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In space: looking back to looklorward. 

What can the nature and 
origin oj the universe tell us 
about the Juture oj Earth } 
To help answer that 
question, we make craft and 
instruments Jor traveling 
billions oj miles in space 
and seeing as Jar as 15 

billion years back in time. 
Mtirtin Marietta was the 
integrator and builder of 
two Viking landers, which 
sent back remarkable 
photos oj the surface oj 
Mars, examined soil 
samples, and studied 
Martian weather and 
seismic activity For the 
Voyagers we provided 
instrumentation that 

Altimeter antelll1a 

reported on electromagnetic 
activity near Jupiter and 
Saturn-Voyager 2 went 011 

to Uranus, some 2 billion 
miles Jrom Earth. That was 
nine years after launch; 
next destination, Neptune, 
in 1989. These are but a 
Jew results oj Martin 
Marietta s ability to create 
survivable, mystery­
solving craft and their 
instruments-from concept 
through mission 
completion. 

High-gain antelma 

~MaPPing 

Trfl'",,;t to E.rth J 
~~ 

) 

Orbit and orientation 

Solar panel 

Mission: map Venus . 

From orbit, Magellan s 
radar will penetrate the 
planets thick, gaseous 
cloud cover and send back 
photo-like images oj nearly 
90% oj its surJace. Our 
role: design, integrate, build 
and test the craft. 



Aperture door 

Hubble Sp-ace Telesco~ 

Viewing the infant 
universe. 

For the Hubble Space 
Telescope we are providing 
the FaiHt Object Spectro­
graph (FOS), which will 
see objects up to 15 billioH 
light-years away. Since the 
Imiverse is estimated to be 
:18-20 billiol1 years old, 
astronomers will witness 
evmts close to its birth. 

Satellite The fine points of fine 
pointing. 

Beam expandrr ____ ___ 

Target motion qell/'ratc,r-~r;~~ii~~~ .... 

Fine Pointing Simulator 

Masterminding tomorrows technologies 

Precisely controlled, s.pace­
spanning energy delivery 
and collection systen1S 
create difficult pointing and 
retargeting challenges, 
which we can HOW 

simulate. This Hew lab is 
working toward the 
precision to zero in on a 
football-size object 3,000 

miles away, in support of 
the Strategic Defmse 
Initiative research program. 

WlARTIN WlARIETTA 

6801 Rockledge Drive, Bethesda, Maryland 20817, USA 



Sometimes, the 
difference in encoders 
is too small to measure 

- -tl ... or IS I • 

Shown above are our 1.5 inch and 2.3 inch absolute model encoders. 

These BEl encoders measure up by 
providing a low-cost solution to 
applications requiring low power 
dissipation and nonvolatile angular 
output data. 

They are typically found in airborne 
applications such as LANTIRN and 

Pioneer RPV as well as land-based 
applications such as tank turrets, radar 
systems and robotic installations. 

Additionally, BEl encoders are avail­
able with resol~tions up to 2,000,000 
absolute positions per turn and accu­
racy to 0.6 arcsecond. 

MIL-SERIES ABSOLUTE 
o 13, 14, 15, 16, or 17 bit 

resolutions 
o Accuracy to 0.2 arcminute 
o Nonvolatile Output 
o Interrogation Rate ... 8 kHz max. 
o Single LED Read Stations 
o Microprocessor interface capa-

bility 
o MTBF 300,000 hours 
o Count direction CWor CCW 
o Meets MIL-I-45208 and MIL­

Q-9858 quality requirements 

MI L-SERIES INCREMENTAL 
o Resolution to 10,160 pulses per 

turn 
o Starting torque less than 1.00 

oz-in. 
o Single Solid-State LED light 

source 
o Incremental output code of two 

signals phased 90 elec. deg. apart 
o Single-substrate photocell array 
o Variety of disk resolutions 
o Zero-reference signal 
o Optional shaft seal 
o MTBF ... 1,800,OOO hours 

By any measure, BEl excells in producing products of extreme accuracy and dependability. 
Call us when you need solutions to precise motion control. 

I 3 = I BEl MOTION SYSTEMS COMPANY 
: Digital Products Division 

P.O. Box 3838 • Little Rock, AR 72203 • (501) 851-4000 

Circle Reader Action No. 327 



When your specs 
call for emission control, 

call for Emcor's 
EMIIRFI series 

Emcor is listed under GSA contract #GS-07F-17241 . 

See us at AFCEA, Booth #3214 

FCC Level 
Emcor offers shielding solutions. 
Shown at left is an Emcor EMI/ RFI 
enclosure -designed for commercial 
applications and tested to MIL STD 
285. Fabricated with 14-gauge cold­
rolled steel, these enclosures have the 
rigidity to maintain shielding conti­
nuity. They are also fully zinc-plated 
- both frame and external compo­
nents - and come with a full com­
plement of accessories. 
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Tempest Style 
To meet the most demanding levels 
of shielding often required by the 
military, Emcor offers its Tempest 
style line of enclosures as shown in 
the top photo. Also tested to MIL STD 
285, this line combines high strength 
with modular options and attractive 
esthetics. Features include a rigid, 
12-gauge frame plus a unique latching 
system and door design (patent pend­
ing) . These enclosures are nickel­
plated with copper finger stock 
gasketing. 
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Contact Emcor to discuss your 
EMI/ RFI needs. Our engineering staff 
has the knowledge and experience to 
help solve your shielding problems. 
We can also design modified and cus­
tom products. 

Crenlo, Inc. 

1600 - 4th Ave. N.w. 
Rochester, MN 55901 
Phone 507-289-3371 
FAX #507-287-3405 

EMCO~ 
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Before he pushes the e~e, 
IBM tal~es you beyond it. 

From miles away and thousands of feet below, you know exacdy what he's feeling. 
Using an mM 3090 with supercomputer powet; you've pushed your design through 

relendess iterations of finite element modeling and fluid dynamics analysis. You've 
defined the edge. 

The mM 3090 with Vector Facility, for its part, has redefined supercomputer 
performance, combining up to six vector processors with one of the industry's fastest 
scalar processors and most efficient memory management systems, parallel processing 
capabilities, and full mM System 1370 compatibility. 

The result is balanced supercomputer performance that can improve your job 
turnaround by eliminating data bottlenecks, and save the added expense of a separate 



front-end processor. Plus, the mM Vector Facility's modular design lets you start with just 
the computer power you need today, and make economical in-field upgrades as your 
needs grow. And that gives the mM 3090VF a big edge over more expensive and less 
flexible vector processors. 

mM's integrated system approach combines the power of the mM 3090VF with the 
advantages of a single operating environment, low entry cost, low software and 
maintenance costs, a wide variety of application programs, and mM support to create a 
winner in total cost-of-computing. 

To find out more, or to arrange to have your mM Marketing Representative contact 
you, simply call1-800-mM-2468, ext. 20. ~~ == ==. - - -~-- - - --------

-~- , -

<0 IBM 1989 
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A simulation tool originally developed for the Space Shuttle 
program Is now aiding research on mechanical hearts. The 
computer simulation shown above Illustrates the geometry 
used In analyzing fluid flow through a model ofthe Penn 
State artificial heart. For more on this Mission Accomplished 
story, turn to page 117. 

DEPARTMENTS 
On The Cover: Using 
powerful supercomputers, 
NASA scientists have 
simulated the complex flow 
of blood In an artificial 
heart. The cover Image 
shows particle traces color­
coded by the height of the 
point at which they were 
released from the heart's 
Inflow valve. 

New 
Literature. .107 

New on the 
Market ..... 108 

Advertisers' 
Index ...... 118 

NASA Is designing high· 
tech sunglasses to Improve 
low-vision eyesight. See 
page 16. 
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• • • • • • • • • • • 
• • • • • • • • 

• • • Build Your • • • 
• • • • • • 

• • Future • 
• • • • 

• with • 
• Newport • 

• • 
• 

For ultimate laser spectral resolution, 
read between the lines 

with SuperCavityTM 
NEW! 

Up to 200 times the spectral 
resolution of ordinary 
cavities 

When you're analyzing laser 
mode structure, you've got to have the 
best possible spectral resolution. The 
SuperCavity consistently delivers 25 
to 200 times the resolution of ordinary 
Fabry-Perot cavities, revealing mode 
structure details previously hidden 
from other optical analyzers. 

Our exclusive super-polished, 
ultralow-scatter mirrors make it 
possible. With an RMS surface 
roughness of less than 2 angstroms, 
they reflect over 99.99 percent of the 
incident beam for the ultimate in high 

finesse and 
throughput. 

Five 
SuperCavity 
models cover 
the major 
visible and 
near-IR laser 
wavelengths. 
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Actual oscilloscope output of HeNe laser mode 
structure shows the powerful resolving 
capabilities of the SR-130 SuperCavity. 

Each is available with either a 6-GHz 
free spectral range for narrow­
bandpass filtering, or an 8,000-GHz 
range for general diagnostics. 
SuperCavities provide guaranteed 
finesse of more than 10,000 and 
efficiency greater than 10 percent. 
Center-wavelength finesse typically 
exceeds 40,000. 

New 1.3·micron cavity 
For infrared diagnostics, 

we've just introduced a 1.3-micron 
SuperCavity optimized for more than 
63 percent throughput and finesse 
greater than 5,000 at 1320 nm. 

It you need better spectral 
resolution for laser diagnostics, read 
between the lines with SuperCavity. 
To order, call our instrument 
specialists at (714) 965·5406. 

~ r\Jevvport 
Unshakeable Quality 

Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH 
Ph. 06151-26116 
U.K.: Newport Ltd. 
Ph. 05827-69995 



• MATRIX COMPUTATION 
• SIGNAL PROCESSING 
• LINPACK AND EISPACK ALGORITHMS 

• 2-D and 3-D GRAPHICS 

MATLAB is an interactive ystem for scientific and 
engineering numeric computation. Problems and 
solutions are expressed just as they are written 
mathematically -- without traditionaL 
programming. As a result, you can solve numerical 
problems in a fraction of the time required to write 
a program in Fortran, Basic, or C. 

MATLAB has rapidly become an industry tandard 
for engineering and scientific research. Its unique 
interactive interface, algorithmic foundation, easy 
extensibility, and peed make MATLAB the 
software system of choice for high productivity and 
high creativity research. 

Over 200 Built-in Functions 

• eigenvalues • I-D and 2-D FFfs 
• least squares • matrix arithmetic 
• inverse • complex arithmetic 
• pseudoinverse • multivariate statistics 
• cubic splines • polynomial arithmetic 
• quadrature • nonlinear optimization 
• convolution • diff~rential equations 
• interpolation • linear equation solving 
• curve fitting • windowing functions 
• singular value decomposition, and more 

2-D and 3-D Color Graphics 
With MATLAB, you can create high-resolution 
publication-quality 2-D, 3-D, linear, log, semilog, 
polar, and contour plots on your plotters, dot-matrix 
printers, and laser printers. 

3-D Mesh Surface Plols 

AT IS I ltademark of IBM. Macmtosh IS • trademari. of Apple Computer. Sun 1$ • rndemart or Sun 
MICfOS)'slCms_ Apollo IS' trademarlr. of Apollo Computers. VAX and VMS are trademark!! of OEC. 
Unil(~, b'Jdtmark of AT&T MATt.AB is a ltademarkof1be MnthWori.s,lnc. 

(omputer s 

I PC ond RT Compotibles 
1 80386 Computers 
I Mocintosh 
I Sun Workstotions 
I Rpolio Workstotions 
I URH!UMS ond UniH 
I I) tlwr I: ompu h~rs 

Open and Extensible 
MATLAB i a fully extensible environment. Create 
functions and programs rapidly -- without the time­
consuming compiling, linking, and complex syntax 
of traditional languages. Our open-system 
philosophy gives you access to algorithms and source 
code so you can edit functions or add your own. 

Optional Toolboxes extend MATLAB by providing 
application-specific capabilities, such as parametric 
modelling and control system design. 

Fast, Accurate, and Reliable 
MATLAB's import/export facilities provide access to 
your data. MATLAB can handle lots of data -- and 
do itfast, fully utilizing all available floating point 
hardware for maximum performance. You won't 
have to question the results either -- the algorithms 
have been programmed by leading experts in 
mathematical software. 

Benchmarks (20 MHz 386-based PC) 
20x20 matrix multiply 0.05s 
20x20 inverse 0.11 s 
20x20 eigenvalues 0.6s 
1024 point FFf 0.16s 

MA TLAB is the teaching and research system chosen 
by Computer Science, Engineering, and Mathematics 
department at most top universities. These creative 
researchers use MA TLAB to design algorithms that are 
at the cutting edge of technology. As a result, you are 
~ssured of an e~citing future of new developments, 
Implemented WIth the speed, power, and flexibility 
that have made MA TLAB a standard. 

r---------------
I Please provide additional information! 

I 
I 
I 
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arne _____________ _ 

Company ____________ _ 

Dept. 
Addr. 

I City ____________ _ 

I State, Zip __________ _ 
I Tel. _____________ _ 

I Computer ___________ _ 

The 
MATH 

21 Eliot Street 
South Natick, MA 01760 

(508) 653-1415 
Telex 910-240-5521 ~ 

-------------~~~ 
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New ProduCllde8s 
New Product Ideas are just a 
few of the many Innovations 
described In this Issue of NASA 
Tech Brie" and having promising 
commercial applications. Each Is 
discussed further on the 
referenced page In the appro-

prlate section In this Issue. If you 
are Interested In developing a 
product from the .. or other NASA 
Innovations, you can receive fur· 
ther technical Information by re­
questing 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 14). NASA's patent-llcenslng 
program to encourage commer· 
clal development Is described on 
page 14. 

Three·Dimensional Robotic 
Vision System three dimensional coordinates of a moving 

object in view. The stereoscopy and the ef­
fects of motion on the two images would 
complement each other in providing clues 
to the natures and locations of principal 
features. (See page 43). 

A digital image-processing system 
would act as an "intelligent" automatic 
machine-vision system by processing views 
from stereoscopic television cameras into 

The business-to-business forum 
for Technology Transfer, 
Licensing and Invention. 

September 7·8, 1989 
Anaheim Marriott Hotel 

Join in one of the specialized pavilion areas: 
Electronics, Energy, Aerospace, Communications, 
Materials, Pharmaceuticals, Medical Devices, 
Agriculture, Environment or Individual Inventors. 

For more information about exhibiting or attending, 
call 1-800-243-2815; (203-853-0400 in Connecticut 
or outside the U.S.! or send the coupon below. 
InvenTech Expo is sponsored by Inventors Workshop Intemational -l0 po! oj I, I, 
and the Technology Transfer Society. ..:I..J:.I _ . _ 

_______________________ EXPOSITIONS 

Send to: 
InvenTech Expo 
Edgell Expositions 
50 Washington Street, 1 Oth Floor 
Norwalk, CT 06854 

1!J!;l j I, I, 
EXPOsmONS 

o Yes, I'd like more information about exhibiting. 
o Yes, I'd like more information about the conference. 

Name 
Title 

Company 
Address 
City 
State/ZIp 

A DIVISion of Edgell CommUniCations, Inc. !.!:Te:!=:lep~h!!:!!.on'.!::.e L( _....L __________ NTB 
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Energy·Efficient, 
Continuous·Flow Ash 
Lockhopper 

Energy efficiency of a continuous-flow 
ash lockhopper has been increased by 
preventing hot gases from escaping out of 
a reactor vessel through the ash-hopper 
outlet and carrying away heat energy, Hot 
gases are contained via equalized pres­
sure, which, in addition to conserving heat, 
prevents useful reaction product gases or 
!JOlluting gases from escaping. (See page 
83), 

Robot Hand Grips 
Cylinders Securely 

A robot hand includes two pairs of 
parallel jaws that can grasp rods, pipes, 
tubes, struts, and other long, heavy cylin­
drical objects. The hand features a com­
pact rotary drive and a butterfly configura­
tion that simplify robot maneuvers. (See 
page 82). 

Advanced Fuel·Cell Modules 
A stack of alkaline fuel cells is based on 

modules, each of which consists of three 
fuel cells and a cooler. Each cell has an ac­
tive area of.1 ft2 (0.09 m2), The materials 
and configurations of the parts were 
chosen to extend life expectancy, reduce 
weight and manufacturing cost, and in­
crease reliability. (See page 28). 

Thermal Brushes for 
Memory·Metal Actuators 

Proposed thermoelectric elements with 
wire-brush contacts would remove or add 
heat to memory-metal actuators and there­
by enable them to respond faster than 
previously possible. A memory-metal actu­
ator is formed to a shape while hot, then to 
another shape while cold. (See page 84). 

Continuously·Variable 
Vernier Scale 

The continuously-variable vernier scale 
is designed to prOVide greater accuracy to 
scientists and technologists in reading nu­
merical values from graphical data, It is 
placed on the graph and used to interpo­
late the coordinate value of a point on a 
curve or a plotted point on a figure. (See 
page 98), 
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HOW YOU CAN BENEFIT I f you ' re a regular reader of TECH BRI EFS, then you 're already 
making use of one of the low· and no-cost services provided by 
NASA's Technology Utilization (TU) Network. But a TECH 
BRIEFS subscription represents only a fraction of the technical 
information and applicationslengineering services offered by 
the TU Network as a whole. In fact, when all of the components 
of NASA's Technology Utilization Network are conSidered, 
TECH BRIEFS represents the proverbial tip of the iceberg. 

FROM NASA's 
TECHNOlOOY 
UTILIZATION 
SERVICES 

We've outi ined below NASA's TU Network-named the 
participants, described their services, and listed the individuals 
you can contact for more information relating to your specific 
needs. We encourage you to make use of the information, 
access, and applications services offered by NASA's 
Technology Utilization Network . 

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

Y OU can contact NASA's network of Industrial Applicat ions Centers (lACs) for assistance in solving a specific technical problem or meeting your 
information needs. The " user friendly" lACs are staffed by technology transfer experts who provide computerized information retrieval from one of 

the world 's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, 
are accessible through the ten lACs located throughout the nation . The lACs also offer technical consultat ion services andlor linkage with other experts 
in the field . You can obtain more information about these services by calling orwriting the nearesllAC. User fees are charged for lAC information services. 

Aerospace Research Research Triangle Park, NC NASA/UK Technology NASA Industrial Applications 
Applications 27709 Applications Program Center (WESRAC) 
Center (ARAC) H. Lynn Reese, Director Un iversity of Kentucky University of Southern Californ ia 
Indianapolis Center for Advanced (919) 549-0671 109 Kinkead Hall Research Annex 
Research NASA Industrial Applications LeXington , KY 40506·0057 3716 South Hope Street, Room 
611 N. Capitol Avenue Ctr. 823 William Pitt Union William R. Strong, Director 200 
Indianapolis, IN 46204 University of Pittsburgh (606) 257·6322 Los Angeles, CA 90007·4344 
Dr. F. Timothy Janis, Director Pittsburgh, PA 15260 NERAC, Inc. Radford G. King, Exec. Director 
(317) 262·5036 Dr. Paul A. McWilliams, One Technology Drive (213) 743·8988 
Rural Enterprises, Inc. Exec. Director Tolland , CT 06084 (800) 642·2872 (CA only) 
Central Indust rial Applications (412) 648·7000 Dr. Daniel U. Wilde, President (800) 872·7477 (toll·free US) 
CenterlNASA (CIAC) NASA/Southern Technology (203) 872·7000 NASA/SU Industrial Applications 
P.O. Box 1335 Applications Center Technology Application Center Center 
Durant, OK 74702 Box 24 (TAC) Southern University Department 
Steve R. Hardy, President Progress Ctr., One Progress Blvd. University of New Mexico of Computer Science 
(405) 924·5094 Alachua, FL 32615 Albuquerque, NM 87131 P.O. Box 9737 
North Carolina Science and J. Ronald Thornton, Director Dr. Stanley A. Morain, Director Baton Rouge, LA 70813·9737 
Technology Research Center (904) 462·3913 (505) 277·3622 Dr. John Hubbell, Director 
(NC/STRC) (800) 354·4832 (FL only) (504) 771·6272 
Post Office Box 12235 (800) 225·0308 (toll·free US) 

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 Teem, Research Triangle Institute, P.O. Box 12194, Research Triangle 
Park, Ne 277'09. Doris Rouse, Director, (919) 541-6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has a Technology Utilization 
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
If you need further Information about new technologies presented in NASA TeGh Briefs, request the Technical Support Package (TSP) . lf a TSP is nol 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 il. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number 
at the end of the Tech Brief. 

Ames Research Ctr. 
Technology Utilization 
Officer: Laurance Milov 
Mail Code 223·3 
Moffett Field, CA 94035 
(415) 694·4044 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200·11 
Moffett Field, CA 94035 
(415) 694·5104 
Lewis Research Center 
Technology Utilization 
Officer: Daniel G. Soltis 
Mall Stop 7·3 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5567 
Patent Counsel: 
Gene E. Shook 
Mail Code 301 ·6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433·5753 

John C. Stennis 
Space Center 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code HA·OO, Bldg.l l03 
Stennis Space Center, 
MS 39529 
(601) 688-1929 
John F. Kennedy 
Space Center 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT·PMO·A 
Kennedy Space 
Center, FL 32899 
(407) 867·3017 
Patent Counsel: 
James O. Harrell 
Mail Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867·2544 

Langley Research Ctr. 
Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton, VA 23665 
(804) 864·2484 
Patent Counsel: 
George F. Helfrich 
Mail Code 279 
Hampton, VA 23665 
(804) 864·3523 
Goddard Space Flight 
Center 
Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702.1 
Greenbelt, MD 20771 
(301) 286·6242 
Patent Counsel: 
R. Dennis Marchant 
Mail Code 204 
Greenbelt, MD 20771 
(301) 286·7351 

A Shortcut To Software: COSMIc®-- For software developed with 
NASA funding, contact COSMIC, NASA's Computer Software Manage· 
ment and Information Center. New and updated programs are announc· 
ed in the Computer Programs section. COSMIC publishes an annual 
software catalog . For more information call or write: COSMIC~ 382 
East Broad Street, Athens, GA 30602 John A. Gibson, Dlr., (404) 
542·3265 
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Jet Propulsion Lab. 
NASA Resident Office 
Technology Utilization 
Officer: Gordon S . 
Chapman 
Mail Stop 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·4849 
Patent Counsel: 
Paul F. McCaul 
Mail Code 180·801 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2734 
Technology Utilization 
Mgr. for JPL : Dr. Nor· 
man L Chalfin 
Mail Stop 156·211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354·2240 

George C. Marshall 
Space Flight Center 
Technology Utilization 
Officer: Ismail Akbay 
Code ATOl 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544·2223 
FAX (205) 544·3151 
Patent Counsel: 
Bil/Sheehan 
Mail Code CCOl 
Marshall Space Flight 
Center, 
AL35812 
(205) 544·0021 

Lyndon B. Johnson 
Space Center 
Technology Utilization 
Officer: Dean C. Glenn 
Mail Code IC-4 
Houston, TX 77058 
(713) 483-3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483·4871 
NASA Headquarters 
Technology Utilization 
Officer: Leonard A. Ault 
Code CU 
Washington, DC 20546 
(202) 453·2636 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Washington, DC 20546 
(202) 453·2424 

If You Have a Question ... NASA Scientific & Technlcallnfor. 
matlon Facility can answer questions about NASA's Technology 
Utilization Network and its services and documents. The STI staff sup· 
plies documents and provides referrals . Call , write or use the feedback 
card in this issue to cor tact: NASA Scientific and Technical Inform a­
tlon Facility, Technology Utilization Office, P.O. Box 8757, Baltimore, 
MD 21240·0757. Walter M. Heiland, Manager, (301) 859·5300, Ext. 242, 
243 
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NASA Technology 
Plays Key Role 
In Vision Research 
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Space-Age Vision Aids 
Using space-based imaging 

techniques, NASA will de­
velop adevice designed to im­

prove the eyesight of some 2.5 million 
Americans who suffer from low vi­
sion, a condition that cannot be cor­
rected medically, surgically, or with 
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prescription eyeglasses. 
The project, a collaborative effort 

with the Johns Hopkins Wilmer Eye 
Institute in Baltimore, MD, is expect­
ed to take at least five years and cost 
a minimum of $5 million in its initial 
stages. Funding will be provided by 

(illustrations Courtesy NASA) 

Wilmer and NASA's Technology Utili­
zation Office. 

The Stennis Space Center's Earth 
Resources Laboratory will coordinate 
the project for NASA, with potential 
technical contributions from the Jet 
Propulsion Laboratory (JPL), Ames 
Research Center, and the Johnson 
Space Center. All three feature strong 
vision research programs. 

The invention, dubbed the Low 
Vision Enhancement System, will em­
ploy digital image proceSSing techno­
logy-originally developed at JPL to 
enhance photographs of the moon 
and Mars captured by distant space­
craft. Experimentors will apply such 
processing techniques as magnifica­
tion , spatial distortion, and contrast 
adjustment to compensate for blind 
spots in the patient's visual field. 

As now conceived, the device will 
resemble mirrored wraparound sun­
glasses. Low-vision patients will view 
the outside world on color flat-panel 
television screens located in the lens 
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System 120. Thefirst iTllegrated real-time system 
based on the AT-bus with iRMX· software. 

With the addition of the System 120, 
Intel now offers the widest range of 
dedicated real-time products. 

The System 120 brings the power of 
iRMX and the 386™ microprocessor to a 
cost -effective AT-bus system. 

Because of iRMX, the System 120 gives 
you the same optimized real-time response 
and unique programming features already 
used in over half a million CPUs. 

What's more, System 120 applications 
can migrate to the world's most popular 
single board computer family, Multibus® I. 

Without recompiling. 
Or move distributed real-time 

applications to Multibus II for a quantum 
improvement in performance and 
functionality. So, one development effort 
lets you span two orders of magnitude 
in performance. 

To learn more about the System 120, 
call Intel at 800-548-4725, Dept. AA02. 

It's that simple. 
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PRODUCT UPDATE-NICOLET'S SYSTEM 500 

New Power in Waveform 
Acquisition and Analysis 
Unique software helps 
make the System 500 
"turn-key" ready 

At fIrst glance, Nicolet Instrument's 
unveiling of its new System 500 seems 
newsworthy because of the 500's 
industry-leading hardware. Indeed, in 
the world of waveform aquisition and 
analysis , where more is better, the 
System 500 is in a class by itself. The 
500 has more channels, more memory, 
more speed and more resolution. 

Each digitizer board, with its own 
independent trigger circuitry, time 
base and up to 1 mega sample record 
length, is worthy of a full review. This 
multi-channel system can be 
configured to have as many inputs you 
need - up to several hundred. The 
digitizer boards are designed to be the 
equivalent of having a 12 bit digital 
scope on a card. 

Turn-key system 
But after you get your hands on the 

System 500, the the most important 
news becomes apparent. Someone has 
finally developed a very powerful , 
competitively priced system for 
waveform aquisition and analysis that 
truly is a "turn-key" system. 

You literally can take this system 
out of the box, plug in the power cord, 
connect the GPIB cable between the 
aquisition unit and the controller, and 
turn it on. The System 500 is now 
ready to take data. This turn-key 
readiness promises to save time by 
considerably reducing the learning 
curve needed to perform complex 
waveform aquisition and analysis. 

Intuitive windows software 
The primary reason for System 

500's easy operation is Nicolet's 
unique software which operates under 
Microsoft Windowsl386®. The powerful 
Nicolet software can easily be 
controlled through pulldown menus 
that can be accessed by mouse or 
keyboard. 

Measuring waveforms becomes as 
simple as pointing to the data point of 
interest on a waveform and clicking 
the mouse - the voltage and time 
values for the selected point is 

immediately displayed on the screen. 
By using the Delta Numerics function 
relative measurements like peak to 
peak or rise time can easily be made. 

Also , Nicolet's unique software , 
combined with the System 500's 
built-in processor and co-processor, 
make incredibly fast waveform 
processing and analysis possible. 

Local processing 
While other data aquisition systems 

need to transfer data to another 
computer for analysis, Nicolet has 
built calculation capabilities into the 
new System 500. Complex calculations 
can be performed on acquired data as 
it resides in the digitizer's memory. 

There is no need to transfer data to 
a computer for analysis, no need for 
complex programming to handle 
normalizing sets and long record 
lengths. Functions are performed on 
the powerful 32 bit processors with a 
few clicks of the mouse. This local 
processing of data greatly decreases 
the time it takes to generate answers. 

The bottom line is that the System 
500 is a unique turn-key waveform 
acquisition system. For full details 
youl1 need to read the product 
brochure. 

Call Nicolet Test Instruments 
(800) 356·3090 

The new Nicolet System 500 offers 
multi-channel flexibility with up to 10 
MegaSamples/Second digitizing rates. 
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portion of the glasses. Lenses and 
glass fibers will be embedded on each 
side of the wraparound section, where 
the front and ear pieces join. The 
lenses will transport images along the 
fibers to a miniature solid-state cam­
era carried in a belt or shoulder pack. 
Images will be processed by a battery­
powered computer in the pack and 
then transported via fiber back to the 
display screens for viewing. 

Thevision system may incorporate 
a programmable remap per developed 
at the Johnson Center to perform real­
time spatial remapping between input 
and output video. The Remapper 
would " wrap" images around the 
patient's blind spot, warping the im­
age so that it is pulled, like a rubber 
sheet, away from the blind area and 
magnified. 

NASA expects a lightweight proto-
type to be ready in about five years, 
with clinical testing to follow soon 
after. The first head-mounted model 
may be similarto an imaging system 
invented by Ames scientists for 
human factors research (NTB 
Vol. 12, Num. 7). This "Virtual Work­
station" combines three-dimensional 
graphics, wide field-of-view optics, 
and advanced eye-tracking tech­
niques to create astereoscopic exper­
ience that gives the user a sense of 
being inside the display. 

A Dynamic Vision Aid 
The Low Vision Enhancement Sys­

tem should benefit patients with 
central vision loss, the part of vision 
normally used for reading. These 
patients may have maculardegenera­
tion associated with aging, ordiabetic 
retinopathy, in which diabetes causes 
swelling and leakage of fluid in the 
center of the retina. It also could help 
patients with impaired side vision due 
to eye diseases such as retinitis 
pigmentosa. 

"This system won't restore lost vi­
sion," said Dr. Robert Massof, Direc­
tor of Wilmer's Vision Research and 
Rehabilitation Center. "Rather, it will 
help patients make the best use of 
their remaining vision." 

Ongoing Wilmer research support­
ed by the National Eye Institute will 
provide information on how images 
must be changed and enhanced for 
the low-vision sufferer. "The effect of 
visual impairment on reading, face 
and object recognition, orientation, 
and mobility are important research 
areas that will guide us in developing 
the Low Vision Enhancement Sys­
tem," said Dr. Gary Rubin, an assis­
tant professor of ophthalmology at 
Wilmer. 

The First Step 
NASA first will assemble a basic 

research system for Wilmer that will 
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Sometimes overnight is 
absolutely, positively too late. 

We're not knocking the other guys, but some­
times you need to get it there right away The very 
same day Today, not tomorrow. 

With TWf:\s Next Flight Out· delivery service, 
you're in business. 

Even as you read this, TWA planes are about to 
take off. We can make sure your small package is on 
the next flight out to anyone of over 100 U.S. cities. 
And we'll deliver it door-to-door or airport-to-airport. 
Same day Seven days a week. 

We'll give you our money-back guarantee and 
Frequent Flight Bonus mi les, too (exciting details 
when you call). 
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We also deliver next day to Europe and second 
day to the Middle East. 

So for anything up to 70 pounds domestic and 
50 pounds international, just call the 800 
number. It's that easy It's not 
that expensive. And 
most of all, it's fast 
-very, very fast. 

1-800-638-7380 
For information or 
immediate pick-up, 
ask for Agent 194. 



JPL's High-Tech 
Reading Machine 

The first computerized reading 
aid for low-vision sufferers is near­
ing completion at NASA's Jet 
Propulsion Laboratory (JPL), 
Pasadena, California. Expected on 
the market by 1991 , the system 
changes the spatial contrast of 
printed material to compensate for 
maculopathies, or central vision 
losses. Maculopathy patients, 
mostly elderly, can no longer see 
fine detail or read due to the break­
down of key cells in the retina. 

" Until now," said Dr. Teri 
Lawton, the system 's inventor, 
" there's been virtually nothing to 
help people with central vision 
problems." Because maculopathy 
is a degeneration of nerve cells 
rather than a problem of the lens 
or other parts of the eye, it does not 
respond to conventional treatment 
or corrective lenses. Powerful mag­
nifiers, which spread a few fuzzy 
letters over the entire visual field , 
provide minimal relief. 

Like the Low Vision Enhance­
ment System, Lawton 's invention 
is based on digital image process­
ing technology. She uses acompu­
ter workstation to test the patient's 
visual acuity and then , with 
customized image processing 
software , to enlarge and filter 
printed words on a closed-circuit 
television screen so they have the 
right amount of brightness for the 
patient to read clearly. 

In recent experiments using the 
screening method, patient reading 
speeds increased from two to four 
times-with up to 70 percent less 
magnification needed for word 
recognition-compared to reading 
unfiltered text. 

"The next step," Lawton said, 
"is to incorporate this technology 
in a desktop system, something 
like a microfilm or microfiche 
reader. I'd like to get some of these 

include a general-purpose computer 
for real-time image processing. The 
computer will be connected to im­
age processing workstations with 
multiple input and output devices, 
enabling Wilmer researchers to si­
multaneously perform a variety of 
experiments. 

"The idea is to first get a working 
image processing system going and 
then to add on new and better pieces 
of technology as they evolve," ex­
plained Dr. Douglas Rickman, who is 
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out to low-vision clinics forevalua­
tion." Books and magazines would 
be inserted and moved past the TV 
camera's lens for reading. 

JPL is collaborating with Visual­
tek, Inc., a leading manufacturerof 
reading aids based on closed­
circuit TV technology, to produce 
an inexpensive commercial model 
that should be available within two 
years. 

" Our ultimate goal," Lawton 
said, " is to develop a portable 
reading machine in the form of 
eyeglasses. We ' ll need liquid 

heading the low vision project at 
Stennis. "We'll use feedback from the 
experimentors to make hardware 
modifications and to design the fin­
ished software." 

The software environment will be 
highly flexible, according to Rickman. 
" In the past," he said, " vision scien­
tists had to build specialized hard­
ware tools to perform experiments. 
We want to give them a general ized 
software tool that will allow them to 
create, edit, and manipulate images in 

Dr. Lawton's filtered Images appear 
slightly blurred to the ordinary ob· 
server, but are more easily readable 
by the person for whom the enhance· 
ment formula was made. 

crystal displays with higher con­
trast than what's available today, 
so we're probably looking five or 
ten years down the road." 0 

Dr. Teri Lawton is a psychologist and 
mathematician researching fundamen­
tal vision functions in JPL 's Robotics, 
Teleoperators, and Human Factors 
Research Group. Formore on her work, 
turn to the tech brief on page 36. 

many different ways. " 

Building Better Robots 
NASA scientists hope this research 

will one day help them to build robots 
with improved " eyesight" for tele­
operations in space. " During the 
course of this project we may gain a 
better understanding of how the 
human brain handles visual data," ex­
plained Rickman, "which could prove 
useful in deSigning improved ma-

(Continued on page 112) 
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lbey d()n~ Put it ro the teu in spare 
until we help Put it ro the test ()n ~arth. 

When your product's in space orbit 300 miles above the 
Earth, structural integrity takes on a whole new meaning . 

Which is precisely the reason so many contractors 
back on Earth use Bruel & Kjaer test, measurement and 
stress analysis equipment. 

They know Bruel & Kjaer high-performance test 
equipment offers unparalleled accuracy, rel iability and 
consistency. They also know Bruel & Kjaer instruments and 
systems are engineered and built to the most exacting 

standards in the world . With a 45-year reputation of 
excellence behind them. 

From vibration testing to modal analysis, from 
sound and noise measurement to environmental 
monioring. On land, sea, air or, for that matter, in space, 
no one helps you get from 'mission possible' to 'mission 
accomplished' like Bruel & Kjaer. 

For our most recent catalog, or to discuss a 
specific application, call us. 

BrUel & Kjcer .. 
Bruel & Kjaer Instruments, Inc. 

185 Forest Street, Marlborough, Massachusetts 01752 · 508-481 -7000 · FAX: 508-485-0519 
MA - 508-481-7737 NJ - 201 ·227-6100. MD - 301 -948-0494. GA- 404-422-52OO. MI - 313-522-8600, IL-312-358-7582. TX- 214 -751 -17oo; 

CA - 714-978-8066. CA- 415-574-8100, WA- 206-324 -590S, OH- SI3-831 -8878. AZ- 602-431 -1606, CO- 303-469-7914 NM- 50S-242-0316 
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Ultra-Stable Superconducting-Maser Oscillator 
~~ Frequency fluctuations would be reduced to as little as 2 x 10 -19. 

NASA's Jet Propulsion Laboratory, Pasadena, California California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 Unprecedented stability of frequency in 

a superconducting, triple-cavity ruby maser 
oscillator would be achieved by the incor­
poration of a proposed amplitude-control 
subsystem. At present, fluctuations in fre­
quencyof 10 -16 represent the state of the 
art. The new design should enhance ultra­
stable measurements of time by reducing 
the fluctuations to 2 x 10 -19 routinely, and 
to as little as 10 - 20 in exceptional cases. 

Fluctuations in the amplitude of the os­
cillator signal caose fluctuations in the p0-
larization magnetic field in the ruby, which 
is the active element of the oscillator. 
Because the magnetic field affects the fre­
quency of oscillation, the amplitude fluc­
tuations result in frequency fluctuations; in 
fact, the change in frequency is a known 
function of the change in amplitude. Here­
tofore, amplitude (and, therefore, frequen­
cy) fluctuations have been controlled by 
placing a power detector and an electroni­
cally variable attenuator at room tempera­
ture in the pump-signal transmission line. 
However, this configuration is insensitive to 
changes in amplitude that occur in the 
transmission line beyond the power detec­
tor or in the ruby itself. 

In the new system (see figure) currents 
are induced in a superconducting pickup 
coil by changes in the magnetic field in the 
ruby. The currents from the coil are fed to a 
superconducting quantum-interference 
device (SQUID) magnetometer, the output 
of which is used to generate the control 
signal for the electronically variable attenu­
atm. Thus, the attenuator varies the pump­
signal amplitude in response to the magne­
tic-field fluctuations in the ruby. A very high 
feedback-loop gain is used for sensitivity of 
control and adequate compensation of 
fluctuations. 

This work was done by Donald M. 
Strayer and G. John Dick of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Orcle 149 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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dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 

Refer to NPO-17090, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

SQUID 
Magnetometer 

Can 

Pump 
Signal 

(2.7 GHz) 

Helium 
Exhaust 

t 

I-------------~~--~~I 

-- Liquid ~ - _ _ _ 
- Hellum~-

ROOM TEMPERATURE 

LOW TEMPERATURE 

Superconductlng 
Pickup Coli 

Supporting 
Spring 

In the Ultra-Stable Superconductlng-Maser Oscillator, the amplitude (and, therefore, the fre­
quency) of oscillations Is controlled in response to the condition of the active ruby element 
at low temperature. In the previous design, the amplitude was stabilized at a point in the 
transmission line, at room temperature. 
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H you need to measure the bumps, the shakes, the beats, the 
pressure, or the heat, TEAC makes a data recorder in the right size 
and format to meet your needs. In fact, we make so many different 
kinds of data recorders you almost need a data recorder to keep 
track of them all. 

We made the first, and we offer the most extensive line of VHS 
data recorders. fur ease of operation, economy, and convenience of 
media, the VHS format is the best 

We make the world's smallest g-channel portable Philips 
cassette data recorder. 

And we make a comprehensive line of reel-t:o-reel data recorders 
with extended recording times and up to 28 channels available. 

We offer the widest selection of cassette data recorders from 
1- to 9-channel models, from pocket-sized to sturdy laboratory and 
field systems. 

Our new portable data recorders incorporating DAT technol­
ogy are the leading edge in instrumentation recorders. 

H you can't find the data recorder in the format you need from 
TEAC, then it doesn't exist 

And if it doesn't exist it's because TEAC hasn't built it yet 

TEAC® 
Instrumentation Data Recorder Division. 

© 1989 TEAC AMERICA, INc.. 7733 TELEGRAPH ROAD, MONTEBEllO, CA 90640 (213) T2WlXl 
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High-Performance Power-Semiconductor Packages 
A diode and a transistor satisfy stringent design criteria. 

Lewis Research Center, Cleveland, Ohio 
A f:I:IJ.V, fi}A transistor and a 1,200-V, 

fi}Adiode in rugged, compact, lightweight 
packages are intended for use in inverter­
type power supplies that have switching 
frequencies up to 20 kHz. The packages 
provide low-inductance connections, low 
loss, electrical isolation, and a long-life her­
metic seal. The design of the packages 
solves the historical problem of separation 
of the electrical interface from the thermal 
interface of a high-power semiconductor 
device. 

The low inductance is achieved by mak­
ing all electrical connections to each 
package on the same plane (see figure). 
This also reduces high-frequency losses by 
reducing coupling into the inherent shorted 
turns in the packaging material around the 
conductor axes. Stranded intemal power 
conductors aid conduction at high fre­
quencies, where the skin effect predomi­
nates. Other conductors are large and 
made of oxygen·free, high-conductivity 
copper for low electrical resistance. All 
conductors are made as short and thick as 
possible to minimize inductance. The in­
sulators have high dielectric strength and a 
low dissipation factor. 

The semiconductor device is e!ectrical­
Iy isolated from the package by a beryllia 
pad. The prime consideration in the design 
is the transfer of heat generated by the 
device to the heat sink, and beryllia was 
chosen because it provides the requisite 
electrical insulation yet is sufficiently ther­
mally conductive. This feature also re­
duces the capaCitance between the de­
vice and the heat sink, thereby reducing 
both the radiation of electromagnetic inter­
ference and common-mode currents in 
the heat sink. 

Both semiconductor devices have glass­
passivated junctions. All electrically active 
components are isolated from the main 
body of each package by insulation de­
signed to withstand a potential of 2,500 V 
between the bottom plate of the package 
and the collector of the transistor or the 
anode of the diode. The hermetic seal of 
the package retains an atmosphere of ni­
trogen. All of the interior surfaces are coat­
ed with an extra insulating layer of par­
ylene. If the hermetic seal is broken, this 
coat enables the device to passthrough the 
Paschen minimum-breakdown voltage 
Without failure and protects the electrical 
parts from the environment. 

Each package fits within a rectangular 
parallelepiped of 1.445 by 2.250 by 1.640 in. 
(36.7 by 57.2 by 41.7 mm). The complete di­
ode and transistor packages weigh 84.5 
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All Electrical Connections are made on a plane at the upper end of the package. this re­
duces inductance and the losses due to the shorted·turn effect of the package materials. 

and 86.0 g, respectively. 
This work was done by David Renz and 

Irving Hansen of lewis Research Center 
and Albert Berman of Microsemi Corp. 
Further Information may be found in NASA 
CR-180829 [N87-28825], "Space Station 
Power Semiconductor Package Develop-
ment." 

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) 336-4700. 
LEW-14818 
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Odetics' Kode division is the 
technological leader for 
products that measure, record 
and generate time. 

o GPS-Synchronized Tune and 
Frequency Systems 

o TIme Code Generators 
o Tune Code Translators 
o Tune Code Generators/ 

Translators 
o Synchronous Tune Code 

Generators 
o Countdown Systems 
o Remote Tune Displays 
o Video Tune Inserters 
o Automatic Tape Search 

Systems 
o Master Tuning Systems 

and 
o Tune Interval Analyzers 

Odetics 
Kode Division 
1515 South Manchester Avenue 
Anaheim, California 92802-2907 
(l) 714-758-0400 
FAX 714-535-8532 
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Asymmetrical SRAM Cells for Radiation Tests 
Features of circuits are altered to increase or decrease sensitivity to radiation. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The features of static random-access 
memory (SRAM) integrated circuits can be 
altered to increase or decrease the sus­
ceptibility of memory cells to single-event 
upsets - changes in logic states induced 
by impacts of energetic charged particles. 
The ability to do this is important for the de­
sign of radiation-detecting integrated cir­
cuits (deliberately made more sensitive to 
ionizing radiation) and " radiation-hard­
ened" integrated circuits - those intend­
ed to be relatively invulnerable to intense 
radiation. 

As the drain of a transistor is enlarged, it 
can intercept more radiation, thus becom­
ing more susceptible to single-€V9nt upsets. 

However, the capacitance of the affected 
circuit node also increases, thus decreasing 
the change in drain voltage caused by the 
deposition of a given amount of charge 
from an impact, and this effect decreases 
the susceptibility to single-event upsets. 
Because these two competing effects oc­
cur to different degrees in different transis­
tors of a memory cell, they can be traded 
off against each other. Selected areas of 
different transistors can be enlarged bydif­
ferent proportions that result in a specific 
overall increase or decrease in the sus­
ceptibility to single-event upsets. 

For example, in the SRAM cell of Figure 
1, the rate of upsets can be increasAd by 

the use of asymmetrically enlarged drain 
regions in pullup transistor 02 and pull­
down transistor 05' For a given level and 
type of radiation, this design is estimated to 
increase the rate by a factor of about 3 
over that of a symmetrical design. 

The rates of upsets can be estimated by 
a state-space-analysis technique based on 
the use of a mathematical model of the 
memory cell with drains of various sizes. 
The technique is illustrated in Figure 2, 
where the horizontal and vertical axes rep­
resent the voltages on nodes b and a of 
Figure 1, respectively. If the voltage on 
node a is initially made higher than the 
critical voltage by a pulse of ionizing radia-

word----I -------1 
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Figure 1. This Six-Transistor SRAM Cell was made In versions with different sizes of the areas sensitive to single-event upsets (cross hatched 
areas). 
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tion, the cell will change state. For exam­
ple, if node a is initially held at a low voltage 
and is suddenly raised past the critical volt­
age by the impact of an energetic ion, then 
the logic state of the cell will change from 
"zero" to "one".' 

4.6V} 
4.2V vao 

In general, the critical deposited charge 
that causes a given kind of upset depends 
on these voltage-state-space relationships 
and the capacitances of the nodes. The 
sizes and asymmetry of the drains can be 
chosen not only to make the cell less sen­
sitive (higher critical charge) but also to 
make one-to-zero upsets more likely than 
zero-to-one upsets (or vice versa). 

This work was done by Martin G. 
Buehler of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Circle 95 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
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California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16890, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Figure 2. State-Space Analysis Is used to analyze the single-event-upset behavior of a mem­
ory cell like that shown In Figure 1. When the voltage on node a Is set at one of the Indicated 
Initial values Vao and then released, the voltages on nodes a and b then follow the Indicated 
trajectory to a final logic "one" or logic "zero" state. 

Sometimes it's just not convenient to bring 
the job to the test bench. 

Cabtron has an enclosure for everyone who's ever had to wait 
days for the space to run an hour's worth of tests. It 's 
the MTC Mobile Test Cart-a beavy duty enclosure 
designed specifically for portable use. 

With the MTC, you can bring a complete test bench to 
the job. It 's ideal for manufacturing, flight lines, test 
engineering, quality assurance, or any job where 
stationary equipment is normally used. The MTC also 
allows one set of test equipment to be used in several 
areas, reducing overhead while increasing efficiency. 

Best of all, its advanced design and rugged construction allow it to 
be used even with sensitive test equipment. A heavy duty, prime 
14 gauge steel frame protects against bumps and jars. And the entire 

circuit is protected by 15 amp fuse to help guard against damaging 
voltage spikes. 

You can even customize the MTC to fit your specific requirements with 
a large selection of accessories and a choice of single or dual 

bay models in 10 standard colors. 

Put an end to test space delays by bringing the test bench 
to the job with the MTC. For more information, contact 
your Cabtron representative or call 1-312-498-6090. 

Cabtron Systems, Inc. 
200 Anets Drive 
Northbrook, IL 60062 
1-312-498-6090 
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Advanced Fuel-Cell Modules 
~J Modules are designed for long life, light weight, reliability, and low cost. 

Lyndon B. Johnson Space Center, Houston, Texas 

A stack of alkaline fuel cells is based on 
modules, each of which consists of three 
fuel cells and a cooler (see figure). Each 
cell has an active area of 1 ft2 (0.09 m2). 
The materials and configurations of the 
parts were chosen to extend life expectan­
cy, reduce weight and manufacturing cost, 
and increase reliability. 

Each cell includes the following com­
ponents: 
• a ribbed carbon fine-pore anode electro­

lyte-reservoir plate, 
• a platinum-on-carbon catalyst anode, 
• a potassium titanate matrix bonded with 

butyl rubber, 
• gold-plated nickel-foil electrode sub­

strates, and 
• a silver-plated, gold-flashed molded poIy­

phenyfene sulfide cell holder. 
The materials were chosen for resist­

ance to corrosion. Structural components 
are generally molded to reduce costs. A 
simple cell-edge seal further reduces 
costs. The use of carbon for the electro­
lyte-reservoir plate and a thin nickel-foil 
electrode substrate help to keep weight 
low. 

Electrical current passes through the 
silver plating of the molded cell holder to 
the adjacent cell. With a current of 140 A 
the voltage across the internal cell resist­
ance is only 1.5 mY. 

Manifolds in the molded cell plate and 
the ribbed carbon electrolyte-reservoir 
plate allow the circulation of oxygen and 
hydrogen. Manifolds in the cooler plate 
provide for the circulaton of coolant. 

Anode Electrolyte-Reservoir Plate 

Hydrogen 

Oxygen 

Hydrogen 

Oxygen 

Hydrogen 

Cell H()lder 

Oxygen 

Cooler 

Nickel 
Foils 

Anode Matrix Cathode 

A Stack of Cells on a Cooler constitutes a fuel-cell module. Oxygen flows through the upper 
part of a cell, and hydrogen flows through the lower part. 

Metering ports in the plates ensure the 
uniform distribution of the hydrogen, oxy­
gen, and coolant. Seals molded in the 
plates prevent leakage. A thin nickel foil 5 
mils (0.13 mm) thick separates the oxygen 
and hydrogen cavities. 

This work was done by William F. Bel/III, 

Ronald E. Martin, ~/bin J. Struning, and 
Robert Whitehill of International Fuel Cel/s 
for Johnson Space Center. For further in­
formation, Circle 121 on the TSP Request 
Card. 
MSC-21338 

Monolithic III-V/Silicon Spatial Light Modulator 
A silicon-based version provides for a choice of auxiliary on-chip circuitry. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Current techniques for the growth of de­

vice-quality GaAs on silicon substrates 
should enable the fabrication of a pr~ 
silicon-based version of a photodiode­
ca..pled spatial light modulator. High.<Jensity, 
two-dimensional arrays of picture-element 
modulators (e.g., a 1,000- by 1,~lement 
array on a 2-cm-square chip) could be used 
for real-time processing of images or par­
allel proceSSing of arrays of data at very 
high throughput rates. The use of silicon 
would make available a wider range of aux­
iliary on-chip signal-processing circuitry for 
the coding and decoding of data, the addi­
tion or subtraction of brightness levels, 
spatial reformatting, and rescaling. 

28 

The proposed modulator would be a lay­
ered structure grown on a silicon substrate 
(see figure). First, a P'lopedJintrinsic/n­
doped (PIN) photodiode would be formed 
on the silicon substrate. Then a GaAs buf­
fer layer would be grown over the silicon to 
form a suitable base for the growth of the 
InAslGaAs multiple-quantum-well (MOW) 
PIN diode structure. 

The relative positions of the two diodes 
would be reversed from those in the origi­
nal version of the GaAs-based modulator 
(NPO-16298). The principle of operation is 
the same, however. The photo-carriers 
produced by the absorption of the modula­
ting signal (photons of energy greater than 

the 1.1-eV band gap of Si) in the PIN diode 
would change the voltage on the MOW di­
ode, and thus the field acting on the 
MOW's, controlling its transmission of the 
signal to be modulated (photons of energy 
near the MOW exciton level and less than 
the Si band gap). As in the original modula­
tor, the use of InAslGaAs allows the modu­
lated light signal to pass freely through the 
substrate and offers the flexibility of tailor" 
ing the quantum level of the MOW struc­
ture to adjust the wavelength of the modu­
lated beam to values often used with fiber 
optics; e.g., 1.3 or 1.5,..m. 

The confinement of misfit dislocations 
generated by the 4-percent mismatch be-
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tween the ~ and Si lattices and the criti­
cal problem of control of the initial nuclea­
tion of ~ on Si is being solved in several 
laboratories world-wide by using modulat­
ed-beam epitaxy and related vapor-phase 
deposition techniques. 

This 'NOrk was done by Joseph Maserjian 
and Sverre T. Eng of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 98 on the TSP Request 
Card. 

In accordance with Public Law 9(}517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad­
dressed to 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16916, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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A Monolithic Photodlode-Coupled Light-Modulator Array could be constructed on a silicon 
substrate by growing InAs/GaAs multiple-quantum-wells over a silicon PIN diode layer. An 
Intermediate GaAs buffer layer would confine lattice-misfit dislocations to the vicinity of the 
silicon. 

Stabilizing Semiconductor Devices With Hydrogen 
~~ Damage by radiation would be healed rapidly. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
nation centers in the active region, which 
decrease the energy-conversion efficien­
cy. 

Palladium would be incorporated into 
semiconductor devices to store hydrogen 
near the active regions, according to a pro­
posal. This feature would provide the con­
tinuous, rapid recovery of the devices from 
degradation caused by hot electrons, pho­
tons, and ionizing radiation. 

In a metal-oxide/semiconductor device, 
Ionizing radiation degrades performance 
by causing charges to be trapped in the ox-

Polycrystall ine 
Silicon Gate 

Contact ':t5t:~~~~ 

ide and by generating undesired interface 
states at the SilSi02 interface. In a very­
large-scale integrated circuit with channel 
lengths of about 1 J.IIl1 or less, the injection 
of hot carriers from the channels into the 
oxide also generates interface states, 
which can degrade the characteristics of 
transistors to the point of failure. In amor­
phous-silicon solar cells, ionizing radiation 
gives rise to electronic traps and recombi-

Cand idate Site for 
Pd Catalyst 

n-CHANNEL MOS TRANSISTOR 

In these devices, the damage involves 
the breaking of existing bonds between hy­
drogen and silicon atoms or the creation of 
new unsaturated bonds between silicon 
atoms. The deleterious effects can be re­
versed quickly by providing atomic hydro­
gen to passivate the unsaturated silicon 
bonds. The hydrogen can be stored in 
palladium, which also catalyzes the dis­
sociation of hydrogen from the diatomic 

Contact 

AMORPHOUS·SILICON 
SOLAR CELL 

Hydrogen Could Be Stored in palladium catalysts at one of the candidate sites shown In heavy colored lines. 
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molecular to the monatomic form. 
The figure shows several candidate 

sites for palladium film catalysts, which 
would be inserted during manufacture as 
Integral parts of the devices. The palladium 
films could be made by evaporation, sput­
tering, or chemical-vapor deposition. If ad­
ditional storage were required, a thick layer 
of palladium could be plated on the inside 
of the package that surrounds the device. 
The hydrogen would be stored by exposing 
the palladium to hydrogen gas just before 
the package is sealed hermetically. 

tory. For further information, Orcle 25 on 
the TSP Request Gard. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
Galifomia Institute of Technology 
1201 East Galifornia Boulevard 
Pasadena, CA 91125. 

This work was done by Albert W. Refer to NPO-17187, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Overhauser and Joseph Maserjian of Gal­
tech for NASA's Jet Propulsion Labors-
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when aRe· 
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Advanced Small 
Rechargeable Batteries 
Lithium-based units may offer 
the highest performance. 

A paper reviews the status of advanced, 
small rechargeable batteries. It covers 
aqueous systems including lead/lead diox­
ide (better known as "lead/acid"), cadmi­
um/nickel oxide, hydrogen/nickel oxide, 
and zinc/nickel oxide, as well as nonaque­
ous systems. All based on lithium anodes, 
the nonaqueous systems include solid· 
cathode cells (lithium/molybdenum diSUl­
fide, lithiumltitanium disulfide, and lithi· 
umlvanadium oxide); liquid-cathode cells 
(lithium/sulfur dioxide cells); and a new cat­
egory, lithium/polymer cells. 

The use of rechargeable batteries con­
tinues to expand as their specific energies 
and volumetric energy densities increase. 
In consumer applications particularly, 
greater volumetric energy densities trans­
late into smailer sizes of equipment. 

The latest interest focuses on the nona· 
queous lithium systems. They offer sub­
stantially higher specific energies (100 to 
125 watt·hourslkilogram) and volumetric 
energy densities (150 watt-hours/liter) than 
aqueous systems. Uthium systems are still 
largely experimental. Only one, the lithi· 
um/molybdenum disulfide (" Molicel") type, 
is being manufactured in a commercial pilot 
plant and is available only as samples for 
evaluation. The most promiSing develop­
ment in lithium nonaqueous systems is the 
use of polymer electrolytes instead of liquid 
electrolytes. The solid polymer eliminates 
leakage and makes it possible to produce 
batteries on a continuous assembly line 
with a minimum of handling. 

Many advanced types of aqueous bat­
teries are readily available. The best known 
of these are the small sealed leadllead ox· 
ide and nickel/cadmium. Less well known 
are the nickellhydrogen versions, most of 
which are too large and expensive for use 
by consumers. 

The paper reviews the criteria for the 
selection of a battery and describes pack­
ages for small batteries. It reports on aque­
ous technology, noting several important 
innovations, inciuding notably the bipolar 
versions of the sealed lead/lead oxide bat· 
tery. These versions are designed for high 
pulsed power and deep discharge. 

This work was done by Gerald Halpert of 
Caltech for NASA's Jet Propulsion Lab­
oratory. To obtain a copy of the paper, "Ad· 
vanced Small Rechargeable Batteries," Cir­
c/e 139 on the TSP Request Card. 
NPO·17396 
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Counterrotator and Correlator for GPS Receivers 
~J All-digital design provides high accuracy and reduces cost. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

M accurate, all-digital , high-speed proc­
essor comprising a correlator and down­
converter has been developed for receiv­
ers in the Global Positioning System (GPS). 
This processor reduces roundoff and com­
mensurability errors to extremely small 
values. The use of digital chip and phase 
advancers provides outstanding control 
and accuracy in phase and feedback. 
Great flexibility is imparted by the provision 
for arbitrary starting time and integration 
length. A minimum-bit design requires a 
minimum number of logical elements, 
thereby reducing the size, power, and cost. 

The digital baseband processor in a 
GPS receiver (see Figure 1) consists of two 
major components: the tracking processor 
and the high-speed digital processor (see 
Figure 2). Control information sent by the 
tracking processor consists of the starting 
time, the sum interval length, the initial 
phase and phase rate, and the initial delay 
and delay rate. Based on this input, the 
high-speed digital processor accepts input 
data sampled at 1.5 to 2 MHz for the CIA 
channel and 15 to 20 MHz for the P chan­
nel and counterrotates the carrier, cross­
correlates with the pseudorandom code, 
and accumulates the result over a nominal 
2(}ms interval. 

All high-speed components are timed by 
the P or CIA sampling clock. The resulting 
correlation sums are collected by the 
tracking processor and reduced to extract 
measured phase, delay, and data bits. The 
tracking processor analyzes these phase 
and delay values, averages them to obtain 
feedback values to drive the digital equip­
ment, and averages them over longer time 
intervals to reduce the output data rate. 

Because all operations, including car­
rier downconversion, are digital, the phase 
and delay can be tracked and measured 
with extremely small errors. Great flexibility 
in control is provided by the fact that this 
design requires user-supplied values for 
starting time, integration length , phase, 
phase rate, delay, and delay rate. Mother 
flexible feature of this design is the sam­
pling rate. The design itself does not re­
strict the rate range of the sampling clock. 

34 
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Figure 1. The Digital Baseband Processor in a GPS receiver recovers weak signals modu­
lated by pseudorandom sequences. 

Limits on the sampling rate will be set by 
the speed range of the specific equipment. 

Even though the basic design would ap­
ply to any number of levels per sample, the 
minimum-bit design has been illustrated in 
Figure 2. In this design, there is a voltage 
loss of 4 percent in the voltage signal-to­
noise ratio (SNR) due to three-level quanti­
zation of the downconversion sinusoids 
and a 2O-percent loss if two-level sampling 
of the baseband signal is used. If three­
level sampling is used, there is a loss of ap­
proximately 10 percent. If these small loss­
es are acceptable in a given application, 
one can implement the minimum-bit de-

sign and arrive at a digital logic with a mini­
mum number of logical elements, thereby 
greatly reducing the size, power consump­
tion, and cost of the chip(s) fabricated to 
carry out these operations. 

The design can also be used for quadra­
ture processing, even though Rgure 2 il­
lustrates a single nonquadrature channel. 
To process complex signals, the opera­
tions are applied separately to each quad­
rature channel in parallel equipment chan­
nels. Both quadrature channels can be 
served by the same circuitry for generation 
of the delay code and counterrotation 
phasers. At the end of an integration inter-
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S 0 1/ 0 S TA T E REI A Y 
Now a cheap off-the-shelf 

SSR that puts you in control. It lets 
you control the cost 

and the system's function in 
military applications. 

Here's what you get. 

• Short Circuit Protection 

• Status Indication 

• Current Overload Protection 

• Optical Isolation 

• TIL & CMOS Compatible Control 

• Built to meet the requirements 
ofMIL-R-28750. 

• Cost Effective AcruALSIZE 
CERAMlCPACKAGE 

PART # CD21CDW 

Review the electrical characteristics and call us for immediate application assistance.* 
ELECTRICAL CHARACTERISTICS 

(-55"C to + 105"C unless otherwise noted) 
Min Max Units 

Bias Voltage (V.IAS) 3.8 6.0 Voc See Note 1 

Bias Current (I.IAS) 15.0 rnA V.IAS - 5Voc 
Control Vo ltage (VIN) ° 18.0 Voc 
Control Current (l IN) 250 f,LA VIN - 5Voc 
Turn-Off Voltage VIN (OFF) 3.2 Voc 
Turn-On Voltage VIN (ON) 0.3 Voc 
Continuous load Current 1.2 A 55' Cto + 25' C 
ILoAo @ 60VDC 0.7 A + 85' C 
OutputTrip Current (lTAIP) 2.4 (Typ.) A + 25·C. lOOms 
On-Resistance (RoN) 0.65 Ohms 
Turn-On Time (TON) 1.5 ms 
Turn-Off Time (ToFF) 0.25 ms 

Status Voltage (VSTATUS) 1 18 Voc 
Status Current (ISTATUS) 2 rnA VSAT "' 0.3Voc 

See Note2 

Notes : 1. Senes resIstOrlS reqUired for bIas voltages above 6Voc. RS - (VelAs - 6 Voc)/15 rnA 
2. A pull up resistor is required for the status output. RSTATUS = (VSTATUS - 0.3)lIsTATUS 
3. Output will drive loads connected to either terminal (sink or source) . 
4. Status circu it is a built-in test feature checking the input circuitry of the relay. Status output is low (on) 

when the input is on. 

VSTATUS RSTATUS 

All power FET relays may drive 
loads connected to either 
pos~ive or negative referenced 
power supply lines (source or 
sink modes). 

'y--...... --O{) STATUS OUTPUT 

CONTROL 

TELEDYNE SOLID STATE 
A Division of Teledyne Relays 

*For immediate application assistance call 1-800-284-7007. 

Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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2. All logical operations synchronous with sample clock (CIA or Pl. 
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Figure 2. The High-Speed Digital Processor is accurate, flexible in operation, compact, conservative of energy, and relatively low in cost. 

val , subsequent processing combines the 
complex sums with appropriate signs for 
the real and imaginary parts. 

This work was done by J. Brooks 
Thomas, Jeffrey M. Srinivasan, and Thomas 
K. Meehan of Caltech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Circle 148 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16998, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Image-Enhancement Aid for the Partially Sighted 
Digital filtering would enhance the ability to read and to recognize objects. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
M experimental digital electronic im­

age-processing system may eventually as­
sist partially Sighted people in reading and 
in recognizing objects or small visible fea­
tures. The system is intended primarily to 
help individuals who have central vision 
losses such as age-related maculopathies. 
These disorders degrade the high resolu­
tion central vision, forcing one to rely on the 
lower resolution peripheral areas of the 
retinas to recognize patterns. It should be 
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possible to construct a portable vision aid 
by combining miniature video equipment 
to observe the scene and display the im­
ages with very-large-scale integrated cir­
cuits to implement real-time digital image­
data processing. 

In effect, the system is digitally "fitted" 
to each eye. First, the patient's contrast­
sensitivity function would be measured by 
asking the person to look at and detect pat­
terns of various spatial frequencies and 

contrasts in a visual testing and training in­
strument. The contrast-sensitivity function 
maps out the range of one's visible spatial 
frequencies. Generally, the afflicted ob­
servers can see only low and intermediate 
spatial frequencies (below about 8 cycles 
per degree). 

The clarity of the perceived image can 
be partly restored by enhancing those spa­
tial-frequency components that are less 
visible to the afflicted than to a normal 0b­
server of the same age. A measure of the 
required enhancement as a function of 

NASA Tech Briefs, June 1989 



When it comes to meeting your video 

When you come to Panasonic for 
your industrial video requirements 
you're getting more than the 
world 's largest selection of video 
components and accessories. 
You're also getting the 
quality and reliability 
that has long been 
a trademark of 
Panasonic. 

Production 
For sophisticated productions Panasonic has just what you 

need. Including a wide variety of single chip and three-chip 
cameras as well as special effects generators and 112" editing 
systems-both VHS and S-VHS. 

For documentation, there are a variety of lightweight 
cameras and portable VHS recorders and camcorders. All 
with features to make documentation simple and fast. Like 
One-Touch Recording, Auto-White Balance and Auto-Focus. 

One number fits all- Panasonic GSOOK88AGS0130. 

Surveillance 
For your security and surveillance operations Panasonic 

offers a wide choice of CCTV components. Choose from 
cameras in both color and black and white . There are also 
small and ultra-durable solid-state color and black and white 
cameras, time-lapse VCR's and, of course, monitors in 
virtually every size and configuration. 

By now it should be clear: there's only one number you need 
to know when it comes to industrial video. GSOOK88AGS0130. 

Distribution 
For your video networks Panasonic offers a multitude of 

VHS recorders and players. There are even video decks and 
monitors combined in a single unit. And of course you can't 
find a larger selection of black and white or color monitors. 

For more information contact your local Panasonic Industrial Video Dealer. Federal Government Agencies : For your 
copy of the Authorized Communications Schedule Price List call or write the Government Marketing Department, 

Panasonic AVSG, 52 West Gude Drive, Rockville , Maryland 20850. 3011738-3840. 

Panasonic 
Industrial Company 
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Afflicted 
Observer Visual Testing and 

Fast Fourier MuItIPIl,........ 
Training Instrument 

Transform of X FfIleir NnclioR Scene 
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Compensating T ....... 
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~ 
Afflicted DIepIay 
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Figure 1. A Digital Filter in the Spatial-Frequency Domain is derived from the a~flicted ob­
server's normalized contrast-sensitivity function (NCSF) and used to enhance the spatial fre­
quencies that appear less visible. 

Filtered Image 

Figure 2. The Altered Image of the word is more easily recognized by an afflicted observer 
than is the unfiltered image. 

spatial frequency is provided by the reci­
procal of the afflicted observer's normal­
ized contrast-sensitivity function (NCSF), 
which is the afflicted patient's contrast­
sensitivity function divided by the contrast­
sensitMty function of the normal observer. 
The reciprocal of the NCSF is limited to the 
spatial frequencies between the lowest 
and highest spatial frequencies visible to 
the afflicted observer. 

The digital compensating filter derived 
from the NCSF is implemented as a trans­
fer function that multiplies a fast Fourier 
transform of the scene in spatial-frequency 
space (see Rgure 1). The individualized 
compensation filter that is marketed will be 
filtering in the spatial domain for fast, inex­
penSive image enhancement. The com­
pensating filter includes a gain term that 
controls the compromise between en­
hancement of resolution and rejection of 
noise. The fast Fourier transform is then in­
verted, and the contrast of the resulting 
processed image (see Figure 2) is adjusted 
to prevent clipping at the bright and dark 
extremes of the scene. 

An afflicted observer could view the 
scene through a magnifier to shift the 
spatial frequencies downward and thereby 
improve the perceived image. However, 
the less the magnification needed, the 
larger the scene that can be observed. 
Thus, one measure of the effectiveness of 
the new system is the amount of magnifi­
cation required with and without it. In a 
series of tests, it was found that 27 to 70 
percent more magnification was needed 
for the afflicted observers to recognize un­
filtered words than to recognize filtered 
words. 

This work was done by T. A. Lawton and 
D. B. Gennery of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 44 on the TSP Request Card. 

In accordance with Public Law 9&517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad­
dressed to 

Edward Ansell, 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17307, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Airplane-Acceleration Display for Low-Gravity Research 
A bar-graph display facilitates precise control of trajectories. 

Lewis Research Center, Cleveland, Ohio 
An acceleration display for an airplane 

helps the pilot to fly trajectories that pro­
duce the effect of zero gravity or fractions 
of Earth gravity (g) within the airplane. With 
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the help of the display, the pilot can adhere 
to a predetermined fraction of g, with mini­
mal lateral acceleration. 

Developed for a Learjet used for micro-

gravity research, the display consists of 
light-emitting-diode (LED) bar graphs (see 
figure). A pitch-axis bias switch lets the pilot 
select one of nine settings for the zero ref­
erence of the display so that any of the fol­
lowing trajectories can be flown: 0 g, Y20 g, 
Xo g, ~ g (Lunar gravity), X g, ~ g, X g (Mar­
tian gravity), ~ g, and % g. The accelera-
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PILOT'S SIDE 

tions can be sustained within 0.01 9 for 5 s, 
0.02 9 for 7 s, and 0.04 9 for 20 s. 

Three LED bar displays present acceler­
ation in the x (thrust), y(lateral), and z (Pitch) 
axes. The pitch and lateral displays are 
located in front of the pilot, who controls 
the yoke and rudder. The thrust display is 
located in front of the copilot, who controls 
the throttles. 

In comparison with the usual needle dis­
plays, the LED bar-graph displays take up 
less panel space and are easier to align 
with the axes they represent. They have no 
moving parts and are not subject to paral­
lax. However, they are not legible in direct 
&mlight and have resolution limited by the 
finite sizes of the individual LED's. 

The overall display system includes an 

COPILOT'S SIDE 

accelerometer block, a power-supply-and­
interface box, the thrust-axis display, and 
the pitch-and-Iateral-axes display. The ac­
celerometer block includes three servoac­
celerometers orthogonally mounted on an 
adjustable triaxial base that allows fine 
alignment of the accelerometers with re­
spect to the airplane. The accelerometer 
block and the power-supply-and-interface 
box are located near the center of gravity 
of the airplane in the luggage area. 

The pitch-axiS bar graph has two re­
gions. The innermost LED's (10 positive 
and 1 0 negative) have a high-resolution log­
arithmic scale. The outermost LED's (10 
positive and 10 negative) have a low-reso­
lution linear scale. The inner LED's are set 
to correspond to a range of 0.06 9 and the 

. The Pilot, Who Controls Pitch and Yaw, views the display of pitch and lateral accelerations. The copilot, who controls the throttles, views the 
thrust·acceleration display. 
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outer stacks to a range of 3 g. The inner 
LED's are driven by comparators with log­
arithmic increments to provide finer reso­
lution about zero than woold otherwise be 
possible with a linear scale. 

This work was done by Marc G. Millis of 

lewis Research Center. Further informa­
tion may be found in NASA TM87358 [N87-
18801INSP], "Acceleration Display Sys­
tem for Aircraft Zero-Gravity Research. .. 

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) 336-4700. 
LEW-14650 

Chip Advancer for G PS Receiver 
~~ Instrumental errors can be made negligible. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
compensate. Further, the flexibility of ac­
curately resetting the chip and the chip 
rate for each correlation interval is very 
useful in many applications; for example, 
those involving multiplexing schemes. The 
flexibility in the starting time and the sum in­
terval is very useful in aligning the correla­
tion interval with the beginnings and enc} 
ings of data bits. 

In a Global Positioning System (GPS) re­
ceiver, a pseudorandom code sequence 
can be generated by simple digital logic 
that incorporates the effects of time, the 
delay, and the rate of change of the delay. 
For each integration interval, both the de­
lay and the rate of change of the delay can be 
initialized to a small fraction of a chip - for 
example, to the order of 10-7 - thereby 
making feedback control and the extrac­
tion of delay highly accurate and flexible. 
With appropriate selection of the sampling 
rate relative to the chip rate, commensura­
bility errors can be reduced to extremely 
small levels. 

By supplying the proper initial integer 
chip value to initialize the code generator 
and the proper fractional chip and chip rate 
for the chip advancer, external hardware or 
software can control a code sequence that 
starts at a fraction of a given chip and ad­
vances at the selected chip rate. In a GPS 
receiver, the initial chip value Onteger plus 
fractional parts) would be based on the 
starting time and the feedback delay, while 
the chip rate would be equal to the sum of 
the rate of change of the delay and the fun­
damental chip rate divided by the sample 
rate. The chip advancer is activated and 
deactivated by a "start" line. OIer a corre­
lation interval, the model delay consists of 
a linear time function. 

As illustrated in the figure, the chip ad­
vancer is initialized by external hardware 
or software that supplies an initial fraction­
al-chip value in the form of an integer equal 
to the fractional chip times 2N and a chip 
rate in the form of an integer equal to the 
chip rate (in chips per sample point) times 
2N, where N is the number of bits in the 
fractional-chip register. Simultaneously, the 
external device also initializes the registers 
of the code generator so that the code gen­
erator will produce the correct code sign 
for the first sample point. 

When processing is started, the chip ad­
vancer is clocked by the sampling clock. 
For each new sample point, the chip ad­
vancer adds the number in the rate regis­
ter to the number in the fractional-chip reg­
ister. When the fractional-chip register 
overflows, indicating a transition to a new 
chip, a pulse is generated. That pulse trig­
gers enabling logic Circuitry that lets the 
concurrent sampling clock advance the 
code generator to the next chip. If the code 
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generator does not receive a new-chip-ac} 
vance signal for a given sample point, the 
previous code sign persists for that sam­
ple. 

If selected sampling rate is effectively 
incommensurate with the fundamental 
chip rate, the integrated error due to dis­
crete sampling of the model code se­
quence can be reduced to negligible levels 
after integration over a fairly short time. In 
selecting a sampling rate, it is advisable to 
choose a value that is sufficiently removed 
from highly commensurate ratios (e.g., 211, 
3/2, etc.) so that the Doppler shift cannot 
change the chip rate to a value highly com­
mensurate with the sampling rate. 

An important option in using the chip ad­
vancer is that the starting chip value, inclUC} 
ing the fractional chip, can be set exactly 
every sum interval. Thus, the measured 
delay will be corrupted by roundoff errors 
at the level of 2 - N or less, which is less 
than 100 nanochips for a 24-bit chip ac} 
vancer. The buildup of the roundoff error 
due to roundoff in the rate register can be 
eliminated by computing the roundoff ac­
cumUlation and offsetting the initial delay to 

Code Clock 

This work was done by Thomas K. 
Meehan, Jeffrey M. Srinivasan, and J. 
Brooks Thomas of Caltech for NASA's Jet 
PropulSion Laboratory. For further infor­
mation, Circle 147 on the TSP Request 
Card. 

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

fdward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125. 

Refer to NPO-16996, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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The Chip Advancer, part of a correlating receiver, advances a pseudorandom se­
quence of data in small increments. 
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ORDER YOUR FREE BOOK ON 
VESPEL® POLYIMIDE PARTS FROM DU PONT. 
VESPEL parts can pay for themselves 
many times over by providing high reliabil­
ity while keeping assembly costs, mainte­
nance costs and warranty claims low. 

Du Pont and VESPEL give you custom­
made quality parts together with profes­
sional assistance and single-source 
accountability from resin to parts - some­
thing you just don't get from other materials 
suppliers. 

VESPEL parts can resist both wear and 
creep at continuous temperatures ranging 
from cryogenic to 550°F (288°C) 
while withstanding excursions to 
900°F (482°C). VESPEL parts will 
not soften or melt - continuing 
to excel as tough thermal and 

VESPEL polyimide parts, made 
by Du Pont, have 25 years of 
proven performance - extend­
ing service life, reducing compo­
nent failure and cutting 
warranty costs in thousands of 
critical applications. 
Hundreds of millions of VESPEL 

I 

Our VESPEL product team assists you from 
selection of composition and engineering of 
your custom part through prototyping and on­
time, on-spec delivery of parts manufactured 
under strict SPC conditions. 

electric insulators at temperatures that turn 
many other high-performance plastics to 
puddles. This thermal stability helps 

VESPEL parts perform at very high 
pressure velocities (PVs). In fact, 

VESPEL parts have demonstrated 
the ability to perform at PVs of up 

to 1,000,000 psi x £pm with lubrica­
tion, and 300,000 PV psi x £pm without 

external lubrication. 

Of course, PV limits and maximum contin­
uous use temperatures of vi rtually any 
material will vary from application to 
application depending upon a number of 
different factors. The only sure way to 
determine how VESPEL parts will perform 
in your application is to test them in your 
application. 

washers, thrust buttons, spacers, 
flanged bushings, valve seats and 
other mechanical or electronic 
parts are in use today in the 
demanding environments of jet 
engines, office machines, motor 
vehicles and manufacturing 
equipment 

-------------- - 1 Send for your 
free copy of o YES, I am interested in learning more about Du Pont VESPEL 

polyimide parts. Please send me my free copy of "VESPEL" right away. 
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NTOl 

"VESPEL" today! 
Don't wait until you need a 
part with the strength and 
durability of VESPEL. 
Return the attached post­
paid card now for 12 colorful, 

fact-filled pages 
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polyimide parts by 
Du Pont. Or, if you 
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Three-Dimensional Robotic Vision System 
Stereoscopy and motion would provide clues to the outlines of objects. ~j 

-------------------------------------~~ Marshall Space Flight Center, Alarb_a_m_a __________________ ------.. 

A proposed robotic vision system would 
analyze views from two television cameras 
to detect rigid three<1imensional objects 
and reconstruct them numerically in terms 
of the coordinates of corner points. The 
stereoscopy and the effects of motion on 
the two images would complement each 
other in providing the image-analyzing sub­
system with clues to the natures and loca­
tions of principal features. 

The brightnesses of picture elements 
would be turned into information about the 
object in view by three digital processes 
(see Figure 1): a low·level process to ex· 
tract the corner points, a middle-level proc· 
ess to establish the correspondences be­
tween points in the stereoscopic (spatial) 
and motional (temporal) modalities, and a 
high·level process to compute the three<1i· 
mensional coordinates of the corner points 
by integration of the spatial and temporal 
correspondences. 

Corner points would be detected by the 
Zuniga-Haralick corner·detecting algo­
rithm, in which a step-edge operator based 
on zero crossings of second directional 
derivatives of brightness provides a meas· 
ure of the "cornerness" of a point. The 
spatial correspondence of the corner 
points from two stereoscopic images 
would be found by the epipolar-line tech­
nique (see Figure 2), in which a point in the 
left (or right) image is tentatively said to cor­
respond to a point in the right (or left) image 
if it lies close to the imaginary line (the 
epipolar line) in the left (or right) image that 
represents the line of sight from the right 
(or left) camera to the point in the right (or 
left) image. The ambiguities would be reo 
solved and tentative identifications af­
firmed or denied in the higher level proc­
esses. 

The temporal correspondence between 
pOints in successive images would be 
found by a cooperative· relaxation match­
ing algorithm, which selects matching ac­
cording to the consistencies of points and 
distances between points at successive 
image times. The temporal correspond­
ence from two successive pairs of images 
would be used to resolve the ambiguities in 
the spatial correspondence by a two-step 
integration of the spatial and temporal cor· 
respondences to produce a cooperative 
and consistent correspondence for each 
pair of successive images. In the first step, 
matching points would be required to satis­
fy both spatial and temporal correspond­
ences. In the second step, matching points 
would be required to exhibit the least devia­
tion from rigidity. 
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Figure 1. This Dlgltallmage·Processlng System would act as an "intelligent" automatic mao 
chine-vision system by processing views from stereoscopic television cameras into three-di· 
mensional coordinates of a moving object in view. 

o 

Left Line of 
Sight to Point P 

x' 

Eplpolar Line 

LEFT VIEW y ' RIGHT VIEW 

Figure 2. The Eplpolar·L1ne Technique would be used to find corresponding points In stereo­
scopic views. Points close to the epipolar line In the left view are tentatively identified as cor­
responding to points on the line of sight in the right view. 

Once the final correspondence is estab­
lished, the corner points in three<1imen-

sional space could be determined easily as 
the intersections of the lines of sight to the 
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points in the right and left views. The m0-

tion of the object could then be estimated 
as an affine transformation that uses the 
least-squares methOO based on the com-

puted points of the object in two consecu­
tive frames. 

This work was done by Thinh V. Nguyen 
of Multisignal Technology Corp. for Mar-

shall Space Aight Center. For further in­
formation, Circle 48 on the TSP Request 
Card. 
MFS-27191 

Experimenting With Multiprocessor Simulator Concepts 
A system helps users develop equipment and programs. 

Lewis Research Center, Cleveland, Ohio 
A multiple microcomputer system is 

used to investigate the application of par­
allel processing to real-time simulation. 
The system, called the real-time multiproc­
essor simulator (RTMPS), is a tool for devel­
oping low-cost, portable, user-friendly sim­
ulators. 

RTMPS includes off-the-shelf microcom­
puter boards and minimal custom interface 
circuitry to provide as many interprocessor 
communication paths as possible. This ap­
proach allows the emphasis to be placed 
on the development of software, which is a 
critical element in parallel processing. 
Among the software issues that RTMPS 
can address are high-level programming 
languages, scheduling the transfer of data 
between computers, the partitioning of 
programs, and support by an operating­
system program. 

The system can be based on a variety of 
microcomputer types. The characteristics 
of the hardware of each type are account­
ed for in a system executive program, a set 
of macroinstructions, and a target-com­
puter-definition file. The system executive 
program performs such rudimentary func­
tions as initialization, transfer of data, and 
handling of interruptions. The system mac­
roinstructions define basic mathematical 
and data-transfer operations for the target 
hardware. The target-definition file pro­
vides information in high-order language 
about the microcomputer programming 
model. The system translates the high­
order language into a time-efficient Assem­
bler source program. 

To retarget the system to a different mi­
crocomputer, changes are made only in 
the system executive program, the macro­
instructions, and the target-computer-defi­
nition file. The bulk of the software remains 
unchanged. 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Passivity In Analysis of 
Robustness of a 
Control System 
44 
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With Dual-Bus Architecture, each microcomputer communicates with a corresponding mi­
crocomputer on the opposite bus through a dual-port interface memory. Transfers of data to 
and from the front-end processor occur on the interactive Information bus. Transfers of data 
related to simulation calculations occur on the real-time-informatlon bus. 

The system is based on a dual-bus ar­
chitecture with multiple microcomputers 
on each bus (see figure). The front-end proc­
essor is the main processor: It is the inter­
face between the user and the system and 
handles such operations as the loading of 
programs into each of the simulation proc­
essors; control of modes of simulation; and 
the handling, output, and display of data. 
An analog input/output interface enables 
the connection of such devices as sen­
sors, actuators, and analog computers. 

This work was done by Richard A. B/ech 

A robustness margin (a 
measure of the degree of 
passivity) is defined. 

A paper presents a new approach to the 
analysis of the stability of a multivariable 
feedforward-and-feedback control system 
that consists of an exponentially stable 
linear time-invariant (LTI) feedforward sub­
system and a nonlinear time-varying (NTV) 
or a dynamic feedback subsystem. Where­
as older methods of analysis are based on 

and Anthony O. Williams of Lewis Re· 
search Center. Further information may 
be found in NASA TM-38802 [N8fr28651/ 
NSP], "Hardware Configuration for a Real­
Time Multiprocessor Simulator. " 

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) 3364700. 
LEW-14617 

small-gain conditions (e.g., maximum and 
minimum singular conditions, Hoo norm, 
and I" measure), the new method is based 
on the notion of passivity, which is quanti­
fied by a robustness margin. In effect, this 
margin provides a bound on the magni­
tudes of perturbations, below which the per­
turbations will not make the system un­
stable. 

The feedforward subsystem is assumed 
given, and the problem is to characterize a 
class of feedback subsystems that pre-
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serve the exponential stability of the sys­
tem. By finding as large a stability region as 
possible under the nominal control, the 
controller can be tuned to enhance the ro­
bustness margin by effectively moving the 
nominal feedback system to a different 
point. 

The measures of robustness used in the 
small"9ain methods involve only the magni­
tude (but not the phase) information of the 
feedforward subsystem. Based on experi­
ence in the design and analysis of classical 
compensators, it is known that the phase 
of the nominal controlled system is fre­
quently of cr~ical importance. Ignoring this 
information can sometimes lead to con­
servative design. The argument of passivi­
ty is motivated by this observation. 

The characterization of robustness in­
volves the Hermitian part of a transfer 
function, which contains both the gain and 
phase information. The importance of pas­
sivity lies in the concept of energy. The con­
dition for the stability of the system can be 
stated as follows: If energy generated by 
one block can be dissipated by the other 
block, the system is stable. The amount of 
energy generated or dissipated by a sys­
tem is characterized by a quantity called 
the v index, which is a measure of the mini­
mum amount of parallel dissipation required 
to render a system passive. This energy­
transfer perspective is powerful because 
nonlinear systems can be considered within 

the same context. Thus, h~herto inacinissi­
ble perturbations like saturation of ac­
tuators, coulomb friction, stlction, and 
hysteresis can all be analyzed. 

Three classes of perturbations are con­
sidered: memoryless, NTV, exponentially 
stable LTI , and general nonlinear dynamic. 
The theoretical basis of the stability condi­
tion Is on the theorem of absolute stability 
for the first class of perturbations and the 
theorem of hyperstability for the latter two. 
These perturbations are represented in 
terms of a lower bound involving an inner 
product and an upper bound on the norm. 
The stability condition then shows trade­
offs between the two bounds. When only 
the bound on the norm is imposed, the Hoo 
stability criterion is recovered. Because 
the Lyapunov technique is used rather 
than the multlvariable Nyquist theorem, 
nonlinear perturbations (both memoryless 
and dynamic) are permitted. For nonlinear 
dynamic systems, the smail"9ain condition 
involves truncated L2 norms. 

When the perturbation is characterized 
by a matrix that contains additional block 
diagonal structure, a robustness margin is 
derived for each block. The derivation is 
based on the generalization of the G:>rsh­
gorin theorem to block-diagonal matrices. 
If each of the diagonal blocks is of size one, 
then a margin for positive and negative 
variations of each diagonal element can be 
obtained by repeated application of the 

passMty argument to the feedforward sub­
system with signs of some of its columns 
and rows reversed. An upper bound for the 
'" measure is easily computed by use of the 
same analysis. 

This work was done by John Ting- Yung 
Wen of Caltech for NASA's Jet Propul­
sion Laboratory. To obtain a copy of the 
report, "Robustness Analysis Based on 
Passivity," Circle 81 on tbe TSP Request 
Card. 
NPO-17589 

Absolute Stability and 
Hyperstability in 
Hilbert Space 
Theorems on the stabilities of 
feedback control systems 
are proved. 

A paper presents recel'!t developments 
regarding the theorems of the absolute 
stability and the hyperstability of a feedfor­
ward-and-feedback control system. These 
theorems are applied in the analysis of 
nonlinear, adaptive, and robust control. In 
this paper, the theorems are extended to 
provide sufficient conditions for stability in 
a system that includes a nonlinear feed­
back subsystem and a linear time-invariant 
(LTI) feedforward subsystem, the state 
space of which is a Hilbert space, and the 
input and output spaces of which have fi-

Technical lurnilure is nol ollice lurnilure. 
It's something 

else altogether. 
FlexTech technical furniture is 
built to accomodate the costly 
equipment it must support and 
the valuable personnel who will 
use it. At Kewaunee, all we 
make is technical furniture. And 
we've made it best for 80 years, 
with attri butes that i ncl ude: 
• worksurface supports over 

1000 pounds vibration free 

• easy to assemble, dis­
assem ble, and store 

• manages all utilities: elec­
tricity, air, water and gas 
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For further information about technical workstations from 
Kewaunee, please call 800/824-6626. In Texas 512/398-5292 
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nite numbers of dimensions. (In the case of 
absolute stability, the feedJack subsystem 
is memoryless and possibly time varying. 
For hype rstabi I ity, the feedback system 
can be a dynamical system.) 

It had been shown previously (by the pos­
itive-realness lemma) that a sufficient con­
dition for closed-loop exponential stability 
is the positive realness of some transfer 
function involving the feedforward subsys­
tem. Later, this result was generalized to 
the case of a dynamic feedback subsys­
tem. This generalization, termed hypersta­
bility, has become the cornerstone of the 
field of adaptive control. 

Positive realness is typically stated as a 

frequency-domain condition of the non­
negativity of the Hermitian part of the trans­
fer function of a given stable LTI system. It 
can be shown that if a system is positive 
real, then it cannot generate energy. If, fur­
thermore, the system is strictly positive 
real, it dissipates energy. From the energy 
point of view, the theorems of absolute 
stability and hyperstability simply state the 
conditions under which the system dissi­
pates energy and thus is stable. Specifical­
ly, if both the feedforward and the feedback 
subsystems dissipate energy, the system 
must be stable. 

In this paper, the proofs of stability in the 
infinite-dirnensional Hilbert space are based 
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on a Lyapunov type of analysis that incor­
porates energylike quadratic Lyapunov 
functions similar to those used in the finite­
dimensional case. Essentially, it is shO'Ml 
that if the state belongs to ~ under any L2 in­
put, then the state is strongly asyrrptoticaJly 
stable. Using the foregoing result, it is 
shown that if the feedforward subsystem is 
strictly positive real and the feedback sub­
system is characterized by a nonnegative 
operator, then the system is exponentially 
stable. If the feedback subsystem is dissi­
pative in the sense of Popov's inequality, 
then the interconnected system is asymp­
totically stable. If a stronger exponential 
Popov's inequality is satisfied, the intercon­
nected system attains exponential stability. 

When the feedforward system is not strict­
ly positive real and/or the feedback system 
is not dissipative, one would expect intui­
tively that if one of the subsystems dissi­
pates "more energy" than the other could 
generate, stability would be preserved. 
This heuristic notion is rigorized by the in­
troduction of an index, called the v index for 
convenience, that measures the close­
ness of a given system to positive realness 
in terms of the minimum amount of addi­
tional parallel dissipation needed for the 
system to be positive real. General condi­
tions for the stability of the system can then 
be stated in terms of the v index. 

The amount of energy that the feedfor­
ward subsystem can generate is bounded 
by its v index. Hence, if the feedback sub­
system under positive feedback by an 
amount equaling the v index of the forward 
subsystem remains diSSipative (in the 
sense of non negativity of the inner product 
of its input and output), the interconnected 
system is exponentially stable. The theo­
rem of hyperstability states the same result 
except that the energy-dissipation criterion 
used for the feedback subsystem is in the 
sense of the L2 inner product between its 
input and output (Le., via the Popov in­
equality). The type of stability of this more 
general characterization of energy diSSipa­
tion is weakened to asymptotic stability 
unless a stronger exponential Popov in­
equality is satisfied, in which case ex­
ponential stability obtains. 

The v index is a time-domain characteri­
zation, which, in general, is difficult to cal­
culate directly. It is shown via the Hilbert­
space version of the positive-realness 
lemma that the v index is equivalent to a 
frequency-domain attribute, called the v F 

index, which is based on the Hermitian part 
of the transfer function. Because the input 
and output spaces are finite-dimensional, 
the v F index, and hence the v index, can be 
easily computed. The utility of these results 
is demonstrated in an application to the 
analysis of the robustness of an infinite-di­
mension linear quadratic regulator. It is 
shown that the generalization of the 
classical (V2,OO) gain margin and (-~ i) 
phase margin hold for this case. It is further 
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shown, by a modified design, that the gain 
margin can be widened to (y, (0) and 
(-~+'1' %-'1) for any y>O and '1>0. 

This work was done by John Ting-Yung 
Wen of Galtech for NASA's Jet Propul­
sion Laboratory. To obtain a copy of the 
report, "Absolute Stability and Hyperstabil­
ity in Hilbert Space," Circle 143 on the TSP 
Request Gard. 
NPO-17590 

Pilot Delays for Three 
Cockpit Controllers 

The pilot effective delay 
increases with 
the system delay. 

A report compares the pilot effective 
time delays measured in simulations of 
aircraft-control systems equipped with a 
Space Shuttle rotational hand controller 
and with two versions of a conventional 
stick-type hand controller. The report 
should be of interest to those concerned 
with the design of multiple-axis controllers 
in aircraft, armored vehicles, industrial ma­
chinery, and remote manipulators: the op­
erator response or delay is critical to the 
stable and accurate operation of such sys­
tems. 

Each of the three controllers was in­
stalled in a Space Shuttle cockpit simula­
tor. The Space Shuttle hand controller had 
three degrees of freedom and nonlinear 
gearing. The more-conventional two-de­
gree-of-freedom control stick had linear 
gearing and was equipped first with a stiff 
set of springs (heavy conventional stick), 
then with a softer set of springs (light con­
ventional stick). The Signal from the control 
stick was processed through the cockpit 
simulator with a 4D-ms frame time, then 
sent to the critical-task tester. The total in­
herent delay between the pilot and the criti­
cal-task tester was 46 ms: 20 ms of sam­
pling delay plus 26 ms of computation 
time. 

The critical-task tester is a specialized 
electronic subsystem used to measure the 
pilot effective delay, Te, in response to a 
simulated first-order, closed-loop, compen­
satory tracking task. The critical task in­
volves an unstable controlled element, the 
instability of which increases with time. 
Eventually, the system reaches a critical 
point beyond which the unstable system 
cannot be controlled. The amount of insta­
bility at that point gives a measure of Te' 

The critical-task tester was used to 
measure the Te values in the roll and pitch 
axes in each of the three control configura­
tions. Measurements in each case were 
made without additional system delay and 
with 250 ms of additional system delay. 
Thus, the total system delays were 46 and 
296 ms, respectively. The test subjects 
were four test pilots and one nonpilot en­
gineer. 
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The test data indicate that the heavy 
conventional stick had the lowest pilot ef­
fective time delays in both axes, both with 
and without the added system delay. The 
light conventional stick had Te values simi­
lar to those of the Space ShUtlle controller. 
With all three controllers, Te increased with 
the added system delay. The increases in 
Te caused by the increase in system delay 
were more significant than the differences 
in Te among the three controllers: appar­
ently, at large system delays one controller 
is about as good as another. 

This work was done by Cynthia M. 
Privoznik and Donald T. Berry of Ames 
Research Center. Further information 

may be found in NASA TM-86030 [N86-
193241NSPJ. "Comparison of Pilot Effec­
tive Time Delay for Cockpit Controllers 
Used on Space Shuttle and Conventional 
Aircraft." 

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) 336-4700. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page 14]. 
Refer to ARC-1179Z 
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Standard Method for Radiation Tests of Liquids 
Three vials are used. 

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

A simple procedure provides a standard 
method for radiation tests of liquids. It as­
sures identical handling and dosage so 
that data from different test laboratories 
can be compared reliably. Developed for 
measuring properties of liquids for use in 
radiation-resistant liquid-dielectric capaci­
tors, the procedure can be used for any of 
a variety of liquids proposed for use in the 
high-radiation environment - in x-ray and 
particle-accelerating machines and nucle­
ar reactors, for example. 

A pair of glass vials, joined by a frangible 
neck and equipped with valves, is used 
(see figure). A third vial is also used. It is 
filled with a control specimen and not ir­
radiated. A technician first opens valve A, 
valve B, and the vacuum valve to pull con­
taminants from the vials. The vacuum valve 
and valve B are then closed and the filling 
valve opened to transfer the specimen liq­
uid to vial A. 

Next, the vacuum and filling valves are 
closed while valve A is left open and valve 
B is opened. The technician then irradiates 
the vials. The gas given off by the liquid in 
vial A as a result of chemical reactions 
stimulated by the radiation is collected in 
vial B. When irradiation is complete, the 
technician closes valves A and B, then 
breaks the joint to separate the vials. 

Control Liquid 
Specimen (Not 

Irradiated) 

Vial C 

Liquid 
Specimen 

To Vacuum 
Pump 

Frang ible n 
Joint ~I 

Vial A 

To Supply 
of Liquid 

Fill ing 
Valve 

Vial B 
The irradiated liquid in vial A is tested for 

such properties as viscosity, dielectric 
strength, and dielectric constant. The gas 
in vial B is analyzed in a mass spectrome­
ter to identify its constituents. 

This work was done by Frank L. Bouquet 
and Robert B. Somoano of Caftech for 
NASA's Jet Propulsion Laboratory. For 

The Twln·Vlal Portion of the Testing Apparatus provides for standardized handling and irra­
diation of the liquid specimen. Vials A and B are readily separated so that each can be sub­
jected to different tests. 

further information, Orele 138 on the TSP 
Request Card. NPO-16840 

Long-Wavelength Infrared Detector 
Intersubband absorption in coupled quantum wells would 

~J enable detection at wavelengths from 10 to 100 JJm . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed device would detect infra­

red photons of 10- to 100-f4l1 wavelength 

48 

by intersubband absorption in coupled 
quantum wells. Such a device would be 

made of AlxGa1 _xAs/GaAs or other semi­
conductor material, even though the ma-
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After centuries of practice, 
mankind perfects engineering 

calculations: MathCAD. 
Announcing MathCAD 2.5: 
The Dawn of a New Age. 

What the historians will call it, 
only time will tell. 
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terial may not have any intrinsic absorption 
in the desired range of wavelengths. 

Recently, quantum-well devices made 
of layers of AJ/llt81_.jls and GaAs have 
been demonstrated to detect radiation at 
wavelengths of 8 to 11 ,m. The absorption 
of a photon in such a device corresponds 
to the transition of an electron between the 
ground and first excited state of a quantum 
well formed by the discontinuity in the ener­
gy of the conduction band between a GaAs 
well and an AJxGa1_.jls barrier. The photo­
excited charge carriers then tunnel out of 
the well and are collected with the aid of an 
applied electric field. 

The proposed device is based on the 
splitting of the energy level that occurs 
when two quantum wells are placed so 
close together that the wave functions of 
the quantized energy levels overlap. The 
detector absorbs photons, the energy of 

which equals the difference in energy be­
tween two levels that result from the split. 
Because the degree of overlap of the wave 
functions and, therefore, the magnitude of 
the split can be varied by varying the width 
of the barrier between the two coupled 
wells, such a detector can, in principle, be 
designed to operate at any desired wave­
length. 

Operation at wavelengths from 10 to 
100 lAIn requires splits of 12 to 120 meY. A 
split of 25 meV (corresponding to a wave­
length of 50 lAIn) could be obtained by use 
of GaAs wells 70 A thick, with AJo.ooGao.94As 
barriers, including a 14-A-thick barrier be­
tween the wells. This approach to design 
could be used in other combinations of 
materials that exhibit quantum size effects 
and is not restricted to the AJ xGa1_xAs sys­
tem. 

The restrictions on the design parame-

ters of quantum wells of the proposed de­
vice are less severe than those of single­
well devices. HCJvVever, energy levels near 
the tops of the wells are still necessary so 
that the photoexcited carriers can tunnel 
out. Additional flexibility in design can be 
obtained by use of wells of different widths 
and asymmetric wells formed by barriers 
of different heights. 

7his work was cbne by Richard P. Va&1Ll9z 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
19 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA's Resident Office-JPL [see 
page 14}. Refer to NPO-17543 

Thermal Analysis of Reluctant Glass Formers 
A thermocouple holds a sample and monitors its temperature during cooling. 

Marshall Space Flight Center, Alabama 
An apparatus for the study of heteroge­

neous nucleation and crystallization in 
reluctant glass formers achieves cooling 
rates from 10 to 2,500 °Gls by providing 
control of both radiative and conductive 
cooling. Reluctant glass formers are ma­
terials that require cooling rates greater 
than 100Gls to form glasses. Laser spin 
melting, a prior technique, can be used 
only at COOling rates greater than about 
1,000 °Cts and only for very small samples. 
The new apparatus can be used to ex­
amine the glass-formation ability of a ma­
terial and the critical cooling rate to form a 
glass from it. 

The apparatus (see Figure 1) includes 
an ellipsoidal furnace, which focuses ra­
diation from a tungsten/halogen lamp onto 
a sample. The sample is supported be­
tween the two leads of a type S thermo­
couple that has a junction bead 0.005 in. 
(0.13 mm) in diameter. Raising the power to 
the lamp melts the sample, causing it to 
flow around the thermocouple bead. A 
specimen in a still atmosphere can be 
cooled at rates from 10 to 250 °Gls by re­
ducing the lamp power at the appropriate 
rate with a variable-speed, motor<iriven, ad­
justable transformer. Higher COOling rates 
are obtained by blowing helium gas onto 
the sample after turning the lamp off. 

The temperature of the sample is derived 
from the thermocouple signal. During 
quenching, the temperature of the sample 
is recorded on a strip chart and/or in a mi­
crocomputer data-acquisition system. The 
recorded quenching curve (see Figure 2) is 
analyzed to determine the temperature of 
the sample prior to quenching; the rate of 
cooling prior to nucleation; the time and 
temperature of nucleation; the rate, time, 

50 
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Figure 1. The Ellipsoidal Furnace provides controlled cooling rates for studies of the thermal 
properties of reluctant glass formers. A glass tube (not shown) is inserted into the furnace 
and used to blow helium on the specimen to cool it rapidly. 

and temperature of recalescence; and the crystallization. If the Quenched sample is 
rate of cooling after nucleation. transparent and the quench curve shows 

Quenched samples are inspected for no recalescence peak, it is assumed that 
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DEC MicroVAX, HP9QOO, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 

52 

DSP 
Development 
Corporation 

Ci rcle Reader Action No. 652 

16~----------------------------------------------~ 

> 
E 
ai 
a. 
:> 
o 

14 

g 12 
E 
Q; 
.c 
l-
e; 
:; 
c. 
:; 
o 10 

8 

Initial 
Temperature 
1,523 'C 

Rate of Cooling 
Before Nucleation 

Quench of 
Ga20y43 Percent CaO 
in Quiescent Atmosphere 

Recalescence 
--....... --t--- Time 

0.2 s 

6rL ________ -L ________ ~I--------~I--------~I~------~ 
2 3 4 

Time, s 
TYPICAL COOLING CURVE 

1,400 

Critical Cool ing Curve 

u 
0 

c' 
.2 
(ii 
QJ 

U 
:> 
Z 
e; 
QJ 

:; 
"§ 
QJ 
C. 
E 
QJ 

I-

1,300 

1,200 

1,100 

1,000 

900 

800 

700t I 

Note: 
Two clusters of 
crystallization 
data pOints 
Indicate two 
different nucleation 
mechanisms. 

Quench of 
Ga203/43 
Percent CaO In Gas 

-3 - 2 -1 0 1 2 3 
Log of (Nucleation Time in Seconds) 

CONTINUOUS·COOLlNG·CRYSTALLIZATION BOUNDARIES 

Figure 2. A Cooling Curve (above) can be analyzed to determine the rate of cooling and such 
properties of the sample as nucleation and recalescence temperatures at that cooling rate. 
Continuous~ooling~rystal"zation boundaries can be determined empirically from plots of 
nucleation time vs. nucleation temperature from runs at a large number of different rates of 
COOling. 

glass has been formed. Whenever areca­
lescence peak is observed, the sample is 
opaque and predominately crystalline due 
to the rapid rate of crystal growth. 

Nucleation times and temperatures for 
a large number of different quenches can 
be plotted to produce empirical continu­
ous-cooling-crystallization diagrams. The 
nucleation of crystallization from each 

quench run that did not result in the forma­
tion of glass is represented by a datum on 
the plot. 

This work was done by Edwin C. Ethridge 
and Peter A. Curreri of Marshall Space 
Aight Center. For further information, Cir­
cle 50 on the TSP Request Card. 
MFS-28283 
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Ultrasonics by Physical Acoustics 

FOR ALL YOUR ULTRASONIC INSPECTION NEEDS 
Physical Acou tics Corporation is plea ed to introduce a truly affordable 
PC based ultrasonic system. The UltraPAC system has the right price 
performance for production level C-Scan and Transducer Evaluation as 
well as the enhanced oftware options for sophisticated ultrasonics anal­
y is. Users have the opportunity to select from a wide range of TestPRO* 
software modules to meet their application requirements . 

C-Scan 

UltraPAC offers the functionality of 
ystems many times its price. The sy -

tern provide real time color imaging, 
scan lorage and imple menu driven 
set-up. 

~
PHYS/CAL = ACOUSTICS 
CORPORATION 

Transducer Evaluation Optional Software 

Compute a frequency pectrum or sig­
nal features for any tran ducer. Record 
the re ult in a report or store to disk 
for future evaluations. 

The Te tPRO* oftware offer an 
extensive library of modules for your 
analysis needs. Choose from Flaw 
Classification , Plotting, Feature 
Extraction or Artificial Intelligence 
enhancements. 

UltraPAC is a versatile, multi-functional immcr-
ion system comprised of innovatjve mechanics, 

electronics and software. This unique ystem 
offers more features as standard than any other 
- all for one low price. Of course, its modular 
design allows for cost effective expansion. 

Whether you are looking to upgrade exi ting 
equipment or planning to buy a total ultrasonic 
ystem, UltraPAC can be configured to meet 

your NDT needs. 

*Te tPRO is the registered trademark of In fome tric , Inc. 

HQTS: PO Box 3135, Princeton, NJ 08543 • (609) 896·2255 • Telex 67·17731 • FAX (609) 895·9726; 
Dunegan-PAC Ltd. Norman Way, Over, Cambridge, CB45QE, UK . (44) 954·31612 . Telex (851) 81386 . 
FAX (44) 954·31102; EuroPhysical Acoustics S .A. 74, rue des Grands Champs 75020, Paris, France . (33) 
(14) 356·2210 . Telex (842) 220754; Nippon Physical Acoustics 8F, Okamoto L.K. Bldg. 2· 17·10, Higashi , 
Shibuya·Ku , Tokyo 150, Japan . (81) (3) 498·3570 . Telex (781) 33656 . FAX (81) (3) 498·8450 

--------- The Integrated NOT People ---------
Circle Reader Action No. 425 



Dynamic-Range 
Compression for 
Infrared Imagery 
Photorefractive crystals covering 
detectors would prevent saturation. 

NASA 's Jet Propulsion 
Laboratory, 
Pasadena, California 

The results of experiments suggest that 
photorefractive crystals can be used to 
reduce the dynamic range of infrared radi­
ation incident upon a photodetector or ar­
ray of photodetectors. Such predetection 
range compression can be useful in infra­
red-imaging systems because typical 
scenes contain bright spots (e.g., solar 
radiation reflected from automobiles) on 
dark backgrounds, and the bright/dark 
contrast exceeds the dynamic ranges of 
photodetectors, causing their output 
signals to saturate. When fully developed, 
an effective dynamic-range-compressor 
plate, film, or coating would reduce the ap­
parent contrast of the scene imaged on the 
detector plane to within the dynamic range 
of the detectors (see Figure 1); the original 
image contrast or intensity data could be 
recovered subsequently in electronic im­
age processing because the range-com­
pression function and its inverse would be 
known. 

The proposed dynamic-range compres­
sor would be made of photorefractive crys­
tals. The two-wave-mixing process that 
occurs in such crystals attenuates the 
radiation passing through them. Because 
the process is nonlinear, the degree of at­
tenuation is greater at higher intensities. 
Thus, a compressor plate would darken 
the bright spots more strongly than it would 
darken the other portions of an image. 

One useful range-compression function 

is loot = A(IJX 

where loot and lin are the input and output 
intensities, respectively, and A is a con­
stant. For compression, X must be less 
than 1; as X decreases, the deg ree of com­
pression increases. This function is ap­
proximated by the experimental data of 
Figure 2, in which the input dynamic range 
of about 365:1 is changed to output dyna­
mic ranges of about 175:1, 160:1, and 90:1. 

This work was done by UJen Cheng 
and Hua-Kuang Uu of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Qrcle 105 on the TSP Request 
Card. 

This invention is owned by NASA and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, NASA Resident Office.JPL Labo­
ratory [see page 141. Refer to NPO-17140. 
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Making Durable Specimens for Electron Microscopy 
Consistent metal-oxide cross sections are prepared quickly. 

Lewis Research Center, Cleveland, Ohio 
High-quality specimens of metal-oxide 

cross sections transparent to electrons are 
necessary to perform some of the more 
sophisticated studies involving transmis­
sion electron microscopy (rEM) and scan­
ning transmission electron microscopy 
(STEM). A major problem in the prepara­
tion of specimens is obtaining durable 
specimens in a simple and consistent 
fashion. A new technique can be used to 
prepare 3-mm-diameter specimens of 
cross sections of oxides of alloys intended 
for use at temperatures greater than ap­
proximately 600 °C (see figure). 

The alloy of interest is cut into bars ap­
proximately 1.5 mm by 0.75 mm by 10 mm. 
Only one of the large faces of each bar 
need be prepared for oxidation treatments. 
The bars are oxidized at the appropriate 
experimental conditions. After the bars are 
cooled, a thin coat of silver paint is applied 
to the prepared surface of each bar. The 
painted surfaces are placed and held to­
gether until the paint dries. This provides 

Metal 
Substrates 

Oxide Layers 
Facing 

Each Other 

Casting 
Die __ 

enough strength for handling of the speci­
men-bar sandwich. 

The sandwich is then placed in a spe­
cially-designed stainless-steel mold and 
held in place with setscrew pins. The pur­
pose of the mold is to hold the sandwich in 
place inside a 3-mm-diameter bore, into 
which a molten alloy is injected. After the 
sandwich is aligned in the mold, a chunk of 
Zn(4 atomic percentVAl(1 atomic percentV 
Cu alloy is placed in the riser portion of the 
mold. This alloy was chosen because of its 
low melting temperature (415°C), sufficient 
strength, and high coefficient of thermal 
expansion. 

The entire mold is heated quickly with an 
oxyacetylene torch until the alloy is molten. 
A glass tube connected to a rubber bulb is 
placed over the riser and in contact with 
the mold. A blast of air causes the molten 
alloy to flow around and encapsulate the 
specimen-bar sandwich. After removal 
from the mOld, the resulting 3-mm speci­
men bar is sliced into TEM specimens by 

Metal 
Substrates 

3-mm Bore 

Riser 

use of a slow diamond saw. Finally, the 
specimens are polished, dimpled, and ion­
thinned. 

The primary advantage of this technique 
is that durable specimens can be prepared 
consistently in a very short time. In addi­
tion, epoxy resins are not used, and organ­
ic sOlvents can be used to clean the speci­
mens. Yet another advantage is that two 
different experimental conditions can be 
incorporated into one specimen. 

One of the disavantages of this tech­
nique is that specimens of materials that 
would be affected by the high casting tem­
perature are not suitable. Furthermore, 
during the ion-thinning process, the zinc 
alloy is often sputter-deposited on the area 
of interest, requiring subtraction of addi­
tional background signals from quantita­
tive-chemical-analysis spectra. 

This work was done by Joseph Doychak 
of Sverdrup Technology Inc. for Lewis Re­
search Center. No further documentation 
is available. LEW-14755 

3-mm-Diameter 
Specimen Rod 

Specimen Disk Sliced 
From Bar 

Metal 
Substrate 

The New Process makes TEM/STEM cross sections of metalloxide interfaces. Afterthe specimen bars have been oxidized, they are placed in 
the specially designed mold. Following encapsulation in the zinc alloy, the 3-mm-diameter specimen bar is sliced into disks suitable for fur­
ther preparation steps. 

Isothermal Equation of State for Compressed Solids 
The same equation with three adjustable parameters applies to different materials. 

Lewis Research Center, Cleveland, Ohio 
An improved equation of state describes 

the pressure on a solid as a function of 

NASA Tech Briefs, June 1989 

relative volume at constant temperature. 
Even though the types of interatomic inter-

actions differ from one substance to 
another, the form of the equation is deter­
mined primarily by the overlap of electron 
wave functions during compression. Con-
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sequently, the equation is universal in the 
sense that it applies to a variety of sub­
stances, including ionic, metallic, covalent, 
and rar~s solids. Only three parameters 
are needed to describe the equation for a 
given material. 

The equation gives the pressure, p. at a 
fIXed temperature, T, as a function of the 
relative size, X 
P(X, T) = 3Br [(1 - X)/X2] exp ['7~1 - x)] 
where Br = the isothermal bulk modulus 
at zero pressure, X = (VNJ V3, V = the 
volume at pressure p. and Vo = the equi· 
librium volume (the volume at zero pres· 
sure). The parameter in the exponential 
term is given by 

'7r = (3/2X(8B18P)r -1] 
where B = the isothermal bulk modulus 
and the derivative is evaluated at zero pres· 
sure. These equations are valid over the 
range of pressure and volume that con­
tains no phase changes. 

To test the equation of state by com­
parison with experimental data, it is con­
venient to define a function H (not to be 
confused with the enthalpy, which H usual­
ly denotes in thermodynamic contexts) 

H = In[PX213(1 - x)] 
= ln (B r)+ '7r(1 - X) 

The pressure equation predicts that plots 
of experimental isothermal values of Hver­
sus 1 - X will be linear, with intercepts and 
slopes yielding ln (Br) and '7.,. respective­
ly. The prediction is confirmed by close 
agreement with experimental data on a 
variety of solids at various temperatures 
(see figure), including hydrogen at 4.2 K, 
xenon at 150 K, cesium at 295 K, molyb­
denum at 293 K, sodium chloride at 298 K, 
and magnesium oxide at 293 K. 
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Experimental Plots of H Versus 1 - X all lie on nearly straight lines, even though the data in 
the plots were taken from measurements of different materials at different temperatures. 

This work was done by Pascal Vinet and 
John Ferrante of lewis Research Center. 
Further information may be found in NASA 
TM87303 [N8~287751NSPl "Universality 
in the Compressive Behavior of Solids. " 

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) 33~700. 
LEW-14615 

Equation of State With Temperature Effects for Solids 
Behavior at high temperature is predicted from only four parameters. 

Lewis Research Center, Cleveland, Ohio 
~ 3 

Experimental 
Values 

Equations have been derived to express 
the thermodynamical properties of com­
pressed solids at high temperatures. The 
new equations are based on fundamental 
considerations of thermodynamics, the iscr 
thermal equation of state discussed in the 
preceding article, and the assumption that 
the thermal pressure is independent of vol­
ume and varies linearly with temperature 
near and about the Debye temperature. 
Using only four parameters (three of which 
are those of the isothermal equation of 
state), the new equations describe the ther­
modynamic behavior of a material over a 
range of temperatures from approximately 
its Debye temperature to its melting point. 

The four parameters are measured at a 
reference temperature TR near the Debye 
temperature. They are (1) the isothermal 
bulk modulus Bo at zero pressure, (2) the 
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quantity '70 = (312)[(8B18P)T -1]withthe 
derivative evaluated at zerCfpressure, (3) 
the volume Voatzero pressure, and (4) the 
coefficient of thermal expansion a 0 at zero 
pressure. Then the pressure p. isothermal 
bulk modulus S, and isothermal derivative 
of bulk modulus with respect to pressure 
8 Bl8 P at relative size X are given by 

P(T,X) = 3BJ(1 -X)IX2J 
exp ["'0(1 - X)] + aoBo(T - TR), 

B(T,x) = (BolX2X2 + ('70 -1)X - '7aX2J 
exp ['70(1 - X)], and 

8B 
8 P (T,x) = [4 + (3'70 - 1)X + '70('70 

-1)X2 - '7~,x3]I [ 3[2 + ('70 -1)X - '7aX2J ] 

where X = (V1VO> v,. An equation for the 
temperature dependence of the coeffi­
cient of thermal expansion at zero pres-
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The Coefficient of Thennal ExpanSion of 
Xenon relative to the size at the reference 
temperature TR is closely approximated by 
values deriveo from the universal equation 
of state. 
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Molecu Wire: Your innovative source 
for specialty wire and ribbon 

WEN YOUR APPLI A­
tion calls for "impossible" 
wire or ribbon, turn to 
Molecu Wire to insure your 
project's success. 

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

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

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

Established in 1958, 
Molecu is a recognized 
leader in custom precision 
wire and ribbon design, 
engineering and 
manufacturing. We work 

Circle Reader Action No. 388 

with the world 's foremost 
companies-from global 
giants to small, emerging 
f!fms-to pioneer 
tomorrow's products and 
technologies . . . today. 

To learn more about 
how you can put Molecu's 
one-of-a-kind wire and 
ribbon technology to work 
for you, call us today at 
(201) 9 38-9473. O r write 
Molecu Wire, P. O . Box 
49 5, Farmingdale, New 
Jersey 07727. 
Fax: (201) 938-3189. 



sure can also be derived by setting P(T,x) 
= 0 and solving for ~1). 

These equations agreed well with exper­
imenta� data on the pressures, volumes, 
and bulk moduli of gold, sodium chloride, 
and xenon at various temperatures. Even 
the nonlinear variation of the thermal ex­
pansion with temperature is well approxi­
mated by the values derived from the gen­
eralized equation of state (see figure): 

previously, the thermal expansion had 
been difficult to predict over a wide range 
of temperatures. 

This work was done by Pascal Vinet and 
John Ferrante of lewis Research Center, 
John R. Smith of General Motors Corp., 
and James H. Rose of the Ames Labora­
tory of the United States Department of 
Energy. Further information may be found 
in NASA TM-87321 [N86-287761NSP), 

"Temperature Effects on the Universal 
Equation of State of Solids. " 

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. 
LEW-14616 

Measuring Transmission Efficiencies of Mass Spectrometers 
Coincidence counts would yield absolute efficiencies. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed system would measure the 
mass~ependent transmission efficiencies 
of mass spectrometers, using coinci­
dence-counting techniques reminiscent of 
those used for many years in the calibra­
tion of detectors for subatomic particles. 
When fully developed, the system should 
be compact, portable, and used routinely 
to calibrate mass spectrometers. 

The conceptual system is connected to 
the inlet and to the output circuit of the 
mass spectrometer (see figure). A gas 
(e.g., H2' °2, He, Ne, N2, 02' AI, or OO~ is 
passed through an array of capillary tubes, 
then through a series of apertures to form a 
well-collimated, well-defined beam of mo­
lecules. This beam is crossed by a beam of 
electrons with kinetic energies greater 
than the ionization potential of the mole­
cules and with an energy spread less than 
300 mV. Some of the collisions between 
electrons and molecules produce singly 
ionized molecules that travel toward the 
entrance aperture of the mass spectrome­
ter, and scattered electrons, the kinetic en­
ergies of which are diminished by the 
amounts lost in production of the ions. 

The electrons scattered at some arbi­
trarily chosen angle 8 are analyzed in ener­
gy and detected by a multichannel amplify­
ing plate or other suitable charged-particle 
detector. Each detected electron gives rise 
to an electrical pulse that is shaped, ampli­
fied, and sent to a pulse counter: it is as­
sumed that each pulse at a specified scat­
tered-electron energy corresponds to an 
ion that has begun to travel toward the en­
trance of the mass spectrometer. The elec­
tron-detector output is also fed through a 
variable-delay unit to start a time-to-pulse­
height converter. 

Another charged-particle detector, 
another pulse shaper, and another ampli­
fier form a pulse for each ion that arrives at 
the output end of the mass spectrometer. 
Each ion pulse serves as the stopping 
pulse for the time-to-pulse-height convert­
er. Between the starting and stopping 
pulses, there is a time correlation for those 
detected ions that were produced by de­
tected electrons. For other detected ions 
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Coincidences Between Detected Ions and the Electrons That Produced Them would be 
counted during the operation of a mass spectrometer. Under certain assumptions regarding 
the inelastic scattering of electrons, the electronlion-coincidence count is a direct measure 
of the transmission efficiency of the spectrometer. 

and electrons, there is no time correlation. 
Thus, the output of the time-to-pulse-height 
converter includes uncorrelated pulses 
spread over a wide range of time intervals, 
plus correlated pulses spread over a fixed 
time interval, as shown in the output of a 
pulse-height analyzer. 

The transmission efficiency of the mass 
spectrometer is taken to be the ratio of the 
number of time-correlated pulses to the 
number of electron pulses. The measure­
ment can be repeated for each of the vari­
ous gases to obtain the transmission effi· 
ciency for the molecular mass of each. 

This work was done by Santosh K. 
Srivastava of Caltech for NASA's Jet Pro-

pulsion Laboratory. For further informa­
tion, Circle 10 on the TSP Request Card. 

In accordance with Public Law 9(}517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad­
dressed to 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-16989, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Automated Heat-Flux-Calibration Faci lity 
Computer control speeds operation of the equipment and processing of measurements. 

Lewis Research Center, Cleveland, Ohio 
A new heat-flux-calibration facility has 

been developed at Lewis Research Center. 
This facility is used for fast-transient heat­
transfer testing, durability testing, and cali­
bration of heat-flux gauges. Calibrations 
can be performed at constant or transient 
heat fluxes ranging from 1 to 6 MW/m2 and 
at temperatures ranging from 80 K to the 
melting temperatures of most materials. 
The facility was developed because there 
is a need to build and calibrate very-small 
heat-flux gauges for the Space Shuttle 
main eng ine (SSME). These heat-flux 
gauges are required for the measurement 
of the flux of heat to the surfaces of tur­
bines in the turbopumps of the SSME. 

The calibration facil ity includes a lamp 
head attached to the side of a service mod­
ule, an argoni:jas-recirculation module, a 
reflector, a heat exchanger, and a high­
speed positioning system. The lamp head 
contains electric-are-stabilization and de­
ionized-water cooling systems. The stabili­
ty of the arc, necessary for minimal fluctua­
tion of the light (heat) source, is attained by 
giving the argon gas a high rotational ve­
locity as the gas enters a quartz tube eon-

A 100-kW Arc Lamp provides repeatable, controllable directional radiant heating of the sur­
face of a heat-flux gauge. 

taining the arc, gas, and water (see figure). 
The water is pumped in a spiral fashion 

along the tube and flows between the plas­
ma arc and the quartz tube. Also, the de­
ionized water cools the reflector, removes 

electrode debris from the inside surface of 
the tube, and cools the quartz tUbe. After 
the water has passed through the quartz 
tube, it is filtered within the service module 
and then cooled within the heat exchanger. 
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• VECTRA • PEEK • VICTREX • NYLON • RYN ITE 
• XYDAR • ULTEM • VALOX • LEXAN • RYTON 
• AMODEL • NORYL • DELRIN • CYCOLAC • CELANEX 

NASA Tech Briefs, June 1989 Circle Reader Action No. 691 

IREQUEST FOR QUOTEI 

PRECISION MOLDING TO: 
.000S" . ZERO DEFECT 

COST EFFECTIVE CLASS 'A ' 
MOLD CONSTRUCTION 

r£RfOIIMANCt I'IAIIICOIP 0IhetI 
CUstom Irjection Molding .,. Ves 
In Hou", Closs 'A' Mold Construction Yeo Few 

=~=~n 
Vel 
Yeo 

~~~~~ Yeo No 
Yeo No 

~~:~~ Yeo Few 
Yeo Few 

Aulomot\on; ~Iro Yeo No 
Yeo No 

T~ exceed published 
Yeo No Stvtnkooe a polymer suppIjeB 

O-JoIity Conhol Stondad /'oQ.. ,.0 
Milspec eoe 

Mold ute Guarantee Yeo 
Mold Malntonces Yeo 
Sec:ondorieo: T~ Yeo 

HoI Stomp Yeo 
lJtTa SOnic & SpIn WeIdhg v. 
Top. Punch 0\ on! .,. 
Package 0\ Assemblies Yeo 

24105 S. Frampton Ave. 
Harbor City, CA 90710 
(2131539-9530 FAX: 213-539-8325 

59 



60 

ftM-a.ratAll'Upackage minimizes measurement 
errors commonly encountered at low temperatures. 
So you get a sensor ideally suited for cryogenics. 
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A positioning arm attached to the high­
speed positioning system is used to posi­
tion carefully the heat-flux gauge in the 
focus of the reflector; the positioning sys­
tem also rapidly removes the gauge from 
the focal position after sufficient heating. 
Microcomputers built into the arc lamp and 
positioning system are controlled by a min­
icomputer stationed in a nearby control 
room. Before and after heating by the elec­
tric arc, the gauge is cooled by program­
ming the minicomputer to position the 
gauge in a Dewar filled with liquid nitrogen. 

Thermocouples attached to the bodies 
of heat-flux gauges produce voltages that 
are converted to temperature data and 
then stored in the minicomputer. The heat 
flux is calculated with computer codes that 
use measured gauge-body temperatures 
as input. This type of automated heat-flux­
calibration facility can be installed in in­
dustrial plants for onsite calibration of heat­
flux gauges that measure fluxes of heat in 
advanced gas-turbine and rocket engines. 

This work was done by Curt H. Uebert 
and Donald H. Weikle of lewis Research 
Center. No further documentation is avail­
able. 
LEW-14724 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Accuracy of 
Hot-Wire Anemometry 
In Supersonic Turbulence 

The sensitivity of a 
hot-wire probe is 
compared to laser-induced­
florescence measurements. 

A report discusses the factors that af­
fect the readings of a hot-wire anemome­
ter in a turbulent supersonic boundary 
layer. The report presents a theoretical 
analysis of the responses of a hot-wire 
probe to changes in the flow; it also com­
pares measurements by a hot-wire probe 
with measurements of the same flows by 
laser-induced fluorescence (LI F). Because 
LlF provides spatially and temporally re­
solved data on temperature, density, and 
pressure, it provides independent means 
to determine the responses of hot-wire an­
emometers to these quantities. 

The usual objective of hot-wire an em­
ometry is to measure the fluctuations in 
the mass flux, which is a product of flow 
speed and density. However, a hot wire 
does not respond to mass flux alone but to 
a combination of mass flux and total tem­
perature, the total temperature being the 

NASA Tech Briefs, June 1989 



temperature of a stagnation point in the 
flow. While comparisons of hot-wire ane­
mometry with laser doppler velocimetry 
can provide partial speed calibrations, they 
provide no information on responses to 
fluctuations in density and temperature. 

The basic equation of hot-wire anelTlO­
metry is a linearized expression for the 
fluctuation in the voltage across a hot wire 
immersed in a flow: 

(AElE) = SriWQ) + SJAUlU} + S.,{ATfT) 

where E = the voltage, Q = the density, U 
= the speed, T = thetotaltemperature,S 
= the sensitMty to the subscripted quanti­
ty, and A denotes the fluctuation in the 
associated quantity. For mach numbers 
above 1.2 and Reynolds numbers above 20 
(based on wire diameter) 

SQ~SU = Sm 
where m = QU = mass flux. The theoreti­
cal analysis explores the mathematical 
consequences of these equations under 
various assumed flow conditions to derive 
equations for three different calibration 
methods. 

The first two methods are based on the 
concept of "single high overheat": the wire 
is operated at such a high temperature that 
it is sensitive only to mass flux and not to 
fluctuations of temperature in the flow. In 
the first method (the centerline method), 
measurements are made at the center line 
of a wind tunnel, where the flow is relatively 
free of disturbances. The stagnation pres­
sure, and consequently the mass flux (but 
not the mach number), is varied from run to 
run. The second method (the boundary­
layer method), which is less vulnerable to 
certain calibration errors, involves meas­
urements of the boundary-layer flow with 
mass flow estimated from pitot-static 
measurements by the standard equations 
of compressible flow. The third method is 
more complicated: through measure­
ments at various wire temperatures (multi­
ple overheats) and statistical analysis, it 
provides for the determination of both Sm 
and Sr. 

The three methods were applied to a 
mach 2.1 flow of nitrogen in a blowdown 
wind tunnel and compared with LI F meas­
urements. As a result, the following conclu­
sions were drawn: 
• The boundary-layer and centerline meth­

ods give the same measurements of mass 
flux. The boundary-layer method mini­
mizes errors, but the centerline method 
may be easier and more reliable for the 
measurement of some complicated flows. 

• A hot wire can be operated at a single high 
overheat or at multiple overheats to meas­
ure fluctuations in the mass flux. 

• If a high overheat is used to measure only 
fluctuations in mass flux, then root-mean­
square fluctuations of temperature and 
density cannot be determined accurately. 

• If multiple-overheat measurements are 
taken of the mass flux, the total tempera-
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ture, and the correlation between them, 
and if there are no unsteady shocks or 
other sources of pressure fluctuations, 
then the root-mean-square fluctuations of 
temperature and density can be deter­
mined accurately. 

dressed to the Patent Counsel, Ames Re­
search Center [see page 14]. Refer to 
ARC-11802. 

Computing Geopotential 
Perturbations 

An improved formulation 
reduces error and 
the number of 
computational steps. 

This work was done by Pamela Logan, 
Robert L McKenzie, and Daniel Bershader 
of Ames Research Center. To obtain a 
copy of the report, "Comparisons of Hot­
Wire and Laser-Induced Fluorescence 
Measurements Obtained in SupersoniC 
Turbulence," Circle 112 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad-

A report describes a method for calcu­
lating the partial derivative of the geopoten­
tial perturbation with respect to time. This 
partial derivative is useful in computations 

9.80 -
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with Kevex X-RAY's patented portable X·ray source, the PXS. 
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design eliminates the bulk associated with conventional X-ray systems 
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• A compact X-ray fluorescence system 
• A tabletop double crystal diffractometer 
• An airborne meteorological device for measuring particle distribution 

All possible because of the self-contained compact X-ray energy source, 
the PXS. 

Kevex X-RAY integrated a miniature X-ray tube and a high voltage power 
supply into one compact, 5 lb. package. Operational from a 12 volt 
DC battery, this highly regulated, highly stable source has all the high 
voltage components molded internally. As a result there are no high 
voltage cables or connectors to work around. 

Designed, manufactured, and sold only by Kevex X-RAY. Call or write 
Kevex X-RAY today for information on our complete line of portable 
sources including the 10 micron focal spot PXS. 

keJlex X.RAY 
P.O. Box 66860 
Scotts Valley. CA 95066 408-438-5940 
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of the orbit of a lightweight satellite in which 
the total orbital energy or a related param­
eter is one of the dependent variables. 

In a total-orbital-energy formulation, the 
differential equation for the trajectory of 
the satellite is obtained by taking the total 
derivative, with respect to time, of the total 
orbital energy, h: 

h = Y2r. P + aV(r,l) 
at 

where r is the instantaneous position vec­
tor from the center of the Earth to the sat­
ellite in an inertial reference frame, r = I rl, 
P represents the perturbation forces deriv­
able from the geopotential, V(r,t) is the non­
spherically-symmetrical perturbation in the 
geopotential, and t = time. The total deriv­
ative of the perturbation with respect to 
time experienced by the satellite is given by 

dV av av 
dt = r' "8r+ar 

where :: represents the gradient operator 
usually denoted as V. 

In a system of coordinates that rotates 
with the Earth or other geopotential source 
at a suitable angular velocity 0) , the pertur­
bation can be expressed as a function of 
position rG only. With the help of this geo­
centric coordinate system, and taking r = 
rG instantaneously, the total derivative with 
respect to time experienced by the satellite 
and the partial derivative with respect to 
time in the inertial coordinate system are 
given by 

dV av av 
dt = arG o(rG+O)xr~+8t and 

av av . at = - arG 0 (0) X rG), respectIVely 

The perturbation is then ~ into 
a zonal component Vz that depends only 
on the radius and colatitude in the rotating 
coordinate system and into a component 
Vr that includes the sectorial and tesseral 
terms of the potential (terms that depend 
on the longitude or on longitude and colati­
tude in the rotating coordinate system). Be­
cause ~ contains only terms perpendicu­
lar to 0) ~ rG, it does not contribute to the 
scalar product, and consequently 

~ = _ aVr'(O)Xf
G

) 
at arG 

Two options are considered within this 
general formulation. While both are cor­
rect, they differ in the speed and accuracy 
with which the trajectory can be comput­
ed. In option A, all of the zonal, sectorial, 
and tesseral terms are included in the p0-
tential and, thereby, in the total energy: this 
makes P = 0 and results in 

hA = ~ = - aVr.(O) Xf_\ 
at ar GI 

In option B, only the zonal terms are includ­
ed in the geopotential and, thereby, in the 
total energy: this makes :~ = 0 and places 
the sectorial and tesseral terms in P, re­
sulting in hB = r. P = - ~. r . 

For a satellite orbit near the Earth, the 
magnitude of the velocity 0) X r G that arises 
from the rotation of the geocentric ~r­
dinate system is much less than the 
magnitude of the inertial velocity r. Thus 
IhAI<lhBI , and in practice hAlhB<1I16. 
Because the total-orbital-energy formula­
tion involves equations of perturbed har­
monic oscillators, the frequencies of which 
depend on the total orbital energy, the 
smaller perturbation of option A results in 
oscillator frequencies that are more nearly 
constant. 

Options A ant. B were compared by 
using them to propagate a nearly circular 
orbit for 10 days. Option B required an 
average of 59.4 variable steps per revolu­
tion, with a maximum error of 25 m. Option 
A required an average of 45.2 variable 
steps per revolution, with a maximum error 
of about 8 m. When both were implement­
ed with 30 fixed steps per revolution, option 
B showed a rapidly growing error that 
reached 25 m after 4 days, while option A 
reached a maximum error of about 15 m 
after 10 days. 

This work was done by Victor R. Bond 
and David D. Mulcihy of McDonnell 
Douglas Corp. for Johnson Space Cen­
ter. To obtain a copy of the re{XJrt, "Com­
putation of the Partial Derivative of a Poten­
tial Function With Respect to Time," Orcle 
73 on the TSP Request Card. 
MSC-21281 

" NASA Tech Briefs 
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" As a manufacturer 
of automatic test 
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Glass Coats for Hot Isostatic Pressing 
~J Surface voids would be sealed from pressurizing gas . 

Marshall Space Flight Center, Alabama 

A proposed coating technique would 
enable the healing of surface defects by 
hot isostatic pressing (HIP). Internal pores 
are readily closed by HIP, but surface voids 
like cracks and pores that are in contact 
with the pressurizing gas are not healed. 
The proposed coat would be easy to apply, 
would separate the voids from the sur· 
rounding gas, would not react with the 
metal part under treatment, and would be 
easy to remove after pressing. 

(J 
0 

~ 
:> 

~ 
CD c. 

1,800 

1,700 

1,600 

1,500 

1,400 

1,300 

1,200 

2Na20.SI02 + 
liquid 

liquid 

2Na20.S102 
+ 

Na20.SI02 

1,723 0 

The coat would be applied to a casting 
or weldment as a thick slurry of two glass 
powders: one (component A), which melts 
at a temperature slightly lower than that 
used for HIP, and another (component B), 
which melts at a higher temperature. For 
example, powder A could be a glass of 75 
percent Si02 and 25 percent Nap, while 
the other powder could be Si02 (see fig­
ure). The liquid component of the slurry 
could be a fugitive organic binder; for ex­
ample, a mixture of cellulose acetate and 
acetone. 

E 
CD 
t-

1,100 Na20.SI02 + 
liquid 

Trldymite 
+ 

liquid 

Most casting defects at surfaces occur 
in "hotspots" - areas where heat is not 
conducted away fast enough during solidi­
fication. Such areas are often inaccessi­
ble. The slurry should readily flow to them, 
however, after being brushed on a casting. 
The user does not have to worry about ap­
plying too much slurry - it should come 
off easily after HIP. 

In the case of the NaplSi02 material 
mentioned above, as the temperature is 
raised to about 825°C during hot isostatic 
pressing, the lower-melting glass should 
first melt; but then the glasses should 
react, and the melting point should rise so 
that the glass mixture should harden. With 
the proper choice of the relative amounts 
of each glass, the mixture should form a 
coat stiff enough to protect against the gas 
pressures of 15,000 Ib/in.2 (100 MPa) typi­
cally used in HIP. 

When pressing is complete, the casting 
would be cooled to room temperature. The 
glass coat should shrink faster than the 
casting WOUld. Therefore, the coat should 
spall from the casting, leaving no detect-

64 
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The Phase Diagram of Na20 and 5102 indicates that a glass that has a melting temperature 
between'" 780 and 1,723'C can be made by mixing various proportions of 75-percent 8i02"25-
percent N~O glass with pure 8i02 • The numbers on the horizontal axis denote weight per­
centages of 8i02• 

able effects on it. 
This work was done by Gunes M. feer of 

Rockwell International Corp. for Marshall 

Space Right Center. For further informa­
tion, Orele 115 on the TSP Request Card. 
MFS-29501 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Resistance to Delamination 
in Composite Materials 

A fracture-mechanics 
approach is applied to 
delamination failures. 

Delamination is the most-commonly­
observed mode of failure in composite-ma­
terial dynamic components of rotorcraft. 
Potential delamination sites in composite 
structures exist at discontinuities in load 
paths; for example, at straight edges, 
bonded joints, and bolted jOints. These dis­
continuities give rise to interlaminar stress­
es even when the remote loading is in the 
plane of the laminations. Clearly, it would 
be useful to be able to model delamination 
mathematically and predict its onset for a 
given loading condition at a specified dis­
continuity. 

A report presents a fracture-mechanics 
approach to analyzing, characterizing, and 
designing against delamination. In the 
study, examples of delamination problems 

are illustrated wherein the strain-energy­
release rate associated with the growth of 
delamination has been found to be a useful 
generic parameter, independent of thick­
ness, layup, and source of delamination, 
for the characterization of failure by delam­
ination. Several techniques for the calcula­
tion of strain-energy-release rates for de­
laminations from a variety of sources are 
outlined. A technique for the quantification 
of durability due to cyclic loading is pre­
sented. 

One example of this approach is the 
analysis of edge delamination. In this case, 
the strain-energy-release rate is related 
through an equation to the remotely a~ 
plied strain, the thickness of the laminate, 
and the modulus of the laminate with and 
without the delamination. The strain-ener­
gy-release rate is independent of the size of 
the delamination and the orientation of the 
layup. A critical strain for delamination is 
identified, and this is used to calculate a 
critical strain-energy-release rate, which is 
then used to calculate the remotely applied 
strains required to propagate a delamina­
tion for a number of different fiber orienta­
tions. These predictions, for the case of 
edge delamination, closely approximate 
experimentally-determined strain values. 

To model delaminations involving mixed­
mode fracture, a finite-element approach 
is used to calculate the three components 

the right 
. environment 

of the strain-energy-release rate: G, unter­
laminar tension), Gil unterlaminar sliding 
shear), and Gil' Onterlaminar scissoring 
shear). The total G is then determined by 
summing these components. This tech­
nique can be applied to different geome­
tries, calculating the strain-energy-release 
rate components for several different 
sources of delamination. 

This work was done by T. Kevin O'Brien 
of Langley Research Center. To obtain a 
copy of the report, "Delamination Durabili­
ty of Composite Materials for Rotorcraft," 
Orcle 154 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 14]. Refer to LAR-13753. 

Unified System of Data on 
Materials and Processes 

Wide-ranging sets of 
data for aerospace 
industry are described. 

A document describes the Materials 
and Processes Technical Information Sys­
tem (MAPTIS), a computerized set of inte­
grated data bases for use by NASA and the 

The 
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aerospace industry. MAPTIS stores infor­
mation in a standard format for fast retriev­
al in searches and surveys of data. It helps 
engineers select materials and verify their 
properties. It promotes standardized no­
menclature as well as standardized tests 
and presentation of data. 

MAPTIS contains the following sets of 
data, among others: 
• Nonmetallic materials - specifications, 

manufacturers, trade names, flammabili­
ty, toxicity, and compatibility with hydra­
zine, hydraulic fluid, oxygen, and hydro­
gen. 

• Metals - alloys, heat treatments, corro­
sion, stress corrosion cracking; and com­
patibility with oxygen, nitrogen tetroxide, 
hydrazine, hydrogen, and hydraulic oil. 

• Atomic oxygen - effects on materials, 
guidelines for selection, and protective 
techniques. 

• Thermal vacuum stability - data on out­
gassing, gathered from a variety of agen­
cies. 

• Verification and control of materials - in­
formation on where materials are used, 
ready reference for foreign alloys, and re­
cords of agreements on the uses of mater­
ials. 

• Properties of materials, including mechan­
ical, electrical, chemical, and thermal 
properties - particularly those related to 
processing, safety, and endurance in use. 

• Lubricants -lubricity, viscosity, tempera-

When space is at a premium, 
Anoride'M Model-5 tables with 
AnalinelN linear dc motor drives 

ture range, formulation, flashpoint, chemi­
cal properties, processing, and thermal 
properties. 

• Specifications and standards. 
The format of the document is that of 

photographic projection slides used in lec­
tures. The document presents examples of 
reports from the various data bases. 

This work was done by Carlo F. Key of 
EER Systems for Marshall Space flight 
Center. To obtain a copy of the report, 
"Materials and Processes Information Sys­
tem," Circle 88 on the TSP Request Card. 
MFS-27212 

Effect of Solidification 
Speed on Fatigue 
Properties 

Fast solidification increases 
fatigue life, but the failure 
distribution becomes 
less predictable. 

A report describes the effects of the rate 
of solidification on the nickel-based super­
alloy MAR-M246(Hf) used in turbine blades. 
The report is based on experiments in 
which specimens were directionally solidi­
fied at 5 cmlh and 30 cmlh, then tested for 
high cycle fatigue. The specimens were 
also inspected by energy<lispersive x-ray 
(EOX) analysis and optical and electron mi-

DIMENSIONS 
Length 5 %" 
Width 5%" 

croscopy. 
The specimens solidified at the higher 

speed had higher volume fractions of car­
bide and interdendritic eutectic and lower 
volume fractions of the y' phase. Oxrelat­
ed with these characteristics was the fa­
tigue life - twice as high in the rapidly s0-
lidified specimens as in those solidified 
slowly. 

However, the rapidly solidified speci­
mens failed more randomly. These speci­
mens exhibited more early failures than did 
the slowly solidified specimens, which fol­
lowed a normal wearout pattern. The less­
er predictability of failure in the rapidly s0-

lidified specimens can be related to the 
greater carbide and eutectic contents. Al­
though heat treatment can diminish the se­
gregation to some extent, it is still greater 
than in the specimens solidified more slow­
ly. 

This work was done by M. H. McCay, D. 
D. Schmidt, W 0. Hamilton, W S. Alter, 
and R. A. Parr of Marshall Space flight 
Center. To obtain a copy of the report, 
"The Influence of Growth Rate on Fatigue 
Properties in a Directionally Solidified 
Superalloy," Circle 26 on the TSP Request 
Cards. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer to 
MFS-27215 

in-line with the centerline of travel . 

provide the most compact table available 
anywhere . By eliminating the need for a 
rotary motor extending beyond the 

The Madel-5 table is available with 
travels from 1 inch to 5 inches, and 

can be readily mounted in an XY configuration . 

When performance counts , the Model-5 provides 
accuracy , response and compact size with 

table 's base , the length of the 
assembly is dramatically 
reduced . 

The Anoline linear motor 
drive offers stiffness and 
responsiveness far in 
excess of other drives . 
Anorad's linear , high­
reliability, solid state encoder 
provides resolut ion from 100 
micro inches to 1 microinch . To 
assure the highest accuracy , both 
the encoder and motor are mounted 

a design suitable for continuous duty in 
the most demanding applications . 

Call or write for a free 
brochure and pricing , or call 

our Application Engineers . 

Tel : 516-231-1995 

ANORAD CORPORATION 
110 Oser Avenu~ 

Hauppauge , NY 11788 

FAX : 516-435-1612 II> 

TWX : 510-2 27-9894 ANORAD 

For Informat ion Circle 508. 
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launches, bouncing moon 
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Computer programs 
68 Computer·Alded Engineering of Labeling 
70 Designing Corrector Optics 
70 Data·Dlctlonary-Edltlng Program 
70 AutoCAD-To-NASTRAN Translator Program 

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

ment and Information Center, distributes soft· 
ware developed with NASA funding to industry, 
other government agencies and academia. 

COSMIC's inventory Is updated regularly; new 
programs are reported in Tech Briefs . For addl' 
IIOnai information on any of the programs describ­
ed here, circle the appropriate TSP number. 

If you don't find a program In this issue that 
meets your needs, call COSMIC directly for a free 

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

~ ElectroniC Components 
~ and Circuits 

review of programs in your area of interest You 
can also purchase the 1988 COSMIC Software 
Catalog, containing deSCriptions and ordering in· 
formation for available software. 

COSMIC is part of NASA's Technology Utiliza· 
lion Network. 

COSMIC' - John A. Gibson, Director, (404) 
542·3265 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

Computer-Aided 
Engineering of Cabling 

This program generates 
data sheets, drawings, and 
other information on 
electrical connections. 

ALGOR FEA-Design 
and Stress Analysis $889* 

DF.t>CS is an interactive multiuser com­
puter-aided-engineering tool for system­
level electrical integration and cabling 
engineering. The purpose of the program is 
to provide the engineering community with 
a centralized data base for putting in, and 
gaining access to, the functional definition 
of a system as specified in terms of details 
of the pin connections of the end circuits of 
subsystems and instruments and data on 
harnessing. The primary objective is' to 
provide an instantaneous single point of in­
terchange of information, thus avoiding 
error-prone, time-consuming, and costly 
shuttling of data along multiple paths. For 286 or 386 desktop computers 

• Finite Elements: truss, beam, 2-D solid , 3-0 
solid, membrane, plate/shell, pipe, boundary, 
rigid link, non-linear gap, thin and thick shell/ 
plate composites. 

• Stress Analysis: point load, pressure, tem­
perature, accelerations, centrifugal loads, 
deflections. 

• Dynamic Analysis: mode shapes, frequen­
cies, time stress history, response spectrum, 
direct integration, random vibration. 

• Heat Transfer Analysis: 2-0/3-0 conduction , 
convection, radiation , heat source, tempera­
ture, steady state and transient. 

• Graphics: 3-0 models; hidden line removal ; 
Ii~ht source shading animation ; stress, 
displacement, temperature and flux contours 
w/optional shading; deformations; pan ; zoom; 
node/element numbers; color. 

• Modeling: 2-0/3-0 mesh, cylinders, extru­
sions profile-path, warped surfaces; bound­
aries, loads, materials. SUPERORAW II and 
parametric model generation. 

* Full CapabllHy, no size restrictions: 3-0 
drawing, Computer Aided Design , solid 
modeling, deSign visualization, finite element 
stress analysis, and graphic post-processing. 

GSA Contract #GSOOK89AGS6270 

Design the 
future with 
A/gor. 

SImI .. ot ..... ell, 

Algor has the largest base of installed FEA 
software in the world! 

TEL: (412) 967·2700 FAX: (412) 967·2781 

RlliDR Quality 

L."?II~:~nfil 
Since 1977 

ALGOR INTERACTIVE SYSTEMS, INC. 
260 Alpha Drive, Pittsburgh, PA 15238 
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The DFACS program, which is centered 
around a single data base, has built-in 
menus that provide easy input of, and ac­
cess to, data for all personnel involved in 
the system, subsystem, and cabling. The 
DFACS program enables the parallel de­
sign of circuit-data sheets and drawings of 
harnesses. It also recombines raw infor­
mation to generate automatically various 
project documents and drawings, includ-
ing the index of circuit-data sheets, the list 
of electrical-interface circuits, lists of as­
semblies and equipment, cabling trees, 
and drawings of cabling electrical inter­
faces and harnesses. 

Real-time automatic production of har­
ness drawings and circuit-data sheets 
from the same reservoir of data ensures in­
stant harmony in the engineering design of 
the system and cabling. DFACS also con­
tains automatic wire-routing procedures 
and extensive error-checking routines de­
signed to minimize the possibility of engi­
neering error. 

The DFACS program was developed in 
1987. It is designed to operate on a DEC 
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PASTRAN: THE COST 
EFFECTIVE ADA SOLUTION 

FOR REUSING YOUR 
PASCAL CODE 

"I tried PasTran on some large public domain Pascal files and it worked 
great. I had to make a few changes to the Pascal and Ada because 
the program was in DEC Pascal, but it only took a few hours. Since I 
didn't know the program, I figured a stra ight translation would take 
about a week or two, if I tried it manually. That sold me!" 

T. L. (Frank) Pappas, IEEE Computer 

PasTran is an innovative tool for converting your existing Pascal code into Ada code. It 
has been field tested for over two years, with many different Pascal variants, and the 
response is overwhelmingly positive. PasTran is written and compiled in Janus/Ada, which 
recently was revalidated under ACVC 1.10, insuring the highest standards available in 
the Ada industry. PasTran offers the following capabilities: 

• PasTran can convert up to 97% of your existing Pascal code into Ada code! 

• Customized site licensing is available for PasTran, as well as single user licensing. 

• Source code licensing is available for PasTran, allowing your company to customize 
to its needs. 

• Customization of PasTran is available by our staff; contact our sales staff with your 
specific needs, so we can assist your company in making the most out of your exist­
ing Pascal code. 

• PasTran increases the reusability of your existing Pascal code, allowing your company 
to increase its capabilities in Ada at a fraction of the cost. 

" ... you need a tool that's going to do a pretty good translation . PasTran, from the 
makers of Janus/Ada, is what you need." 

T. L. (Frank) Pappas, IEEE Computer 

. JANUS/ADA: WHERE OUR CUSTOMERS COME FIRST!!!!! 

W S 
© Copyrlghl1989 RR Software 

OFTWARE,INC. -------
P.O. Box 1512 Madison, Wisconsin 53701 1-800-PC ADA 4 U 11111 : (608) 244-6436 TELEX 4998168 

specialists in state of the art programming 
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VIV< minicomputer or microcomputer using 
INGRES Version 5.0103 and VIV<VMSI04. 
INGRES is available through Relational 
Technology, Inc. 

This pr~ram was written by Joseph W 
Billitti of CaItech for NASA's Jet Propul­
sion Laboratory. For further information, 
Orc/e 61 on the TSP Request card. 
NPO-17391 

(I) Ph,Slcal SCiences 

Designing Corrector Optics 
Image-spot radii can be 
reduced by factors ranging 
from 5 to 25. 

Corrector Surface Design Software 
(CORFIG) calculates the optimum figure of 
a corrector surface for an optical system 
based on real ray traces. COR FIG gener­
ates the corrector figure in the form of a 
spline data-point table and/or a list of poly­
nomial coefficients. The number of spline 
data points as well as the number of coeffi­
cients are specified by the user. 

Rrst, the parameters of the optical sys­
tem (thicknesses, radii of curvature, and 
the like) are entered. COR FIG traces the 
outermost axial real ray through the uncor­
rected system to determine approximate 
radial limits for all rays. Then several real 
rays are traced backward through the sys­
tem from the image to the surface that ori­
ginally followed the object, within these 
radial limits. At this first surface, the local 
curvature is adjusted on a small scale to di­
rect the rays toward the object, thus re­
moving any accumulated aberrations. 

For each ray traced, this adjustment is 
different, so that at the end of this process 
the resultant surface is made up of many 
local curvatures. The equations that de­
scribe these local surfaces, expressed as 
high-order polynomials, are then solved si­
multaneously to yield the final surface fig­
ure, from which data points are extracted. 
Finally, a spline table or list of polynomial 
coefficients is extracted from these data 
points. 

CORFIG is intended to be used in the 
late stages of optical design. The design of 
the system must have at least a good par­
axial foundation. Preferably, the design 
should be at a stage at which traditional 
methods of correction of Seidel aberra­
tions do not bring the size of an image spot 
within specification. 

CORFIG reads the system parameters 
of such a design and calculates the opti­
mum figure for the first surface such that 
all of the original parameters remain un­
changed. Depending upon the system, 
CORFIG can reduce the root-mean-square 
Image-spot radius by a factor of 5 to 25. 

70 

The original parameters (magnification, 
back focal length, and the like) are main­
tained because all rays upon which the 
corrector figure is based are traced within 
the bounds of the outermost ray of the ori­
ginal system. For this reason, the original 
system must have a certain degree of in­
tegrity. 

CORFIG optimizes the figure of the cor­
rector surface for on-axis images at a 
single wavelength only. However, it has 
been demonstrated many times that the 
method of CORFIG also Significantly im­
proves the quality of field images and im­
ages formed at wavelengths other than the 
design wavelength. 

CORFIG is written completely in VIV< 
FORTRAN. It has been implemented on a 
DEC VIV<-series computer under VMS with 
a central-memory requirement of 55K 
bytes. The program was developed in 
1986. 

This pr~ram was written by A. Dantzler 
of Goddard Space Flight Center. For fur­
ther information, Ore/e 110 on the TSP Re­
quest Card. 
GSC-13120 

G Malhematlcs and 
~ Inlormallon Sciences 

Data-Dlctlonary-Edltlng 
Program 
Access to data-dictionary 
relations and attributes is 
made more convenient. 

The Data Dictionary Editor (DOE) com­
puter program was developed to give the 
developers of data bases more convenient 
access to the OMNIBASE VAX/10M data­
dictionary relations and attributes. Prior to 
the development of DOE, access to the de­
scriptions table could be obtained via OM­
NIBASE IQL software. However, It was 
necessary to specify relations (tables) and 
attributes (fields) by numbers associated 
with their names. The DOE application pro­
gram provides more convenient readlwrite 
access to the data-dictionary table ("de­
scriptions table") via a data screen that 
uses SMARTQUERY fLnction keys. (SMART­
QUERY is an OMNIBASE software product 
that uses special function keys for the 
storage and retrieval of data records.) 

DOE provides three main advantages: 
(1) The user works with the table names 
and field names rather than with table 
numbers and field numbers, (2) DOE pro­
vides online access to definitions of data­
dictionary keys, and (3) DOE provides a 
displayed summary list that shows, for 
each datum, which data-dictionary entries 
currently exist for any specific relation or 
attribute. 

The DOE data screen is an OMNIBASE 

SMAATDESIGN screen with two windows. 
The top window retrieves relation (table) 
descriptions and attribute (field) descrip­
tions. The bottom window retrieves defini­
tions of data-dictionary keys. DOE allows 
users to switch back and forth between the 
two windows without interfering with re­
trievals in progress in either window. 

The DOE application program was de­
veloped for specific use: that of review and 
editing of records in the OMNIBASE "de­
scriptions" relation (table). However, the 
routines that allow more than one retrieval 
sequence to be in progress at the same 
time can be adapted for use in other OM­
NIBASE applications. 

DOE was developed on a DEC VIV< 750 
computer under VMS 3.6. Implementation 
of DOE requires a Brittain Lee data-base 
machine with 10M 500 and the OMNIBASE 
software package. OMNIBASE is available 
from Signal Technology, Inc. The DOE pro­
gram was developed in 1987. 

This program was written by A. P. 
D.1mmlng of McDonnell Douglas Corp. for 
JohnlOl'l Space Center. For further infor­
mation, Orele 135 on the TSP Request 
Card. MSC-21290 

AutoCAD-To-NASTRAN 
Translator Program 
This program facilitates the 
creation of finite-element 
mathematical models from 
geometric entities. 

The AutoCAD to NASTRAN translator 
(ACTON) computer program was devel­
oped to facilitate quick generation of small 
fin ite-element mathematical models for 
use with the NASTRAN finite-element mod­
eling program. (NASTRAN is available 
from COSMIC.) ACTON reads the geo­
metric data of a drawing from the Data Ex­
change File (DXF) used in AutoCAD and 
other PC-based drafting programs. 

The geometric entities recognized by 
ACTON include POINT's, LINE's, SOLID's, 
3DLlNE's, and 3D FACE's. From this infor­
mation, ACTON creates a NASTRAN bulk 
data deck, which can be used to create a 
finite-element model. The NASTRAN ele­
ments created include CBAR's, CTRIA's, 
CQUAD4's, CPENTA's, and CHEXA's. The 
bulk data deck can be used to create a full 
NASTRAN deck. It is assumed that the 
user has at least a working knowledge of 
AutoCAD and NASTRAN. 

ACTON was written in Microsoft Quick­
Basic (Version 2.0). The program was 
developed for the I BM PC and has been im­
plemented on an IBM PC-compatible 
under DOS 3.21 . ACTON was developed in 
1988. 

This pr~ram was written by A. Jones of 
Goddard Space Flight Center. For fur­
ther information, Orele 136 on the TSP Re­
quest Card. GSC-13217 
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custom _tricot and 
meclwJnical modifications 
to meet your application needs 

7HILIPS 
The Philips name. Over a century 
of technological excellence 

Pixelink 

Tempest Approved (some models) 
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Monitors 
Pixelink. 
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monochrome monitors. 
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A record of energy relationships can be retrieved from a compact, portable tester. 

Langley Research Center, Hampton, Virginia 

The spring-blade impact tester was 
developed to support the evaluation of the 
tolerance to damage of struts under con­
sideration for use in the Space Station. This 
approach offers the potential for determin­
ing damage as a function of the change in 
the relationship between applied and ab­
sorbed energies as the applied energy is 
successively increased with each impact. 
The concept also provides the potential for 
measuring behavior during impact, and the 
energy relationships are retrievable from 
oscilloscope traces of the impact. 

The tester includes two identical flat 
spring blades set vertically and parallel to 
each other (see figure). The blades are 
clamped at the bottom to a massive plate 
that acts as a baseplate for the whole unit. 
At the upper ends, the blades are clamped 
to a single, rectangular-beam-like mass 
that spans the horizontal distance between 
them. When the mass is pulled horizontally 
in a direction that causes the blades to 
bend about their weak axis, the beam re­
mains horizontal. Upon release of the pull­
ing force, the mass travels back and forth 
horizontally with a decaying oscillatory 
motion. 

Strain gauges installed on the blades 
measure the bending of the blades. A pair 
of back-to-back strain gauges mounted on 
each blade at a point other than at mid­
height, where strain is always zero, pro­
vides a signal proportional to the dis­
placement of the blade at the moment of 
release. 

The maximum kinetic energy of the os­
Cillating mass is proportional to the volume 

~------------------------------------------------------, 

Tube Under Test 
(Simply-Supported Beam) 

Cocking 
Mechanism 

Spring Antlrebound Clamping Strain Gauges 

BLADES BENT BACK 
IN COCKED POSITION 

Blade Latch Block on Blade Give 
Mechanism Velocity Reading 

The Impactor Strikes the Specimen at the moment of maximum kinetic energy after 
the spring blades are released from their cocked position. 

of the two blades, the elastic modulus of 
the blade material, and the square of any 
measurable static elastic bending strain at 
the moment of release, if damping is as­
sumed to be zero. Damping is not zero, but 
its highly repeatable effect can be meas­
ured, calibrated, and taken into account so 
that the maximum kinetic energy can be 
predictably set by monitoring and adjusting 
the static bending strain at the instant of 
release. The specimen is placed so that a 
special anvil attached to the mass strikes it 
at midoscillation, the moment of maximum 
kinetic energy. 

Other features include a hydraulic actu­
ator to pull the mass to its release position; 
a special releasing latch that provides a 
clean, sharp release actuated by the tap of 

an ordinary hammer; and a special latch 
that allows the mass to pass through the lo­
cation of maximum kinetic energy only 
once. This second latch prevents repeat­
ed, oscillatory blows to the specimen. Be­
cause the energy available is a function of 
the volume of the spring-blade material, a 
minimum of space is required for operation 
and storage. The impact tester is compact 
and portable and is both easy and safe to 
use. 

This work was done by Alan M. Holmes 
and James W Champagne of Lockheed 
Missiles & Space Co., Inc., for Langley Re­
search Center. For further information, 
Circle 22 on the TSP Request Card. 
LAR-13749 

Algorithm for Solution of Navier-Stokes Equations 
Advantages of two previous algorithms are combined. 

Lewis Research Center, Cleveland, Ohio 
An algorithm for the solution of thp- two­

dimensional, steady-state Navier-Stokes 
equations has been developed by combin­
ing the efficiency of the LU-SSOR scheme 
with the accuracy of the flux-limited dissi-

72 

pat ion scheme. The algorithm has been 
used to predict laminar, turbulent, and hy­
personic flONS. 

The development begins with the classi­
cal equations for the two-dimensional, vis-

cous flow of a gas in thermodynamic equili­
brium. The fkMI is characterized by Cartesian 
components of velocity as functions of po­
sition and time. The dependent variables 
include the mass density, total energy per 
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unit mass, pressure, and temperature. The 
pressure is obtained from an equation of 
state, as a function of the ratio of specific 
heats and the difference between the den­
sities of total and kinetic energy. The 
Navier-Stokes equations are written in the 
form of conservation laws for the fluxes of 
mass, momentum, and energy, with source 
terms based on scalar coefficients of 
viscosity and thermal conductivity. 

The steady-state Navier-Stokes equa­
tions are put in an implicit finite-<Jifference 
form that can be solved by approximate 
Newton iteration. Because of the rapid 
growth in the number of arithmetical oper­
ations with the number of cells in the fi­
nite-difference mesh, such systems of 
equations have previously been solved in­
directly by relaxation methods. 

The LU-SSOR scheme is a new relaxa­
tion method that combines the advantang­
es of LU factorization with Gauss-Seidel 
relaxation . The vectorizable LU-SSOR 
scheme, which is based on central differ­
ences, requires scalar diagonal inversions. 
The application of the scheme to the ap­
proximate Newton iteration of the Navier­
Stokes equations yields a set of equations 
that require no implicit smoothing on the 
left side. Only adaptive, total-variation-<Ji­
minishing, flux-limited dissipation terms 
are added to the right side. 

The algorithm was able to simulate a 
subsonic, viscous, laminar flow past an air­
foil (see figure). It also performed well when 
applied to a subsonic, viscous, turbulent 
flow past an airfoil and to two hypersonic, 
inviscid flows past an inlet. 

This work was done by Seokkwan Yoon 
of SVerdrup Technology, Inc., for Lewis 
Research Center. Further information 
may be found in NASA CR-179flJ8 [N87-
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These Velocity Vectors mark the viscous flow past a National Advisory Committee for Aero­
nautics 0012 airfoil at mach 0.5, Reynolds number 5,000, and zero angle of attack. 

202431 "A Navier-Stokes Solver Using 
the LU-SSOR TVD Algorithm. " 

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) 3364700. LEW-14656 

Improved Flow-Controll ing Vortex Generator 
Symmetrical tangential streams control flow 
of radial primary streams. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A vortex generator uses a small second­
ary stream of fluid to control a normally­
larger primary stream. The device is an 
improved version of the vortex generator 
described in "Variable Control Port for 
Fluidic Control Device," (NPO-16603), 
NASA Tech Briefs, Vol. 10, No.2 (Marchi 
April 1986), pp. 114-115. Uke a valve, the vor­
tex generator can vary the rate of flow of 
the primary fluid from its maximum value 
down to zero. When properly designed, it 
requires a low pressure differential be­
tween the primary and secondary streams 
and expends a relatively small amount of 
secondary fluid. 

The vortex generator consists of a disk­
like short, hollow cylinder in which the pri­
mary fluid enters radially at two opposed 
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points while two secondary streams enter 
tangentially at points 90° from the primary 
streams (see figure). An exit port is located 
at the center of one end of the cylinder. 

The primary fluid enters through slots 
that extend the height of the cylinder. With­
out any secondary flow, the primary 
streams flow directly from their entrance 
ports to the central exit port. When the sec­
ondary streams are introduced (at a small­
er volume and greater velocity), they set up 
a circular flow that gradually spirals inward 

Secondary, or Control, Flows entering 
tangentially through diametrically opposite 
ports set up a swirling motion that restrains 
the primary flow. The pressure of the sec­
ondary fluid In relation to that of the 
primary fluid is the controlling factor. 

l~ 
Secondary Primary 
Control Port 
Port 

Secondary 
Control 

Port 
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to the exit port. 
The rotating fluid exerts pressure against 

the periphery of the cylinder in proportion 
to the square of the circumferential veloci­
ty of the fluid and inversely proportional to 
the radius of the cylinder. This centrifugal 
pressure acts against the primary-fluid in­
let ports as well as against the wall. Thus, 
the greater the speed of the secondary 
fluid, the smaller the flow from the primary 
inlet ports. When the centrifugal pressure 
equals the primary inlet pressure, the 
primary flow stops. At that point, the only 
fluid leaving the exit port is the secondary 
fluid. 

In an experimental version of the valve 

Cleanly Burning Squib 

with air as the fluid, a secondary pressure 
of only 100 psi (0.69 MPa) created enough 
circumferential flow to cut off the primary 
flow at a supply pressure of 80 psi (0.55 
M Pa). The secondary flow aids in remOving 
particles previously entrained in the pri­
mary flow that have been dropped in the 
vortex generator. In tests with combina­
tions of air and sand; water and sand; air, 
water, and sand; and diesel fuel, n-pentane 
gas, and pulverized coal; the secondary 
gas (air) swept up the particles and carried 
them to the exit port. 

This work was done by Earl R. Collins, 
Jr., Wilbur J. Marner, and Naresh K. 
Rohatgi of Caltech for NASA's Jet Propul· 

slon Laboratory. For further information, 
Orc/e 151 on the TSP Request Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17277, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

The ignition wire would be repositioned to suppress unburned particles. 

NASA's Jet Propulsion 
Laboratory, 

Pasadena, California 

A proposed pyrotechnic squib would 
burn more thoroughly and cleanly than its 
predecessors. It would therefore rupture 
its diaph ragm and release its hot gases at a 
pressure that is more nearly constant and 
predictable from unit to unit. 

In the present version, the ignition wire 
that ignites the charge is located atthe bot­
tom of the combustion chamber (see fig­
ure). The charge thus burns upward and 
can expel unburned particles of the 
charge, creating localized and unpredicta­
ble variations in pressure that affect ad­
versely the operation of the squib-actuated 
mechanism. 

In the proposed new configuration, also 
shown in the figure, the ignition coil would 
be located near the top of the combustion 
chamber. As the charge burns, the un­
burned portion would be held at the bottom 
of the chamber. Little or no unburned 
charge would be ejected. A more nearly 
uniform pressure would be generated, and 
only gases would be ejected from the com­
bustion chamber. 

This work was done by Donald B. 
Bickler of Caltech for NASA's Jet Propul· 
lion Laboratory. For further information, 
Circle 90 on the TSP Request Card. 
NPO-17112 
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Is yOW' subscription 
-..t to expire? 
Check the expire date. If it Is less than 
6 months now Is the time to fill out a 
new qualification fonn before your 
subscription expires. 

Diaphragm 
(Rupture Disk) 

Squib 
Body 

Diaphragm 
(Rupture Disk) 

PRESENT CONFIGURATION 

Squib 
Body 

PROPOSED CONFIGURATION 

The Ignition Coli Would Be Moved Upward from its present position at 'the base of the com­
bustion chamber. This arrangement would help to contain solid particles of the explosive 
charge until they are gasified by combustion. In the present configuration, particles can es­
cape before they burn. 
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Capillary-Condenser-Pumped Heat-Transfer Loop 
The heat being transferred supplies the operating power. 

Marshall Space Flight Center, Alabama 

The capillary-condenser-pumped loop is 
a closed-circuit, two-phase-fluid system for 
the transfer of heat through relatively long 
pipes. Uke a heat pipe, this system re­
quires no pump or externally supplied 
power to circulate the heat-transfer fluid, 
relying instead on the flow of heat in its 
evaporator and condenser sections to do 
the pumping. Unlike in a heat pipe, in which 
the liquid and vapor flow in opposite direc­
tions, the liquid and vapor in the capillary­
condenser-pumped loop flow in the same 
direction. 

In some respects, the capillary-con­
denser-pumped loop is essentially a capil­
lary-evaporator-pumped loop operating in 
reverse. The loop (see figure) is filled with 
the fluid in both liquid and vapor phases. 
Heat is added to the liquid phase along the 
evaporator section (an ordinary pipe with 
no wick structure), causing the liquid to 
vaporize. Heat is removed in the relatively 
short condenser section, causing the va­
por to condense. 

The condenser section contains a non­
wettable, porous wick structure in thermal 
contact with an external heat sink. (The 
corresponding section of a capillary evap­
orator pump would contain a porous, wet­
table wick.) The pressure is at a minimum 
in the vapor condensing in the wick and at 
a maximum in the liquid that has just con­
densed. The capillary pressure due to the 
surface tension of the liquid in the wick is 
the source of this difference in pressure 
and balances the pressure lost in pumping 
the fluid around the loop. The pressure in 
the condensed liquid pushes this liquid out 
of the condenser, causing the fluid to flow 
once again around the loop. 

Whereas a capillary evaporator pump 
must be placed at a heat source, the capil­
lary condenser pump can be placed at a 
heat sink. Thus, a capillary-condenser­
pump heat-transfer loop is preferable 
where the heat-input (evaporator) length is 
greater than the available heat-rejection 
(condenser) length. This situation exists, 
for example, where the surface of a hyper­
sonic airplane has to be cooled by trans­
porting the aerodynamically generated 
heat to a central hydrogen-fuel heat sink. 

The capillary-condenser-pumped loop 
offers the following additional advantages: 
• Because only a small fraction of the loop is 

filled with liquid, the weight is lower than 
that of a forced-convection loop, which 
must be filled completely. 

• The internal pressure is limited to the 
saturation pressure of the heat-transfer 
fluid, whereas in an all-liquid forced-
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HEAT EXCHANGER 
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The Caplllary·Condenser·Pumped Heat·Transfer Loop Is similar to a heat pipe and to a capll· 
lary-evaporator-pumped heat·transfer loop In that the heat-transfer fluid Is pumped by the 
evaporation and condensation of the fluid at the heat source and sink, respectively. A capll· 
lary condenser pump can be combined with a capillary evaporator pump (below) to form a 
heat exchanger that circulates the heat·transfer fluids In both loops. 

convection system, the internal pressure the heat sink. 
may be several times as high. The lower This work was done by Calvin C. Silverstein 
intemal pressure may permit the use of of CCS Associates for Marshall Space 
thinner tubing, thus reducing weight even Fight Center. For further information, Or-
further. cle 69 on the TSP Request Card. 

• The transport of heat is more nearly Inquiries concerning rights for the com-
isothermal than in older heat -transport mercial use of this invention should be ad-
systems of similar capacity. Thus, thermal dressed to the Patent Counsel, Marshall 
stress in the loop is reduced, and less ex· Space Flight Center[seepage 14].Referto 
ternal surface area is needed in the con· MFS-26046. 
denser section for the rejection of heat to 
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Calculating Flows in Turbomachine Channels 
A noniterative integral-entrainment method yields good approximations. 

Lewis Research Center, 
Cleveland, Ohio 

A method of approximate calculation of 
flow in a channel of a turbomachine is 
based on the interaction of viscous flow in 
the boundary layers with inviscid flow in the 
core layer. The method is both faster and 
more robust than other approximate meth· 
ods of the same type. The method is suita­
ble for use in preliminary calculations for 
design and for off-design operation of tur­
bomachinery. 

The method involves the following as­
sumptions: 
1. The flow is turbulent everywhere but in 

other respects can be treated as though it 
w-ere steady everywhere. 

2. The fluid is a perfect gas. 
3. The flow in the boundary layers is twodi· 

mensional, without a crossflow compo­
nent. 

4. The flow surfaces are adiabatic. 
5. Density varies along the streamlines but 

not along lines perpendicular to the 
boundaries. 

6. The streamline velocity in the boundary 
layer is describable by a simple povver­
law equation in the distance from the wall, 
the thickness of the layer, and the velocity 

CIRCULAR CROSS SECTION 

--
-~-----

RECTANGULAR CROSS SECTION 

The Flows In Conical Diffuser Channels are represented by two-dimensional boundary·layer 
and one-dlmenslonal core flows described by the equations of the new method. 

Now you can transform into a 3-dimensional 
your ideas... prototype ... 
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at the edge of the boundary layer, which is 
taken to be the free-stream velocity. 

7. The flow in the core can be treated as 
though it were one<limensional, in the 
sense that the two-dimensional equations 
of the conservation of momentum and 
mass can be reduced to one<limensional 
equations in the coordinate along a 
streamline. 
The equations of conservation of mo­

mentum and mass are integrated through 
the boundary layers, and some additional 
assumptions regarding the geometrical 
properties of the streamlines are invoked. 
Head's entrainment relation is introduced 
to find the perpendicular component of 
velocity at the edge of the boundary layer. 
The skin-friction coefficient is obtained 
from the Ludwig-Tillman relation. The vari­
ation of free-stream velocity is determined 
via the simple one~imensional equation of 

continuity for the flow in the core. The set of 
equations is completed with the energy 
equation and the equation of state of the 
flow in the core, which are used to relate 
the static temperature, pressure, and den­
sity to the other quantities. 

The foregoing constitute a set of simUl­
taneous one<limensional differential equa­
tions that are solved together to find the 
flow field. Because no iteration is involved, 
the solution is found rapidly - that is, the 
integration is performed in one pass along 
the channel. With some modifications and 
additional assumptions, the equations can 
also be solved for flow with merged bound­
ary layers and no isentropic core ("fully 
developed" flow) and for separated flow. 

The method has been applied to round 
and rectangular conical diffuser channels 
(see figure). The calculated pressure coef­
ficients and other quantities of interest 

were in good agreement with experimental 
values in cases in which the analysis in­
dicated no separation of flow. The pressure 
coefficients showed fair agreement in the 
separated regions. 

This work was done by Lawrence F. 
Schumann of the U.S. Army Aviation Re­
search and Technology Activity for Lewis 
Research Center. Further information 
may be found in NASA TM-88928 [N87-
159441 "A Method for Calculating Turbu­
lent Boundary Layers and Losses in the 
Flow C17annels of Turbomachines." 

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) 336-4700. 
LEW-147OS 

Structurally-Tailorable, Nonlinear, Snap-Through Spring 
An abrupt change in load/deflection response is controllable and predictable. W) 
-------------------------------------~~ Langley Research Center, Hampton, Virginia 

Astructurally-tailorable, nonlinear, snap­
through spring (STNSTS) exhibits a control­
lable and predictable abrupt change in loadl 
deflection response and is based upon a 
known phenomenon of snap-through struc-

tural response. The STNSTS is composed 
of a pin-connected two-bar linkage as 
shown in Figure 1, which depicts combined 
tensionlcompression springs. As load is 
applied to the STNSTS, the stiffness is a 

function of the internal spring and the 
bending stiffness of the pin-connected 
bars. As the load increases, the bars de­
form laterally until they collapse and snap 
through (Figure 2) . 

... just as fast as you can get your hands 
on this Roland CAMM-3 Modeling Machine! 

The Roland CAMM-3 Computer Aided Modeling 
Machine lets the designer take his ideas to an exact 3-D 
model ... fast! 

Designed like a 3-D plotter, the CAMM-3 is an 
innovative new computer peripheral. With the 
CAMM-3 and its MicroModeler software, an engineer can 
translate his designs from any CAD system into a 
functional mode! without any of the delays and 
costs normally associated with prototype 
development. No longer do designers need 
to produce shop drawings nor wait the 
days, weeks, and sometimes months it takes 
before the model returns. And, should 
there be a design flaw in the first model. 
the process continues for every design 
change. 

The CAMM-3 can machine a wide variety of 
materials including wax. wood, plastic, and non-

• ferrous metals like aluminum and brass. By 
maintaining a positioning accuracy of 0.0004-
across its 7" x 6- x 6- travel. the CAMM-3 is perfect 
for applications like PC board drilling, EDM 
electrode machining, light production, and 
CAD/CAM training. 

Roland's CAMM-3 Modeling Machine. 
Helping you design the future. 

THt: CAMM-3 fROM 

Roland 
DIGITAL GROUP 

wt: Df:SIGrt Tnt: f'UTURt: 

Roland Digital Group/ Division of Roland Corp. us/noo Dominion Cirde/Ws Angeles, C\ 9004Q.3647/ Call (213) 685-5141/ FAX (213) 722-0911/Telex 674489 RCUS LS. 
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12.5 MFLOPS 
32-bit Floating Point Array Processor 

for PC, Xl, AT, & Compatibles 

• 473 functions callable from C, 
FORTRAN, or Turbo Pascal 

• Software designed for up to 
8 PL 12501, running In parallel 

1 K Complex Floating Point FFT 8.35ms 

Complete with Software-S2695 
For more information & benchmarks, contact: 

6~~tjM~ 
771 Gage Drive. San Diego, CA 92106 

(619) 224-2158 • FAX (619)224-3958 
In Australia: Compo Trans. Sys. 

(03) 51 7789 
In Japan: Kyokuto Boeki Kaisha (KBK) 

(03) 244-3790 • FAX (03) 246-1846 
In Europe: Assentoft Electronics 

(06) 1629 26 
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Show Your Pride 
This quality poplin cap features a 
striking red and blue embroidered 
logo against a white background . 
Leather adjustment strap and cord 
give added pizazz. One size fits al l. 
Only $11 .95 each. The perfect gift ! 

Rush me cap(s). Enclosed Is 
$ plus $3.00 postage and hand· 
ling. (NY residents add sales tax.) 
Total enclosed : $ ______ _ 

Name ___________ __ 
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City __________ _ 

State ______ Zip ___ _ 

Mail with payment to: 
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Load·lntroduction 
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Pin Connections 

Threaded 
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Threaded Rod 
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~~tI. Two·Bar Linkage 

Threaded 
Restraint 

Compression 
Spring 

Figure 1. The STNSTS Can Be Structurally 
Tailored in both tension and compression 
configurations. 

When the snap through occurs, a large 
deformation occurs as a result of a small 
increment of the applied load. After the 
snap through, the load/deflection response 
becomes a function of stiffness of the inter· 
nal spring and the membrane stiffness of 
the bars. Additional stiffness can be provid· 
ed by restraints in contact with the spring 
case. The restraints limit the deflection of 
the internal spring/two-bar linkage. Once 
the restraints make contact with the spring 
case, the load/deflection response of the 
STNSTS is a function of the stiffness of the 
internal spring, the membrane stiffness of 
the bars, and the stiffness of the spring 
case. 

The load/deflection response of the 
STNSTS is tailorable by changing the size, 
stiffness, and orientation of its compo· 
nents. Multiple devices can be placed in 
parallel or series to produce an infinite 
number of different load/deflection reo 
sponses. The STNSTS has potential appli· 
cation in paSSively-tailored rotor-blade flap, 
pitch, and lag response, to improve the aero 
odynamic performance and stability char· 
acteristics of rotors; in aerodynamically· 
and aeroelastically-tailored wing spars and 
ribs, to produce a tailored deformation 
state for improved effectiveness in maneu­
vering, aerodynamic performance, and 
stability characteristics; and in energy ab­
sorbers for automobile bumpers and air­
craft landing gear. 

This work was done by James H. 
Starnes, Jr., of Langley Research Center 

and Gary L Farley and Wayne R. Mantay 
of the U.S. Army Aerostructures Director­
ate. No further documentation is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 14). Refer to LAR-13729. 

Figure 2. Bars Deform and Collapse to pro· 
duce snap-through spring response. 
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Books and Reports 
These reports, studies, handbooks are 
available from NASA as Techn ical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Thermal Stresses in 
Space-Shuttle Wing 
Combined thermal 
deformations of wing-
skin panel and the TPS would 
not tear the SIP layer. 

A report presents an analysis of thermal 
stresses induced in the skin panel , the ther­
mal-protection system (TPS), and the strain­
isolation pad (SIP) of the Space Shuttle or­
biter. The purpose of the analysis was to 
determine whether any part of the above­
mentioned structures would be overstressed 
and overdeformed under the reentry heat­
ing, assuming one TPS tile had been lost at 
the end of the reentry heating. 

The wing-skin panel, which is reinforced 
by spanwise stringers of hat-shaped cross 
section, was represented with an equiva­
lent plate of uniform effective thickness. 
The temperature distribution in the wing­
skin panel was chosen to represent the 
likely cooling effect of the loss of one tile at 
the center of the panel at the end of the 
reentry heating. The temperature of the 
central square-shaped region of the panel 
was assumed to be 180 ° (82 0q, while the 
rest of the panel was assumed to be at 
320 OF (160 0c). 

The first problem was to determine 
whether the compressive stresses induced 
in the panel immediately outside the cooled 
region would be sufficient to cause skin 
buckling. The stresses in the panel were 
calculated by use of the NASA structural 
analysis (NASTRAN) computer program. 
The peak chordwise compressive stresses 
predicted by NASTRAN were 4960 Ib/in.2 

(34.2 MPa) and 2650 Ib/in.2 (18.3 MPa), 
respectively, under free-edge and fixed­
edge conditions. The critical buckl ing 
stress in the chordwise direction calcu­
lated from the classical buckling theory 
was 36121b/in. 2 (24.9 MPa). Thus, if the ac­
tual edge condition is close to the free­
edge condition, then the skin panel imme­
diately outside the cool region may reach 
the elastic instability in the chordwise di­
rection. 

The next problem was to determine 
whether the thermal deflection of the skin 
panel could tear the SIP. The maximum 
chordwise compressive stress in the skin 
panel calculated by NASTRAN could pro­
duce a maximum deflection of 0.0246 in. 
(0.63 mm), which could induce peak tensile 
stress of 18.14Ib/in.2 (125 kPa) in the SIP. 
This stress level is considerably less than 
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the tensile strength [40 Iblin.2 (276 kPa)] of 
the SIP. Thus, the SIP is unlikely to be torn. 

Rnally, thermal-stress analysis was per­
formed on the TPS tile that was subject to 
the most severe temperature gradient dur­
ing the reentry heating. The tensile stress 
induced in the TPS was found to be much 
less than the tensile strength of the TPS tile. 
For the worst case, that in which the skin­
panel and the TPS tile deform in opposite 
directions, the combined deflections of the 
skin panel and the TPS tile could induce 
33.72 Ib/in. 2 (232.5 kPa) tensile stress in the 
SIP. This is about 84 percent of the tensile 
strength of the SIP. Thus, the combined 
deformations of the TPS tile and the skin 
panel are unlikely to tear the SIP. 

This work was done by William L Ko and 
Jerald M. Jenkins of Ames Research 
Center. Further information may be found 
in NASA TM-88276[N87-23994], "Thermal 
Stress Analysis of Space Shuttle Orbiter 
Wing Skin Panel and Thermal Protection 
System." 

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. 

Inquiries concerning rights for the 
commercial use of this invention should 

be addressed to the Patent Counsel, 
Ames Research Center [see page 14]. 
Refer to ARC-12139. 

Reduced-Dynamic 
Technique for 
Determination of Orbits 
Orbits are determined 
more accurately than 
in the dynamic 
or geometric method. 

A report discusses the reduced-dynam­
ic technique for the use of signals from 
satellites in the Global Positioning System 
(GPS) to determine the orbit of a satellite in 
a low orbit around the Earth. The redb.lced­
dynamic technique is formed from a com­
bination of the dynamic and geometric 
(nondynamic) tracking techniques, and it 
combines the advantages of both to in­
crease the accuracy of the estimated orbit 
under conditions in which neither is clearly 
superior. 

The simplest technique is geometriC 
tracking by use of instantaneous measure­
ments to four or more GPS satellites. This 
technique is completely free of errors in 
the assumed dynamics but is vulnerable to 
measurement noise, ephemeriS error, and 
a factor called position dilution of precision, 

The Position 
Transducer 

with Good 
Connections 

Novotechnik's LWH 
series of conductive­
plastic position transducers 
comes with whichever connec­
tor you need: DIN 43650 (models 
LWH & LWG), Binder (LWB & LW), or 
Amphenol (LWC). The LWH series also gives you 
high resolution (.01 mm) and a range of stroke 
lengths from 150 to 1200mm. The transducers 
may be built directly into your mechanical system, 
without need of motion conversion or linkage mechanisms. 

Improved design of the LWH transducer eliminates 
offset errors and ensures reliable contact of the elastom­
eter-damped wiper. Outstanding Iinearities of up to ± .05% 
are available (up to ± .01 % on special order), as well as life 
expectancies of up to 100 x 106 operations. Robust construction 
ensures consistent reliability, in temperatures from - 40 to 
+ 100°C, 5 to 2000Hz vibration. 

For Novotechnik's full line catalog of transducers, 
potentiometers and sensors, call or write: 

novotechnik 
Sled Ie Group 

Circle Reader Action No. 334 

novotechnik u.s .. inc. 
237 Cedar Hill Street 
Marlborough, MA 01752 
Tel: 508-485-2244 
FAX: 508-485-2430 
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which magnifies the error where the 0b­
serving geometry is poor. At best, the track­
ing accuracy approaches a few meters. 

In dynamic tracking, the dynamics of 
the satellite are constrained, and noisy in­
stantaneous measurements of the state 
(POSition or velocity or both) of the satellite 
taken during an interval of time are com­
bined to reduce the measurement noise 
and to yield greater information concern­
ing the state at a single instant of time. At 
the same time, the estimates of the orbits 
of the GPS satellites are also improved to 
reduce their contributions to the error of 
the estimated state of the satellite in ques­
tion. The transition from the states of the 
satellites at the times of the measuremel'lts 
to the states at the time of interest is fur­
nished by integration of the equations of 
motion, which are governed by the forces 
(dynamics) acting upon the satellites 
during the interval. Any mismodeling of 
these dynamics results in systematic er­
rors in the state. These errors tend to grow 
as the data arc length increases. 

In nondynamic tracking, the instantane­
ous user satellite positions are still deter­
mined by differential GPS pseudorange 
measurements; however, the transition be­
tween positions at different times is fur­
nished by the satellite positional change in­
ferred from continuous differential GPS 
carrier phase measurements. Because 

carrier phase can be tracked with ex­
tremely high accuracy, very accurate state 
transition can be inferred from carrier 
phase. This approach is completely free 
from satellite dynamic errors. In exchange, 
however, it is highly sensitive to weak 0b­
serving geometry. 

Nondynamic tracking discards orbit dy­
namic models and the associated informa­
tion entirely. This is one of the principal at­
tractions of the nondynamic technique. 
Not only is sensitMty to model errors elimi­
nated, but the complexity of the solution 
process is greatly reduced. Nevertheless, 
it is reasonable that if dynamic and nondy­
namic tracking are good separately, then 
an optimal combination of the two should 
be even better. In situations in which the 
geometry is good and the dynamics are 
poorly known, the small additional im­
provement to be expected by adding in dy­
namics might not justify the greatly in­
creased complexity. However, where the 
geometry is poor and the dynamic models 
are reasonably good, the added dynamic 
information could lead to a substantial im­
provement. In the new technique, both dy­
namic and geometric information is used 
to propagate the state, with appropriate 
weight given to each method. 

The reduced-dynamic technique can be 
described mathematically in terms of a 
Kalman sequential-filter formulation. This 

involves two steps: a time update, which 
makes use of a state-transition model to 
propagate the estimate of the state and the 
covariance of the state of the satellite from 
one batch of data to the next, and a meas­
urement update, which incorporates a new 
batch of measurements. These two steps 
alternate until all batches of data are incor­
porated. 

The weight on the dynamic information 
is controlled by adjusting a set of three 
process-noise parameters that represent a 
fictitious threEH:Jimensional force on the 
satellite in question. The relative weight of 
the dynamics is varied by selecting differ­
ent values for the a priori unc.ertainty 00' 
the steady-state uncertainty 0, and the cor­
relation time T for these process-noise pa­
rameters. An increase in T and a decrease 
in 00 and 0 increases the weight on the dy­
namic information. WhenT-+oo, 0-+0, and 
00-+0, the technique reduces to conven­
tional dynamic tracking; when T -+0,0-+00, 
and 00-+00, it becomes nondynamic track­
ing. It follows that an optimally-tuned re­
duced-dynamic solution must always be as 
good as or better than both the purely dy­
namic and the purely nondynamic solu­
tions. 

To derive the full benefit of the reduced­
dynamic technique, it is necessary to give 
the optimum weight to the dynamic model. 
The weight can be predetermined through 

If you can see the flaws, 
Now there's a way to turn visual inspection into The system is rugged, compact, and easy 

problem prevention. Instead of just scrapping to use. It gobbles up data with quick keypad or 
bad product, you can locate problem bar code entry. It gives you back information 
and fix them. in its most usable form-charts on a 

The new DataMyte®769 system auto- video display terminal and repair tickets 
mates inspection reporting. But more off a printer. 
than that, it's a problem solving tool that You get instant lot control and traceability, 
will pay for itself in less than six months. so that you can pinpOint concerns and tie 
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a covariance analysis that uses a realistic 
model of the dynamic error. However, the 
performance appears to be insensitive to 
the relative weighting between the two 
types of information as long as it is not far 
from optimum. When the actual level of dy­
namic-model error is uncertain, an addi­
tional deweighting of the dynamic model is 
recommended. Such biased weighting 
would prevent an inordinately large error 
from arising due to misjudgment of the er­
ror in the dynamic model. 

This work was done by Sien-Chong 
Wu, Thomas P Yunck, and Catherine L 
Thornton of Caltech for NASA's Jet Pro­
pulsion Laboratory. To obtain a copy of 
the report, "Reduced-Dynamic Technique 
for Precise Orbit Determination of Low 
Earth Satellites," Circle 126 on the TSP Re­
quest Card. 
NPO-17386 

Quality Evaluation by 
Acousto·Ultrasonic 
Testing of Composites 

This promising nonde­
structive-testing method is 
based on ultrasonic 
simulation of stress waves. 

A report reviews acousto-ultrasonic tech­
noIogyfornondestructivetesting. The report 

discusses principles, suggests advanced 
signal-analysis schemes for development, 
and presents potential applications. 

Acousto-ultrasonics has been applied 
principally to assess defects in laminated 
and filament-wound fiber-reinforced com­
posite materials. The technique can be 
used to determine variations in such prqr 
erties as tensile, shear, and flexural strengths 
and reductions in strength and toughness 
caused by defects. It can be used to evalu­
ate states of cure, porosities, orientation of 
fibers, volume fractions of fibers, bonding 
between fibers and matrices, and qualities 
of interlaminar bonds. 

The term "acousto-ultrasonics" is a 
contraction for "acoustic-emission simula· 
tion with ultrasonic sources." Conventional 
acoustic-emission testing depends on 
loading a part to excite spontaneous stress 
waves like those that accompany plastic 
deformations and the growth of cracks. 
Acousto-ultrasonics differs mainly in that 
the ultrasonic waves are benign and are 
generated externally by pulsed sources 
(usually piezotransducers). 

In a typical apparatus, a transmitting 
probe and a receiving probe are placed a 
specified distance apart on the same side 
of the part under test. The sending-and·re­
ceiving pair can be moved about as a unit 
to scan the part. Signal-processing instru­
mentation analyzes the received sound to 

generate a map of variations in the proper­
ties of the material. 

The sensitivity of acousto-ultrasonics 
has already been demonstrated experi­
mentally. The technology has been used to 
detect and quantify subtle but significant 
variations in strength and resistance to 
fracture of fiber-reinforced composites. 
This achievement is remarkable because 
it was accomplished with relatively-unso­
phisticated signal-processing and signal· 
analysis procedures. 

Although acousto-ultrasonic technology 
has been used on polymer-matrix compos­
ites, it is applicable to such other compos­
ite materials as metals reinforced by fibers 
and ceramic-matrix composites. The use 
of acousto-ultrasonics should be consid­
ered whenever it is necessary to quantify 
damage or degradation of properties after 
composites have been exposed to hostile 
environments. 

This work was done by Alex Vary of 
Lewis Research Center. Further informa­
tion may be found in NASA TM-89843 
[N87-20562J. "The Acousto·Ultrasonic A{:r 
proach." 

Copies may be purchased [prepayment 
required] from the National Technical/n­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. LEW-14709 
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you can fix the cause. 
what happened with who, when, where and why. 

We'll show you how to get started 
Fax us one of your inspection sheets. We'll make 

a bar coded version of it, and show you how to stream­
line data collection and analysis. Our fax number is 
612 -935-0018. 

Or call us at 612-935-7704, and we'll arrange 
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Robot Hand Grips Cylinders Securely 
~J Jaws and linkage accommodate various sizes. 

Lyndon B. Johnson Space Center, Houston, Texas 
A robot hand includestwopairsofparal- r-------------------------------., 

lei jaws that can grasp rods, pipes, tubes, 
struts, and other long, heavy cylindrical 0b­
jects. The hand features a compact rotary 
drive and a butterfly configuration that 
simplify the approach and gripping maneu­
vers of the robot. 

Parallelogram linkages maintain the 
alignment of each jaw with the other jaws. 
One bar of each linkage is connected to 
one of two concentric, counter rotating 
shafts; the rotation of these shafts moves 
the jaws in each pair taward or away from 
each other to grasp or release the work­
piece (see Figure 1). 

Each jaw includes a rigid gripping pad 
lined with rubber to give it a firm grip and to 
prevent damage to the workpiece. The in­
ner cylindrical surface (corner) of each jaw 
tapers off to flat sides. This enables the jaw 
to grasp workpieces with diameters larger 
than or equal to twice the corner radius. 
The range of graspable diameters could be 
increased by making the corner radius 
very small and the flat sides as fingers that 
mesh together when the jaws approach 
each other. 

The counter rotating shafts are driven by 
two pancake-type harmonic speed reduc­
ers in series, actuated by the same motor 
(see Rgure 2). The output of one harmonic 
speed reducer drives the inner shaft, while 
that of the other harmonic speed reducer 
drives the outer shaft. Slots are cut in the 
outer shaft so that the stationary portions 
of the harmonic speed reducers can be 
fixed to the housing. It is possible to do this 
because the outer shaft does not have to 
rotate more than 50°. 

This work was done by George F. Parma 
of Johnson Space Center. For further in­
formation, Circle 82 on the TSP Request 
Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
141. Refer to MSC-21365. 
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Arm Connected to 
Outer Shaft 

Drive-System 
Housing 

Figure 1. Pairs of Jaws on Parallelogram Linkages are actuated by counterrotating shafts. 
Part of the outer shaft is cut away to allow movement of the arms of the linkage connected to 
the inner shaft. 

Arm Connected 
to Outer Shaft 

Figure 2. The Compact Rotary Drive contains two collinear harmonic speed reducers driv­
en by the same motor. 
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Energy-Efficient, Continuous-Flow Ash Lockhopper 
Pressure balance in the control gas prevents the loss of reactor gas. ~) 

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

The energy efficiency of a continuous-
flow ash lockhopper (see figure) has been 
increased by preventing hot gases from 
flowing out of a reactor vessel through the 
ash-hopper outlet and carrying away heat 
energy. Stopping the loss of reactor gases 
can also be important for reasons other 
than energy efficiency: the desired reac­
tion product may be a gas, or the gases 
produced may be toxic or may need to be 
contained to prevent pollution. The im­
proved lockhopper should also enable the 
reactor to attain the highest possible pro­
duct yield with continuous processing 
while permitting a controllable, continuous 
flow of ash. 

The principal components of the lock­
hopper have been discussed in the follow­
ing NASA Tech Briefs: "Pressure-Letdown 
Plates for Coal Gasifiers" (NPO-15965), 
page 355, Vol. 8, NO.3 and "Variable Con­
trol Part for Fluidic Control Device" (NPO-
16603), page 114, Vol. 10, No.2. The lock­
hopper was designed to convert reactor 
solids removal from batch to continuous 
flow; it should also be applicable in fluid­
ized-bed reactor systems and in the sepa­
ration of dust or other solids from gases. 

In the improved lockhopper, the loss of 
the reactor gas is prevented by equaliza­
tion of the pressure of the control gas in­
jected into the fluidic flow-control device 
with the pressure in the reactor vessel. 
This eliminates the pressure gradient at the 
ash outlet of the reactor. However, the flow 
of ash continues because of gravity. In 
scale-model tests that used sand to simu­
late ash, the continuous flow of the sand 
was obtained without loss of reactor pres­
sure. 

In the original lockhopper, a quasi-po­
rous-plug pressure-letdown device greatly 
reduced, but did not eliminate, the loss of 
gas and the concomitant loss of heat from 
the reactor vessel. In the improved lock­
hopper, the pressure-letdown device 
serves to reduce the flow of control gas re­
quired to achieve the equalization of pres­
sures. 

The original lockhopper used steam as 
the control gas, but in some processes the 
introduction of steam into the reactor ves­
sel is not permissible or not desirable. The 
steam was generated by injecting water in­
to the ash-hopper outlet of the reactor. This 
quench water also caused large cinders to 
disintegrate into fine ash that could pass 
through the fluidic control and pressure­
letdown devices. With the improved lock­
hopper, moving grates or other conven­
tional mechanical methods would be used 
to break up cinders when necessary. 
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In the Improved Continuous· Flow Ash Lockhopper, the pressure-driven loss of hot gas from 
the reactor vessel through the ash-hopper outlet is prevented by using the control gas in the 
fluidic flow-control device to equalize the pressure in the reactor vesel. 

In many applications the control gas 
may be compressed air; in others, inert 
gases or other specific gases may be re-

quired. The control gas eventually leaves 
the system along with the ash, but a collec­
ting chamber with scavenging compressor 
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pumps can be used to recover it for recir­
culation. 

This work was done by Earl R. Collins, Jr. 
and Jerry W Suitor of Gaftech NASA's Jet 
Propulsion Laboratory and David Dubis 
of the Morgantown Energy Technology 

Thermal Brushes 
for Memory-Metal 
Actuators 
Thermal brushes would remove 

~J or add heat for rapid actuation. 

NASA 's Jet Propulsion 
Laboratory, 
Pasadena, California 

Proposed thermoelectric elements with 
wire-brush contacts would remove heat 
from or add heat to memory-metal actua­
tors and thereby enable them to respond 
faster than previously possible. A memory­
metal actuator is formed to a shape while 
hot, then to another shape while cold. 
When a cold actuator is heated so that its 
temperature rises above a critical point, it 
snaps from its cold shape to its hot shape. 
Upon cooling, the actuator returns to its 
cold shape, ready for another cycle. Clear­
ly, the faster the actuator can be heated 
and cooled, the faster it can operate. 

In an early version of a memory-metal 
actuator, actuation time was kept short by 
keeping the actuator just below its critical 
temperature and passing an electrical cur­
rent through it for direct resistance heat­
ing. Later versions used thermoelectric 
cooling. Peltier junctions conSisting of 
metal wires were placed on the actuators 
or on their mounting plates. However, 
metal thermocouples are highly inefficient 
and would accomplish little more than 
transmit heat by conduction. Semicon­
ducting Peltier junctions are orders of mag­
nitude more efficient, but unlike metal 
wires, they are inflexible. To allow for this 
inflexibility, a brush contact is employed. 

In the proposed configuration, the ac­
tuator could still be heated by passing a 
current through an electrical resistance. 
However, it could also be both cooled and 
heated thermoelectrically via a brush 
mounted on an external thermoelectric 
heating or cooling plate (Rgure 1). The flex­
ible bristles of the brush would press 
against or could be permanently attached 
to the actuator, ensuring good thermal con­
tact. Heat would flow rapidly to or from the 
actuator metal, through the bristles and 
heatinglcooling plate, from or to a heat 
sink. 

Depending on the heating and COOling 
needs of the device, additional brushes 
and cooling elements could be placed 
along the circumference of the actuator. 
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Center of the Department of Energy. For 
further information, Circle 92 on the TSP 
Request card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 

license for its commercial development 
should be addressed to the Pa tent 
Counsel, NASA 's Resident Office.JPL [see 
page 14]. Refer to NPO-16985. 

Figure 1. Mounted In the Plane of actuator motion, brist les of a metal brush press lightly but 
firmly against the actuator in its closed (hot) position. When the actuator expands to its cold 
position, the brushes are compressed further. 
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Figure 2. Mounted Perpendlcular1y to the Plane of motion, bristles rub against the sides of 
the actuator. They maintain thermal contact in both hot and cold states. 
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The bristles should bend slightly when they 
are in contact with the contracted (hot) ac­
tuator; they can then easily bend further 
when the actuator expands. The elements 
should not be placed near the moving end 
of the actuator, where they would interfere 
with the displacement. 

The bristles must not be too long or else 
their thermal resistance will be excessive. 
Therefore, if they must accommodate a 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Ceramic Bearings for 
Gas·Turblne Engines 
Materials and methods of 
design have improved 
over the years. 

A report reviEl'NS data from three de­
cades of research on bearings that contain 
rolling elements and possibly other compo­
nents made of ceramics. Ceramic bear­
ings are attractive for use in gas-turbine 
engines because ceramics generally re­
tain their strengths and resistances to cor­
rosion over a range of temperatures much 
greater than that of typical steels used in 
rolling-element bearings. Furthermore, be­
cause ceramics have mass densities low­
er than those of steels, they might be used 
to reduce centrifugally induced stresses in 
the outer races of high-speed bearings. 

The text begins with a brief description 
of historical developments in the field. This 
is followed by a discussion of the effect of 
contact stress on the fatigue life of a rolling 
element. The discussion is supplemented 
by figures and a table that give data on the 
fatigue lives of rolling elements made of 
various materials. 

The next topic is the effect of elastic and 
thermal properties. Equations for stresses, 
contact radii, and fatigue lives are present­
ed. A table gives typical physical properties 
of ceramic and steel bearing materials. 
Mother table gives the lives and dynamic­
load capacities, relative to those of all-steel 
bearings, of bearings made with steel 
races and rolling elements of crystallized­
glass ceramic, alumina, silicon carbide, ti­
tanium carbide bonded with nickel, silicon 
nitride, or steel. 

The report then analyzes data on the ef­
fects of temperature and speed on fatigue 
lives for several materials and operating 
conditions. This is followed by a discussion 
of the related topic of the generation of 
heat In bearings, with consideration of the 
effects of bearing materials, lubrication, 
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large swing of the actuator, another brush 
orientation should be considered. The 
brushes can be mounted perpendicularly 
to the plane of motion so that they wipe the 
sides of the actuators as they expand and 
contract (see Figure 2). In this position, the 
brushes add frictional resistance to the 
motion of the actuator; whereas in the in­
plane position, they add bending resist­
ance. In either case, the resistance is small 

speeds, and loads. 
Preliminary research on unlubricated 

bearings and bearings lubricated by solid 
films is reported. There is a brief descrip­
tion of the advantages and disadvantages 
of several schemes for mounting ceramic­
rolling-element bearings. Recent develop­
ments in the manufacture of sil icon nitride 
rolling elements are recounted. 

The report presents several conclusions, 
including the following: 
• Of the ceramic materials studied, silicon 

nitride yields the rolling elements with the 
longest fatigue lives. However, the dynam­
ic-load capacity of an all-silicon nitride 
bearing is only 5 to 12 percent that of an all­
steel bearing of the same size and shape. 

• A bearing made of ceramic rolling ele­
ments and a steel race cannot be expect­
ed to last as long as <bas an all-steel bear-
1ng if the modulus of elasticity of the 

compared with the density of the force 
generated by the memory metal - about 
6 x 1Q4 psi (400 MPa) for Nitinol (or equiva­
lent) alloy. 

This work was done by 07arles Wood of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 102 
on the TSP Request Card. 
NPO-1 7068 

ceramic exceeds that of the steel (as it 
usually does). 

• Lubrication of ceramic rOiling elements 
appears to be necessary to prevent failure 
at high temperatures. 

• The contemplated use of all{)9ramic bear­
ings in turtxxnachinery will impose special 
requirements on design and mounting. Q> 
timum designs have yet to be developed. 

This work was done by Erwin V. Zaretsky 
of lewis Research Center. Further infor­
mation may be found in NASA TM-100288 
[N88-1BOO7], "Ceramic Bearings for Use in 
Gas Turbine Engines." 

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 tee 
by calling (BOO) 3364700. 
LEW-14832 

ITI REMOTE 
VIEWING SYSTEMS 
If you have to visually: 
~ Observe 
~ Inspect 
~ Measure 
~ Record (Photo or Video) 

in areas that are inaccessible or hostile, call on 
the professionals-Instrument Technology, Inc., 
" The Leader in Remote Viewing ." 

STANDARD PRODUCTS-Over 1 ,000 
standard products to help solve your problems. 
CUSTOM-Since we recognize that most in­
dustrial problems are unique, ITI speCializes in 
customizing any product to fit the application . 
SYSTEMS-ITI offers total 
system capability with options 
for automatic or semi automa-
tic positioning controls, image 
analysis and documentation. 

All instruments made and serviced 
in the U.S.A. 

P.o. Box381 , Westfield, MA 01086 
(413) 562-3606 Telex 955329, Attn: III 

I -II INSTRUMENT 
• TECHNOLOGY, INC. 

The Leader in Remote Viewing 
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Strong, Low-Resistance Bonds for AMTEC Electrodes 
The heat of an operating cell helps form the contacts. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Strong, low-electrical-resistance con­
tacts between the elements of a current-col­
lection grid in an alkali-metal thermoelec­
tric converter (AMTEC) cell are obtained by 
simple in-place thermocompression bond­
ing. The bonds are formed between the 
porous electrode of molybdenum film, the 
nickel or cobalt strips that overlie the film, 
and the molybdenum tie wires that run at 
right angles to the strips. 

The elements are assembled on a sodi­
um p' alumina ceramic substrate. When 
the assembly is exposed to the tempera­
ture of an operating AMTEC cell, typically 
in excess of 1,000 K, the elements diffuse 
and bond together at their junctions under 
the combination of heat and pressure creat-

ed by the differing coefficients of thermal 
expansions of the materials. The contact 
between the nickel grid and the molybde­
num current lead is strong but contributes 
resistance of less than 10 milliohms for a 
1-cm2 electrode. The contact between the 
nickel grid and the porous electrode is also 
quite strong but contributes a higher resis­
tance, approximately 100 milliohms for a 
1-cm2 electrode, depending on the compo­
sition and morphology of the electrode. 
The bonding method also works on films of 
tungsten or tungsten/platinum. 

This work was done by Roger M. 
Williams, Bob L Wheeler, Barbara Jeffries­
Nakamura, C. Perry Bankston, Terry Cole, 
and Maria Loveland of Caltech for NASA's 

Jet Propulsion Laboratory. For further in­
formation, Circle 5 on the TSP Request 
Card. 

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

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 301-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17161, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Improved Vacuum-Tight Connector 
A simple reinforcing tube increases service life and improves the seal. 

Lewis Research Center, Cleveland, Ohio 

Copper COOling lines used in a vacuum 
must be connected with fittings that not 
only are easily installed or replaced but 
also remain vacuum tight at pressures in 
the range of 1 x 10 -9 torr (about 10 -7 Pa) 
and temperatures in excess of 250°C. 
Standard stainless-steel Swagelok (or equi­
valent) fittings have been used to make 
these connections, but the high tempera­
tures to which they were subjected invari­
ably caused leaks, which necessitated the 
shutdown of the system for maintenance. 
The repair of a fitting involved the replace­
ment and installation of a new sealing fer­
rule along with a corresponding shortening 
of the copper line. Several such repairs 
would eventually make it necessary to re-
place a line with a new one of sufficient 
length. 

One method to eliminate this problem, 
as shown in the figure, is to place a special 
stainless-steel tube insert within the cop-
per line where the fitting is attached. This 
insert provides a nondeformable backup 
wall that supports the copper material 
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Tube 

~------------ v'e --------------~ 

Ferrule 

Compresslon­
Fitting Nut 

Note: Dimensions are In Inches. 

The Short Stainless-Steel Tube is inserted In the copper tube to reinforce it against compres­
sion, thereby preventing leaks due to thermal distortion or to collapse under the squeeze of 
the ferrule In the compression fitting. 
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Take a job that's 
nothing but problelllS. 

1. How do you design an engine that 
increases aircraft performance while improv, 
ing fuel consumption? 

2. Create an engine that boosts thrust by 
12,000 pounds with just a software change. 
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against the ferrule. This insert not on ly 
prevents the copper from moving inward 
under the squeeze of the ferrule but also 
prevents thermal distortion of the copper 
from opening a leak. The insert enables the 
sealing ferrule to bite more deeply into the 
copper and thereby produces a vacuum 

seal similar in principle to the commonly· 
used Conflat (or equivalent) flange seal. 

Several test specimens of this improved 
connector have been constructed, tested, 
and evaluated. The fittings have not only 
operated successfully at the required 0p­
erating conditions of vacuum and temper-

ature but have also consistently demon­
strated high reliability after having been 
loosened and tightened many times. 

This work was done by Frank Rudin of 
Lewis Research Center. No further docu­
mentation is available. 
LEW-14720 

Electrostatic Spraying With Conductive Liquids 
Thin , uniform polymer coatings can be applied in a water base normally impossible to charge. 

Lyndon B. Johnson Space Center, Houston, Texas 
An electrostatic sprayer has been modi­

fied so that it can apply coatings suspend­
ed or dissolved in electrically conductive 
liquids. The sprayer was developed to ap­
ply a water-base polyurethane coating to a 
woven, shaped polyester fabric. The coat­
ing provides a pressure seal for the fabric, 
which is part of a spacesuit. The sprayer 
may also be useful for applying waterproof, 
decorative, or protective coatings to fa­
brics for use on Earth. 

Ordinarily, such a sprayer cannot han­
dle water or other conductive liquids be­
cause the tip of the nozzle electrode tends 
to short-circuit; it cannot then impart a 
charge to the particles in the atomized liq­
uid. In the modified sprayer, the nozzle and 
gun are constructed of non conductive 
molded plastic. The liquid passageway is 
made long enough that electrical leakage 
through it is low. The coaxial hose for the 
liquid is built of a polytetrafluoroethylene 
tube, an insulating sleeve, and a polyure­
thane jacket. 

In addition, the sprayer is provided with 
an insulated seal at the gun-ta-hose con­
nection, a nonconductive airhose, a pres­
sure tank electrically isolated from ground, 
and a special nozzle electrode. The supply 
of atomizing air is reduced so that particle 
momentum will be controlled by the elec­
trostatic field more effectively. 

A high-voltage cable is connected to the 
nozzle electrode in the spray head. The 
polyurethanelwater mixture passes from a 
pressurized pot through the coaxial hose to 
the nozzle. There it is atomized by the air 
supply and charged by the negative nozzle 
electrode so that it emerges from the gun 
as a spray of uniformly dispersed negative 
particles. A nozzle voltage of more than 
30 kV is needed. 

The fabric is not conductive enough to 
act as a positive electrode. It is therefore 
placed on a metal plate shaped to conform 
with the fabric. The electrostatic field 
passes directly through the thin fabric, set­
ting up a force field perpendicular to the 
surface of the grounded plate. The fabric 
interstices thus become thoroughly filled, 
since the charged particles try to penetrate 
the fabric. Even irregularly shaped sur­
faces become smoothly and uniformly 
coated. 
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The CPI fitting is one oj 

Simple design, 
high quality •.. 
The "One and 
Only" Parker 
single ferrule 
fitting for 
process con­
trol, power, 
instrumentation 
and analytical 
systems. 

The simplicity of Parker's single ferrule design, only two metal-to­
metal seal points, makes the CPI fitting one of the most effective leak 
tight fittings available. 
Available in a wide range of configurations, materials and sizes. No 
matter what the application, there is an engineered CPI fitting or valve 
to meet your most demanding requirements. 
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As a precaution, the fabric surface 
should be made thoroughly clean , as 
should the atmosphere in which the spray­
Ing process is carried out. Otherwise, dirt 
particles on the fabric wil l align with the 
force field and stand upright, creating a 
flocked surface. 

This oork was done by Joseph J. Kosmo 
and Frederic S. Dawn of Johnson Space 

Center and Robert E. Erlandson and Loren 
E. Atkins of Albany International Research 
Co. For further information, Circle 85 on 
the TSP Request Gard. 

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 the Albany International Research Co. 
Inquiries concerning licenses for its com-

Differential Curing in Fiber/Resin Laminates 

mercial development should be addressed 
to 

Albany International Research Co. 
1CXXJ Providence Highway 
Dedham MA 02026 

Refer to MSC-21067, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

A modified layup schedule should counteract the tendency toward delamination. 

Lyndon B. Johnson Space Center, Houston, Texas 
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A proposed differential-curing tech­
nique should help to prevent the entrap­
ment of volatile materials during the 
manufacturing of fiber/resin laminates. 
The volatiles are released during the cure 
of the resin. It is necessary to remove them 
because they give rise to voids and delami­
nations. 

In the conventional (non-differential-cur­
ing) manufacturing process, layers of 
woven fibers, all impregnated by the same 
thermosetting resin (prepregs), ar~ stacked 
on a mold, then covered with a release ma­
terial and a bleeder cloth. The entire layup 
is then enclosed in a vacuum bag and heat­
ed in an oven or autoclave to cure the res­
in. The vacuum removes the volatiles that 
diffuse out to the surface of the laminate. 

The rate of curing of the resin increases 
with the temperature. Because the heat of 
the oven or autoclave is conducted into the 
curing laminate through the bag and the 
mOld, the outer plies of the laminate are in­
itially hotter, and therefore, can cure before 
the middle plies do. If the outer plies on the 
bag side cure first, they can trap the vola­
tiles inside. 

The improved manufacturing process 
would resemble the conventional process, 
except that prepregs that have been par­
tially cured would be laid on the mold in a 
sequence in which the degree of partial 
cure decreases from the mold side to the 
bag side. The degree of partial cure of 
each layer at the time of layup can be se­
lected by controlling the storage and par­
tial-curing temperatures of the prepreg ac­
cording to an Arrhenius equation for the 
rate of gel of the resin as a function of tem­
perature and time from the moment of mix­
ing. The differential advancement of the 
cure in the layers would be made large 
enough to offset the effect of advance bag­
side heating in the oven or autoclave. Thus, 
the inner layers would cure before the out: 
er layers, allowing the volatiles to escape. 

In an alternative version of the process, 
the prepregs would be uncured or partially 
cured to the same degree and kept in cold 
storage. One prepreg would be taken from 
storage, placed on the mold, and heated to 
a moderate temperature for a short time to 
obtain a partial cure. Another prepreg 
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would then be taken from storage, placed 
on the first prepreg, and the resulting layup 
heated again to cure the first layer further 
and begin the cure of the second layer. This 
process would be repeated until all the 
layers are in place. The laminate would 

then be vacuum-bagged and autoclaved to 
complete the cure. 

This work was done by Charles N. 
Webster of LTV Miss/es and Electronics 
Group for Johnson Space Center. For 
further information, Circle 109 on the TSP 

Request Card. 
Inquiries concerning rights for the com­

mercia/ use of this invention should be ad­
dressed to the Patent Counsel, JohnsOfJ 
Space Center [see page 14]. Refer to 
MSC-21376. 

Attaching Precise Mirrors to Lightweight Supports 
Mirrors would be formed on optical masters and glued in place. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A technique has been proposed to form 
precise mirror surfaces on lightweight, 
rigid, imprecise graphite-composite sub­
strates. The technique should enable the 
fabrication of lightweight mirrors of high 
surface finish suitable for use at short 
wavelengths: Heretofore, the irreducible 
small-scale roughness of the surfaces due 
to the structures of composite materials in· 
hibited the use of composite mirrors at 
short wavelengths. 

The technique (see figure) resembles 
that used to make lightweight replica mir­
rors and gratings. A layer of parting materi­
al is deposited on a master optical surface 
of the precise desired shape. This parting 
layer must be very thin to minimize degra­
dation of the replica. 

By ion·assisted evaporation or another 
established method, a shell of mirror or 
mirror-supporting material is deposited on 
the parting layer. The shell could be made 
of Si02, SiN, HfN, or other hard material. 
The thickness of the shell is made large 
enough - typically between a few mi­
crons and 1 mm - to give the shell signifi­
cant rigidity of its own and to withstand 
handling and abrasion. 

Next, a layer of adhesive much thinner 
than the shell is used to attach the mirror 
shell to a graphite-composite substrate, 
the surface of which approximates the de­
sired mirror surface. When the adhesive 
has cured, the substrate and shell are sep­
arated from the master at the parting layer. 
The resulting mirror has nearly the high op­
tical quality of the master. 

This work was done by Aden B. Meinel 
and Marjorie P. Meinel of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 142 on the TSP 
Request Card. NPO-17164 
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A Mirror Would Be AHached to an Imprecise substrate In a procedure similar to that used to 
make replica mirrors and gratings. 

Making a Superconductive Thin Film 
~~ A sharp transition is obtained at 93 K. 

but for relatively short times, they had 
sharper Tc transitions. This observation 
gave rise to the hypothesis that an ex­
tremely careful heat treatment is nec­
essary because the formation of the 
semiconducting "211" phase is thermody­
namically favored CNer the formation of the 
superconducting "123" phase. The new 
fabrication process takes account of this 
hypothesis by incorporating suitable heat 
treatments. 

Marshall Space Flight Center, Alabama 
An experimental fabrication process re­

sults in a superconductive thin film of 
YBa-FufJ7 (the "123" phase of Y/BalOJI 
0) on a substrate of green semiconducting 
Y ~Cu05 (the "211" phase). The film be-
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comes superconductive below a transition 
temperature (fJ of 93 K. 

Previous experiments had shown that 
after specimens of Y/BalCu/O were re­
acted at temperatures greater than 950 "C 
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In the experiment, preparation of the 
semiconducting substrate material was 
begun by grinding appropriate amounts of 
metal oxides, pressing them into pellets, 
then heating them to 950 OC for 12 h to 
form the "211 " phase. To assure complete 
reaction , the pellets were reground, 
pressed into pellets again, and reheated. 

The superconducting material to be de­
posited on the substrate was prepared by 
mixing the appropriate amounts of metal 
oxides to form YBaPJ:P7' pressing them 
into pellets, heating at 950 OC for 12 h, then 
quenching to room temperature. The ma­
terial was then annealed in oxygen at 
950 OC for 6 h, foliONed by SION cooling in 
the furnace. M this point, the material had 
a Teof 96 K. 

The superconducting material was de­
posited on the substrate by radio-frequen­
cy sputtering at room temperature. Initially, 
the deposited film was 1 mm thick and was 
insulating. After it was annealed in oxygen 
at 900 OC for 30 min, then cooled in the fur­
nace, it had become superconducting. As 
shown in the figure, the transition to super­
conductivity at 93 K is very sharp. The 
estimated critical current density is 350 
Ncm 2. 
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The Resistance of the FIlm deposited by the experimental fabrication process decreases 
with decreasing temperature down to 93 K, where it exhibits a sharp transition to zero. 

This work was done by Maw-kuen Wu of 
the UniverSity of Alabama for Marshall 
Space Right Center. For further informa-

tion, OrcJe 29 on the TSP Request Card. 
MFS-26093 

Advanced Engraving of Angle-Encoder Disks 
Precision would be increased over that of mechanical engravers. 

Marshall Space Flight Center, Alabama 

A proposed optical/mechanical/elec­
tronic system would engrave the angular­
interval marks on angle-encoder disks. The 
system was conceived to meet the need 
for increased precision of angular meas­
urements in advanced scientific instru­
ments. 

At present, the most-precise angular-en­
coder disks are made on mechanical an­
gl~ividing machines. Small increases in 
the precision of such machines are expen­
sive and consume much time. The pro­
posed system would abandon the tradition­
al mechanical-precision approach, relying 
instead on a combination of the high preci­
sion of electronic time division and digital 
synthesis of frequency with the almost­
friction-free motion of a rotor suspended in 
a high vacuum by electrostatic forces. 

As shown schematically in the figure, 
the disk to be engraved would be mounted 
on the lONer end of a short cylindrical rotor 
suspended electrostatically and would 
serve as the lower-end rotor electrode. 
Voltages applied to all the electrodes of the 
electrostatic suspension system would be 
determined by a feedback control subsys­
tem that would sense the various capaci­
tances between the end and side rotor and 
stator electrodes. Because these capaci­
tances depend on the position and orienta-
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Suspended Rotor (For Clarity, 
~ Suspending Electrodes Not Shown) 
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Laser Pulses Timed According to the Rotational Speed of a rotor electrostatically suspend­
ed in a vacuum would mark an angular-encoder disk mounted on the lower end of the rotor. 
The precision of the timing circuitry and the low rotational damping (damping time about 700 
years in a high vacuum) would result in highly-precise angular intervals. 

tion of the rotor relative to the stator, the 
subsystem could process the capacitance 
signals to compensate for asymmetry in 
the rotor, seismicity, and other perturba­
tions in such a way as to keep the axis of 
the rotor vertical and at the desired posi­
tion. 

The surface of the disk to be engraved 
would be coated with a noble metal. Fo­
cused laser beams would mark this sur­
face by evaporating the metal at the desig­
nated spots. There would be two pairs of 
laser beams, arranged orthogonally to en­
able cancellation of the effects of devia-
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tions of the lateral position of the rotor. For 
equal angular increments, the lasers 
would be pulsed periodically, at intervals of 
the fraction of the period of rotation corre­
sponding to the desired increment of an­
gie. 

A co rotating (but normally mechanical­
ly-separate) transparent disk below the 
disk to be engraved would collect the evap­
orated metal so that it does not accumu­
late on the laser{)eam windows, where it 
would otherwise subsequently attenuate 
the laser beams. To bring the rotor up to 
the desired rate of rotation, the corotating 

disk would initially be connected to the 
rotor via a piezoelectric or electromagne­
tic clutch, which would disengage when 
the rotor attains the desired speed. 

The pressure of the metal vapor and the 
electric field in the interelectrode gaps 
must be kept below the levels that would 
trigger electrical arcs. Preferably, the 
voltages applied to the top and side elec­
trodes would be balanced in such a way 
that the electric field at the bottom disk 
could be zero. Alternatively, the suspen­
sion voltages could be interrupted in syn­
chronism with the laser pulses to prevent 

arcing, but this would necessitate the 
careful avoidance of harmonics to prevent 
excessive vibrations. 

This work was done by Walter K. 
Polstorff of Marshall Space Flight 
Center. For further information, Orcle 119 
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 14].Refer to 
MFS-28294 

Process for Patterning Dispenser-Cathode Surfaces 
Microfabrication techniques increase uniformity. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Several microfabrication techniques 

have been combined into a process that 
cuts slots 100 J-IfTllong and 1 to 5 J-IfTl wide 
into tungsten dispenser cathodes for trav­
eling-wave tubes. The slots enable a more­
uniform low-work function coating to be 
dispensed to the electron-emitting surface. 
The emission of electrons therefore be­
comes more uniform over the cathode sur­
face. 

A molybdenum mandrel is coated by 
chemical-vapor deposition with a layer of 
tungsten 25 IA'Tl thick, followed by a layer of 
aluminum 5 ~ thick. A layer of photoresist 
1 ~ thick is applied over the aluminum. 
Slots are cut in the photoreSist by writing 
with a laser beam, electron beam, or ion 
beam, exposing parts of the underlying alu-
minum film (see Figure 1). The aluminum 
under the slots is etched away by chemi-
cally-assisted ion{)eam etching, a process 
in which chlorine gas and a beam of xenon 
ions are directed into the slots in the photo­
resist (see Figure 2). The beam of ions en­
hances the chemical reactivity of the alu­
minum with the chlorine, forming a volatile 
product that is pumped away. The resulting 
pattern of slots in the aluminum, which is 
identical to the pattern in the photoresist, 
exposes the underlying tungsten. 

Another chemically-assisted ion{)eam 
etching step follows. Fluorine or chlorine 
trifluoride gas and a beam of xenon ions 
are directed at the exposed tungsten, etch­
ing slots into it. The aluminum acts as a 
mask because it reacts only slightly with 
either gas. If slots narrower than 1 IA'Tl are 
needed, the patterned cathode can be 
coated with more tungsten by chemical­
vapor deposition to close partially the gaps 
between the walls of the slots. 

This work was done by Charles E. 
Garner and William D. Deininger of Cal­
tech for NASA's Jet Propulsion labora­
tory. For further information, Orcle 137 on 
the TSP Request Card. 
NPO-17183 
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Figure 1. The Patterned Photoresist serves as a mask for etching the underlying aluminum. 
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Figure 2. Chemically-Assisted lon-Beam Etching with chlorine removes exposed parts of 
the aluminum layer (left). Chemically-assisted ion-beam etching with fluorine or chlorine tri­
fluoride removes the tungsten not masked by the aluminum layer (right). 
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Deposition of Plnhole·Free CoSi2 Film 
A stoichiometric combination of cobalt and silicon 
is overlaid with silicon. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A new fabrication method produces a 

pinhole·free film of cobalt silicide on a sili· 
con substrate. Earlier methods resulted in 
as many as 107 pinholes per square centi· 
meter. The absence of pinholes is critical to 
the operation of multilayer devices employ· 
ing CoSi2 layers, such as the metal base 
transistor. 

In the new method, cobalt and silicon are 
evaporated from electron-beam sources 
onto a substrate of si licon having a <111> 
crystal orientation. The materials are de­
posited in the stoichiometric ratio of two silo 
icon atoms to one of cobalt, yielding a 
single~rystal CoSi2 film 5 to 10 nm thick. A 
layer of amorphous sil icon 1 to 2 nm thick 
is deposited on the CoSiz The specimen is 
then annealed at 550 "C for 10 min. 

The amorphous·silicon cap prevents 
pinholes from forming during annealing. In 
the absence of this cap, apparently the 
high surface energy of CoSi2 relative to Si 
causes the formation of pinholes, which ex­
pose the underlying Si surface and thereby 
reduce the total energy of the epitaxial 
system at temperatures above 500 "C. The 
silicon cap appears to reduce the total sur­
face energy without the formation of pin­
holes. In fact, the temperature can be 
raised as high as 600 °C with the cap. 

Because the CoSi2 1ayer is stoichiomet­
ric, it does not consume the cap during an­
nealing. Thus, the cap remains during the 
entire annealing process and is available to 

seNe as a template for further deposits of 
silicon during later processing. 

Scanning electron microscopy and other 
techniques were used to evaluate the qual­
ityof the CoSi2 films on both sil icon~pped 
and uncapped substrates. The films were 
etched with carbon tetrafluoride plasma to 
enlarge pinholes for greater visibil ity; 
where a silicon cap layer covered a pin­
hole, it, too, was removed by the plasma. 
This procedure improved the detection 
resolution to 1,000 pinholes per square 
centimeter. No pinholes could be found on 
the capped film, whereas the uncapped 
film was riddled with pinholes (see figure). 

This work was done by True-Lon Un, 
Robert N. Fathauer, and Paula J. Grunthaner 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
42 on the TSP Request Card. 

In accordance with Public Law 9&517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad­
dressed to 

Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17447, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

The Scanning Electron Micrograph of a silicon-capped CoSI2 film shows no pinholes, 
whereas that of an uncapped film shows many. The density of pinholes in the micrograph of 
the uncapped specimen Is 2 x 107 cm - 2. Both the capped and uncapped specimens have 
been etched by C~ plasma to enhance the visibility of the pinholes. 
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Three Things 
You Shouldn't 
Have To Share At 
The Office 

I n the workplace you would never 
think of sharing your mug or chair. So 
why are you running down the hall to 
find out if there is d terminal available 
for your mainframe graphics applica­
tions? With TGRAF software and your 
desktop computer there's no reason 
to ever share a terminal; you can now 
have a powerful graphics terminal on 
your desk, inexpensively. 

TGRAF accurately duplicates a 
Tektronix graphics terminal without 
sacrificing terminal functionality. 
Now mainframe graphics power is 
available for your pc, PS/2, Macin­
tosh II, or workstation in RS-232 or 
networked computer environments, 
for only a fraction of what a terminal 
would cost. 

TGRAF's comprehensive Tektronix 
terminal emulation and Grafpoint' s 
superior customer support, puts the 
terminal sharing blues behind you 
forever. Call Grafpoint for the name 
of your local distributor and order a 
no-risk 30-day evaluation copy. 

Current TGRAF users call U5 for 
informtJtion on how /0 upgrade to our 
latest product - TGRAF-4200 

CI GRAFPOlnT 
1485 Saratoga Avenue 
San Jose, CA 95129 
1-800-426-2230 
In California 408-446-1919 

Gralpoint and TGRAF are tradem<Vf<s 01 Grafpoinl 
PC and PS/2 are trademart<s 01 Intemational Business Ma· 
chines Corporation. Tektronix is a trademarf< 01 Tektronix. 
Inc. Macintosh is a trademarf< 01 .<jlple Computer, Inc. 
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Fluidized-Bed Reactor With Zone Heating 
!~ Deposition of silicon on the wall is suppressed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The design of a fluidized bed for produc­

tion of silicon greatly reduces the tendency 
of silicon to deposIT on the wall of the reac­
tion vessel. In the new fluidized bed, the 
silicon seed particles are heated in the up­
permost zone of the reactor. The hot par­
ticles gradually mix with the lower particles 
and descend through the fluidized bed. The 
lower wall of the vessel is kept relatively 
cool. Because silane that enters at the bot­
tom and circulates through the reactor is 
pyrolized to silicon at high temperatures, 
silicon is therefore deposited on the parti­
cles in preference to the wall. 

A typical previous fluidized bed, in con­
trast, was heated through the wall. There­
fore, the wall was hotter than the reaction 
zone, and silicon was deposited on the wall 
as well as on the bed particles, reducing 
the net yield of silicon and creating a clean­
up problem. Moreover, the high tempera­
ture in the lower layers of the bed favored 
the formation of fine silicon dust that had to 
be separated from the product particles 
and recovered. 

In the new process, silicon seed parti­
cles are introduced into the base of the re­
actor vessel (see figure), where a stream of 
inert gas creates a fluidized bed of the par­
ticles extending almost to the top of the 
vessel. At the top of the bed, immersion 
heaters encased in quartz and wall heaters 
maintain a temperature of 650 to 800 °C. 
The turbulence of the bed mixes hot seed 
particles from the heating zone with parti­
cles in lower layers, the net result being a 
vertical gradient of temperature ranging 
down to 450 to 650 °C at the bottom of the 
bed. Wall heaters add only enough heat to 
make up for losses. 

Silane flowing up from the base of the 
vessel decomposes in the reaction zone 
just below the heating zone, deposITing sili­
con on the silicon seed particles but not on 
the wall. Essentially all the silane reacts in 
the reaction zone; it does not flow into the 
heating zone. Once a particle has grown to 
a size of 400 to 1,500 J.d11, the particle de­
scends from the reaction zone through a 
separator to a collector. 

Silane enters the vessel through a per­
forated distributor cone at the bottom. 
Water circulating in a coil around the dis­
tributor cone keeps it at a temperature of 
about 300 °C - low enough to suppress 
the deposition of silicon dust even though 
the silane is highly concentrated at this 
point in the reactor. 

In a demonstration of the process, 
about 8 kW of power were supplied to the 
top 15 in. (38 cm), and 2 kW were supplied 
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The Upper Heating Zone furnishes about 80 percent of the heat for the pyrolysis of silane. 
The temperature in the reactor ranges from about 700°C at its top to about 300°C at the sil­
ane-gas distributor at its bottom. Polycrystalline silicon particles fall through the fluidized 
bed and are collected at the bottom. 

to the remainder of a reactor 72 in. (183 
cm) high and 6 in. (15.2 cm) in diameter. 
The reactor yielded 1 kg of silicon per hour. 
The ratio of this rate of yield to input power 
(0.1 glWh) is about 30 times that of a 
commonly-used batch process and may 
be higher than that of other fluidized-bed 
processes as well. 

This work was done by Sridhar K. Iya of 
Union Carbide Corp. for NASA's Jet Pro- . 

pulsion Laboratory. For further informa­
tion, Circle 107 on the TSP Request Card. 
NPO-17470 

Is yOW' subscription 
about to expire? 
Check the expire date. If it is less thIw1 
6 months now is the time to fill out a 
new qualification fonn before your 
subscription expires. 
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Molecular-Beam Epitaxy of CrSi2 on Si(111) 
Crystalline layers have been grown in a commercial apparatus. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Experiments have shown that CrSi2 can 
be grown on the (111)face of a single-crys­
tal Si substrate by molecular-beam epitaxy. 
The epitaxial CrSi2 produced thus far is not 
in the desired single-crystal form. How­
ever, because CrSi2 is a semiconductor 
with a band gap of 0.3 eY, the experimental 
process has potential for the monolithic in­
tegration of microelectronic devices based 
on CrSi2 (e.g., infrared detectors) with sig­
nal-processing circuitry based on Si . 

In the experiments, Si(111) wafers were 
first cleaned chemically by a process that 
leaves a protective oxide on the surface. 
The wafers were then placed in a commer­
cia� molecular-beam epitaxy (MBE) ap­
paratus, where the oxide was removed by 
a beam of Si in some cases or by thermal 
desorption in other cases. 

The apparatus was equipped with sepa­
rate electron-beam evaporators, one for Si 
and one for Cr. Each CrSi2 specimen was 
grown by one of four techniques, each of 
which is a special case of generic MBE. In 
the first technique, called "solid-phase 

(a) 

(b) 

Micrographs of CrSI
2 

Layers show (a) 
cross-sectional TEM image of an island of 
CrSi

2 
for a 1().nm layer grown by SRE. The 

insert shows the latice image of a portion of 
the CrSiiSi interface. Part (b) is a planar 
TEM image of a 210-mm layer grown by 
MBE. 
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reactive epitaxy" (SRE), Cr was deposited 
on a subtrate of Si held at room tempera­
ture; the substrate and deposit were then 
annealed at a temperature of 580, 650, or 
720°C. In the second technique, called 
"reactive-deposition epitaxy" (ROE), Cr 
was deposited on a hot Si substrate. The 
third technique, called "solid-phase 
epitaxy" (SPE), involved the stoichiometric 
deposition of Cr and Si at room tempera­
ture, followed by annealing at higher tem­
perature. In the fourth technique, denoted 
by the generic term "MBE," Cr and Si were 
codeposited stoichiometrically on a hot Si 
substrate. 

CrSi2 layers were grown to thicknesses 
of 10 and 210 nm (see figures). The speci­
mens were monitored during growth by re­
flection high-energy electron diffraction 
(RHEED). After removal from the MBE ap­
paratus, the specimens were analyzed by 
scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), 
and Rutherford backscattering spectros­
copy(RSS). 
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Processing 
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... More Channels, 

... Longer Record Lengths, 

... No Programming, 
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The analyses showed that the CrSi2 
layers tended to form islands, within each 
of which one of several crystalline orienta­
tions prevailed. The two most common ori­
entations observed_were C!Sii0001)1I 
Si(111) with CrSi~1010]/Si1101] ant! CrSi2 
(OOO1}1Si(111) with CrSi~1120]/Si[101]. The 
two orientations differ in that the CrSi2 
layers are rotated about 30° with respect 
to each other about the perpendicular to 
the surface. For the thick layers, the MBE 
technique yielded the largest grains and 
best RHEED pattern. The sizes of the 
grains were found to increase with temper­
ature: grains 1 to 2 J.IfTl across were 0b­
served in a layer deposited at 825 OC. 

This work was done by Robert W 
Fathauer, Paula J. Grunthaner, True-Lon 
Un, and David N. Jamieson of Caltech and 
Jurek H. Mazur of USC for NASA's Jet 
Propulsion laboratory. For further infor­
mation, Circle 37 on the TSP Request Card. 
NPO-17438 

Since 1982, ACROSYSTEMS' engineers have been solving the important issues 
involved in mea uring physical parameters. We know, for instance, that struggling to find 
tran ient buried in noi e demands a high re olution AI D converter. 

That' why we developed the 14-bit, I M Hz, AT -6400 Waveform Digitizer. Compatible 
with the IBM AT, PS/2 or compatible, the AT -6400 delivers high performance and 
ver atility, without the burden of a high price tag. Starting under $4000, the AT-64oo 
provide: 

• 14-bit resolution, • Comprehensive triggering, and 
• I MHz digitizing rate, • Ready to run applications oftware 
• 8 million point waveform capture, including Snap hot, Hyper ignal, 
• Up to 8 input channels, DADiSP, and more. 

For more information, call our team of knowledgeable applications engineers 
at (508) 927-8880. 

IACRoWi.1.:t~@J 
Precision Measurement & Control Solutions 

From DC to 1 MHz 
ACROSYSTEMS, 66 Cherry Hill Drive Beverly, MA 01915 (508) 927-8880 
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l'~ An easily fabricated device increases precision in reading graphical data. 

Langley Research Center, Hampton, Virginia 
The continuously-variable vernier scale 

(CVVS) is designed to provide greater ac­
curacy to scientists and technologists in 
reading numerical values from graphical 
data. It is placed on the graph and used to 
interpolate the coordinate value of a point 
on a curve or a plotted point on a figure 
within a division on each coordinate axis. 

A typical construction and use of the 
CVVS are shown in the figure. A baseline 
PO is constructed of arbitrary length, but it 
should be about 10 times the distance to be 
interpolated. Next, the scale line OR is con­
structed perpendicular to PO. For conven­
ience, OR may be equal in length to PO. 
Then, 10 equally spaced divisions are 
marked off on the scale line OR, and 
straight lines are drawn from P. 

The CVVS is overlaid on a plotted curve 
as shown so that the two legs of the trian­
gle, PO and PR, span the division on the x 
axis that includes the projected intercept 
x(a) of point (a). Note that this intercept falls 
between lines 4 and 5 of the geometric 
overlay. Therefore, x(a) can be more close­
ly estimated as 2.49 instead of 2.5. If the 
scale is then rotated by goo and the above 
procedure is repeated for the appropriate 
division on the y axis, the y coordinate, y(a), 
is more closely estimated as 2.76 instead 
of 2.8. To make it easier to line up the base­
line with a coordinate axis and with the line 
that projects the point to one of the axes, 
faint lines can be drawn parallel to both 
axes. 

The CVVS can also be used to interpo­
late a logarithmic scale if a logarithmic 
scale is constructed on the scale line. It 
can also be used to change the scale of a 
figure by changing the scale of the coordi­
nate axes on that figure. 

.-----------------------------------------------~ 

4 

3 
y(a) 

y 2 

Q 

o 2 3 4 5 678 
R 

9 10 

The CVVS In This case Is used to read the x and y coordinates of point (a) more precisely as 
2.49 and 2.76, respectively. 

For durability and clarity, the CVVS can 
be constructed on thin, clear, plastic ma­
terial. It is a simple, inexpensive device that 
can readily meet the needs of scientists 
and technologists in making better esti­
mates of points on plotted figures that are 
published in the literature. The CVVS re­
quires neither the measurement of line 
segments where the projection of the point 
intersects a dMsion nor a calculation to 
quantify the projected value. It is a very 
flexible device that can be constructed 
with any kind of scale. It is very easy to use, 
requiring no special equipment of any kind, 

and can save a considerable amount of 
time if numerous points are to be evalu­
ated. 

This work was done by Irvin M. Miller of 
Langley Research Center. No further 
documentation is available. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for Its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 14]. Refer to LAR-13721. 

Some Protocols for Optical-Fiber Digital Communications 
One works best in heavy traffic; another, in light traffic. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Three protocols have been proposed for 

digital communications among stations 
98 

connected by passive taps to a pair of uni­
directional optical-fiber buses. The proto-

cols mediate round-robin, bounded-<lelay 
access to the buses by all stations and are 
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particularly suited to fast transmission. 
Partly because the transmission medium is 
passive (there are no relay stations) and 
partly because the protocols distribute the 
control of the network among all stations 
with provision for the addition and deletion 
of stations (there are no control stations), 
the communication network should be 
able to resist and recover from failures. 

The signals on the two buses travel in 
opposite directions. Each station includes 
a transmitter and receiver connected to 
both buses (see figure). When the receiver 
detects a carrier signal, it attempts to syn­
chronize itself to the bits in the preamble of 
the incoming signal and to copy the signal 
into the memory of the station. Provided 
that the receiver detects no signal coming 
from upstream and/or has been granted 
access by the protocol, the transmitter 
sends a preamble followed by a packet of 
data. There is a delay between the time a 
station senses the end of a carrier on a bus 
and the time when it can start transmitting 
on the same bus. There is an equal delay 
between the sensing of a carrier coming 
from upstream and the interruption of a 
transmission. These functions are com­
mon to all unidirectional-bus systems but 
are managed in different ways by different 
protocols. 

The first of these three protocols, called 
"U-Net," defines a procedure to determine 
which two stations are at the right and left 
ends of the bus and which should transmit 
a special sequence of bits called the 
"token." The network then operates in 
cycles that are initiated when the left-end 
or right-end station transmits the token. 
Each station downstream from the initi­
ating end station waits for the token and 
any appended packets of data to pass by, 

T: Transmitting Tap 
R: Receiving Tap 

Termination of 
Bus (Absorber) 

Rlght-to-left Bus 

• 

left-to-Rlght Bus 

Traffic on the Twin Unidirectional Buses is managed by any of three protocols described In 
the text. Each has advantages and disadvantages, depending on the level of traffic and the 
number of stations attempting to transmit. 

then transmits its own packet (if any). Thus, 
each station has an opportunity to add a 
packet of data to a train of packets headed 
by the token. 

When traffic is light or only one station 
has data to send, the U-Net protocol 
wastes time by forCing the transmitting sta­
tion to wait for the token and then to 
transmit only one packet at each pass. This 
disadvantage is overcome by a hybrid pro­
tocol that enforces a random-access 
mode when traffic is light or a single station 
is transmitting and reverts to an implicit­
token mode when multiple-source traffic 
builds up. This protocol is called "Buzz­
Net" because of a buzzing signal that any 
station transmits to synchronize the net­
work and drive it to the token mode under 
certain conditions of increasing traffic. 

While the Buzz-Net protocol is efficient 
at low traffic, it is less efficient than the 
U-Net protocol is at high traffic, where it 

wastes time by repeatedly switching be­
tween the two modes. The "Token-less" 
protocol was introduced to obtain efficien­
cy at high traffic, to reduce waiting at low 
traffic, and to eliminate special token-initial­
ization procedures. As the name implies, 
this protocol does not involve an explicit 
token. Instead, it supports a round-robin 
access mode like that of U-Net, and the 
synchronizing event (implicit token) is the 
cessation of activity on one of the buses. 
The impliCit token propagates in one direc­
tion on one bus and in the opposite direc­
tion on the other bus, thus minimizing the 
interval of silence between the end of one 
round and the beginning of the next. 

This work was done by Cavour Yeh and 
Mario Gerla of the University of California 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 133 on the 
TSP Request Card. 
NPO-17333 

Algorithm for Optimal Control of Large Structures 
The cost of computation appears competitive with that of other methods. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

All iterative algorithm has been derived 
for the numerical computation of optimal 
control of a linear system (e.g., a large, 
vibrating structure) of many degrees of 
freedom. The cost of the algorithm, as 
measured in terms of the number of com­
putations required, is of the order of, or less 
than, the cost of prior algorithms applied to 
similar problems. 

The problem is to compute the optimal 
control of forced response of a structure 
with n degrees of freedom that is identified 
in terms of a smaller number, r, of vibration­
al modes. The article begins with the 
Hamilton-Jacobi formulation of mechanics 
and the use of a quadratic cost functional. 
While the Hamilton-Jacobi approach has 
previously resulted in computational com­
plexity that increased almost exponentially 
with n, the complexity can be reduced by 
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an alternative approach in which the 
quadratic cost functional is expressed in 
terms of the control variables only. This 
leads to the iterative solution of a second­
order time-integral matrix Volterra equa­
tion of the second kind that contains the 
optimal control vector. 

At each iteration, the matrix Volterra equa-
tion is integrated numerically by use of a 
trapezoidal integration scheme in which 
the control interval is discretized into s 
equally spaced intervals of time. The par­
ticular structure of the matrices can be ex­
ploited to reduce the number of computa­
tions and to enable the use of a Jacobi-type 
iterative solution. Some steps are common 
to all iterations and thus need to be ex­
ecuted only once. 

Overall, the total number of computa­
tions required is of the order of 

[4r(q max + r) ms + n2] 

where m is the number of control variables 
and q max is the number of iterations re­
quired for convergence. Although qmax is 
not known a priori , the dominance of diag­
onal terms in one of the matrices at an in­
termediate step of the derivation suggests 
that qmax should be of the order of 10. As a 
result, the algorithm appears to be compet­
itive with other methods based on solutions 
to matrix Riccati equations, especially at 
large n. 

This work was done by Moktar A. 
Salama and John A. Garba of Caltech and 
Senol Utku of Duke University for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 28 on the TSP Request 
Card. NPO-16983 
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Ideal Resampling of Discrete Sequences 
Spectral information is preserved to the extent possible. 

Ames Research Center, Moffett Field, California 

A technique has been developed to 
shrink or expand a discrete input sequence 
of numbers into an output sequence in a 
manner that preserves the input spectrum 
up to the Nyquist limit of the smaller of the 
two sequences. In the case of expansion, 
the technique also prevents the introduc· 
tion of spurious frequencies not present in 
the input. While the technique is applicable 
to many kirds of data sampled at regular 
intervals, it is particularly useful in the proc­
essing ard enhancement of images, where 
the discrete sequences are spatially or­
dered sets of picture-element brightness 
values. 

The problem is to change the input se­
quence of N numbers to an output se­
quence of M numbers. The first step of the 
solution is to take the discrete Fourier 
transform (OFl) of the input. The OFT is 
used to reconstruct a continuous, band­
limited function containing the same spec­
trum as that of the input sequence. This is 
the function that one 'NOuld observe upon 
low-pass filtering an input signal below the 
Nyquist frequency of the sequence (and 
taking half the amplitude at the Nyquist fre­
quency) and is the function that yields the 
input sequence when sampled at the input 
times or positions. 

The continuous function is low-pass fil­
tered to eliminate frequencies (if any) 
above the Nyquist rate of an M-sample se­
quence. This can be done in the frequency 
domain by taking the product of the OFT 
and the filter frequency dependence, or in 
the time or space domain by convolution 
with a sinc function of frequency M. In the 
time or space domain, the filtered signal 
can be converted to the output sequence 
by sampling it at intervals of 11M. Alter· 
natively, the filtered OFT can be convolved 
with a pulse-train OFT, then inverted to the 
time or space domain to yield the output 
sequence. 

A two-dimensional array of numbers 
(e.g., image data) is treated by applying the 
technique to the two-dimensional OFT's of 
the rows and columns of picture elements. 
Similarly, third-order and higher-order ar­
rays are treated via the applicable multidi­
mensional OFT's. The technique might be 
used, for example, to expand an image ar­
ray, increasing the number of picture ele­
ments to smooth out the grainy awearance 
of a few large picture elements. A1tema­
tively, it might be used to decrease the 
number of picture elements (see figure). 

If the third dimension of a three-dimen­
sional array is time, the technique could be 
applied to create a slow-motion image se­
quence without the difficulty of recording 
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An Image Is Coarsened by resampling to reduce the number of picture elements while pre­
serving as much as possible of the original image Information. 

rapidly, then playing back at low speed. The 
image would be recorded at the normal 
frame rate and played back at the lower 
frame rate. The technique would be used 
to generate intermediate images at small 
intervals between frames, thereby sup­
pressing the appearance of jerky motion 
caused by the sudden jumps between 
frames at the low frame rate. 

This work was done by Andrew B. 
Watson of Ames Research Center. Fur­
ther information may be found in NASA 
TM-88202 [N88-191oo], "Ideal Shrinking 

and Expansion of Discrete Sequences ... 
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) 3364 700. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page 14}. 
Refer to ARC-11719. 
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Design of Combined Stochastic Feedforward/Feedback Control 
Methodology accommodates a variety of control structures and design techniques. 

Lang/ey Research Center, Hampton, Virginia 
A methodology for the design of com­

bined stochastic feedforward/feedback 
cootrol has been devel~, and a digital au­
tomatic landing system has been designed 
by use of this approach. The main objec­
tive of a control law is to enable a plant to 
track a desired or commanded trajectory 
selected from a given class of trajectories 
as closely as possible in the presence of 
random and deterministic disturbances 
and despite uncertainties about the plant. 
The feedforward controller tries to track 
the desired or commanded trajectory, 
whereas the feedback controller tries to 
maintain the state of the plant near the de­
sired trajectory. Modern control theory has 
concentrated more attention on the im­
portant feedback control problem, while 
the feedforward control problem has re­
ceived less attention. 

In the methodology for combined sto­
chastic feedforward/feedback control, the 
main cbjectives of the feedforward and feed­
back control laws are seen clearty. The in­
clusion of error-integral feedback, dynam­
ic compensation, rate-command control 
structure, and the like is an integral ele­
ment of the methodology. Another advan-

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when a Re­
quest Card number is cited; otherwise 
they are available from the National 
Technical Information Service. 

Commercial Expert-System­
Building Software Tools 
Computer programing tools 
are described and compared 
according to their knowledge­
representation approach, 
inference methods, user inter­
faces, functional applicability, 
and other criteria. 

A report evaluates commercially-avail ­
able expert-system-building tools in terms 
of their structures, representations of 
knowledge, inference mechanisms, inter­
faces with developers and end users, and 
capabilities of performing such functions 
as diagnosis and design. These software 
tools are the commercialized derivatives of 
artificial-intelligence systems developed by 
researchers at universities and research 
organizations. Reportedly, they reduce the 
time to develop an expert system by an 
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tage of the methodology is the flexibility to 
develop a variety of techniques for the de­
sign of feedback control with arbitrary 
structures to obtain the feedback control­
ler: These include stochastic output feed­
back, multiconfiguration control , decen­
tralized control, or frequency and classical 
control methods. 

A specific incremental implementation 
is recommended for the combined feed­
forward/feedback controller. Some advan­
tages of this digital implementation are 
simplicity, elimination of the need for trim 
values, and avoidance of such problems 
as integrator windup. The closed-loop 
eigenvalues obtained in this implementa­
tion contain the designed closed-loop 
eigenvalues that would result if an in­
cremental implementation were not used. 
It has been shown that when using an in­
cremental implementation, it is advan­
tageous to design the controller with as 
many integrators as the number of con­
trols. The use of fewer integrators results in 
marginally stable eigenvalues of unity, 
while the use of more integrators con­
strains the placement of eigenvalues. 

A digital autGlmatic landing system for 

order of magnitude compared to that re­
quired with such traditional artificial devel­
opment languages as LISP. 

The core of an expert system consists of 
a knowledge base and an inference engine 
that operates on the knowledge base to de­
velop a solution or response. In addition, 
the system needs an interface to the end 
user or to an array of sensors and effectors 
to communicate with the outside world. A 
tool to develop an expert system must also 
include a developer interface so that the 
requiSite knowledge base can be devel­
oped, the end-user interface can be built, 
and special instructions can be given to the 
inference engine. Other important tool at­
tributes include the computers on which 
they will run and their interfaces with other 
software and data bases. 

A table lists 20 such tools, rating their at­
tributes as strong, fair, programmable by 
the user, or having no capability in the vari­
ous criteria. The following tools are rated: 
ART, KEE, Knowledge Craft, S.1, PICON, 
ENVISAGE, ES ENVIRONMENTNM, PER­
SONALCONSULTANT + , KES, NEXPERT, 
EXSYS3.0, INSIGHT 2+ , M.1, RULEMAS­
TER 3.0, KDS, TIMM, ESlP, EXPERT EDGE, 
1 st Class, and OPSS. The report also briefly 
describes each of the tools, pointing out 
their distinctive features. 

This work was done by William B. 
Gevarter of Ames Research Center. Fur-

the Advanced Transportation Operating 
System (ATOPS) research vehicle, a B0e­
ing 737-100, has been designed by use of 
the stochastic-feedforward-controller and 
stochastic-output-feedback methodology. 
The control modes of the system include 
the capture and tracking of the localizer 
and glideslope, crab, decrab, and flare. By 
use of the recommended incremental im­
plementation, the control laws have been 
simulated on a digital computer and con­
nected with a nonlinear digital simulation of 
the aircraft and its systems. 

This work was done by Nesim Halyo of 
Information and Control System~ Inc., for 
Langley Research Center. Further infor­
mation may be found in NASA CR-4078 
[N87-25806], "A Combined Stochastic 
Feedforward and Feedback Control De­
sign Methodology with Application to 
Autoland Design." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. 
LAR-13795 

ther information may be found in NASA 
TM-88331 [N87-28281INSP], "n7e Nature 
and Evaluation of Commercial Expert Sys­
tem Building Tools: Revision 1." 

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. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page 14]. 
Refer to ARC-11757. 

Application of 
Artificial Intelligence to 
Wind Tunnels 
Goals include data of better 
quality, increased productivity, 
and retention of expertise. 

A report discusses the potential use of 
artificial-intelligence systems to manage 
the wind-tunnel test facilities at Ames 
Research Center. One of the goals of this 
program is to obtain experimental data of 
better quality and otherwise generally in­
C! '3ase the productivity of the facilities. 
Another goal is to increase the efficiency 
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Braiding. As an industrial process, it's as old as 
the hills. At the same time, when it comes to the 
fabrication of complex parts, braiding forms the 
basis of one of the most cost-efficient composite 
technologies available. As the single domestic 
supplier of composite braiders, Wardwell has both 
the experience and the knowledge base to employ 
composite braiding to your greatest advantage. 
You owe it to yourself to find out more. As you 
can see, you won't be the first. 

Call 
(401) 724-8800 for more 
information, or write for 
our current brochure. 

WARDWELL 
-€BUTT~ 

Wardwell Braiding Machine Co., 1211 High Street, Central Falls, RI 02863 

Circle Reader Action No. 396 

SONEX. Your edge on excess noise. 

The fact is, nothing kills noise better than SON EX. Its patented wedge helps 
absorb noise four times better than conventional materials. Perfect for any 
application. Call or write for a free brochure: 3800 Washington Ave. N., 
Minneapolis, MN 55412. (612) 521-3555 -IIL __ .-I-
CaD toU-free: 1-80C)..662AN)32, I unftiK 
104 Circle Reader Action No. 466 

and expertise of current personnel and to 
retain the expertise of former personnel. 
The third goal is to increase the effec­
tiveness of management through the more 
efficient use of accumulated data. 

The authors recommend the develop­
ment of three major artificial-intelligence 
systems to achieve these goals. One 
would include expert subsystems that 
could be used in planning and conducting 
wind-tunnel tests; for advice and training in 
the understanding of the characteristics of 
wind tunnels, measuring instruments, and 
ancillary equipment; and to assist in set­
ting up tests to meet various objectives 
and requirements. 

This system 'NOUld include what amounts 
to an interactive electronic instruction 
manual similar to some te'<tual-information 
systems that are already commercially 
available. A pretest-intelligent-assistant 
subsystem would help engineers in the 
design of models and selection of instru­
mentation. A prototype subsystem to aid in 
the selection of strain-gauge balances to 
be inserted in models is described in an ap­
pendix. One subsystem would incorporate 
computational fluid dynamics to help in 
planning tests. Other subsystems include 
one to assess the quality of data during and 
after tests, one to correct for the effects of 
the walls of wind tunnels on experimental 
data, and one for training. 

The second major artificial-intelligence 
system would guide the diagnosis, moni­
toring, and repair of equipment. By dupli­
cating established techniques used by ex­
perienced technicians, one subsystem 
could spot emerging trouble early, thereby 
increasing productivity by preventing un­
necessary damage and unnecessary repe­
tition of tests. One subsystem would 
mon~or sensors during tests for signs of 
malfunctions. Another subsystem would 
monitor wind-tunnel machinery. 

The third major artifiCial-intelligence 
system would be an interactive system for 
the management of the data base of multi­
year test statistics. This system would be 
used to improve schedules of operation 
and maintenance of tunnels and other 
equipment, the aSSignment of personnel, 
the distribution of electrical power, and the 
analysis of costs and productMty. Several 
commercial artifiCial-intelligence comput­
er programs are discussed as possible 
candidates for this use. 

This work was done by 07ing F. Lo and 
Frank W Steinle, Jr., of Ames Research 
Center. Further information may be found 
in AIM paper 88-22141, "Application of In­
telligence Systems to Wind Tunnel Test Fa­
cilities." 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Services, Ubrary, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247-6500. 
ARG-12229 

NASA Tech Briefs, June 1989 



Macsyma® ... 
the most powerful 
math software 
in the world of 
mainframes, 
nowon 
PC's. 

1989 Symbollcs Inc. 

Circle Reader Action No. 524 

Until now, if you wanted to 
combine symbolic and numerical 
analyses into a powerful approach to 
mathematical modeling, there was 
only one way to do it - MACSYMA 
and a big computer. 

Now we've taken all the 
power, performance and productivity 
of MACSYMA and created a PC ver­
sion, one that runs on any 386/00S­
based PC*. 

So now you can perform 
complex symbolic, numerical , and 
graphical calculations automatically 
- in applications ranging from 
plasma physics to aeronautics, from 
economics to fluid mechanics and 
more - right at your desk. Such as 
differential and integral equations, 
Laplace and Fourier transforms, 
vector and tensor calculus. The same 
calculations that used to require 
mainframe performance. 

There's one thing about 
MACSYMA that isn't complex - using 
it. In fact , using MACSYMA is so easy, 
you can get right to work using our 
On-line Help and Quick Reference 
Card - without even opening a book. 

MACSYMA on a PC. As easy as 7T. 
Call1-800-MACSYMA (in 
Massachusetts, 617-221-1250). 

symbolics Inc 

Computer Aided Mathematics Group 
8 New England Executive Park East 
Burlington, MA 01803 U.S.A. 

MACSYMA is a registered trademark of Symbolics. Inc. 
• 100% IBM compatibles. 
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Automatic Sprout Grower 
~~ A compact unit nurtures growing seeds. 

Lyndon B. Johnson Space Center, Houston, Texas 
A self-contained seed-sprouting sys­

tem provides an environment for sprouting 
seeds quickly and easily. Developed as a 
source of fresh vegetable material on short 
Space Shuttle flights, the kit offers advan­
tages to home gardeners too. Apartment 
dwellers could use it for steady production 
of homegrown sprouts even though they 
have no garden space. 

The system gives seeds all they need to 
sprout: water, good drainage, and plenty of 
air. Ught, soil, and the containers for CUl­
tivating whole plants are unnecessary. 

Seeds of various vegetables and field 
crops can be stored dry indefinitely, then 
placed in the system when needed. The 
seeds quickly grow five to seven times in 
weight and turn into what are essentially 
green vegetables. The vitamin contents In­
crease dramatically, as do fiber contents. 
Fat and carbohydrate contents drop, while 
little protein is lost. Many of the inhibitors 
and toxicants of raw seeds are eliminated 
or reduced significantly. 

The sprouting container Is the standard 
6-oz (O.1B-L) package for dehydrated food 
and drink mixes in the Space Shuttle. 
.About 4 g of dry alfalfa or radish seeds are 
vacuum-sealed in each cup, like freeze­
dried foods. Sixteen cups are suspended in 
a tray (see figure). An alr-and-water inlet 
tube links each cup to a system of tubes 
and solenoid valves that alternately fumish 
air and water and remove stale air. A 
peristaltic pump supplies water from a 
vinyl medical-fluid bag. A small diaphragm 
pump supplies and exhausts air. A small 
circuit board times the movements of the 
air and water. 

fiates the sealed cups to remove gaseous 
metabolic products and to supply fresh ox­
ygen. 

This 'WOrk was done by Richard L Sauer 
of Johnson Space Center and H. W 

Scheid and J. W Magnuson of PhytoRe­
source Research, Inc. For further informa­
tion, Circle 108 on the TSP Request Card. 
MSC-21266 

Sprouts 
Under Cap 

The proper growth of sprouts, both on 
Earth and in the microgravity of outer 
space, depends on adequate aeration and 
just the right amount of water. In micro­
gravity, the effect of excess water is magni­
fied in that water clings to the germinating 
seeds through surface tenSion, impeding 
movement of oxygen to the seeds. To pre­
vent the sprouts from drowning in this way, 
the system adds water at frequent inter­
vals, providing only the moisture needed 
for immediate uptake and for the expan­
sion of the sprouts during each interval. 
The kit also periodically deflates and rein-

Sprouts Grow In Cups In a tray. Growth proceeds at room temperature with ordinary room air. 
The photograph shows details of the growth cup and newly sprouted seeds. 
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New Literature 

DAIR Computer Systems, Palo Alto, 
CA, is offering a free artifi cial in­
telligence software and services 
catalog. Product highlights include: 
Chaos Manner, the first chaos ex­
ploration program for personal com­
puters; Netwurkz, a neural network 
tutorial that illustrates an associative 
memory's operation; PUD, a system 
language that combines the speed 
a'ld c<-ntrol of assembly language 

" Technology Management," a 
guide to the development, produc­
tion , and marketing of new 
technology, is now available from 
the Clark Boardman Company, ew 
York City. The sOO-page reference 
book offers pointers on licensing 
strategies and management; explains 
antitrust laws and export control 
regulations; identifies government 
and university technology sources; 
and describes how to implement 
technology transfers. Included are 
case studies in licensing transactions 
and examples of licensing forms. 
Circle Reader Action Number 720. 

with ! ;le ease of expression of a Optical power meters, attenuators, i--------------j 
compiler; and Neurotape, a 16- laser and LED sources, and T1 BER 
hour video course in neural net analyzers are featured in Intelco 

Five LCR meters, three preCISion methodology. Corporation 's 1989 catalog, as well 
Circle Reader Action Number 722. I" . I d 'b' analyzers, and a 1 MHz part tester as app Icatlon artlc es escn Ing 

are spotlighted in a new instrument f---------------j bit error rate analysis, fiber optic 
catalog from Wayne Kerr I nc., attenuation, and optical margin mea-
Woburn, MA. The free catalog fea- surement. Moreover, the 66-page 
tures product specifications, a se- handbook contains a glossary of 
lection guide, and a "Terms and fiber optic testing terminology. 
Techniques" section that illustrates Circle Reader Action Number 704. 
methods used to test capacitors, re­
sistors, and inductors. 
Circle Reader Act ion Number 724. 

The Inventor's Notebook offers an 
organized way to document an in­
vention's progress from first glimmer 
to the marketplace. Published by 
Nolo Press, Berkeley, CA, the soft­
cover book features an extensive 

A free glossary of microcomputer 
data acquisition terms is offered 

To help laboratory personnel choose 
the right equipment for their water 
purification needs, Labconco Corp., 
Kansas City, MO, has published a 
1 2-page guide that evaluates the ef­
fectiveness of various purification 
methods. The free booklet also 
discusses water quality standards 
and contaminant testing, and in­
eludes a glossary and bibliography. 
Circle Reader Action Number 714. 

work diary and covers legal, finan- RF/IF/Microwave signal processing 
cial , and marketing issues. Each components from DC to 6 GHz are 
chapter contains pages for record featured in a new 132-page hand­
keeping, explanations of business book from Mini-Circuits, Brooklyn, 
concepts, andabibliographyofper- NY. The handbook includes 
tinent books. specifications and performance 
Circle Reader Action Number 706. curves for power splitter/combiners, 

by the MetraByte Corporation, rr::::::::::::::::::::::;:;ii~inil 
Taunton, MA. The publication in- I 

r.r~jiiliiijiiiii.jiljiii~ and also describes wideband pro-
I ducts such as amplifiers, frequency 

mixers, high- and low-pass filters, fre­
quency doublers, phase detectors, 
GaAs switches and drivers, RF 

eludes nearly 300 definitions - from 
"absolute accuracy" to " zero 
power resistance" -encompassing 
data conversion, signal conditioning, 
and microcomputer systems and 
software. 
Circle Reader Act ion Number 712. 

--

transformers, and directional i--------------j More than 150 separate power 
couplers. supplies, programmable AC power 

Newport Electronics Inc., Santa Ana, 
CA, has produced a 12-page 
brochure highlighting the new 500 
Series of isolated, two-wire 4-20 mA 
transmitters. The publication 
presents 12 transmitter models for 
RTD, thermocouple, millivo lt, 
milliamp, and volts input. Included 
are specifications, ordering informa­
tion, and applications data - which 
covers the fundamentals of two-wire 
4-20 mA transmitters and the com­
bination of a transmitter with digital 
panel meters in the same loop. The 
brochure also describes 13 com­
plementary digital process meters. 
Circle Reader Action Number 726. 
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Circle Reader Action Number 730 sources, hi-pot testers, and elec­

" The Strategic Difference in Ad­
vanced Electronics," a new bro­
chure from the General Electric 
Company's Silicone Products Divi­
sion, Waterford, NY, illustrates the 
application of silicone technology to 
integrated circuits and power elec­
tronics. Featured products include 
silicone junction coatings, die 
coatings, and molding compounds 
for electronic packaging systems; 
and conformal coatings, solventless 
coatings, gels, encapsulants, and 
high-temperature adhesives for 
macroelectronic protection systems. 
Circle Reader Action Number 716. 

tronic loads are featured in a 
full-color brochure from Kikusui 
International Corp., Torrance, CA. A 
comparison chart details the 
operating characteristics of the 
various supply types, which include 
bench, dual-tracking, high-current, 
bi-polar, and burn-in switchers. The 
free brochure also covers systems 
applications, programming options, 
and burn-in testing. 

The new Connector Design Guide Circle Reader Action Number 71 B. 
from Brush Wellman's Alloy Divi- 1--------------1 
sion, Cleveland, OH, assesses the 
critical design factors and material 
properties that dictate contact per­
formance, such as spring force, per­
manent set resistance, temperature 
rise, stress relaxation resistance, and 
fatigue. Design criteria are supported 
with material properties and perfor­
mance data for common copper­
based alloys. The guide includes 
sample applications to help the 
engineer apply material specifica­
tions to contact designs. 
Circle Reader Action Number 710. 

A full-color brochure describes the 
thermal spray coating services of­
fered by Sermatech International 
Inc., Limerick, PA. Sermatech's 
arsenal of coating technologies in­
cludes GATOR-GARD high­
energy plasma spray, conventional 
plasma spray, and flame-spray 
coating processes. The free brochure 
highlights applications to diesel 
engines, helicopters, missiles, oil 
field equipment, and computer 
manufacturing components. 
Circle Reader Action Number 702. 
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Competitive, Production-Quantity Prices 
for the Inorganic Chemical of Your Choice 

CERAC's high purity, advanced inorganic chemicals come 
with very attractive price breaks for production-quantity 
lots. And you still get the same fast delivery and consistent­
ly high purity that you get with our small-quantity, R&D lots. 
We also give production-quantity discounts on sputtering 
targets and evaporation materials. 

Contact CERAC for a free quote on your next inorganic 
materials order. 

eERAG,porated 

P.O. Box 1178 · Milwaukee, WI 53201 
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New on the Market 

PC MACSYMA™, a computer­
aided mathemat ics software ap­
plication package from Symbolics 
Inc., Burlington. MA, combines sym­
bolic, numerical, and graphical 
methods for an automated approach 
to mathematical modeling. In addi­
tion to automating basic operations 
in algebra and calculus, the PC pro­
gram performs advanced symbolic 
computations, such as solving dif­

Percept™, a CAD tool that iden- ferential and integral equations, 
tifies material incompatibilities and computing Laplace and Fourier 
recommends design solutions, is transforms. automating vector and 
available from Sendrian Resources, tensor calculus, and generating finite 
Newbury Park, CA. The software difference equations. It also features 
can also estimate polymeric material powerful programming tools, in­
longevity as a function of service eluding a debugger, compiler, and 
temperature. Program interface is code generators for C, Fortran, and 
provided by an interpreter " shell " TeX. 
that translates trade names to the Circle Reader Action Number 768. 
nomenclature used by the data 
libraries - which encompass metals, 
plastics, elastomers, composites, 
ceramics, solvents, lubricants, pro­
cess fluids , and fuels. Percept 
operates under DESQview presenta­
tion manager and runs on IBM 
PC/XT/AT and compatible com­
puters. 
Circle Reader Action Number 774. 

The Stripall ® thermal wire stripper 
from the HUB Material Company, 
Canton, MA, applies heat to remove 
insulation without nicking or de­
forming the conductor. Designed for 
electronic assembly to aerospace 
and Mil-Spec standards, the hand­
held tool uses no external trans­
formers or power supplies; its solid­
state temperature control unit plugs 
directly into a receptacle. Stripall's 
alloy blades heat to 927 degrees 
Celsius in less than four seconds, and 
also cool instantly, eliminating the 
need for special racks or holding 
clips. 
Circle Reader Action Number 770. 

Spectra Diode Labs, San Jose, CA, 
has developed a 100 mW cw, 
diffraction-limited, Single-mode laser 
diode suited for high-speed writing 
in laser printers or optical data 
storage systems. The GaAlAs device 
operates in the 820 to 860 nm range, 
with a spectral width of less than 10 
MHz. Threshold current is 35 mA 
and operating current for 100 mW 
output is 170 mAo A modulation 

bandwidth of more than 2 GHz liii=~~.~ijiiii1 
enables high data rates or multi-
channel video signal transmission. 
Circle Reader Action Number 776. 

Scientific Concepts Inc., Marietta, 
GA, has created Microplots, a collec­
tion of sophisticated plotting 
routines for IBM PCs and com­
patibles. Starting with up to eight dif­
ferent plot modes, Microplots adds 
flexible scaling, annotation, color 
control, and more. The routines can 
manipulate ASCII data files for two­
or three-dimensional displays. This 
file handling function allows sharing 
of data between the PC and main­
frames, which paves the way for fast, 
low-cost image networking. Priced at 
$149, Microplots can be controlled 
by a menu system, user programs, or 
batch files. 
Circle Reader Action Number 772. 

A new family of portable disk drives 
called Traveldisks has been intro­
duced by Tradewinds Peripherals 
Inc., Pacoima, CA. Packaged in self­
contained subsystems, the hard disk 
drives are small and rugged enough 
to carry in a briefcase. They connect 
via cable to laptop, Macintosh, and 
IBM PC/XT/AT computers, and can 
serve as primary, secondary, or high­
speed backup devices. Up to four 
times faster than traditional backups, 
Traveldisks are available in capacities 
from 10 to 200 megabytes. 
Circle Reader Action Number 766. 
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New on the Market 

A family of chi p sets that lowers the 
cost of fiber optic technology, mak­
ing it economical for applications 
such as local area networking, 
military systems, and corporate data 
communications, has been intro­
duced by the Signetics Company, 
Sunnyvale, CA. Priced at approxima­
tely 20 dollars per 1000, the HiFI 
(High-Performance Fiber Interface) 
chip sets use dense bipolar process 
techniques to achieve up to 100 
megabits per second performance. 
They support LEDs of any wave­
length and multi-mode optical fiber 
cable of any size. In addition, the 

The RGBNiew™display controller 
from RGB Technology, Berkeley, 
CA, allows text, data, and graphics to 
be integrated with real-time video on 
any high-resolution workstation 
display. The video appears as a win­
dow on the computer screen, and 
can be squeezed or expanded from 
1/16 to full screen size. Windowing 
functions are controlled by front 
panel switches or via an RS-232 port. 
The controller supports workstations 
from Sun, Apolio, Silicon Graphics, 
I BM, DEC , Hewlett-Packa rd, 
Tektronix, and others. 
Circle Reader Action Number 794. 

receiver components can handle f--------------I 
single-mode optical fiber. 
Circle Reader Action Number 790. 

A new data acquisition system for 
M aci n tosh com puters called 
MacLab™measures captured data, 
produces hard copies of oscilloscope 
tracings, compares waveforms, and 
stores data for later analysis. 
Manufactured by World Precision 
Instruments Inc. , New Haven, CT, 
Mac Lab includes two applications: 
"Scope," emulating a single-channel 
storage oscilloscope, and " Chart," 
emulating a four-channel pen 
recorder. Both are compatible with 
other Macintosh software, allowing 

Exrust, a concentrated chemical rust 
remover from Kano Laboratories 
Inc., Nashville, TN, quickly dissolves 
rust by neutralizing ferrous oxide. 
The product is offered in a variety of 
sizes, from a pint-size sample selling 
for $4.50 up to a 55-gallon industrial 
container. 
Ci rcle Reader Action N umber 800. 

data to be transferred via the clip- f--------------I 
board to graphics or spreadsheet 
programs. The hardware unit can be 
plugged into the modem port of any 
Macintosh with at least S12K RAM 
and two disk drives. 
Circle Reader Action Number 792. 

The MAX-FAX 9624, a plug-in half 
card with both fax and modem 
capabilities, is now available from 
Macronix Inc. , San Jose, CA. De­
signed for IBM PCiXT/AT and com­
patible computers, the half card 
automatically distinguishes between 
incoming fax and data calls without 
interruption, captures text and 
graphics printer output from an ap­
plication and sends it as a fax, and 
converts PC Paintbrush file to a fax­
compatible format. MAX-FAX is sup­
ported by a menu-driven software 
package with such options as auto 
dial and answer, broadcast, message 
display and printing, and bulletin 
board capabilities. 
Circle Reader Action Number 798. 
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ALF Products Inc., Wheat Ridge, 
CO, has introduced the Quick Copy 
family of portable disk duplicators. 
The self-contained units can 
automatically copy an unlimited 
number of 5 \I.a " and 3 V2" disks, and 
can also be used to format blank 
disks. Quick Copy models handle 
IBM PC, Apple II , Macintosh 8ooK, 
Commodore, TRS-80, DEC Rain­
bow/RX-50, Atari , and Amiga disks. 
Circle Reader Action N umber 796. 

NEW FREE 304 PAGE DATA ACQUISITION 
& CONTROL HANDBOOK FOR IBM PC/XT / 
AT, PS/2 AND COMPATIBLE COMPUTERS 

• AID BOARDS 

• SIGNAL CONDITIONING 

• COMMUNICATION 

• INDUSTRIAL CONTROl 

· SEND TODAY FOR YOUR 
FREE 304 PAGE METRABYTE 

• PC INSTRUMENTS 

• IMAGE ACQUISITION 

DATA ACQUISITION & CONTROL HANDBOOK 

440 Myles Standish Blvd , Taunton . MA 027BO 
(508) 880-3000 TLX 503989 FAX' (508) 880-0179 
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WE'VE PERFECTED 
A FEW NEW MOTORS-

STEPPER-SERVO TY PE HYSTERESIS SYNCHRONOUS 
• Stainless steel construct,on • laser seannlng and optical 
or aluminum hou~ng through • Speed stab~ity makes A.C. 
bore techniques allow for Motors perfect for laser 

perfect rotor a"gnmen~~:~t:;~I;!~ seanners and bar code readers • ABEC 3 to ABEC 7 _" _ • large flanges can be bUIH 
stainless steel for unIQue mounting reQuirements 
beanngs for long life • Shaft str3lghlness .0001" TIR 
• Rugged gearheads With rabo and perpendicularity to hub of 
ranges of 10:1 to 17.000:1 .0001" TlR 
• Servo voltages from • Speeds to 75,000 RPM 
5·220 VAC ( • Frequency ranges from 
• Class "H" temperature 2 5 HZ to 1,600 HZ 
range to 220'C for wile • DynamIC balance of rotor 
and insulation IS less than .0001" Ozllnch 
• Stepper voltage 28 VDC • long hfe applicabons from 
• PreCl~on AC . DC ~Ies '" to 4" D13m. 
• Inert13lly Damped Servo 
• Computing Tachometers . Generators 

TO YOUR SPEC. 
We've built a repuation for fabricating custom components to the most 
demanding specs. Our Engineering Dept. offers over 1500 standard models 
intelligently designed for sophisticated motion control technology - whether 
in Quality Long-Life Assemblies or ruggedly independent. There's no charge 
- just a call, a speedy Quote, and a delivery date you'll be happy with. 

FREE FULL LINE PRODUCTS CATALOG 
Just call or wnte -

V-ERNrrE~ 
Division of VERNtTRON CORPORATION 

300 MARCUS BLVO • OEER PARK . NEW YORK 1 1729 
51 6-586-5100 

TWX 510-227-6079 . FAX 5t6-242-794O 
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Optimize 
Filter Response to Fit 
Your Design Target! 
COMTRAN®-Now on a pc· 

• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 

Fits any precision response using available 
capacitor values (by recalculating resistors) 

• Derives equivalent circuit from measured data 
• Cuts opamp count in haH (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 

• FAST - Less than 1 second per point typical 

"Requires AT compatible w/HP 

82300B BASIC Language Processor ~ 
card w/1 MB RAM, & HP 9122 
floppy drive. This card adds HP Rocky ~ 
Mountain BASIC, w/ HP-IB interface, 
to your PC. Lets your PC run HP 200/ 
300 BASIC software. COMTRAN 
previously ran only on HP computers. 

0.,.1;1" Integrated Softwarel 

A Division of Jensen Transformers, Inc. 
10735 BURBANK BOULEVARD. NORTH HOLLYWOOD. CA 91601 

FAX (818) 763-4574 • PHONE (213) 876-0059 

• Ultralow power con­
sumption . 

• -40° to 85°C operating 
temperature range. 

• Unregulated 8 to 18 VDC 
supply voltage. 

• Compact size. 
• Boards available include: 
CPU, analog 110 , digital 110 , 
communications and more. 
• C-44 board-level systems 
provide tremendous system 
hardware and software 
flexibility. 

... lIIiiIIIiIIIIiII ..... 1I! 
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New on the Market 

A precIsIOn spray system from 
Tridak, Brookfield , CT, handles 
small-volume jobs - from nanoliters 
to several milliliters. Fluids ranging in 
viscosity from solvents to heavy oils 
and paint are atomized pneumatic­
ally and propelled to substrates a 
maximum of 8 inches from the 

A free demonstration disk irom Ap­
plied Computer olutions Inc.. St. 
Clair Shores, MI, provides an over­
view of the company's new VSAh , 

tolerance analysis program. The soft­
ware tool is applied early In the 
design process to predict the amount 
of variation that will occur In an 
as mbly due to fabrication methods 
and equence, as well as to non­
uniformity of parts. Model creation 
and analysis can be performed 
graphically using a mouse and pop­
up menus. The demo disk runs on 
IBM PC-AT, PS/2, and compatible 
computers. 
Circle Reader Action Number 782. 

nozzle. Adaptable to many auto- f---------------1 
matic syringe dispensers, the min­
iatu re spray system consists of the 
nozzle with a regulator and a dispen­
sing unit. 
Circle Reader Action Number 780. 

IBIS Systems Inc., Westlake Vil!age, 
CA, has introduced the TRIAD, a 
parallel-transfer di k storage sub­
sy tern for VME-based workstations 
and high-performance computer 
systems. TRIAD consists of a high­
speed, 32-bit VMEbus controller that 
resides in the host; a 12-megabyte/ 
second, I-gigabyte capacity disk 
drive; and a software device driver 
for UNIX and other VMEbus en­
vironments. Applications include 
data storage for supercomputers and 
VME-based workstations, high ­
speed array and real-time image pro­

Engineers now can interface thou­
sands of instruments to their Sun 
desktop workstations with th e 
SCSI488/S, a new IEEE 488 inter­
face package from 10tech Inc. , 
Cleveland, OH. The product u es 
the SCSI port available on all Sun 
models, even those without slots or 
disk drives, to link engineers with in­
struments and laboratory peripherals 
compatible with the IEEE 488 bus. 
The SCSI488/S comes with a U IX 
device driver that supports true 
multitasking. Programs can be writ­
ten in any high-level language (such 
as C) that controls UNIX system ser­
vices. 10tech is also offering a 
companion software package for 
waveform analysis and graphics on 
the Sun, DADiSP, that permits users 
to bring data from IEEE instruments 
directly into windows for on-screen 
representation as waveforms. 
Circle Reader Action Number 778. 

cessing, graphics imaging for anima- I--------------j 
tion and training simulation, and A computer-automated fax delivery 
other specialized industrial and ystem that works with the PostScript 
military applications where high- DTP language has been introduced 
speed I/O capabilities are needed. by Biscom Inc., North Billerica, MA. 
Circle Reader Action Number 788. Designed to operate with a variety of 

minicomputer ystems. the 
DuraTool250, the first in a family of FAXCOM/Publisher generates and 
prepregcomposite tooling materials stores graphic fax images, acts as a 
for high-teml rature applications, is PostScript controller for local 
now available from armco printers, and supports multiple 
Materials, a business unit of BASF printer types and fonts. Interfaced to 
Structural Materials Inc. , Charlotte, the host CPU via an RS-232C port, it 

C. An epoxy. "B" staged resin can transmit PostScript hies directly 
'ystem impregnated into carbon and from any terminal to any Group III 
glass fiber fabrics. DuraTool 250 fax machine worldwide. The usual 
cures at 93°C in five hours with final process of feeding hard copy into a 
postcure at 190°C. Tool service p r- fax machine is eliminated, as is the 
formance is excellent up to 204°C, image degradation caused by the fax 
according to the manufacturer. machll1e's optical canning process. 
Circle Reader Action Number 786. Circle Reader Action Number 784. 
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AG 's Hi-Precision X-V POSitioning Stages are avail­
able in 2", 4" and 6" standard travel models. They 

consist of two identical , specially designed AG 
Ball Sl ide assemblies mounted in tandem, driven 

by preciSion centrally located lead screws actuated 
by stepping motors. AG 's exc lusive tapered wedge 
pre-load adjusting feature completely el iminates 

Smooth,accurate 
linear motion for 
instrumentation, 
product design, 
machine design and 

backlash and play. 
The X-V or single axis 
stages are compact in 

design and may be mounted 
in any position . Custom 

applicat ions are avail­
able to your specifi-

cations. Call or 
write for more 

information . 

gaging devices. All standard A G 
Hi-Precision S l ides are availab le w ith 
either ball or crossed roller bearing ways in 
eight cross-sect iona l sizes and a t ravel range from 
'h to 15 inches for a total of 62 models from stock. 

(AG) AUTOMATION GAGES, INC. 
850 Hudson Ave., Rochester, NY 14621 Dept. 245 
PHONE 716-544-0400 • 800-922-0329 
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Where Vision Problems Strike Space-Age VISion AidS 
(Continued from page 20) 

chine vision systems. retlne 
nerve layer Ihal 
picks up and 
transfers Images via 
the optic nerve to 
the brain; site of 
retinItIs plgmentosa 

"The technology we 're working to­
wards is so radically different than 
what's out there now," Rickman said, 
" that it 's difficult to perceive what the 
long-term benefits will be orwhere the 
technology will stop. There's been 
speculat ion that th is device could be 
an intermediate step towards per­
forming implants in humans to re­
place damaged retinas, but there's no 
way to know yet. Right now, the pos­
sibilit ies are endless." D 

ciliery tlsluel 
aqueous humor pro­
duced here 

Approximately 2.5 million Ameri­
cans, many older than 65, suffer 
from low vision . Birth defects, in­
juries, and aging can cause low 
vision , but most cases are due to 
eye conditions that affect the ret­
ina, includ ing: 

Macular Degeneration. Deteriora­
tion of the macula, the center of the 
retina used for sharp focus, causes 
central vision loss and makes read­
ing difficult. This disability affects 
20 percent of those over 75. 

Diabetic Retinopathy. Swelling 
and leakage of fluid in the center of 

lenl 

Cenel of Schlemm 
aqueous humor 
drains oul here; 
canals become 
blocked in glaucoma 

site of cataracts 

equeoul humor 
a sal ty liquid that 
fill s the space be­
tween the cornea 
and Iris; ac­
cumulates in 
glaucoma,lr.creas­
ing Internal eye 
pressure 

Both artistic and educational, this beautifully illustrated full-color poster 
presents a cutaway view of the Space Shuttle that reveals its inner work­
ings. Provides size, wingspan, weight, and t hrust data. 4 2 by 30 inches. 

Folded. Special introductory price only '8_95 eachl 
BONUS: Order now and receive three prints for only '23.95. ----------------------------------

Please rush me ____ Space Shuttle posters_ 
1 have enclosed' plus '2_50 for postage and handling_ 
Total enclosed: • (New York residents add sales tax) 
Nune ________________________ ___ 

AddreBB ________________________ _ 

City State Zip, ___ _ 
Send payment to: NASA Tech Briefs, Shuttle Poster Offer 

41 East 42nd St., New York, NY 10017-5391 
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ret lnel pigment 
epithelium 
cell layer Ihal helps 

retina 

vitreous humor 
Jelly-like material 
here Is under 
pressure In 
glaucoma and 
creates pressure on 
optic nerve 

choroid leyer 
contains many 
blood vessels; runs 
amok by forming In­
filtrating new 
vessels In some 
Iypes of macular 
degeneration 

-scler. 

optic nerve 

macula 

the retina brought on by diabetes 
can cause scar t issue to form, lead­
ing to loss of sight. 

Macular Degeneration. Deteriora­
tion of the macula, the center of the 
retina used for sharp focus, causes 
central vision loss and makes 
reading difficult. This disability 
affects 20 percent of those over 75. 

Diabetic Retinopathy. Swelling 
and leakage of fluid in the center of 
the retina brought on by diabetes 
can cause scar tissue to form, 
leading to loss of sight. 

Glaucoma. Increased fluid pres­
sure inside the eye damages the 
optic nerve, resulting in vision 
loss. Because peripheral or side 
vision usually is affected first , 
this disease sometimes is called 
" tunnel vision." 

Retinitis Pigmentosa. In this 
hereditary condition, the retina 
progressively deteriorates, caus­
ing loss of peripheral vision. 

Cataracts (the clouding of the 
lens), cornea infections, and de­
tachment of the retina also can 
cause low vision . In addition to 
loss of central or side vision , low 
vision patients may lose their color 
eyesight, have difficu lty adapting 
to bright and dim light, and suffer 
diminished focusing power. 
Source: Johns Hopkins Wilmer Eye Institute 
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FIBER OPTICS 
Some protocols for 
optlc.I·llber digital 
communications 
page 98 NPO-17333 

FINITE ELEMENT 
METHOD 
AutoCAD-to-NASTRAN 
translator program 
page 70 GSC-13217 

FLOW EQUATIONS 
Algorithm for sotutlon 01 
Navler-Stokes equations 
page 72 LEW·14656 
Calculating lIows In 
turbomachlne channels 
page 76 LEW·14705 

FLUID FLOW 
Calculating flows In 
turbomachlne channels 
page 76 LEW·14705 

Improved flow-con· 
trolling vortex generator 
page 73 NP0-172n 
FLUIDIZED liED 
PROCESSORS 
Fluldlzed·bed reactor 
with zone heating 
page 96 NPO-17470 

FOAMS 
Pourable foam Insulation 
page 66 MFS-27217 
FOOD PRODUCTION 
(IN SPACE) 
Automatic sprout grower 
page 106 MSC·21266 
FRACTURE MECHANICS 
Resistance to 
delamination In 
composite materials 
page 66 LAR·13753 

FUEL CEnS 
Advanced fuel-cell 
modules 
page28 MSC·21336 

G 
GALLIUM ARSENIDES 
Monolithic III·V/sillcon 
spatial light modulator 
page 26 NPO·16919 

GAS FLOW 
Improved lIow-con· 
trolling vortex generator 
page 73 NPO·l7277 

GAS TURBINE ENGINES 
Ceramic bearings for 
gas·turblne engines 
page 85 LEW·14632 

GEOPOTENTIAL 
Computing geopotentlal 
perturbations 
page 61 MSC·21261 

GLASS 
Thermal analysis of 
reluctant glass formers 
page 50 M FS·28283 
GLASS COATINGS 
Glass coats for hot 
Isostatic pressing 
page 64 MFS·29501 
GLOBAL POSITIONING 
SYSTEM 
Chip advancer for GPS 
receiver 
page 40 NPO·16996 
Counterrotator and cor· 
relator for GPS receivers 
page 34 NPO·16998 
Reduced-<lynamlc tech· 
nlque for determination 
of orbits 
page 79 NPO·17366 
GRAPHS (CHARTS) 
Contlnuously·varlable 
vernier scale 
page 98 LAR·13721 

H 
HEAT FLUX 
Automated heat·llux· 
calibration facility 
page 59 LEW·14724 

HEAT TRANSFER 
Capillary-condenser· 
pumped heat·transfer 
loop 
page 75 M FS·26046 

HIGH TEMPERATURE 
SUPERCONDUCTORS 
Making a 
superconductive thin 
111m 
page 90 MFS·26093 

HILBERT SPACE 
Absolute stability and 
hyperstability In Hilbert 
space 
page 45 NPO·1759O 

HOPPERS 
Energy-efllclent, 
contlnuous·llow ash 
lockhopper 
page 83 N PO·16965 

HOT PRESSING 
Glass coats for hot 
Isostatic pressing 
page 64 M FS-29501 

HOT·WIRE 
ANEMOMETERS 
Accuracy of hot·wlre 
anemometry In 
supersonic turbulence 
page 60 ARC·11602 
HYDROGEN OXYGEN 
FUEL CELLS 
Advanced fuel-cell 
modules 
page 28 MSC·21336 

I 
IMAGE ANALYSIS 
Designing corrector 
optics 
page 70 GSC·13120 

IMAGE ENHANCEMENT 
Image-enhancement aid 
for the partially Sighted 
page 36 NPO-17307 
IMAGE PROCESSING 
Ideal resampllng of 
discrete sequences 
page 100 ARC·11719 
Thr .. -<llmenslonal 
robotic vision system 
page 43 MFS·27191 

IMPACT TESTS 
Spring-iliade Impact 
tester 
page 72 LAR·13749 

INFORMATION 
MANAGEMENT 
Data-<llctlonary-edltlng 
program 
page 70 MSC-21290 

INFRARED DETECTORS 
Long·wavelength Infrared 
detector 
page 46 N PO·17543 

INFRARED IMAGERY 
Dynamlc-range 
compression for Infrared 
Imagery 
page 54 NPO·17140 

INSULATION 
Pourable foam Insulation 
page 66 MFS·27217 

INTERPOLATION 
Contlnuously·varlable 
vernier scale 
page 98 LAR·13721 

ION BEAMS 
Process for patterning 
dlspenser-cathode 
surfaces 
page 94 NPO-17183 
ISOTHERMAL 
PROCESSES 
Isothermal equation of 
state for compressed 
solids 
page 55 LEW·14615 

J 
JOINTS (JUNCTIONS) 
Improved vacuum·tlght 
connector 
page 66 LEW·1472O 

L 
LAMINATES 
Differential curing In 
llber/resln laminates 
page 89 MSC·21376 

LIGHT MODULATION 
Monolithic III·V/silicon 
spatial light modulator 
page 28 NPO·16919 

LINEAR SYSTEMS 
Algorithm for optimal 
control of large 
structures 
page 99 NPO·16983 
LINKAGES 
Structurally·tallorable, 
nonlinear, snap-through 
spring 
page 77 LAR·13729 
LIQUIDS 
Standard method for 
radiation tests of liquids 
page 48 NP0-16840 
LITHIUM SULFUR 
BATIERIES 
Advanced small 
rechargeable batteries 
page 32 NPO·17396 
LOADS (FORCES) 
Structurally·tallorable, 
nonlinear, snap·through 
spring 
page 77 LAR·13729 

M 
MANAGEMENT 
INFORMATION SYSTEMS 
Data-<llctlonary-edltlng 
program 
page 70 MSC·21290 
MASERS 
Ultra·stable 
superconductlng-rnaser 
oscillator 
page 22 NPO·17090 
MASS SPECTROMETERS 
Measuring transmission 
efllclencles of mass 
spectrometers 
page 58 NPO·16989 
METAL OXIDE 
SEMICONDUCTORS 
Making durable 
specimens for electron 
microscope 
page 55 LEW·14755 
MIRRORS 
Attaching precise 
mirrors to lightweight 
supports 
page 90 NPO-17164 

MOLECULAR BEAM 
EPITAXY 
Molecular·beam epitaxy 
of CrSI2 on SI(111) 
page 97 N PO-17 438 

MULTIPROCESSING 
(COMPUTERSI 
Experimenting with 
multiprocessor simulator 
concepts 
page 44 LEW·l4617 

N 
NASTRAN 
AutoCAD·to·NASTRAN 
translator program 
page 70 GSC·13217 
NAVIER·STOKES 
EQUATION 
Algorithm for solution of 
Navler·Stokes equations 
page 72 LEW·14656 
NICKEL ALLOYS 
Effect of solldilication 
speed on fatigue 
properties 
page 67 MFS·27215 
NONDESTRUCTIVE 
TESTS 
Quality evaluation by 
acousto·ultrasonlc 
testing of compoSites 
page 81 LEW·14709 
NUMERICAL ANALYSIS 
Contlnuously·varlable 
vernier scale 
page 98 LAR·13721 
NYQUIST FREQUENCIES 
Ideal resampllng of 
discrete sequences 
page 100 ARC-11719 

o 
OPTICAL CORRECTION 
PROCEDURE 
Designing corrector 
optic. 
page 70 GSC·13120 

Numerical Algorithms Group 

NAG Fortran Library products enable you to spend your time and talents on genuine 
problem solving, not software development. 200 experts, recognized worldwide as the 
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor­
mance, and total capabilities of NAG software are unmatched in the industry. Take 
advantage of NAG's expertise in any of these fine products: 

NAG FORTRAN LmRARY 

More than 700 user-level routines covering the 
principal areas of mathematics and statistics. 
Available on over 90 different computers from 
PC's to supercomputers. 

NAG GRAPHICAL SUPPLEMENT 

A convenient and versatile means for display­
ing numerical results generated by the Library. 
A facility not available with other libraries. 

NAG ONLINE SUPPLEMENT 

An interactive query system enabling the user 
to make maximum use of the NAG Library. 
The Online system prOvides hints on choice of 
routines, syntax assistance, and other forms of 
help. 

An interactiv'e CASE tool for vectorizing and 
parallelizing Fortran programs. Attain perfor. 
mance improvements beyond what optimizing 
compilers may provide. Ideal for "rejuvenating" 
older applications. 

NAG Ada Library 

The first commercially available math library 
designed and written completely in Ada. Shor­
tens the development cycle for embedded math 
operations in Ada programs. 

GENST AT and GLIM 

Interactive statistical analysis systems used for 
data exploration, linear modelling, time series 
analysis ... useful applications in statistical qual­
ity control and product survival analysis. 

THE NAG PRODUCT LINE OFFERS 
NUMERICAL AND GRAPIDCAL ALGORITHMS 
FOR MANY SCIENTIFIC AND ENGINEERING 

APPLICATIO S INCLUDING: 

• SIGNAL PROCESSING • COMPUTATIONAL CHEMISTRY 
• OPERATIONS RE EARCH • ECONOMETRIC MODELS 
• APPLICATIONS DEVELOPMENT • STATISTICAL ANALYSIS 

NUMERICAL ALGORITHMS GROUP 1400 Opus Place, Suite 200 Downers Grove, IL 60515-5702 (312) 971-2337 FAX: (312) 971-2706 
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OPTICAL EQUIPMEHT 
Attaching precloe 
mirrors to lightweight 
supporto 
pege90 NPO-17I84 

OPTIMAL CONTROL 
Algo~thm for optimal 
control of large 
otructurea 
pagegg NPO·t6983 

OR lifT PERTURBATION 
Computing geopotentlal 
perturbatlono 
page 61 MSC-21281 

ORIIITAL POSmON 
ESTIMATION 
Reduced-dynamlc 
technique for 
determination of orbits 
page 79 NPO·17386 

OSCILLATORS 
Ultra·stable 
superconductlng-maser 
ooclliator 
page 22 N PO-17090 

p 
PARALLEL PROCESSING 
(COMPUTERS) 
Expe~mentlng with 
multiprocessor simulator 
concepts 
page 44 LEW-I4817 

PHOTO DIODES 
Monolithic III-V/sllicon 
spatial light modulator 
page 28 NPQ.16919 

PILOT PERFORMANCE 
Pilot delays for three 
cockpit controllers 
page 47 ARC-11797 

PIPES (TUllES) 
Robot hand grips 
cylinders securely 
page 82 MSC·21365 

POLYURETHANE FOAM 
Pourable foam Insulation 
page 68 M F5-272f7 

PROTECTIVE COATINGS 
Glass coats for hot 
Isostatic preSSing 
page 84 MFS·29501 

PROTOCOL 
(COMPUTERS) 
Some protocols for 
optlcal ·flber digital 
communications 
page 98 NPQ.17333 

PULSE 
COMMUNICATION 
Some protocols for 
optical-fi ber digital 
communications 
page 98 NPO-17333 
PYROLYSIS 
Fluidized-bed reactor 
with zone haatlng 
page 96 NPQ.17470 

PYROTECHNICS 
Clean ly burning squib 
page 74 NPO-I7112 

Q 
QUANTUM WELLS 
Long·wavelength Infrared 
detector 
page 48 NPO-I7543 

R 
RADIATION COUNTERS 
Measuring transm ission 
eff iCiencies of mass 
spectrometers 
page 58 NPO·16989 
RADIATION DAMAGE 
Stabilizing 
semiconductor devices 
with hydrogen 
page 30 NPQ.17187 

Vacuum Pump Vibration Isolator 

NEe 
Virbration 
Isolators effectively 

I 
remove turbo-molecular and cryo pump vibrations. 
Available in elastomer and air-isolated versions, 
they are UHV compatible, have short insertion 
lengths and high conductance. A wide variety of 
flanges are available. 

National Electrostatics 
Corporation 

Graber Road, Box 310 
Middleton, WI 53562 

Tel. 6081831·7600' Telex 26·5430 
Fax 608t256-4103 

Circle Reader Action No. 591 

ORDER THE TOP SPACE VIDEO NOW! 
Aviation Week Video's SPACE SHUTTLE-THE RECOVERY has 
been chosen by the National Space Club for its prestigious National 
Press Award for 1989! This brilliant video gives you the inside story 
on America's triumphant return to space. Spectacular live action 
footage. Special computer animation. Interviews with designers and 
astronauts. The gripping story of the Challenger disaster. And a 
marvelous pictorial record of Discovery's historical flight. Only 
$49.95-plus $3.50 postage and handling. Please add applicable 
sales tax. Don't miss it! 

Name __________________________________________ _ 

Address ________________________________________ __ 

Format: 0 VHS 0 Beta City ________ State ______ Zip ______ __ 

Total enclosed $ _____ . Please send me ___ copies of "Space Shuttle-The Recovery." 
Send a check or money order to: Aviation Week Video, McGraw-Hili Aerospace and 

Defense Group, P.O. Box 308, Mt. Olive, New Jersey 07828 OR CALL 1-800-433-0880 
to charge your Visa, Diner's Ctub, American Express, or MasterCard. B080 

Circle Reader Action No. 310 

ow you can buy full-size drafting plotters from an 
industry leader at pri ces as low as $3.295. 

Call for our complete guide to plotters. scanners, 
and graphics digiti zers. 

1-800-444-3425 
512-835-0900 

114 Circle Reader Action No. 550 

HOUSTDN 
INSTRUMENT 
• [)1I1$ION (If.\MI!TI!K 

RADIATION EFFECTS 
Asymmetrical SRAM 
cell s for radiation tests 
page 26 NPO·I6890 

Standard method for 
radiation tests of liquids 
page 48 N po· 16840 

RANDOM ACCESS 
MEMORY 
Asymmetrical SRAM 
cell s for radiation tests 
page 26 NPO·I6890 
RECEIVERS 
Chip advancer for GPS 
receiver 
page 40 NPO-I6996 

REDUCED GRAVITY 
Alrplane-accelerat lon 
dl splay for lowijravlty 
research 
page 38 LEW-I4850 

REFRACTIVITY 
Dynamlc·range 
compression for Infrared 
Imagery 
page 54 NPQ.17140 

REMOTE MANIPULATOR 
SYSTEM 
Robot hand grips 
cylinders securely 
page 82 MSC·21385 
ROBOTICS 
Robot hand grips 
cylinders securely 
page 82 MSC·21365 
Three-dImenSional 
robotic vision system 
page 43 MFS-27191 

ROBUSTNESS 
(MATHEMATICS) 
Passivity In analysis of 
robustness of a control 
system 
page 44 NPO-17589 

s 
SATELLITE ORIIITS 
Reduced-dynamlc tech­
nique for determination 
of orbits 
page 79 NPQ.17386 

SATELUTE 
PERTURIIATION 
Computing geopotenllal 
perturbations 
pageSI MSC-21281 

SEEDS 
Automatic .prout grower 
page 106 MSC-21268 

SEMICONDUCTOR 
DEVICES 
Hlgh-performance power­
semlconduclor packages 
page 24 LEW-I4818 

Stabilizing 
semiconductor devices 
with hydrogen 
page 30 NPO-17187 

SILICtDES 
Depoftltlon of pinhole­
free (:0512, film 
page 95 NPQ.17447 

Molecular-beam epitaxy 
of CrSI2 on SI(I1I) 
page 97 NPQ.17438 

SIUCON 
Fluidized-bed reactor 
with zone heating 
page 96 NPO-17470 

SINGLE EVENT UPSETS 
Asymmetrical SRAM 
cells for radiation tests 
page 26 NPQ.I6890 

SOFTWARE TOOLS 
Commercial expert· 
system-bulldlng software 
tools 
page 103 ARC-I1757 

SOLID STATE DEVICES 
Stabilizing 
semiconductor devices 
with hydrogen 
page 30 N PQ.17187 

SOLIDIFICATION 
EHect of solidification 
speed on fatigue 
properties 
page 67 MF5-27215 
SOLIDS 
Equallon of state with 
temperature effects for 
compressed so 
page 58 LEW-I4816 

Isothermal equation of 
state for compressed 
solids 
page 55 LEW-I4815 

SPACE SHUTTLES 
Thermal stresses In 
Spece-5hutlla wing 
page 79 ARC-12139 

SPECIMENS 
Making durable 
specimens for electron 
microscope 
page 55 LEW-14755 

SPRAYING 
Electrostatic spraying 
with conductive liquids 
page 68 MSC-21067 

SPRINGS (ELASTIC) 
Sprlng-blade Impact 
tester 
page 72 LAR-13749 
Structurally·tallorable, 
nonlinear, snap·through 
spring 
page 77 LAR-13729 

SQUIBS 
Cleanly burning squib 
page 74 NPO-17112 

SQUID (DETECTORS) 
Ultra·stable supercon­
ducllng-maser oscillator 
page 22 NPQ.17090 

STABILITY 
Absolute stability and 
hyperstability In Hilbert 
space 
page 45 NPO-I7590 

STOCHASTIC 
PROCESSES 
Design of combined 
stochastic feed· 
forwardlfeedback control 
page 103 LAR·13795 
STORAGE BATTERIES 
Advanced small 
rechargeable batteries 
page 32 N PO-I7396 

STRUTS 
Sprlng·blade Impact 
tester 
page 72 LAR·13749 

SUPERCONDUCTORS 
Making a supercon­
ductive thin film 
page 90 M F5-26093 

SUPERSONIC 
BOUNDARY LAYER 
Accuracy of hot·wlre 
anemometry In super· 
sonic turbulence 
pa~e 60 ARC·II802 

T 
TEMPERATURE 
CONTROL 
Capillary-conden .. r­
pumped heat·lran.ler 
loop 
page 75 M F5-2II04e 

TEMPERATURE EffECTII 
Thermal .tr_ In 
Space-Shuttle wing 
page 79 ARC-12138 

TEST EQUIPMENT 
Standard mathod lor 
radiation te.t. 01 liquid. 
page 48 Nf'O.l fl840 

TEST fACIUTlES 
Automated heal-flux­
calibration facility 
page 59 LEW-14724 

THERMAL IITRESSES 
Thermal .tr ..... In 
Space-Shuttle wing 
page 79 ARC-12138 

THERMODYNAMIC 
PROPERTIES 
Equation 01 atale with 
temperature effect. for 
compreased solid. 
page 56 LEW-I4818 

THERMOELECTRIC 
GENERATORS 
Thermal bruohea lor 
memory-metal actuatoro 
page 84 NPO-I7066 

THERMOELECTRIC 
POWER GENERATION 
Strong, low-reslstance 
bond. for AMTEC 
electrod .. 
page 68 NPQ.17161 
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THIN FILMS 
Deposition 01 pinhole­
free CoSl2, film 
pags 95 NPO-17<W7 

TURBULENT BOUNDARY 
LAYER 
Accuracy of hot·wlre 
anemometry In 
supersonic turbulence 

VISION 
Image-enhancement aid 
for Ihe partially sighted 
page 36 NPO·17307 

Making a 
superconductive thin page 60 ARC·II802 

Three-dImensional 
robotic vision system 

film page 43 MFS·27191 
pags 90 MFS·26093 

TWO DIMENSIONAL 
FLOW VITRIFICATION 

TRANSISTORS 
Hlgh-performance power· 
semiconductor packages 
page 24 LEW·I4818 

TRANSLATING 
AutoCAO-to-NASTRAN 
translator program 
page 70 GSC·I3217 

TRANSMISSION 
EFFICIENCY 
Measurtng transmlnlon 
elllclencies of maes 
spectrometers 
page 58 NPO-I6989 

TURBOMACHINERY 
Calculating Ilows In 
t~ rbomachlne channels 
page 76 LEW·14705 

Algortthm for solution 01 
Navler·Stokes equstlons 
page 72 LEW·I4856 

u 
ULTRASONIC TESTS 
Quality evaluation by 
acousto-ultrasonlc 
testing of composites 
page 61 LEW·14709 

v 
VACUUM 
Improved vacuum·tlght 
connector 
page 86 LEW·14720 

Thermal analysis of 
reluctant glass formers 
page 50 M F5-28283 

VORTEX GENERATORS 
Improved flow· 
controlling vortex 
generator 
page 73 NPO-I7277 

w 
WIND TUNNELS 
Application of artificial 
Intelligence to wind 
tunnels 
page 103 ARC·I2229 

Classilleds 
Classlfled advertiSing rates and specifications are as follows: Set 
in 6 point light type face, with up to five words at beginning of copy 
in bold caps. Count box numbers as six words. 

50 words or less .............................. . . $ 180 
100 words . ................. . ... . ... . . . . ..... . . $ 250 

Check or money order must accompany order to: Classified 
Advert ising Manager, NASA Tech Briefs, Su ite 921 , 41 East 42nd 
Street, New York, NY 10017-5391. 
ELECTRONIC COMPONENTS - Make Mouser Electronics your factory·authorized 
source for over 60 electronic component manufacturers. The FREE Mouser catalog 
offers 17,000 items stocked In depth including capacitors, reSistors, relays, connec· 
tors, potentiometers, transformers, lamps, switches, semiconductors, soldering equip· 
ment and more. Mouser Electronics, Box 699, Mansfield, TX 76063.1·800-992·9943. 

NTB:BASE Ottars 

12,000+ Solutions 
In minutes you can search 25 years of NASA Tech Briefs 
to find Innovations related to your current project. 
NASA may have already found a solution or may 
suggest other ways of resolving the problem. On the 
way to space NASA has had to solve thousands of 
problems In all engineering fields under the most 
extreme conditions. Put that wealth of technology to 
work for you • 
• PC-Compatlble database. Can • Subscription cost-each cate­
be used on IBM PC/XT/AT or com- gory cost only $100.00. All six for 
patl ble with 256k-memory, DOS 2.0, $500.00. An nual updates $20.00 per 
double-sided disk drive . category or $100.00 for all s ix . ........................ 1.1. 
Enclosed is check for $, _____ for the following categories: 
o A Electronics :J E Fabrication Technology 
o B Physical Sciences F 3-ln-1 (Mathematics & 
o C Mechanics Information Sciences, life 
o D Materials Sciences and Computer 
o lit ALL CATEGORIES Programs) 

Format: 0 360K or = 1.2M 
Name ____________________ ~~ ___ 

Company ________________________________________ __ 

Address ______________________________________ __ 

City ____________________ State-----Zip, _____________ _ 

Phone _________ _ o Request more information 

NTBM Research Center 
41 East 42nd St., NY, NY 10017-5391 
212/490-3999 
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LIGHT MEASUREMENT 
• SYSTEIIS APPLICATIONS 

• COLORIMETRY 
• LASER POWER 

• PHOTOMETRY 
• PHOTORESIST 

PHOTOTHERAPY 
RADIOMETRY 

• TRANSMISSION REFlECTANCE 

• ............ ..... ........ ... ~IIID 
- ---.-. . . . . ..... 1, ..... .-..... _~ .'IL' •••. , ... 
..... _ .. _.,,, III .. __ ..... _---
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The world 's first totally enclosed ecosystem. Originally developed by 
NASA, EcoSpheres are not only prototypes of future space colonies, 
but also elegant reminders of the potential for ecological balance on 
Earth. This carefree aquarium -- a permanently sealed glass globe -
contains live shrimp, algae, water, and air in bioregenerated balance. 
$79.00 each plus shipping. ---------------Rush me ___ EcoSpheres at $79.00 each plus $12.00 for 

overnight delivery. Total enclosed: $ ___________ __ 

Name 

Address 

City __________ __ State _____ Zip __ _ 

Mail with payment to: NASA Tech Briefs, Dept. F 
41 East 42nd Slreet, New York, NY 10017 
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MARKETPLACE To Advertise- Call (212) 490·3999 

p."" ,~. 

'{t\~ 
~\o~ . low cost, 

!.'{ po. compact, all-in-one unit 
Ot\~ • direct plug-in replacement 

'" for al/ popular "mice" 
• RS232 serial trans/rec lines, selective 

baud rate, dynamic resolution 
• direct replacement units for SUN, 

_ Everg~~~ INrut/'tAnorw. t 
DEC, MASS·COMP, CAL-COMP, 

. pes, ATs, XTs (IBM or compatibles) 

, 31336 Via Colinas 
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Westlake Village, CA 91 362 
18181991-7835 ' Fax: f8181991 -4036 
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41 STANDARD PACKAGES 
FOR TEMPERATURE 

ASSEMBLIES. 
Specify your temperature probe assembly 
from 41 packages, 12 lead materials, 9 
thread sizes, 6 assembly materials, 11 
connectors, and 58 thermistors. All sIan­
dard . If these don't meet your needs, 
we'll make a custom probe from your 
drawing. Send for our catalog. Or call 
toll-free, 800343-4357 (513 767-7241). 

It 
.. 

YSI Incorporated 
Yellow Springs, Ohio 45387 USA YS I 
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Software Version Control 

pves'· (POLYTRON Version Control 
System) is the market leader in version 
control software. It helps you get control of 
development without spending all your time 
on tedious details. PVCS is available on 
multiple development platforms and sup­
ports heterogeneous networks. MS·DOS, 
MacMPW: Personal PVCS: $149. Corporate 
pyes: $395. Network pyes: $1,284 
5 User. PVCS packaged with PolyMake on 
OSI2, SunOS and VAXNMS. OS/2: $695. 
SunOS: $795. VAXNMS: $995. 

30 Day Money B ack Guarantee 
To Order: 1·800·547-4000 Dept. NTB 

POLYTRON Corp., 1700 NW 167th PI. , 
Beaverton, OR 97006 (503) 645·1150, 
FAX (503) 6454576, TELEX 325800 POLYTRON 

POILYlll~O 
High Quality Software Since 1982 ® 

Circle Reader Action No. 458 

Pressure, Flow 
& Temp. Switch 

RELlA 

If you have special requirements, 
can probably save you time and money ",,,,,,mavII," 
them with one of our stan dard models. They maintain 
their accu racy over many thousands of cycles. The 
"snap-action" disk spring eliminates most problems 
~ of aerospace pressure switches. 
~ Ask for your copy of the H-E catalog. 

~~-&~~. 
3151 Kenwood St, Burbank, CA 91505 

(213) 843·6211 891 

HOW TO PROTECT 
YOUR COMPUTER 

And Make It Last Longer 
FREE money-saving literature . What you need 
to know about UPS - un interruptible power 
systems. How to get complete protection from 
power line problems . 350VA through 15KVA 
models from the world's largest manufacturer 
of single-phase UPS. Best Power Technology , 
Inc.' P. O. Box 280, l"ecedah, WI 54646 

(608) 565·7200 ext . 3657 
Toll Free (800) 356·5794 ext . 3657 
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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 
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Time savers ••• HP 9000/PC profBSSlonal ... 
• Bullo .. , HPIB & RS232 • HP 200/300 MemDty BD.nI. I 
• HPlB .. CentronlCl Converte .. • IEEE 488/PC Interf.ce C. nI •.•. 
All backed with' lull ONE YEAR WARRANTY 1...30 DAY MONEY 

BACK GUARANTEEI call 800-842-0888 

rn INTELUGENT 
INTERFACES Inc. 
P.O. 60.1486 • Stone Mountain, GA 30086 

MIL-STD-45662A 
calibrat i on system requirements 

video training program 

Partial list of topics: 

* System Survey & Audit 
* Calibration System Requirements 
* Revision "A" Changes 
• Significance of Revision "A" 
* Standard Procedures 
• Traceability 
* Calibration System Description 
• Adequacy of Calibration System 
• Measurement Standards 
* Measuring and Test Equipment 

TWO HOUR VIDEO TRAINING PROGRAM 
AND REFERENCE MANUAL 

~
CED_PRO FEDERAL PROCUREMENT SERVICES 

o 0MP0r! 01 Mit:1west MOfI(etng SeMce5 

610 EAST STATE STREET 
ROCKFORD. Il 61104 

(800) 833·3776 
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Tachion-r 
CAMAC 1/0 

DISK CONTROLLER 

HOST [ 
COMPUTER 

The new high-speed CAMAC data acquisition 
and recording system with: 

up to 9.6 Mbytelsec lhroughput to disk 
data storage from 200 Mbytes to 56 Gbytes 
up to 1280 analog <han nels per subsystem 
sampling rates to 100 KHz per channel 
all-digital recording for repeatable accuracy 
real-lime monitoring of selected channels 
interfaces for ARINC·429 and MIL-STD·1553 

Call us today! 

Kinetic Systerns Corpora tion 
11 Maryknoll Drlve, lockport, Illinois 60441 (815) 838 DaDS 
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B orrowing a design tool from the 
&ppce Shuttle program, scien­

tists' a\ NASA's Ames Research Cen­
ter have created a computer model of 
the blood flow through an artificial 
heart. The three-dimensional simula­
tion will help medical researchers to 
better understand the heart 's com­
plex flow field and should lead to im­
proved pump designs. 

" Many of the present problems 
with artificial hearts are directly at­
tributable to the fluid dynamics of the 
blood flow," said Dr. Stuart Rogers, 
an Ames research scientist . Em­
bedded regions of turbulent flow can 
damage the red blood cells, he ex­
plained, while flow trapped in corners 
of the heart can breed clots that 
cause strokes. 

"With increased knowledge of the 
fluid behavior," said Dr. Paul Kutler, 
Chief of Ames ' Fluid Dynamics Divi­
sion, " artificial heart manufacturers 
will be able to suggest configuration 
changes to improve the flow quality." 

The NASA model applies a simula­
tion technique called computational 
fluid dynamics (CFD) . Originally 
developed to track fluid motion in­
side components of the Space 
Shuttle main engine, CFD involves 
the solution on supercomputers of 
complicated mathematical equations 
describing flow behavior. CFD solu­
tions are " information rich ," Kutler 
said , and offer the design engineer a 
complete picture of the given flow 
field. Moreover, geometry changes 
are performed easily in the computer, 
saving time and money in the design 
process. 

Ames SCientists, building on an 
existing 3D flow code used in 
aerospace and automotive research , 
created a time-accurate algorithm to 
predict the unsteady flow path and 
constructed geometry definition and 
grid generation packages that emu­
late the mechanical heart's pumping 
motion. Although the simulation of a 
single heartbeat requires four hours 
of data processing on a Cray 2 super­
computer, it provides otherwise un­
obtainable information . Kutler 's 
group is working to speed up the 
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calculations by refining the 
algorithm. 

The CFD tool, now used to recreate 
the incompressible flow through one 
chamber of a Pennsylvania State ar­
tificial heart, may be applied to 
several other experimental heart de­
signs. Potentially the biggest benefit 
is in development of the total ar­
tificial heart scheduled for clinical 
testing in the early 1990's. 

Ames researchers next plan to 
simulate the flow surrounding the 
valve openings in the Penn State 
model. " By combining the valve cal­
culations with our present work on 
the heart chamber," explained Dr. 
Dochan Kwak, an Ames scientist , 
" we ' ll have a complete flow analysis 
package for artificial heart manu­
facturers. " 
"Spin back" Potential 

NASA's loan of space technology 
to this research project-which 
involves the Ames Center, Penn­
sylvania State University, and Stan- g 
ford University-will be repaid with ~ 
interest, according to Kutler, who an- ~ 
ticipates " spinback" applications of j 
the enhanced code by NASA and the ~ 
aerospace community . " It 's useful ~. 
anywhere you have unsteady flows rn 

with moving boundaries," he said , * 

" :J 
o o 

" such as inside a jet engine. " 
NASA hopes to use the code to 

model flow in the shuttle engine's 
fuel and oxidizer pumps, while the 
Navy wants to apply it to study the 
flow field around submarine pro­
pellers. 

This simulation shows vorticity magni­
tude contours on the inside surface of 
the heart chamber. The fluid, a water­
glycerin solution used by experimentors 
to represent blood, is being pumped out 
through the open valve by a piston. 

" This code was written for com­
pletely generalized coordinates, " 
said Dr. Rogers, " so it can easily be 
taken from one problem and put on­
to another. " 

Developers of the Penn State heart 
are applying the CFD technology 
pioneered to date to analyze blood 
flow behavior and compare it with 
their experimental observations. The 
simulation is a first step, Rogers said , 
towards computer-aided design of 
mechanical hearts. D 

An electromechanical device powered 
by inductance from an external battery, 
the Penn State artificial heart features 
a cylindrical chamber with two openings 
on the side for valves. 
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JOTAllNfEGIAfJON. 
TECPLOT is the first fu ll y- integ rated plotting 
software that provides the capabi liti es needed by 
engineers in one interacti ve, ea y- to-use program. 
TECPLOT supports a varie ty of 20 pl ot, 
incl uding flood ed conl'Ours. vec tors, streamlines , 
as well as X-Y line plots. TECPLOT le ts you 
di splay your data each of these ways on the screen 
at the same time ... in full co lor or monochrome. 

WYfOlISf. 
TECPLOT i a fri end ly. menu-dri ven applicati on 
that takes the plodding out of plotting. TECPLOT 
allows you to tota ll y customize your plots 
interacti vely, us ing a mouse. 

30·DAY MottU·8AOC GUARANr&. 
We ' re so convinced you' ll like TECPLOT, we ' re 
offering you a 30-day, no q ue ti ons asked , money­
back guaran tee. 

TECPLOT CONFIGURAnONS: _m.Wb·iM 
;===--TE-C-=P-f.O-T-I-2-D-----,~95 $ 1695 

(FilII Prodllct) 

TECPf.OT/LP $195 $795 
(Lille p/olting on/I') 

* Apollo COli/pille!: IlIc .. 51111 MlCrD.,yslellls. l llc .. Silicon Graphics. l llc .. alld olhers. 

13 103 Travis View Loop 
Austin, TX 78732 

(5 12) 343-5075 
TECPLOT I l CI/radll/orl.. oj Amfee Engllleenllg , Inc. 
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TIRED OF "FLAKY FLOPPIES"? GOT THE PRINTER JITTERS? 
~4. ~ 7~®~-Me® 44ud tie ",I 

There's an old saying that the 
majority of the failures in modern 
electronic devices are mechani­
cal. You could take that one step 
further and say that mechanical 
failures usually are the result of 
poor or old-fashioned sticky, dirty 
lubricants. 
Our tests have shown that nearly 

50% of troublesome 5 1/4" floppy 
disk drives are brought back to life 
by putting TUFOIL® COMPU­
LUBE® on the Internal guide -
ways and bearings. 

Tufoi/® 
COMPU-LUBE'· 
lor computer mechanisms 

A ,UP(R LOW FAICTION. LOW _fAA. l.OW VlICOSlTY 
lU8'UCAHT 1 H' JAICRO COMPUTER AGE 

,.Oeoll .111 ,.T1HT1 

FOR 
COMPUTERS 

AND 
HIGH SPEED 

MECHANISMS 

• "'f"W • 
• • "/ cMt. .-

The same thing happens for dot 
matrix printers that are used fr. 
quently. When you put a few 
drops on the ways, mis-Indexing 
and chatter vanish. You'll be 
amazed at how COMPU-LUBE® 
smooths them down. 

• Your machine will quiet 
down instantly and start to 
whiz along like it used to. 

• Error messages will stop 
plaguing you on your 
monitor. 

Would you put vacuum tubes in 
your computer? Of course not! So 
be careful and don't use 
lubricants that were developed 
back in that ancient era. 
TUFOIL COMPU-LUBE~It'. one of 
the TUFOIL family of patented 
lubricants. 
They are so advanced that we call 
TUFOIL "The Transistor of Lubrica­
tion. ® " No other lubricant even 
comes close. 

lubricant could save that floppy 
drive or printer you were going to 
throwaway. 

Order toll-free now 
1-800-922-0075 

Blister packed in 1 ounce 
squeeze bottles with a long 
flexible 3" nozzle to poke into 
those "impossible" places ... easy 
to usel 

---------------------------, YES ... RUSH MY COMPU-LUBE® 

o ONE-$9.95 + $2.00 shipping 

o CASE(12)--$114 Freight Free 
My check or money order for $ _ is enclosed. 
Charge my credit card: 
o Am. Express D Master Card 0 Visa 
Card No. ________ _ 

Exp. Date ________ _ 

Name 

Address 

City 

State ____ Zip ___ _ 

A well known Federal laboratory (N.J. residents please add 8% sales tax). Canadians: 

tested TUFOIL and found • steel Call for the name of our Canadian distributor. 

on steel surface friction of .029 ~ Fluoramlcs, Inc. 
(Teflon on Teflon is .04). That's II] 103 Pleasant Avenue 
slipperier than Teflon. Upper Saddle River, N.J. 07458 

201-825-8110 
So save yourseH big bucks I A FLUOfjOlSOfG. TM ,,1C1A_ lnc 

d f • TlELFOH_ .1 f-sil T M 01 OuPonlO wee rop or two 0 our space-age "____ TlJ.OIl·"". TM oIfluoo.m~. . ------------ ---------~ Circle Reader Action No. 364 



"We use one of the largest vacuum chambers in the world to test our nose 
cones. The testing lets us see exactly what will happen when the cone is 
explosively separated to release a satellite into orbit. 

But we needed a better way to control the nose cone during separa­
tion, to keep the cone from getting damaged or from causing any damage to 
the walls of the chamber. 

Well, I climb mountains in my spare time. Crazy as it may seem, 
that's how I got the answer to our problem. I figured we could get the control 
by hooking up the kind of rip-stitch shock absorbers that climbers use to 
stop their falls. 

The whole team pitched in and made the idea work. We count on each 
other. And that can be as exciting as mountain climbing~' 

- CWuld, Space Sys tems Development, Manager '!est Engineer 
(2rU!'from left) with Fred Eckhard~ Senior Engineer-&ientist (left), 
Dick Durant, Senior Engineer-&ientist (right), 
Bob Frenchick, Senior Engineer-&ientist (3rd from left) 

~CDONNELLDOUGLAS 

A company of leaders. 
Circle Reader Action No. 501 
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