/scale combinations, and to control 
three plasma guns from a centrally
located control module. 

TEN TIMES THE CONTROL 
Miller Thermal's new Model 4500 Computerized 

Plasma Control (CPC) improves the control and 
repeatability of the plasma control tenfold. 

Manufacturers held to strict aircraft or medical 
quality coating specifications can now be assured of 
uniform, reproducible plasma 
spray coatings. CPC Parameters 

In development for over Controlled Parameters 
seven years, the Model 4500 
replaces manual adjustment 
of voltage and current with 
computer control of the net 
plasma energy to less than 
one percent. Net plasma 
energy is the actual energy 
output in the plasma arc. By 
controlling net plasma energy 
and making corrections at the 
plasma arc instead of at the 
power station , the Model 
4500 CPC compensates for 
energy losses to cooling water, 

• Net plasma energy 
• Arc gas/mass flow 
• Powder/mass flow 
• Current 

MOnitored Parameters 
Voltage 

• Waterflow 
• Water tnleVoutlet 

temperature 
• Cable voltage drop 
• Torch efficiency 
• Enthalpy 

resistance in the power cables , and normal gun 
component wear. 

For More Information Circle No. 530 
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IF YOU CONSIDER YOUR 
8MM TAPE DRIVE 

AS DATA INSURANCE, 

EXAIAPE'· 
8mm Data Cartridge 
Shown Actual Size 

THEN CONSIDER OUR 
8MM EXATAPE™ 

AS THE PREMIUM. 
Unlike standard, off-the-shelf 8rnm video media, EXATAPE T

• is designed for 
the 8mm data storage market. EXATAPE's rigid manufacturing specifications ensure 
maximum reliability and capacity to support the high recording density of your 8mm 
cartridge tape subsystem. In addition, an advanced media formulation results in 
extended archival / shelflife, increased reliability, greater durability and tape stability, and 
extended drive head life. 

I
I§~ Whereas 8mm video media may be suitable for everyday video recording, 

irregularities and unpredictable quality can compromise data integrity and jeopardize 
drive performance. 

So for superior performance in all of your 8mm data storage applications, 
choose EXATAPE from EXABYTE Corporation, the original manufacturer of 

EXABYTE 8mm dolo 
cartridges, clealling 
cartridges, and cartridge 
holders provide a tOlal 
backup solution . 

all 8mm cartridge tape subsystems. 
For more information call your 8mm tape drive supplier or EXABYTE 

today. And consider 8rnm EXATAPE as your data insurance premium. 

For More Information Circle No. 418 

Headquarters 1-800-EXABYTE 
Eastern U.S. (407) 352-5622, Ext. 82 

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 





NASA's shuttle 
shakes, rattles, 
and rolls with Spiralock: 
Sell-Iocklng fasteners. 

During launch the main shuttle engines develop 400,000 
lbs of thrust. And bone shaking vibration. NASA needed 
engine component fasteners capable of withstanding severe 
stress and vibration ... but also capable of repeated re-use. 

That narrowed it down to Spiralock. The unique female 
thread form that locks any standard male fastener firmly in 
place without resorting to split washers, deformed threads, 
nylon plugs, or chemical bonds. 

NASA tests demonstrated that the fasteners in Spiralock 
threaded holes and nuts would not back off or loosen when 
subjected to 10 times shuttle specified vibrations. And, they 
stayed that way under that vibration loading for a period 10 
times longer than called for. 

NASA also wanted a lS-cycle reuse capability per fastener. 
Spiralock delivered 50, with no loss of clamping power. 

How n woltes. 
The female thread form in holes and nuts produced by 

Spiralock taps incorporates a unique 30° wedge ramp at its 
root. The ramp does not impede the free running of the 
fastener until clamp load is applied. Then, the crests of the 
male threads draw tightly against the wedge creating a con
tinuous spiral contact along the entire length of the thread 
engagement, spreading the force evenly across all threads. 
Self locking, and stronger. 

In standard 60° thread forms, most of the clamp force is 
concentrated on the first thread. And that translates to 
loosening. Or worse, fatigue failure. 

Addnlonal benelHs. 
Since Spiralock threads have more clearance, they allow 

an exceptional free spinning assembly condition. That means 
lower costs and fewer fastener related rejects. 

And, when it comes to aluminum or other soft materials, 
the ability of Spiralock to distribute the load evenly across 
all threads virtually eliminates stripping. 

NASA found many more reasons to specify Spiralock. In 
fact, in each shuttle engine alone, they found 757 of them. 

For more reasons to consider Spiralock for your shuttle, 
call or write for a free brochure. Or, send $25 for detailed 
test results. 

In Europe Contact: 
EMUGE-WERK 
Richard Glirnpel/Postfach 25 
Nurnberger Str. 96-100 
8560 Lauf a.d. Pegnitz, West Germany 
Telefon: 09123-1860 FAX: (09l23) 14313 

Splralock thread form. 

In Asia Contact: 

Photoelasllc study. 

In North America Contact: 
Detroit Tool Industries 
Madison Tech Center 
25219 Dequindre Rd. 
p.o. Box 71629 
Madison Heights, MI 48071-0629 U.S.A. 
Phone: (313) 543-7800 
FAX: (313) 543-1403 
Toll Free Numbers 
1-800-52l-2688 U.S. 
1-800-482-2679 Michigan 

OSG Manufacturing Company 
Toyokawa-cho/Toyokawa-city 
Aichi-pref./442 Japan 
Phone: (05338) 4-7723 FAX: 5338-4-3197 

For More Information Circle No. 606 
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Mikron: A Leader 
In Temperature 
Measurement 

Mikron Instrument Com
pany, Inc. , Wyckoff, NJ, has 
been developing, manufactur
ing , marketing, and servicing 
infrared noncontact temperature 
measuring instruments and 
related equipment since 1969. 
These instruments are used to 
measure the temperature of 
moving objects, stationary 
objects, or surfaces where 
contact measurement would be 
difficult, hazardous, or impracti
cal , and wherever rapid 
temperature changes must be 
accurately tracked instanta
neously. 

Mikron has also developed 
for research purposes a series of 
"blackbody" sources to accurately 
calibrate infrared thermometers, 
optical pyrometers, imaging equip-

ment, and spectral radiometers, or to 
provide a radiation standard. In
cluded in this line is a super-precision 
"metal freezing" blackbody source 

Mikron 's M190 infrared thermom
eter is designed for research and 
critical process monitoring. 

used as a primary radiation 
standard . This type of equip
ment has been supplied to 
NASA for vacuum and space 
research projects. 

Other Mikron instruments 
used in space research include 
microprocessor-based fiber 
optic thermometers capable of 
accurately measuring tempera
tures from 100 to 35000C. 
These instruments measure 
temperature in locations 
inaccessible to conventional 
infrared thermometers and 
isolate sensitive electronics 
from extreme heat. 

Mikron's latest infrared 
thermometer, M190, was 
designed specifically for 
research and critical process 
monitoring. It incorporates 
leading-edge optical and 
thermometric technology and 

provides accuracies to 0.25% of 
reading. It is expected to find 
numerous applications in space 
research as well as in industry. 

... features high accuracy 
and computer compatibility. 

Ideal for research and critical process monitoring 
The M190 Series Infrared Thermometer provides fast, accurate 
measurement of temperature (0.25% of reading; 0.1 °C resolution) , 
plus exceptional flexibility for short term investigation or permanent 
temperature monitoring. It can be used as a stand-alone indicator or 
interfaced with 
analog or digital 
data acquisition 
equipment. 
Outstanding 
features Include: 

Through·lens 
sighting and 
sharp focussing 
of target from 
18cm to infinity. 

• Supplied soft· 
ware permits 
remote operation 

Process Ml90 IA Thermomeler 

from the computer and user configuration of measurement parameters. 

Background reflection compensation. 

Single or 2·color spectral response. 

Temperature range: 250 to 3000 C, traceable to NIST. 

~MIKRON 
445 West Main St. , Wyckoff, NJ 07481 U.S.A. 
TEL: 201-891-7330· FAX: 201-891-1205 

For More Information Circle No. 333 

Made in U.S.A. 





15, rue des Hailes - 75001 PARIS France 
Tel. : 33 (1) 42 33 41 41 
Fax: 33 (1) 40260860 

For More Information Circle No. 351 

LOW COST MICROGRAVITY IS OUR BUSINESS 



Image-Processing Software for a Hypercube Computer (continued from page 96) 

CIPE attempts to maximize memory for I/O is minimized by employing a policy of 
data and minimize data I/O because of the keeping data resident. This policy is parti-

Alan S. Mazer, Steven L Groom, and 
Winifred I. Williams of Caltech for NASA's 
Jet Propulsion Laboratory. For further in
formation, Circle 98 on the TSP Request 
Card. 

data-intensive nature of image processing. cularly important because there is a serious 
Incremental loading of functions minimizes data transfer "bottleneck" between the 
usage of memory for functions, thus max- host and hypercube computers. 
imizing the memory available for data. Data This work was done by Meemong Lee, NPD-18169 

Program for Simulation of Trajectories and Events 
Common features of various simulations are combined into one software package. 

Lyndon B. Johnson Space Center, Houston, Texas 
The Universal Simulation Executive 

(USE) computer program accelerates and 
eases the generation of application pro
grams for the numerical simulation of con
tinuous trajectories that are interrupted by 
or that contain discrete events. USE is writ
ten in the Ada programming language. It 
was developed to facilitate the simulation 
of multiple spacecraft trajectories with 
such discrete events as one spacecraft 
crossing the equator, two spacecraft meet
ing or parting, or firing a rocket engine. 
However, USE could also facilitate the sim
ulation of such phenomena as the opera
tion of a chemical batch processing factory. 

USE applies to those trajectories or 
other continuously evolving or propagating 
phenomena that can be represented by 
the generic first-order differential equation 
x = f(x,t) ; where x denotes a scalar, vec
tor, or matrix of the evolving quantity or 
quantities, t denotes time, and f denotes 
any appropriate function. All simulations 
of such phenomena have some structural, 
procedural, and software features in com
mon. USE incorporates these generic fea
tures so that the user does not have to 
reconstruct them for each new simulation. 
In particular, it enables the programmer 
to build both trajectory-generating pro
grams (principally, those that integrate x 
= f(x,t) and postprocessing programs 
(principally, those that interpolate between 
integration points) with a common set of 
software modules. 

USE provides an executive logic struc
ture that can be modified by simple scripts 
to simulate many different combinations 
of interacting phenomena and events. Both 
propagation and discrete events are repre
sented in the USE executive routines in a 
general way. Consequently, it is relatively 
easy to set up a specific simulation be
cause the programmer has only to instan
tiate the generic logic. 

USE includes the following: 
• Integrator_generic. This software incor

porates a nUrrDer of integration algorithms. 
• Interpolator_generic. This is the inter

polation analog of Integrator-generic. It 
enables postproceSSing programs to look 
and work like the corresponding trajec
tory-generating programs and to be built 
from the same parts. 

• EvenCpackage_generic. This software 

NASA Tech Briefs, May 1992 

controls the simulation of discrete events. 
An event is triggered when a time-to-go 
function reaches zero. 

• Regul~falsi. An event could be triggered 
by the attainment of a specified state (e.g., 
location, temperature, velocity, or the oc-

MACSYMA® 

Adds 57 New Features
Yet Costs Less 

Symbolics' powerful and popular 
MACSYMA symbolic math software now 
features multiple graphics interfaces, 
including support for the X window 
system, a state of the art integer factoring 
capability and improved support for 

usage files that describe major "out of 
core" packages and over a dozen new 
families of special functions. In total, over 
50 line-item features have been added or 
improved fur version 417.100. 

handling trig special angles. MACSYMA now features lower 
MACSYMA version 417.100 includes pricing, starting at $995, and is available 

over 375 active examples of commands, for immediate delivery on a wide range of 
over 180 active demos, over 90 on-line systems, from 386 PCs to mainframes. 

Find out why you should be using MAC.SYMA as your symbolic math system; 
call or write Symbolics MAC.SYMA Division, 

8 New England Executive Park, Burlington, Massachusetts 01803-
In Mass. (617) 221-1250 FAX (617) 221-1099 

email: IOfo-macsyma@symboUcscom 

Inc 

Available on. SPARC, IBM RSl6000, DEC VAX, DEC RlSC, 111'<)000/300, 
HP9000/4oo, ApoUo, un·3, ~mbolics, 3861486 DOS PCs 

C I992 SymboUcs Inc MaCS}mlls I r<g1S,ered tndemark 01 SjmboUcs Inc Other produclS mentIOned art ,r.tdtmar!c; 01 'heir respective ownel$ 

For More Information Circle No. 313 147 



148 

One 
picture ... 

is worth a 
thousand eguations 

of motion. 
Are you still analyzing your mechan

ical systems by hand, writing your own 
code for kinematics and dynamics, or wait
ing around for test results from the lab? 
Then you're still doing things the hard way. 

You could be testing more design 
alternatives - more easily and more 
thoroughly. You could be using ADAMS~ 

ADAMS is an engineering toolset 
for mechanical system simulation. Using 
an interactive graphical environment and 
built-in libraries of components, joints 
and forces, you can develop 3D system 
models more quickly than ever before. 
Then, to examine your product's kinematic, 
static or dynamic behavior, choose from 
animation, superimposed motion or x-y 
plots. And if you want to see and "feel" how 

well your product will perform, while 
it's still in conceptual design, use our 
unique real-time kinematics option 

T a maximize the value of your 
. ADAMS model throughout the design 

process, we also offer: proven CAD 
interfaces; two-way FEA interfaces for 
outputting loading conditions or in
putting flexible components; linear 
analysis; controls simulation; and an 
android modeler for studying man/ 
machine interactions. 

Now doesn't that sour.d easier 
than a thousand equations of motion? 

Get ADAMS. ~ 
And get the picture. ~e 

Mechanical 
313-994-3800 Dynamics 

A vailable on pes, workstations and supercomputers. 

For More Information Circle No. 403 

currence of another event) instead of 
by waiting for a specified time. Regula_ 
falsi computes a time-to-go function that 
reaches zero when the specified state 
is attained. 

• InpuCgeneric. As its name suggests, 
this is a generic input routine that sim
plifies the control of input data. 

• Use_exec. This software defines the types 
of information needed to control applica
tion programs and to effect communica
tion between parts of programs. 

• The Driver Routine. In Ada, it is con
venient to do all the instantiation in one 
routine called the "driver;' which assem
bles the parts and provides overall pro
gram control. 
With the help of USE, the programmer 

develops routines that control the simu
lated discrete events and time-to-go func
tions that "trigger" them. If integration is 
needed, the programmer also develops an 
equations-of-motion routine. The user must 
also develop routines that need input. Then 
the user constructs the driver routine, 
which instantiates the generic routines 
with those specific to the simulation, and 
which contains the control loop specific 
to the simulation. Thereafter, the USE logic 
takes charge of integration, advancing 
time, stopping at all discrete events, and 
controlling the sequence of events. 

This work was done by Robert G. 
Gottlieb of McDonnell Douglas Corp. for 
Johnson Space Center. For further in
formation, Circle 112 on the TSP Request 
Card. 
MSC-21816 

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. 

Creative-Dynamics 
Approach to Neural 
Intelligence 

Non-Lipschitzian dynamics 
can represent neural 
networks that behave 
somewhat creatively. 

A paper discusses an approach to math
ematical modeling of artificial neural net
works that exhibit complicated behaviors 
reminiscent of the creativity and intelli
gence of biological neural networks. In this 
approach, a neural network is treated as 
a non-lipschitzian dynamical system -
a concept that was described in "Non
lipschitzian Dynamics for Modeling Neur
al Networks" (NPO-17814), NASA Tech 
Briefs Vol. 14, No.9 (September, 1990) 
page 97. 

NASA Tech Briefs, May 1992 



Dynamical systems of the general 
type are considered to have points of equi
librium. The subsequent behavior of a 
Lipschitzian system is determined for all 
time, once the initial dynamical parame
ters are specified. In that they behave rigid
ly by always responding in the same way 
to the same set of stimuli , older math· 
ematically modeled neural networks can 
be likened to Lipschitzian systems. 

A non-Lipschitzian system can behave 
unpredictably near its equilibrium points 
because the solutions to its dynamical 
equations at these points are nonunique. 
Near such a point, the system can produce 
a nondeterministic (e.g., multiple-choice) 
output in response to a deterministic (e.g., 
periodic) input. This unpredictability, pos
sibly in combination with a functional or 
algorithm for evaluating the various unpre
dictable outputs, serves as a crude math
ematical representation of creativity or 
spontaneity. 

An unpredictable system of the non
Lipschitzian type can be represented by 
coupled dynamical equations of activation 
and learning. The ability of the system to 
be activated spontaneously is based upon 
two mathematically pathological charac
teristics: The first characteristic is that the 
Jacobian of the equations is zero, and, as 
a result, the system has an infinite number 
of equilibrium points that occupy curves, 
surfaces, or hypersurfaces. The second 
characteristic is that at all the equilibrium 
points, the Lipschitz condition fails, so that 
the equilibrium points become terminal at
traclors or repellers, depending on the sign 
of the periodic excitation. Both character
istics engender multiple-choice responses. 

The paper shows that an unpredictable 
system can be controlled (that is, made 
at least partly predictable) by use of strings 
of signs (+ , -), called "code strings," that 
uniquely define its behavior by specifying 
the directions of the motions at the critical 
points. By changing the combination of 
signs in the code string of a system, one 
can make it reproduce any prescribed 
behavior to within a prescribed accuracy. 
Thus, an otherwise unpredictable system 
is extremely flexible and highly adaptable 
to changes in the environment. Such a 
system can serve as a powerful tool for 
the mathematical modeling of temporal
pattern memories and of the recognition 
of complicated spatial patterns. 

This work was done by Michail A. Zak 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Creative Dynamics Approach to Neural 
Intelligence," Circle 41 on the TSP Re
quest Card. 
NPO-18154 

NASA Tech Briefs, May 1992 

CONTEC, a 16-year pioneer in the development and produc
tion of personal computer based data acquisition systems, 
now offers a new family of products for data acquisition, con
trol, and communication on ISA bus laptop computers. 

CONTEe has utilized state-of-the-art technology of miniatur
ization and surface mount components to pack as many func
tions as possible on half-size boards. This family includes digi
tal, analog, and communication boards supported by drivers 
in Basic, C, Turbo Pascal, and LabTech Notebook. 

Backed by CONTEC's 3-year warranty, 30-day evaluation and 
free technical support, these products are ready to solve your 
data acquisition needs. 

For more information, contact 

CONTEC Microelectronics USA Inc. 

2188 Bering Drive, San Jose, CA 95131 

(800) 888-8884 FAX: (408) 434-6884 

______ __ For More Information Circle N~. 537 

This is what the Federal Laboratories 
Database can put at your fingertips: 

~ 1800 Federal Laboratories 
& Facilities 

:;;.. $70 billion in R&D 

:;;.. Top Experts in over 170 
Critical Technologies 

11--1 
The Federal government spends over $70 billion annually on research and 

development. Now, the Federal Laboratories Database puts all of this infor

mation at your fingertips in one easy-to-use package. The Database provides 

details on thousands of technologies being developed at Federal Laboratories, 

Facilities and Centers. Compatible with both IBM and Macintosh computers, the 

package is available for only $495 (PC) and $695 (MAC). For more information 

on how the Database can help you take advantage of the latest government 

technologies and expertise, call the Mid-Atlantic Technology Appl ications 

Center (MTAC) at 800/257-2725. 
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150 High-Aspect-Ratlo Rotating Cell-Culture Vessel 

Books and Reporls 
152 Thermophilic I3-Glycosidase 

.... ~ H igh-Aspect-Ratio Rotating Cell·Culture Vessel 
Rotation of the vessel about a horizontal axis maintains the homogeneity of the culture medium. 

Lyndon B. Johnson Space Center, Houston, Texas 
~------ 6In.-----_ ... 1 

A cylindrical rotating cell·culture vessel 
with a thin culture-medium layer of large 
surface area provides for the exchange of 
nutrients and products of metabolism with 
minimal agitation. The rotation of the ves
sel causes the averaging, to nearly zero, 
of the buoyant forces that would otherwise 
tend to separate those components of the 
culture that have different densities. The 
vessel enables the growth of cells in a 
homogeneous distribution with little agita· 
tion and, consequently, little of the shear 
stress that damages mammalian cells. 
Sustained intercellular spatial orientations, 
which may be important in some cultures, 
are not disrupted by fluid mechanical 
stresses. 

The culture medium is contained in a 
space of 0.25 in. (6.4 mm) radial thickness 

The Rotation of the 
Hig h-Aspect- Ratio 
Culture Vessel about 
its horizontal axis pre
vents gravitationally in
duced stratification of 
the culture medium. The 
thin culture-medium 
layer is sandwiched 
between a gas-ex
changing silicone-rub
ber membrane on the 
outside for gas ex
change and a dialysis 
membrane on the inside 
for the exchange of nu
trients and products of 
metabolism. 

CUSTOM ENCLOSURES 
DESIGN AND FABRICATION 
ASSEMBLED FROM STANDARD COMPONENTS 

• Pre engineered construction system produces rigid frameworks 
using aluminum extrusions and die cast corners. 

• Complex enclosure shapes are achieved with over 50 different 
stock angled extrusions and matching castings. 

• Square and radius profiles in 1Wo sizes. 
• A wide selection of additional hardware. 

CRYSTAL MARK, INC. 
Custom Enclosure Division 

NO 
WELDING 
MITERING 
FORMING 

Consoles 
Racks 
Test Benches 

Gas-Permeable 
Silicone Rubber 

Membrane 

_--,'-T--;- Dlalysale 

Machine Guarding 
Pre-cut Kit Assemblies 
Electro-mechanical Enclosures 

613 Justin Avenue · Glendale, California 91201 TOLL FREE 1-800-788·7521 ·818-240-7520 . FAX 818-247-3574 
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at a diameter of about 6 in. (15 cm) be
tween two thin cylindrical membranes (see 
figure). The inner and outer me-mbranes 
both rotate with the vessel at the same 
angular velocity, so that they carry the cul
ture medium along at the same rotational 
rate, without causing shear in the culture 
medium (except briefly during startup). 

The outer membrane is made of gas
permeable silicone rubber, which confines 
the culture but permits exchange of oxy
gen, carbon dioxide, and other gases with 
the laboratory gas-control system or with 
the atmosphere. The inner membrane is 
a dialysis membrane that also confines the 
culture but permits the exchange of nu
trients and waste products between the 
culture and a dialysate space inside the 
cylinder. Because the culture-medium 
layer is relatively thin, the concentration 
gradients that drive the exchange of gases, 
nutrients, and waste products do not ex
ist along distances great enough to cause 
concentrations to deviate significantly from 
the desired levels. The partial pressures 
of the gases in the surrounding gas space 
are controlled by free exchange with the 
gas-control system or atmosphere, as the 
case may be. 

The liquid in the dialysate space should 
be mixed by some mechanism; a rolling 
marble has been used. Products of me
tabolism can be extracted from the di
alysate and soluble materials introduced 
into it without disruption of the cell-culture 
space. The exchange of gases may also 
be performed on the dialysate to increase 
the overall gas-eXChange capacity of the 
vessels. Where a culture can withstand 
some agitation, the capacity of the vessel 
can be increased by increasing the thick
ness of the culture layer and providing 
some agitation to help distribute dissolved 
substances. 

This work was done by David A. Wolf 
and Clarence Sams of Johnson Space 
Center and Ray P Schwarz of Krug Inter
national. For further information, Circle 144 
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 develo,:r 
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
18}. Refer to MSC-21662. 

Is your subscription 
about to expire? 

Check the expire date. If it 
is less than 6 months now 
is the time to fill out a new 
qualification form before 
your subscription expires. 

NASA Tech Briefs. Mav 1992 

Measure shaft position 
PROBLEM: A rocket engine designer must measure the orbit of a shaft in 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 

KAMAN 
Noncontact Position Measuring Systems 

For More Information Circle No. 492 

One stop shopping 
for all your plastic case needs. 

For your copy, call (413) 267-5561 

Here, in one catalog from Zero Plastics, 
is the broadest and most diverse selection 
of plastic cases for protection, transport 
and storage. Order your catalog and repre
sentative listing today-and make an 
appointment with one of our 127 case 
experts located nationwide who will visit 
you and help you select, modify or custom 
design the best case at the right price for 
you at your facility. 

Zero-the case technology experts for 
over 39 years. We know how and when to 
use plastics for maximum utility. 

., ~[EIRl[(J IPllA~T"I6~ 
~UNIT OF ZERO CORPORATION 

672 Fuller Road, Chicopee, MA 01020 

FAX: (413) 592-5018 
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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 . 

Thermophilic fJ·Glycosidase 

This enzyme could play 
an important role in the 
recycling of biomass. 

A report describes the identification of 
a thermophilic ~-glycosidase enzyme from 
an isolate of Sulfolobus solfataricus, sulfur-

Introducing BitAlyzer. 
The most advanced BERT tool 
for digital error analysis. 

metabolizing archaebacteria that grCMI aercr 
bically and heterotrophically to relatively 
high cell yields. This enzyme could be use
ful in the enzymatic conversion of cellulose 
to D-glucose and hence could play an im
portant role in the recycling of biomass. 
In addition, its resistance to temperatures 
up to 77 °c could enhance its role in the 
breakdown of cellulosic products because 
the breakdown process could take place 
at such relatively high temperature. 

In experiments described in the report, 
it was found that crude extracts from one 
of the isolates, called " P2," of S. solfatari
cus contained relatively high activities of 

You know your magnetic or optical recording device or 
communications system is going to have errors. BERT 
devices merely confirm that fact. But BitAlyzer goe beyond 
BERT, enabling you to actually isolate and fin d correlation EFI dislributilms reveal th. prtSlmce of 

repeliliveerrors (lop) . Error RaJ. trip charls 
slww bit anti burst trror perjonllDIICt 

overtime. 

to your errors. 
Ideal for u e in sy tem design, FST , media verification 

and field support, BitAlyzer lets you ave error data sets 
so you can reanalyze them even when not connected to 
the hardware. And BitAlyzer offe rs convenient hardware 
interfacing for analyzing popular pseudo-random and 

. h d 1755 East Bayshore Road 
fixed-patte rn sequences at hlg spee s. Redwood City CA 94063 

With al l these capabili tie , BitA lyzer co ts no more than S ~ .. ,. 
ordinary BERT t~sters. So when you're looking fo r trouble, • vnt.l.le 
now you can find It fast. .., " 

For more infor mation about BitAlyzer call 415/364-1 853. RESEARCH . INC. 
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thermophilic enzyme that hydrolyzed vari
ous glycosidic compounds, especially ~

D-galactosides and ~-D-glucosides . The 
following results were interpreted as in
dicating that the activities with respect to 
galactosides and glucosides are due to a 
single enzyme, which had previously been 
identified in a closely related isolate only 
as a ~-galactosidase: 

• A variety of denaturing substances and 
physicochemical conditions destroyed 
both activities at the same rate; 

• The ratio between the two activities 
remained constant during an 8SG-fold 
purification; 

• The result of purification was an essen
tially homogeneous enzyme, the elec
trophoretic mobility of which correspond
ed to that of both enzymatic activities; 
and 

• Substrates of the two activities competed 
for the same catalytic site. 
The purified enzyme hydrolyzed a varie

ty of low-molecular-weight ~-linked glyco
sides and could be used to account for 
most of the corresponding activities found 
in crude extract. (A comparison of the sub
strates hydrolyzed by crude extract and by 
purified ~-glycosidase led to the conclu
sion that S. solfataricus also contains at 
least one other thermophilic glycosidase 
that hydrolyzes a-glucosides.) Kinetic an
alyses indicate that ~-glucosides are the 
preferred substrates. 

The liberation of aglycone from aryl ~
D-glucosides was stimulated by alcohols 
in a manner that suggested specific in
teraction between alcohol and enzyme. 
The effect was accompanied by a shift in 
stoichiometry of the hydrolysis products, 
consistent with the transfer of glucosyl to 
the alcohol. 

The ~-glycosidase is apparently not ef- . 
fective against most high-molecular-weight 
polysaccharides. This fact limits potential 
industrial uses. However, because it ex
hibits specificity for both glycone and agly
cone moieties of low-molecular-weight gly
cosides, it could also be used in the dairy 
industry for the removal of lactose from 
milk products. Other applications might 
stem from the relative resistance of this 
enzyme to denaturation by ionic deter
gents, urea, and organic solvents at high 
temperature. Finally, as a readily purifiable, 
easily assayable, thermophilic enzyme, it 
offers considerable promise as a model 
substance for elucidation of basic princi
ples of structural stabilization of proteins. 

This work was done by Dennis W Grogan 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Catalytic Activities of '~-Galactosidase ' 
from the Extremely Thermophilic Archae
bacterium Sulfolobus Solfataricus," Circle 
73 on the TSP Request Card. 
NPO-18373 
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New on the Market 
Ultra-transparent touch screens 
manufactured by Transparent De
vices Inc., Newbury Park, CA, are 
designed for placement directly in 
front of thin-film-transistor color 
LCDs. The screens' thin construc
tion minimizes parallax while their 
index-matched, thin-film coatings 
greatly improve display contrast. 
For More Information Circle No. 790 

ClBA-GEIGY's Polymers Division, 
Anaheim, CA, has introduced a low
viscosity epoxy system suitable for 
filament winding in elevated-tem- The KL series of short-stroke position 
perature appl ications. The high-per- transducers from Contelec, Marl
formance resin system is based on borough, MA, features through or 
Araldite®MY 721 tetrafunctional ep- single shaft with 10, 25, or SO mm 
oxy resin with HY 5200 non-MDA- stroke lengths and multi-turn poten
based aromatic amine hardener. The tiometers with 10, 25, or SO turns. 
resin/hardener combination pro- Standard resistances are 1 kor 5 kQ; 
duces a material that is easy to pro- functional linearity is within 1.0%; 
cess, offers good fiber wet-out, and case cross-section is 13 mm x 13 
can withstand intermittent tempera- mm; and standard operating tem

Jandel Scientific, San Rafael, CA, tures to 177° C. perature range is _25° to 75° C. Lin
has released Sigma Plot 5.0, a 3D For More Information Circle No. 780 earity to within 0.25% is avail
version of its software for creating f---------------{ able, as well as spring return and 
publication-quality technical charts RV series reduction gears from Har- flexible coupling to compensate for 
and graphs.The update incorporates monic Drive Technologies, Pea- angular offset. 
one-step file merging, alignment and body, MA, offer high precision, low For More Information Circle No. 800 
position tools, additional data im- backlash, hightorsionalstiffness,and I---------------{ 
port options, and expanded docu- high shock loading capacity. With Coherent Inc., Palo Alto, CA, has 
mentation. Graphs can be interac- shock resistance five times its rated introduced DIAMONDTM, a cost-ef
tively rotated using a unique sparse torque, the drive is suitable for appli- fective, modular, RF-excited, sealed I-O----TM-------- I---1 ne-Wrap isan innovative sing e-
matrix representation method. The cations requiring frequent stops, CO2 laser. Though only one tenth part strap designed by Velcro USA 
software provides a full range of starts, and reversals. Models range the size of equivalent lasers, DIA- h f Inc., Manc ester, NH, or use as a 
scientific features such as automatic in ratio from 30:1 to 185:1 , with MONO processes materials 300% touch fastener. Components can be 
error bars, huge dataset handling, output torque ratings from 500 to more effectively than ordinary COl mechanically bonded without ad
nonlinearcurvefitting, multiple axes, 33,000 in .-Ibs. lasers at similar power levels, ac- hesives, eliminating sticky edges and 
and regression lines. ForMorelnformationCircleNo.776 cording to the manufacturer. De- reducing costs. One-Wrap is avai l-
For More Information Circle No. 786 signed for OEM/industrial use, the able in widths to 12", and can be 

The TMI-l SO ultrasonic scanning 
system from Rohrback Cosasco Sys
tems, Santa Fe Springs, CA, is de
signed for detection and documenta
tion of internal corrosion, lamina
tions, and inclusions in ferrous and 
nonferrous materials. The portable, 
real-time, cross-sectional imager tests 
composite materials within a stan
dard thickness range of .20" to 6" and 
features on-screen alphanumeric an
notation and a digital th ickness gauge. 
For More Information Circle No. 792 

Western Graphtec Inc., Irvine, CA, 
has introduced 8-channel array
corders that combine the power and 
versatility of thermal array technol
ogywith the convenience of flatbed
style pen recorders. The WR5000 
series recorders provide DC-10kHz 
frequency response and allow sig
nal expansion to 320 mm w ide. Ca
pabilities include one-touch trace 
expansion from 8 x 40 mm to 4 x 80 
mm to 2 x 160 mm and 1 x 320 mm, 
separate or overlapping traces, list 
printing of all setup parameters, and 
32 characters of interchannel test 
printing per channel. 
For More Information Circle No. 778 
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new laser cuts, drills, and marks a slit to narrow width or custom
wide variety of materials, from tissue produced to a wide range of cycle 
paper toO.1 5" thick ferrous material. and strength characteristics. 
Availablein 7s-and 1 SO-watt power For More Information Circle No. 774 
levels, itplugs in likealightbulband rwi.li.;;;; __ iiiiiiiiiiiiiii __ "_M~ 
requires no maintenance. I I 
For More Information Circle No. 798 

Rapid Systems Inc., Seattle, WA, has 
introduced a 12-bit, 2 MHz, PC
based waveform acquisition system 
that offers sample rates to 500 KHz 
with Windows 3.0-based software. 
Dual timebases allow users to simul-

Teledyne Components, Mountain taneously digitize fast and slow 
View, CA, has introduced the first events. The system features four dif
solid-state temperature sensors. The ferential inputs; pattern, edge, and 
new sensors directly convert tem- external triggers; and pretrigger, 
perature to a digital output, allowing singleshot, sequential, and post-trig- ICS Electronics Corp., Milpitas, CA, 
the direct control of relays and ger operating modes. has announced the model 4889L 

For More Information Circle No. 788 b t d f IEEE488/GPIB/HP switches, or an easy interface to any us ex en er or -
microcontroller. The model TC620 IB/CS-80 bus systems. Link distance 
allows the userto program upper and is up to 25,000 meters usinga single-
lower temperature settings; the mode fiber-optic cable, with nodeg-
TC621 is designed to be used with radation of data transfer rate. The 
an external thermistor for remote 4889L provides a data rate of 300 
sensing applications; and the TC626 KB/sec, with a built-in protocol that 
is pre-set at the factory in 5° C 1----- -----------1 guarantees error-free transmission . 
increments, for applications requir- The industry'S first Electronically- ForMore Information Circle No. 784 
ing a switch . Erasable Programmable ROM I--------------l 
ForMorelnformationCircleNo.794 (EEPROM) 8051 microcontrollers A powerfu l new uniprocessor sys

have been introduced by Siemens tem called the STEP 486/s0e 
Corp., Santa Clara, CA. All fou r new Megacube has been released by 
macrochips, which are multi-chip Everex Systems Inc., Fremont, CA. 
modules that fit into the IC footprint, Based on the Intel 486DX™ 50 MHz 
offer the enhanced on-board func- microprocessor, the system achieves 
tionality of the EEPROM in a single 31 MIPS performance, the fastest 
package. EEPROM capability allows available in a Pc. It is designed for 
users to electricall y erase and repro- use in network fi le servers, multi
gram the microcontrollerin seconds, user or multitasking systems, high
facilitating the development of soft- end graphics workstations, and da-
ware and hardware. tabase programs. 
For More Information Circle No. 796 For More Information Circle No. 782 
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Discover The Lastest Advances 
In Manufacturing Technology 

I Robotics· Sensors • Controls I 

Available for the first time: The Intelligent Processing Equipment (IPEl 
Report, the official proceedings of December'S IPE Conference in San Jose. 
IPE is one of four manufacturing technologies identified by the White House as 
critical to America's economic future. 

This information-packed book describes the latest developments in robotics, 
sensors, and controls by 16 federal govt. agencies - including NASA, NIST, 
and the departments of Defense and Energy. 

It spotlights hundreds of high-tech innovations industry can apply to a broad 
range of manufacturing processes, including machining, forming, welding, 
assembly, and inspection. 

This incredible resource is available to you now for only $49.95. Supplies are 
limited; order your copies today. 

Rush me _IPE Report(s) at $49.95 each + $4.00 for shipping. 
(NY residents add sales tax to totaL) 

Total enclosed: $ ___ _ 

Name __________________ __ 

Company 

Address _________________ __ 

City/St/Zip ______________ _ 

Mail with check or money order to: Technology Utilization Foundation, 41 East 
42nd St., #921, New York, NY 10017. For credit card orders call (212) 490-3999. 

LOOKING FOR 
STANDARDS ... 
WE MAKE IT EASY 

Documenr Engineering has been known for over 30 years for their 
fast low-cost service and excellenr selecrion of prinred standards and 
specifications. Recently, our customets have been asking for an 
economical, easy-to-use automated search tool to help find those 
needle-in-a-haystack specifications they need to stay competitive. 
Welt, it 's here. Documenr Engineering is proud to 
announce STANDARDS lNFODISK, the CD 
ROM based specificarion search tool. 
"' 1110 rhe COSt of full text CD ROM 

systems. 
... Quickly find, cross-reference, or check 

tatest revision date. 
... Time saving summary gives you the 

flavor without the boiler plare. 
... ~ narional and inrernarional 

Srandards and Specificarions. 
... Powerful search tool excelleD[ 

supplemeD[ to full rexr 
Specificarion! Srandards systems. 

........... - . _. ----.. -

... Purchase hard copies of only the specs you need. 
This is rhe easy economical solution to 
finding narional and inrernational 
specifications and srandards. Call roday 
for your free brochure. 

Document Engineering 
..A 15210Sragg Srreet 
~ Van Nuys, CA 91405 

Te1(8l8)782-101O Fax(818)782-2374 

V/SA' 

362-3647 
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New on the Market 

Yokogawa Corp. of America, New
nan, GA, has unveiled the AR Series 
of waveform analyzing recorders. 
These "all-in-one" digital analyzers 
integrate measurement, data pro
cessing, display, and recording func
tions into a compact, easy-to-use 
instrument. The model AR1100A 
features 4, 6, or 8 input channels 
with electrically isolated inputs, lOOK 
samples/sec A-D converters, and 
simultaneous measurement on all 
channels. The AR1600 offers 12 to 
16 channels, non isolated, with 50K 
samples/sec sampling. 
For More Information Circle No. 762 

RTP Co., Winona, M , has an
nou nced a series of permanently 
anti-static ABS compounds. Based 
on a noncarbon black system, the 
PermaStat 600 series products func
tion without moisture dependence 
and cannot be removed from the 
surface of molded articles. They re
lease no conductive contaminants, 
making them su itable for clean room 

Philips Inspection Systems Group's 
MG 225 x-ray inspection system 
offers high accuracy and penetrating 
power, as well as compactness. The 
most powerful end-grounded x-ray 
system available, accord ing to the 
Georgia-based manufacturer, the 
MG 225 uses a novel beryllium win
dow dual-focus metal ceramic x-ray 
tube rated at 225 kv and 10 mA for 
maximum penetration . 
For More Information Circle No. 764 

Master Bond Inc., Hackensack, NJ, 
has formulated a cost-effective, one
component, highly-conductive ad
hesive coating for EMI/RFI shielding 
applications. Called AC84 , it offers 
excellent shielding over a -620 to 
+ 140 C temperature range. It ad
heres well without pretreatment to 
most surfaces, including plastic, and 
is resistant to weathering, abrasion, 
humidity, and corrosion. 
For More Information Circle No. 768 

manufacturing applications. They 1-------- ------1 
can be incorporated into calcula
tors, chip carriers, conveyors, fan 
blades, film processing equipment, 
and printers. 
For More Information Circle No. 772 

CoHort Software, Berkeley, CA, is 
offering updates of its CoP lo t, 
CoDraw, and CoStat graphics and 
statistical software for $159 , or a II 
three for $359. CoPlot 2.1 is a flex
ible graphics program that creates 
publication-quality scientific graphs, 
including 3D graphs that can be 
rotated and viewed from any angle . 
CoDraw 2.1 is WYSIWYG software 
that generates high-quality techni
cal drawings, including apparatus 
and circuit diagrams. CoStat 4.1 is 
an interactive, menu-driven statisti
ca l program providing many sophis
ticated fea tures associated with high
end micro and mainframe packages . 
For More Information Circle No. 760 

A low-cost, high-efficiency 1350 VA 
switch mode AC power source mea
suring less than 3-1/2" and weighing 
under 40 Ibs. is ava ilab le from 
Behlman, Lake Success, NY. It fea
tures a unique circuit that provides 
vo ltage foldback to maintain full
rated current into an overload with
out clipping AC output. The unit 
yields a continuously-adjustable volt
age output of 0-135 VRMS and a 
frequency range of 45-500 Hz . 
For More Information Ci rcle No. 770 

CubiCard, a hardware controller 
for fuzzy logic engineering appl ica
tions , has been introduced by 
HyperLogic Corp., Escondido, CA, 
and Myriad Solutions Ltd ., Cam
bridge, England . CubiCard com
bines an AT-bus-compatible circuit 
board with an enhanced version of 
HyperLogic' CubiCalc RTC prod
uct, which provides a platform for 
de igning fuzzy logic systems. 
For More Information Circle No. 766 
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New literature 

Colwell-Kirtland International, Sun
nyvale, CA, has released the second 
edition of its CPS Industry Analysis. 
The study combines 600 pages of 
analysis and projections of the ma
rine and aviation navigation, geod
esy, military, and vehicle naviga
tion and tracking markets. It features 
more than 60 color graphs and charts, 
profiles of over 60 GPS manufactur
ers, and specifications and pricing 
for current GPS receivers. Alsoavail
able is an on-going subscription to 
GPs industry updates. 
For More Information Circle No. 708 

Oriel Corp., Stratford, CT, has pub
lished a 23B-page catalog of its sup
port hardware for electro-optical 1---------------1 
equipment. New products include A short-form cata log from Truetime 
fully-programmable micro-position- Inc., Santa Rosa, CA, introduces a 
ing control lers for DC motor actua- line of affordable, precision CPS 
tors, stand-alone or computer-driven timing products. The new models 
stepping motor contro llers, and vis- include PC and VME plug-in syn
ible diode lasers. Optical tables and chronized timing generators, and 
benches, laser accessories, an ex- portableas wel l as OEM board-level 
tensive line of optical mounts, and receivers. 
manual and motorized micropo i- ForMore Information Circle No. 714 

tioners are also described. 
For More Information Circle No. 704 

The ninth annua l ed ition of the Index 
and Directory of Industry Standards 
(1015) is ava ilable from Globa l Engi
neering Documents, Irvine, CA. The 
five-volume set comprises 11 3,000 
sta ndards, from 3BO organizations, 
of which 12,000 are revised and 
BOOO new. 1015 provides a cross
referenced subject index and a di
rectory of bodies responsible for 
developing standards. 
ForMore Information Circle No. 706 

The U.S. Department of Agriculture, 
Washington, DC, has published a 
catalog of inventions available for 
license. The inventions are arranged 
by field, including: farming equip
ment, herbicides, and plant grow
ing; fatty acids and oils; food and 
protein; microorganisms, fungi, phar
maceuticals, and animal breeding; 
and textiles. The catalog includes 
federa l licensing regulations and a 
license application form. It is avail
able in print or through computer 
access to the TEKTRAN2 database. 
For More Information Circle No. 712 

Agricultural 
Inventions 
Catalog 
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~ fntornationallight 

A 2B-page catalog from Intemationa l 
Light Inc., ewburyport, MA, high
I ights radiometers, photometers, spec
troradiometers, and detectors for ap
plications ranging from UV curing 
to ozone depletion studies. Complete 
spectral and technical information for 
each combination of instruments, de
tectors, diffusers, filter , and input op
tics allows readers to specify over 
1000 modular systems. 
For More Information Circle No. 702 

A fu ll -color brochure from BPChemi
ca ls' Advanced Materials Division 
in Santa Ana, CA, outlines its ad
vanced materials capabilities. Its 
wide range of products includes 
ablative and carbon, graphite, and 
silica texti les in such forms as unidi
rectional tapes up to 60" wide; 

I 
straight and bias tapes; and struc
tural broadgoods, and molding com
pounds. The company manufactures 
resins and prepregs under the trade-
name U.S. Polymeric. The 16-page 
publication covers technical inno
vations, program support, product 
development, and quality standards. 
For More Information Circle No. 71 0 

Smooth Rolling 
Trackballs ... 

• o 

Precision Cursor Control 
at Your Fingertips 

For computer work
stations and graphics, 
medical equipment, 
machine control, etc. 

.Desktop or panel 
mounting .Serial or 
quadrature output; 2, 
3 or 4 function buttons 
.Ball diameters from 
1" to 3" 

• Variable rate joysticks 
also available 
• New fully waterproof 
trackball 

PennyfGiles 
163 Pleasant St. 
Att/eboro, MA 02703 
Phone: (508) 226-3008 
FAX: (508) 226-5208 

For More Information Circle No. 325 

40 Years Experience 
in Sapphire Machining 
• OPI'ICAL 

DOMES 

• WINDOWS 
• PRISMS 
• TUBES 
• WEAR PARTS 
• LARGE 

SAPPHIRE 
PARTS 

• SUBSTRATES 
(Epi-Ready 
Substrates) 

• Precision 
Equipment 

• Modern 
Facilities 

• Approved Quality 
Program 

• Fast Service 

• Manufactured 
in the U.S.A. 

Box 9006 
Quakertown, PA 18951-9006 
(800) 647-3892 FAX (215) 536-7750 
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MAGTROL AUTORANGING 
POWER ANALYZER 

Displays simul taneous Amps/ Volts/ Watts with 
power facto r, Integrating capability and built-In 

IEEE-488 computer Interface. 

• MODEL 46128, 11/>, DC-1KHz, to SOA 
• MODEL 46148, 31/>, DC-2.SKHz, to 100A 

Rugged, all-in-one, multi-purpose analyzers, combine the 
capabilities of several conventional units. All ranging and 
operating mode selection is either push-button or IEEE-
488 controlled . Lets you establish the energy efficiency of 
virtually any electrical appliance, motor or device. Inte
grating capability shows average power usage over any 
desired period of time with continuously displayed run
ning average ; also displays power factor. True RMS volts 
and amps, with watts the average of the instantaneous 
values of VA. Push button , microprocessorcontrols .. .fool
proof selection . Plus many additional performance features. 

CALL TOLL FREE: 800-828-7844 

MAGTROLJ INC. 
70 Gardenville Parkway West, Buffalo , New York 14224 

In NYS Phone: (716) 668-5555 

For More Information Circle No. 308 

Special Offer From NASA Tech Briefs 

Strikingly beautiful NASA T-Shirt is a must for space buffs! Dra
matic, full-color design features blueprints of the National Aero
Space Plane and Space Station Freedom, with a Shuttle liftoff 
saluting America's space achievements. 100% heavyweight pre
shrunk white cotton shirt. Available in adult sizes. Only $12.95each 
+ $4.00 postage and handling (NY residents add sales tax). 

Rush me __ 'Dreams To Reality' T-Shirt(s) in the following size(s): 

(please circle) S M L XL 

Total enclosed: $. ________ _ 

Name ____________________ _ 
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Address ___________________ _ 

City/SVZip _________________ _ 

Mail to: NASA Tech Briefs, Dept. F, 41 East 42nd St. 
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For credit card orders call (212) 490-3999. 

New Literature 

Eastman Kodak's expanded desk ref
erence offers information on more 
than 300 imaging products. Prod
ucts are indexed according to image 
processing stage: capture, store, man
age, or share. It features document 
scanners, microimagers, electronic 
and digital cameras, digital and op
tical disk storage systems, document 
and color image management sys

tems and software, video inspection Electronic Space Products Interna
products, and copiers. tional , Agoura Hills, CA, has re-

I--Fo_r_M_ o_re_l_n_fo_r_m_a_t_io_n_C_i_r_cl_e_N_o_._7_2_B--l leased a 438-page catalog detailing 

A book profiling successful indus- its high-purity metals, alloys, chemi
trial appl ications of robotics and ma- cals, single crystals, rare earths, 
chine vision has been publ ished by and exotic and precious metals. The 
the Robotic Industries Association, materials are designed for use in 
Ann Arbor, MI. Among the many sputtering targets, vacuum deposi
applications examined are automo- tion and evaporation, ceramics, fas
tiveassembly, bank note inspection, teners, and other high technology 
pill packaging, floor care, and laser and research applications. 
cutti ng. I ntended to hel p compan ies I-F_o_r M_ o_re_ ln_f_o_rm_a_t_io_n_C_ ir_c_le_N_0_._7_1_B-j 

become more competitive, the book A 16-page brochure from Roden
is avai lable free to firms that send a stock Precision Optics Inc., Rock
written request specify ing their ap- ford , Il, describes a wide range of 
plication needs. precision lenses, components, and 

I--Fo_r_M_ o_re_l_n_fo_r_m_a_t_io_n_C_i_r_cl_e_N_o_._7_2_4-I sub-assemblies for visible and IR 
optical applications. Lenses include 
enlarging, F-theta flat field, graphic 
arts, laser beam expanders, laser 
diode collimating and fOCUSing, and 
medical x-ray. The component se
lection features beamsplitters, filters, 
mirrors, and prisms, while available 
sub-assemblies include test equip
ment, image intensifiers and pro
cessing recognition equipment, and 
laser material processing systems. 
For More Information Circle No. 720 

Solutions to heat transfer problems, 
custom-engineered by lytron/Alpha 
United, Woburn, MA, are high lighted 
in a new catalog. Design and manu
facturing capabilities are ava ilable 
for high-efficiency, compact fin and 
tube heat exchangers and therma l 
subsystems, including ultra-light
weight custom cold plates, card 
boxes, and plate fin heat exchangers. 
For More Information Circle No. 722 

" CENTEII Of EXCELLEN CE 
fOR INTERCONNECT SYSTEMS 

A four-color brochure showcases in-
1----------------1 terconnect products and technolo

An application note released by 
Neural Computer Sciences, South
ampton, UK, examines how neural 
networks may be used to automati
cally predict time-related data. Neu
ral networks, computer-based artifi
cial intelligence that emu lates hu
man ana lytical processes, are rel
evant to activities such as forecast
ing movement of financial markets. 
The networks can be constructed to 
handle time-varying input data, in
corporating cyclical movements as 
well as chaotic time series. 
For More Information Circle No. 726 

gies available from Hughes Inter
connect Systems Division, Irv ine, 
CA. The 16-page publication de
scribes high-density connectors, 
multi-chip module carriers, con
trolled impedance PCB intercon
nects, semiconductortest heads, cir
cu lar and rectangular connectors, 
fiber optic termini, and testing ser
vices. lt also outlines a new program 
providing customers access to engi
neering and manufacturing re
sources in other HughesAircraft and 
GM Hughes Electron ics divisions. 
For More Information Circle No. 716 
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(Continued on page 161) 

Heidi Jacobus, president of Cybernet Systems Corp., displays 
the PER-Force handcontroller, which offers force reflection for 
general-purpose applications. 

as you get closer to it." 
The controller works best, he said, when there is a one-to

one relationship between the movement of the stick and the 
range of motion at the other end. However, if an operator must 
work across very large areas, the control can be scaled so that 
slow motion of the control stick moves the slave robot greater 
distances that fast motion. 

Cybernet researchers continue to investigate human fac
tors related to the controller. "Some of our findings have been 
counter-intuitive, such as evidence that a little base-line fric
tion is better than none," said Mr. Jacobus. "Apparently, it 
feels more natural to the operator. " 

The Jacobuses expect application of the handcontroller to 
broaden, particularly in the fields of industrial machine opera
tion, interaction with graphical simulations, and maintenance 
and other operations in hazardous environments. Heidi Jacobus 
cites as especially promising its use in driving unmanned 
robotic vehicles. "A steering wheel could take the place of the 
handle," she said. "It's important in remote driving to have 
some feel of the operation, otherwise the vehicle could be 
rattled apart before you realized it. " 

The forces generated by the handcontroller are user
programmable, and can represent phenomena both r~:1 and 
virtual , in addition to actual robotic machine contact. The stick 
can help keep a pilot on a preferred flight path, with increas
ingly resistant force as the aircraft veers off course. Further, 
the forces can represent various sensor readings, as well as 
electromagnetic, thermal , and fluid force fields computed by 
CAD systems or dynamics modelers. In a system where 
surface texture is being analyzed optically , the controller could 
"transmit" a bumpy feel to correspond to surface defects even 
though no physical contact occurs. 

One of the most innovative of the handcontroller's applica
tions is in designing molecules. Programming the handcontrolier 
to reflect various atomic forces within a molecular simulation 
allows chemists to move around within the model and ''feel '' 
where a molecule might be receptive to alteration. Here, as 
elsewhere, the controller allows researchers to get hands-on 
experience where no human hand could ever venture. 0 

Editor's note: Cybernet will demonstrate the PER-Force 
handcontroller this December at Technology 2002, the third 
national technology transfer conference and exposition, in Balti
more, MD. For more information about the Cybernet invention, 
contact: Heidi Jacobus, President, Cybernet Systems Corp., 1919 
Green Road, Suite B-101, Ann Arbor, M148105. 
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MARKETPLACE To Advertise-Call 490-3999 

MC8-4 
FEATURES: 

• up to 2 Amp per 
motor winding 

• Simultaneous 
operation of all 
motors 

• Optoisolated power 
section 

• Limit and home 
inputs 

• RS-232 and RS-485 
communication port 

• User friendly 
instruction set 

lAC S I ADVANCED CONTRO L SYSTEMS CORP. 
Tel: 1617) 740-0223 Fax: 16171 740-4227 

THE ONLY UNIX AND 
OPEN SYSTEMS SOURCE 

Why look any
where else? 
If it's not in the 
1992 UniForum 
Products Directory, 
chances are you 
won't find it else
where. The 1992 
Directory features 
7,600 products and 
services from 2,100 
vendors. We've got 
it all. More soft

ware. More hardware and peripherals. More 
developers, consultants, books and head
hunters than available anywhere else. Only $95. 
To order, call 800-255-5620 

~UniForum 2901 Tasman Dr., 1201 
___ ... __ - Santa Clara, CA 95054 

(800) 255-5620 (408) 986-8840 Fax (408) 986-1845 

FINALLY 
A COMPUTER /{f 
EVERY SENSOR 

• . ~:- --- ........ 
.' . ' 

• Direct sensor 10 RS-232CIRS-485 
• Digital output in engineering units 
• Digital 110 for solid stale relays 
• Digital limits and alarm capability 
• Simple ASCII commands 
• Small size fits in a thermowell 

~~~~ 
~,~~ 

(603) 622-{)452 

For More Information 72 For More Information Circle No. 426 For More Information Circle No. 382 

Credit where c redit 
is due! 

Transf err ed/applie d 
NASA technology 
t o a commercial 
product ? 
We would like to 
info rm t he publ ic 
about it in our 
annual r eport 
Spinoff . 
For more details call: 
(410) 858-530 0 Ext. 242 . 

For More Information Circle No. 582 

SC/Fox,m Embedded-System Computers 
SC/FOX VME SBe (Single Board Computer) 18 MIPS, 60 MIPS burst. 
~f.'1lefJI~pu rpose. '.\101- 1 MasterlSlave S~tem Controller. Up 106401( bytes U. 
ws memory, I SCSI. 1 plr. 2 serial ports_ Use) 1&..011 Harris RTX 2000. 

SC/FOX PeS (Parallel Coprocessor System) 1 5 MIPS. 50 MIIJS burst. generill 
purpose PCiAT13B& pIUR-1O boord. 32K to I M byte O-ws stalic memory. 
multiple PCS oper311On. SCSI option. Uses Harris RTX :!OOO. 

SC/FOX SSC (Singl~ Board Computer) 18 MIPS. bO MIPS burst. Sland·a lone 
operallon, Euroc:ard ... lc, 1 pl r, 1 serial pori, uPlQ5 12KbytesO-wsmemory, 
2 50-pm user connectors. SCSI ophon. Uses Harris RTX 2000. 

SC/FOX PCS32 (Parallel Coprocessor Syslem 32) ''j MIPS to 70MJPS. Ioten
eral-purJX)SE' PClATn8b 32-bll plu)(-tn board With 64K 101M byte O-ws 
stalic memory. Uses n·b.1 scn for1h microproc~sor. 

Idea l ior embedded real-lime control. data acquiSll1on, or high-speed JXOC
essm~. Forth software IOcluded, C opllona l. OEM pncin~. 

SILICON COMPOSERS INC (415) 322-8763 
208 California Ave" Palo Alto, CA 94306 

For More Information Circle No. 488 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fre~ 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. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707 
FAX (818)915-1379 

For More Information Circle No. 551 

~============~--------------~~ .. ~-Instant 
Microcontroller 

Instant C Programming 
Don't use a microprocessor, use a SmartBlock11ol 

microcontroller module to build your custom 
controller. Our $195 interactive Dynamic en< 
development system makes programming easy. 
3.5 x 2.5 inch module includes microprocessor, 
memory, time/date clock, eeprom, watchdog, 
serial ports and more. As low as $59 in quantity. 
The efficiency of a custom design without the 
headaches. 

Z-World Engineering 
1724 Picasso Ave. , Davis. CA 95616 USA 

Tel: (916) 757-3737 
Regular Fax: (916) 753-5141 

Automatic Fax: (916)-753-0618 
(Call from your fax, request data sheet #14.) 

For More Information Circle No. 489 
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FREE CATALOG! 
LINEAR MOTION 

COMPONENTS 

All products ship within 24 hours. 

• Ball Slides 
• Crossed Roller 

Slides 
• Positioning Slides 
• Recirculating 

Bearings 
• Shafts & Supports 

Call TOLL FREE: 
1-8001447-2042 
In CT: 203n 90-4611 a or FAX: 2031748-5147 

~USK DIRECT, INC 
Clarke Industrial Park. PO Box 326, Belhel, CT 06801 

For More Information Circle No. 625 
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MAR KETP LA C E To Advertise-Call (212) 490-3999 

CUT IT OUT, REAL-TIME NETWORK PEM' SELF-CLINCHING & 
BROACHING FASTENERS NOW! 

• 100% computer-controlled I""er cutter cuts and 
engraves all non-metallic materials 

• 3-D engraved images from pictures will cut 
straight from new digital camera, 

• . 004 beam width for perfect edges 
No design, curve or foon 100 complicated 

• Supports all popular CAD/CAM/scanning software 
From your mind to your hand in only minutes 

No olher machine like it in the world 
• Made entirely in the U.S.A. 

More Infoonation contact: 
Laser Labs. I nc .• 4306 Sunbelt Drive 

Dallas, TX 75248 
Phone 214 250 2500 • Fa, 21-' 380 5205 

For More Information Circle No. 458 

Powertronlc Systems offers software to pre
dict reliability. maintainability and FM ECA 

Since 1982. hundreds of users h'lve selected 
from our large. versaille . Integrated software 
family for military and industrial equipment 
electrical or mechanical Program highlights 
Include VISible assembly hierarchy. defaults 
and library data. extensive report sorting . user 
defined reports. what-If and derating analYSIS 
and concurrent engineering data links 

• MIL-HDBK-217 • DTRC-90/010 
• MIL-HDBK-472 • MIL-STD-1629 
• MIL-HDBK-338 • MIL-STD-756B 
• Belleore • NPRD-9l 

- £' - PDWIRTRDNIC 
iii ~ SYSTlMS, INC. 

13700 Chef Menteur Hwy 
New Orleans. LA 70129 

504-254-0383 . FAX 504-254-0393 

For More Information Circle No. 401 

PC Bus Data Acquisition 

AD1200 only $359 
• 12·blt 125 kHz AI D Conversio n 
• 16 Anal og Input Channels 
• 3 Timers and 16 010 LInes 
• Su pports DMA and Pacer Clo ck 
• AT Bus Version Available! 

AID, 01.1.. Dlg".' 110 and Tlmerl Counters for PC XT 
and AT compute, • • 12·bU AIOr., •• 'o 200 "Hz! -Eight 
boards for AMPRO form '.clor CPU.· 110 VAC relay. 
optolso/allon, multlplexe, end thermocouple boards 
• DSP end de'. acquisition software · Request your 

FREE BO page catalog today! 

n=f"J::rrIl Real Time Devices, Inc. 
U l..!.L1LJ State College, PA USA 

Tel.:B141234-BOB7· FAX:B141234-521B 

For More Information Circle No. 452 
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The SCRAMNet etvvork 'M combines Ihe rea l

time peed of replicated shared memory with the 

flexibility of a fiber optic LAN to get microsecond 

response from multi-vendor computer . It allows 

you to connect dissimilar computers at 150/Mbito;/ 

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 (51 3) 252-5601 or 1-800-252-5601 

For More Information Circle No. 432 

The Best Just Got Better .. . 
AND Costs Less 

Model ASOOO StrIp Chert 

$1395: 
FHtur88: 

• Variable and Fbced Spans 
• 17 Chart Speed. 
• Inlegrator Option 

all In one 

to RECORD ALL your needs 

FHtur88: 
• 34 Chart Speeds 
• Touch Control Panel 
• _ DIgHaJ Interface & 

Remote Control Standard 
on e .... ry Model 

• AIIo /nquh o/>C<A our K-y rocorden _ rop/oco dlacontlnuod 
_ ""'""*>II - FISHER SCIENrIF/C- HP_ 

WE SUPPORT ANY RECORDER wrTH PARTS-SUPPUES-SERV/CE 

THE RECORDER COMPANY 
P OBox 8 Scm M" ,cos Tex.l s 78667 

(512) 62'l- 1~OO FAX (512) 353-5333 

• strong. quality 
threads in metal 
and p.e. boards 
too thin to be 
tapped. 

• variations 
include free
running, self
locking, floating 
and blind hole 
types meeting Unified, ISO and MIL 
standards . 

• Available In steel, stainless steel and 
aluminum. 

For your FREE condensed catalog, Circle 
the number below. However, for a complete 
fastener s~ficationS & desir,ndata cata-
log, call 1- -237-4736. Or Nt. us at 
215-766-0143. 

PEM· P ........ 0 ......... 0 • 

M"'U~ACTUImIQ CoRP. 

104 7' - ....... , ... - C> 1991 

For More Information Circle No. 480 

Full Line 
Precision Timing 

by TRUETIME 
Sync CIocIu 

· GPS 
• GOES 
. WWVB 
• OMEGA 
• DCFll 
• MSF 

Time Code 

• TRANSLATORS 
• GENERATORS 
• SYNC. GENERATORS 
• TAPE SEARCH 
• PLUG-IN CARDS 
• DISPLAYS 

3243 Sana Rosa A""""" • Sana Rosa CA 9S407 
(7U7) 528 1230 • FAX 1Il7527Ei640 • TELEX 176687 

TiullTime 
For More Information Circle No. 630 For More Information Circle No. 394 

~~:~ __ d--p--~rM==IC~R~O=C=O==N=T=R=O=L=L=E=R=S~ ., .. ".,., .,., 
• ElectricalfMechanical 
• Microelectronics 
• Surface Mount Technology 
• Electrostatic Discharge 

CLEAR, CONCISE PHOTOGRAPHS, 
ILLUSTRATIONS. AND DESCRIPTIVE 
TEXT DEPICT LEVELS OF 
PRODUCTION PROCESSES IN A 
RANGE OF ACCEPTABILITY FROM 
PREFERRED TO NOT ACCEPTABLE. 

MARTIN MARIETTA 
Information Systems 

P.O. Box 590385 MP-1510 
Orlando, FL 32859-00385 

(407) 356-4769 FAX: (407) 356-6288 

For More Information Circle No. 464 

• C Programmable 
• Data Acquisition 
• Control IT est 
• Excellent Support 
• From $159 Qty 1 
• New Keyboard 

Display Modules 

Use our liHie Glant'• and Tiny Gianl™ minlalure control
lers to computerize your product, plant or lest department. 
Features buih-in power supply, digital 110 to 48. lines, 
senal I/O (RS232 / RS485), AID converters to 20 bits, 
solenoid drivers, time of day clock, ballery backed 
memory, walchdog, field Wifing connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 Interactive Dy
namic e'M 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) 

For More Information Circle No. 519 
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MARKETPLACE To Advertise-Call 490-3999 

High-Temp Ceramic 
Adhesives/Putties 
to 3200 Degrees F 

Aremco's high temperature ceramic 
adhesives/putties are unique asbestos
free, inorganic based materials used to 
bond, patch, seal and fill ceramics, 
metals, glass, graphites and composites 
at temperatures to 3200 degrees F. 

ASK FOR FREE 
MATERIALS 
CATALOG FOR 
IN FO RMATION 
ON AREMCO'S 
HI-TEMP 
CERAMIC 
MATERIALS 

~ Aremco Products, Inc. 
P.O. Box 429, Ossining, NY 10562 

Tel : (91-1) 762-0685, fax: (914) 762-1663 

The fastest real time data acquisition and 
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 calt for complete information today. 

1-800-553-9006 
DATAQ INSTRUMENTS, INC. 

t 50 Springside Drive, Suite 8220 
Akron,OH 44333 

Tel (216) 668·1444 Fax (216) 666-5434 

For More Information Circle No. 655 

Get AutoCAT 
for only $495.00! 

Software for IBMTM or compatible 
computers to automate Qomputer 
Aided Tests. 

• Performs production tests and lab 
measurements. 

• Interfaces with IEEE-4BB, RS 232 
devices. 

• Mouse, pull-down 
menus, on-line help. 

• No programming 
knowledge required. 

• IEEE board available 
for only $19500 

"'Easl 
4451 B Enterprise Court · Melbourne, FL 32934 

Ph: (407) 259-2090 Fax: (407) 255-0274 

For More Information Circle No. 669 
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FORCE GAUGE 
Here it is! The smallest 
force gauge on the market 
with the highest number of 
features at the lowest price. 

• Cast aluminum housing. 
• RS-232, Mitutoyo 

and analog outputs. 

• External trigger mode. 

• Peak memory 
• Dual set points, 

• Configurable finers. 
• Configurable auto-shutoff 

and auto-transmission, 

• 9V NiCd battery. $97500 
• Much, much more ... Interested? Give us a call! 

458 West John Street, Hicksville, NY 11 801 
Tel (516) 822-5300 • FAX (516) 822-5301 

INTRODUCING RACK MOUNT AND RUGGED 
SUN SPARC WORK STATION 

Standard Features Include: 
• Spark Engine 2 CPU with 16MB RAM 
• 207 MB Hard Disk, 150MB Tape Drive 
• 644 MB CDROM, Removable Hard Disk 
• 1.44 MB Floppy, 2 RS-232 and S Bus Ports 
• SCSI-2 and Ethernet Interface 
• 16-lnch Rack Mount Color Monitor 
• Keyboard, Mouse and SunOS 4.1 
For further details contact: 

IBI Systems Inc" 6842 NW 20M Ave., Ft. Lauderdale, 
FL 33309, 305-978-9225, Fax: 305·978-9226 

For More Information Circle No. 661 

MIL-STD-1553 
TEST EQUIPMENT 

• Complete error injection/detection capability for 
1553 N8 terminals and systems 

• Simulates a Bus Controller. up to 32 Remote 
Terminals and/or a Bus Monitor 

• Supports all phases of tesllng' Development, 
Validation and Production 

• Dynamic/ Real.tlme simulation 

2-DAY SEMINAR 
• Comprehensive discussion of MIL-STD-1553 

and testing 
• Lab session illustrates 1553communlcation and 

provides expenence in trouble-shooting 
• Offered in PhoeniX three times a year and 

available on-slle 

VALIDATION TESTING 
• Approved by the Air Force 
• Testing to the RT VALIDATION TEST PLAN 
• Approved test procedure and test report 
• ASSistance In analYZing test results and trouble

shooting 

TEST SYSTEMS, Inc._ 
217 W Palm.or • • Phoenix. AZ 85021 . (602) 861 -1010 

Supporflng MIL-STO-1 553 51nc01979 

For More Information Circle No. 672 

Measures Potentially Hazardous 
Electromagnetic Radiation 

A new, portable lOW-level AC electromagnetic field 
radiation monitor equipped with a wand sensor that 
lets users measure ambient fields and view the 
results simultaneously. 

Walker's ELF-66D Field Monitor permits two mea
surement levels: LO whiCh has a full-scale capability 
of 200 milliGauss RMS with 0.1 milliGauss resolution 
and HI for 20 Gauss RMS with 10 milliGauss resolu
tion. Featuring a separate wand sensor with a 6 ft . 
cable, users can measure wide ambient fields and 
easily view the results on a large 0.7", 3-1/2 digit LCD 
display. 

For further information contact: 
WALKER SCfENTIFIC INC. 

Rockdale St., Worcester, MA 01606 
Phone: 508/852-3674 FAX: 508/856-9931 

For More Information Circle No. 657 

When you're hanging 
by a thread ... 

Make sure it's Spiralock~ 
The only flange nut featuring the patented 

Spiralock self-locking thread form. 
How well do they resist loosening under 

vibration? Ask NASA. They use almost 750 
in each orbital main engine. Because they 

know what performance hangs on . 

DETROIT TOOL INDUSTRIES 
Madison Tech Center ' 25219 Dequindre Road 

Madison Heights, MI 48071 -0629 
Phone (313)543-7800 / Fax (313)543-1403 

For More Information Circle No. 665 

4 MEG VIDEO Model 10 
Flexible Image Processor and 

Application Accelerator For The PC/AT 
8 to 8000 Pixels per Line 
2 to 19 MHz sampling/display rate 
10 MIPs Programmable Accelerator 
4 Megabytes of Reconfigurable Image Memory 
RS-170, RS-330, and CCIR inpuVoutput 
Variable timing for nonstandard formats 
Genlock to external timing sources 
Analog or digital inputs 
Software programmable timing/resolution 

<WEPIX® 
3005 MacArthur Blvd., Northbrook, IL 60062 

708·498·4002 FAX: 708·498·4321 
For More Information Circle No. 675 
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You don't have to be in the 
electronics business to benefit 
from MICROWATCHER's limit
less applications. From the labo
ratory to the production floor, the 
MICROWATCHER will allow you 
to see things in ways never 
before imagined. 

We invite you to stretch 
MICROWATCHER's capabilities: 

• 1 x to 4000x Magnification 

• Nondestructive Inspection 

• Elimination of Eyestrain 
and Operator Stress 

• Simple Operation 

• Deep Focus Depth 

See us at AEROMAT Booth #406 

For More Information Circle No. 339 161 



RlEIIWIN WAVES 
~Ihod!. 
~.::::henwIb. 
.... goo 
CIIQI8 87 AR;12438 

5 
SCHEDUlES 

-"'~ -.--t:-ue n NPC).18439 

SCHEDUUNG 

~-
~-_76 MSC-21m 

SEPARATED FUNi EItocIs.- ....... _ on_ .... 
J-ue 86 NIt:, 12.(73 

SER\IOMOIOAS 00gnaI-"""'" 
cf~ .. ft.r ...... _ 32 MSC-21806 

SHAFTS (MACHINE 
ELEMENT'S! __ lim -"'--.ng 
PID8 eo MFS285S5 

SHIE1.DlNQ 

~-ogohII spoce _Is 
page 84 MfS.2852~ 

SHOCK ABSORIERS 
SeIf-mett1ng energy -_ 89 MSC-21555 

SHOCK TUIES 
_IOn""",,· 
cap\n'IiJ achemes tor • 
.... goo 
page 87 AA::-12438 

SHORT TAKEOFF 
AIRCRAFT 
Fuhn VISIOl alrctatt let .. _-
page 91 AAC-121n 

SIGNAl. PROCESSING -p<ocesoor '" SAA page 35 NP().11468 

SI"UumoN .. _
""" .,. .... 
page 90 NP().18138 

SlNGL£ EV£NT 
UPSETS 
CoIecbon .- <:too<ge by 
~trcrnloolt1iCk 
page 20 NPQ.I80S7 

SOlAR WIND 
PIrwnetnc inItabiIil.- d 

"""""-page 71 AFCl2325 

SOUD STATE lASERS 
Broed-area laser diode 
_rilor<>Pl<_ 
I:.oe 2.4 GOC;I3476 

SPACE PLATFORMS 
eq,r.g ..... -tnlions In 
.~ 
plallorm 
page 85 NP().18Q21 

SPACECRAFT 
SHielDING 

~ogohII spoce --
~ 84 UF&2852A 

SPACECRAFT 
TRAJECTORIES -"'.....,."..-
1l'Ijt(:tOries..t...erts 
PIOB '47 MSC-2'1816 

SPECTROMETERS c.on-_ 
t)O:halge-.......... " 
analyzer 
pege 51 Nf'O.Ital5 

STRUCTURAl. 
VlBRATlON i\u1omaIed _WI-
lJOnd...oatklntofe 
structure 
PIOB 79 NPQ.1814, 

eq,r.g""'~ 1n .-page 85 NPC).l8'J21 

STYAORlAM 
(TRADEIWIIQ 
_room", -PIQ8 152 NP(>t8319 

SUP£RSONIC FlOW 
Flequency ~ cf 
hoI"Nire anemometers 
page 12 N&t2469 

SUSPENSION 
SYSTDIS (VEH1ClESI 
Sell ................ -~ .. ws;.21555 

SYNTHETIC 
APERTURE RADM 
Acou::a:k:K:pLd* bow: 
........ "' SAA 
DIQ8 35 Nf'O.17468 

T 
TARGETS -""""__ on a strucUe 

page 52 Np().l8:204 

TElEMrnrt _mocUobon'" 
-...uy 
page ", NfO.lSOO2 

TElEOPEIUaORS 
"""*'!land ......... "'.-_56 NP<>18>lI7 

THERMOElECflUC 
GENEIWORS 
~con
YeI1er WIth ~., pow8f -page 88 NP().18197 

THREE DlIIENSIOHAl. 
BODIES ---=:-
page 76 AA:.-12121 

nilE OF FUOHT 
SPECTROMETERS c.on-_ 
Iyicha<go---paoe 57 NPC).IlDt5 

TRACKJNG 
lac:blg retroretleet~ 
targets on a structure 
page 52 NPO-l8204 

TRANSMISSION UNES 

-"""""""'" .....-u", --page 26 Np().1800'1 

TUNUL£ USERS 1_-,.,.-,0---lase< 
page 62 GSc.13365 

TURlIOMACHtNERY 
Auk:wnatic detection c:A 
_Inn-. -page 45 MfS.261., 

TURBUlENT 
IOUNIWIY LAYER 
llYe&dmensionaI tt,r". 

...... boundI<y '"'"' 
with acMne presst.n .,.... 
page 8' /11&12331 

v 
VER1lCAl TAKEOFF 
AIRCRAFT 
Future VISTOL eWer.tt for 
thePacificbasr'l 
page 91 NC-12177 
VllRATtOH DoUII'tNG 

"""""""'tlonofvbratil:n$aa 
&WeI ... 
P80e 79 NP().IS141 

Cq:)ng wtth vbaliOnl r. .-page 85 NP().18021 

Ex1emaI _lim _"'_1Jc 
'-ing 
page 80 MFS-28555 -"'.---.-
PI08 81 NPQ.18109 

VORTEX SHEDDING 
SheddIng.- ........ -'-bocIy page 83 NC12441 

\/OfITlCES ElIecIs.-__ 
ances on asyrrvnetrles 01 

"""""" page 82 AK,.12440 

~~.-""""'" 
!lOws 
page 81 L,AR.14387 

w 
WAVEGUIDES 

-"""""""'" bocIcshonS '" --page 26 NP018091 

WIDE AHOL£ LENSES -suip-irnaglng~ 
page 66 NP().18146 

ADVERTISERS INDEX 

3-D ViSIOns ...........................•. (RAC 392)" ............... 11 
Advanced Control Systems ... (RAC 572) •. , ... , •.•.•... 158 
Aerospace Optics. Inc .......•.... (RAC 520) ...............•. 17 
Aerospatlale, Inc ...........•......... (RAC 592,595) . 103,105 
Alcatel Espace ....................•..• (RAC341) ..... , ...... 107 
Alenla SpazlO S.p.A. ..........•... (RAC 598) ............... 119 
Algor Interactive Systems, Inc. (RAC 449) ................. 81 
AL International LP .......•. ....... (RAC 542) ................ 62 
Allied·Slgnal, Inc ..................... (RAC 511 ) ............... 127 
Alsys, Inc .......................•........ (RAC 477) ................. 19 
Amco Engineering Company .. (RAC 500) ................. 59 
Amencan Variseal .................. (RAC 316) ................. 94 
AMP ................•....................... (RAC 513) ............... 133 
Apex Microlechnology CoIJl ... (RAC 585) ................. 26 
Apollo Commemorative Posters ................................. 55 
Apple Computer, Inc ... ........ .......•.....................•........ 8-9 
ARC Science Simulations ...... (RAC 311) ................. 56 
Aremco Products, Inc ............. (RAC 650) ...•.•......... 160 
Ananespace, Inc ................... .. (RAC 589) ............... '01 
Astro-Med, Inc ........................ (RAC 502) .•............... 61 
Brunswick Corporation ........... (RAC 420) ............... 124 
CAJON Company ................... (RAC 601 ) ................. 71 
Caravan Cases, Inc ................ (RAC 354) ................. 48 
Carr Lane Manufacturing Co .. (RAC 390) ..... ... ....... 158 
CNES ................ . ... (RAC 345) ...... ......... 114 
Computer Associates ....... ...... (RAC 415) ......... ..... ... 95 
Computer Sciences Corp ....... (RAC 518) ............... 123 
CONTEC Microelectronics 

USA, Inc . ...... ........................ (RAC 537) ............... 149 
Contempory Cybernetics 

Group .... ........ ....................... (RAC 322) .......... COV II 
Courtaulds Performance Films (RAC 402,404) ..... 55,75 
Crystal Mark, Inc . .................... (RAC 536) ............... 150 
Cyber Research. Inc. (RAC 360·362,366-375) .. 46-47 
Dalsa, Inc .... ......•....•............... (RAC 524) ................. 90 
Dassault Aviation .................... (RAC 593) ............... 109 
Dataq Instrumenls, Inc ...... ..... (RAC 655) ............... 160 
Dala Translation ..................... (RAC 349) ................. 43 
Datum, Inc .............................. (RAC 586) ................. 66 
Detroit Tool Industries ..... .• (RAC 606,665)140-141 ,160 
DGH Corporation .................... (RAC 382) ............... 158 
Digital Equipment Corporation (RAC 413) ................. 49 
Diversified Optical 

Products, Inc ..............•..... .... (RAC 388,553) ..... 28,92 
Document Engineering ..•. ... ... (RAC 329) ..........•.... 154 
Dolphin Scientific. Inc ............. (RAC 409) ................. 42 
DSP Development Corporation (RAC 622) , ....... COV IV 
DYNAIR Electronics, Inc ........ (RAC 538) ............ ... .. 86 
DynamiCS Research COIJl ....... (RAC 323) ................... 2 
EG&G Flow Technology .. ....... (RAC 673) , ................ 60 
Electronic Associates, Inc ...... (RAC 483) .................. 4 
Elmo Manufacturing Corp ....... (RAC 407) , ............. ... 39 
Elgiloy Lim~ed Partnership ..... (RAC 312) ................. 22 
Ensign Bickford Aerospace Co.(RAC 514) ............... 128 
EPIX, Inc ................ .. .... ... ........ (RAC 675) ............... 160 
Exabyte Corporation ............... (RAC 563,418) ..... 5,139 
Fenner Industrial Controls .....• (RAC 674) ................. 30 
Fluoramlcs, Inc ....... .. ............. . (RAC 315) ................. 91 
Folsom Research ................... (RAC 540) .. ............... 24 
Glassman High Voltage, Inc ... (RAC 544) .......•......... 68 
Goodfellow .............................. (RAC 588) ...... ........... 93 
Gould, Inc., Test and 

Measurement Group ....... ..... (RAC 484) ................. 31 
H. A. Guden Company, Inc ..... (RAC 359) ... .... .......... 89 
Hardigg Cases ........................ (RAC 491) ............ ..... 35 
Hughes Aircraft Company .......................................... 13 
Humphrey, Inc ....................•... (RAC 497, 314) ... 40, 88 
IBI Systems. Inc ..................... (RAC 661) ............... 160 
IBM Corporation .... ....... ......................................... 14-15 
INCO Specialty Powder 

Products ............................... (RAC 652) ................. 69 
Inlormation Handling Services (RAC 441) ................. 21 
Insaco, Inc ........................ ...... (RAC 386) ............... 155 
Instrumentation Marketing 

Corporation ... ....................... (RAC 336) ............... 137 
Instrumented Sensor 

Technology .......................... (RAC 399) ................ . 79 
Instrument Technology, Inc .... (RAC 629) .•............... 30 
Integrated Engineering 

Software ...•........................... (RAC 450) ................ . 77 
International Light. Inc ............ (RAC 584) ... .............. 58 
IPE Proceedings ......................•................................ 154 
ISCAN, Inc ................... ........... (RAC 447) ........ ......... 76 
John Fluke Mfg. Co., Inc ......... (RAC 580,412) ..... 37,54 
Laser Labs, Inc ............•.......... (RAC 458) ............... t 59 
Kaman Instrumentation Corp .. (RAC 492) .......... ..... 151 
Kevex X-Ray ........................ ... (RAC 646) ................. 70 
MACSYMNSYMBOUCS .. ..... (RAC 313) ............... 147 

Magtrol, Inc ••. , ...... , ..... ' .......... (RAC 308) ..•............ 156 
Manville Spectalty Insulalions (RAC 358) ................. 94 
MARC AnalysIs Research 

Corporation .....................•.... (RAC 457) ................. 84 
Marc-l 0 Corporation ............... (RAC 653) ............... 160 
Martin Manetta 

Information Systems .......•.... (RAC 464) ............... t59 
Master Bond, Inc .................... (RAC 405) ................. 92 
MathSoft, Inc .....................•.... (RAC 421 ) ..........•...... 63 
Matra Marconi Space ............. (RAC 590) ............... 11 1 
Mechanical Dynamics ............ (RAC 403) .....•..••..... 148 
Melcor ' .•....•...........•................. (RAC 613) ....... ........ 136 
Meridian Laboratories ............. (RAC 444) ................. 22 
MicroMath ..................•....... , .. (RAC 456,494) ..... 54,76 
Microstar Laboratories ............ (RAC 451 ) •...... ..•....... 80 
Microwave LogiC ..................... (RAC 31 7) ......... ........ 96 
Mid·Atlantic Technology 

Applications Center ............. (RAC 445) .........•..... 149 
Midwest Research 

Technologies, Inc ........ ........ (RAC 495) ....... ... ....... 38 
Mikron Instrument Company, 

Inc ........................ ..... .... .. .... (RAC 333) ........... .... 142 
Miller Thermal, Inc ..•..... ..... ..... (RAC 530) ....... ....... . 138 
Minco Products, Inc .....•.......... (RAC 541 ) ................. 28 
Mitsubishi Cable America, Inc. (RAC 408) ........ ......... 41 
Motorola, Inc .... ....................... (RAC 397) .... ............. 33 
National Instruments ....•.......... (RAC 681) ............. ...... 3 
National Technical Systems ... (RAC 516) ...... .... ..... 131 
NEOS Technologies, Inc ........ (RAC 669) ....... ..... ... 160 
New Mark Systems, Inc .......... (RAC 410) ....... ........ .. 50 
Nicolet Instruments ................. (RAC 526) ..... . .... 29 
Northern Research and 

Engineering Corporation ...... (RAC 539) ................. 82 
Novespace .............................. (RAC 351 ) ............... 144 
Numencal Algonthms Group .. (RAC 428) ................. 65 
OHB System ........................... (RAC 436) ............ ... 115 
Patton & Patton 

Software Corporation ........... (RAC 499) ................. 78 
Penn Engineenng & Mfg. COIJl.(RAC 480) ............... 159 
Penny & Giles ........................ . (RAC 325) ............... 155 
Photovolt .......... ....................... (RAC 339) ............. .. 161 
Power Technology, Inc ........ .. . (RAC 532) , ..... ........... 90 
Powertronic Systems, Inc .. ..... (RAC 401) ............... 159 
Precision Filters, Inc ..... ....... .. . (RAC 448) ................. 83 
Presray Corporation ................ (RAC 602) ......... ........ 73 
Prime Computer. Inc ............... (RAC 554-556) 23,25,27 
RdF Corporation ..................... (RAC 411) ..... ............ 52 
Real Time Devices, Inc . .. .. ..... (RAC 452) ............... 159 
RGB Spectrum ...................... .. (RAC 467,469) ..... 10,36 
Rolyn Optics Co ... ... ............. ... (RAC 551) ... ............ 158 
Schlumberger Industries ......... (RAC 647) ................. 72 
Sense8 Corporation ................ (RAC 400) ..... ............ 56 
Silicon Composers, Inc . .......... (RAC 488) ............... 158 
SNPE Defense Espace .•........ (RAC 594) ............... 113 
Stanford Research Systems ... (RAC 393) ................. 16 
Structural Research & 

Analysis Corporation ........... (RAC 446) ................. 85 
SyntheSys Research, Inc ..... .. (RAC 493,310) ... 87,152 
Systran Corporation ................ (RAC 432) ............... 159 
Technology 2002 ...... (RAC 406, 633, 528) ... 38,74,143 
Technology Access Report .. .. (RAC 455) ... .............. 50 
Teledyne Solid State .. ............ (RAC 517) ............... 135 
Telespazio .............................. (RAC 596) .............. . 121 
Tescom Corporation .. ............. (RAC 628) .............. ... 93 
Test Systems, Inc .... .... ........... (RAC 672) .... ........... 160 
The MathWorks, Inc ..... , ........ (RAC 503) ... ................ 1 
The Recorder Company ......... (RAC 630) .. ............. 159 
The Uniform Association ........ (RAC 426) ... ............ 158 
TransEra ...................... ........... (RAC 474) ..•.•.............. 7 
Trek, Inc ...... .... ............ ............ (RAC 543) .. ............... 67 
TrueTIme, Inc ............. .... ..... .... (RAC 394) ............... 159 
Tusk Direct, Inc ................. ...... (RAC 625) ... ............ 158 
Walker Scientific, Inc .............. (RAC 657) ..... .........• 160 
Wavetek Corporation ........... ... (RAC 396) ..... ............ 53 
Wolfram Research, Inc ..... ...... (RAC 485) .... ..... COV III 
Zero Plastics ........................... (RAC 535) ............... 151 
Zircar Products, Inc ................ (RAC 321) ... .............. 48 
Z-World Engineenng ........... ..•. (RAC 489.519) . 158,159 

"RAC stands for Reader Action Card. For 
further information on these advertisers, please 
circle the RAC number on the Reader Action 
Card in this issue.This index has been com
piled as a service to our readers and advertis
ers. Every precaution is taken to insure its 
accuracy, but the publisher assumes no liabil
ity for errors or omissions. 

NASA Tech Bnefs, ISSN 0145·319X, USPS 750-070, copyright C 1992 In U.S., Is published monthly by Associated Business Publications Co., LId .• 41 E. 42nd 51., New York, NY 10017·5391. The copyrighted 
informallon does notlnclude Ihe (U.S. rights to) Individual tech briefs which are supplied by NASA. Edllorlal, sales, production and circulation offices .t4 I Easl42nd Streel, New YOrl<, NY 10017-5391. SubSCription 
for non'qualihed subSCribers in the U.S .• Panama Canal Zone. and Puerto Rico. $75.00 for I year; $125.00 for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign subscriplions one·year U 5 , Funds 
$150.00. Remit by Check, draft. postal, express orders or VISA. MasterCard, and American Express. Other remittances at sender's risk. Address all communications for subscriptions or Circulation to NASA Tech 
Briefs. 41 East 42nd Street, New Yorl<, NY 10017-5391. Second-class postage paid at New York. NY and additional mailing offices. 

POSTMASTER: pl ...... nd .dd .... ch.nge. to NASA Tach BrI.f., 41 E •• t 42nd St.eet, Suite 921, New York, NY 10017-5391 



I admit, when I first read about Mathe-

Lynn Purser 
Orbital Dynamics Analyst 
Huntsville, Alabama 

Working on ASA projects, I Now I use Mathematica regularly . 

matica, I was a little skeptical. I guess have to solve problems and present my I don't think it will ever replace mathe-

mathematicians are like anybody else. 

Sort of like auto workers being replaced others can 

by robots-some mathematicians were un d e r-

skeptical of something that might re- s tan d . 

place them. So when my firm offered P e 0 pie 

an in-house training seminar on Mathe- respond to a 

matica, I decided to see what all the talk 

was about. than abstract equations, hand

waving, or scribbling on a 

blackboard. With Mathematica's 

graphical capability, especially 

maticians; it acts as an assistant 

of sorts. It helps you 

explore and de

velop concepts, 

by handling the 

tedious details. 

In that way, 

:::::::::---t----+--J you're free to 

concentrate on 

animation, I can make a dynamic Intersection of f ields of 
sweep of two sensors in 

presentation that gives a concrete idea the shuttle payload bay. 

of what I'm talking about. Mathematica is available for: MS-DOS, 

Then there's the symbolic power. Microsoft Windows, Macintosh, CONVEX, 

That class was fun. I tried to do For example, the first project I tackled DG AViiON, DEC VAX (ULTRIX and 

things beyond what the teacher was co v- with Mathematica involved a nasty alge- VMS) , DEC RISC, HP 9000, HP Apollo, 

ering-the rudimentary stuff about braic equation. I solved it on my own IBM RISC System/6000, MIPS , NeXT, 

Mathematica syntax. I wanted to do ani- and then let Mathematica solve it. We Silicon Graphics, Sony, Sun-3 , and SPARC-

mation and play with the graphics. I was both came up with the same answer. stations. 

taken with the visual dimension of it. But my solution took a few hours and Prices in U.S. and Canada start at $595. 

Mathematica's took a few minutes. Educational discounts are available. 
Simulations of the dynamics of the shuttle. 

Orders: 1-800-441-MATH 

Mathemati~2.0 
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DADiSP 3.0 
The Standard Worldwide -
adopted by thousands of scientists and 
engineers for data analysis and graphics. 

Just Point-and-Click ... 
DADiSP works the way you do - from input to output. DADiSP's 
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Hypothesis Testing, on to final output with DADiSP's outstand
ing Presentation Quality Graphics. 
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collection, matrix processing, manufacturing, science, signal pro
cessing, chemical and mechanical applications in automotive, 
aerospace, defense, medical, and other industries. 
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1·800· 777 ·5151 
for your free DADiSP Trial Kit. DADiSP is available for 
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